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Effect of probiotic feed
additives on broiler
chickens health and
performance

ABSTRACT: Antibiotics were very important pieces of the puzzle that enabled the
poultry production to move from a backyard flock based industry to the large-scale
production facilities of today. Public health professionals have suggested that the use
of subtherapeutic antibiotics in animal production may be partially responsible for the
development of antibiotic resistant bacterial populations. The probiotics may be
substituted by antibiotics (growth promoting) in certain cases. Pediococcus acidilactici
is a bacterial probiotic used in this experience. 16000 broiler chickens were assigned
in two experimental groups: treatment (109 cfu/kg of feed of Pediococcus acidilactici
MA18/5M) and control. In each group 8000 broiler chickens were allocated in the
same batch and divided by a physical barrier. Individual live weight of a sample of 200
birds for each group from day 0 to day 56 was measured weekly. Feed intake, feed
efficiency, mortality, carcass quality, serum lipids (cholesterol and triglycerides) and
number of white blood cells, were recorded per group. The administration of
Pediococcus acidilactici affected positively the growth performance of broilers
(2586.43 vs. 2252.79 g, p≤0.01) and feed conversion ratio (2.00 vs. 2.5). There were
no significant difference between groups in dressing, breast meat and thigh percent, at
the end of day 56. Analysis of variance showed significant difference between
treatments for serum lipids (p≤0.01). Mortality was almost similar in both groups (6.56
vs. 6.51). The numbers of white blood cells were significantly affected by dietary
treatment (p≤0.01).
Key words: Probiotic, Broiler chickens, Health and Performance of production

Utilization of Leucaena
(Leucaena
leucocephala) leaf meal
as partial replacement
for fishmeal in the diet
of broiler chickens

Original Research, B22
Zanu HK, Mustapha M and Addo Nartey M. 2012.
Online J. Anim. Feed Res., 2(2): 108-112, 2012.

Anti-nutritional factors
in sorghum: chemistry,
mode of action and
effects on livestock and
poultry

Breed, Sex And Ambient
Temperature Effects on
Duration of Behavioural
Traits of Rabbits
(Oryctolagus
Cunniculus) Reared in
The Humid Tropics

ABSTRACT: A six-week experiment was conducted to assess the response of cobb
broiler chicks to diets containing varying levels (0%, 5%, 10% and 15%) of Leucaena
leaf meal (LLM). The 4 dietary treatments were allocated to the birds in a completely
randomized design. Each treatment consisted of three replicates and fifteen birds per
replicate. The birds were fed experimental starter diets (14-28 d) and finisher diets (2856 d). Feed and water were provided ad libitum. Final weight, growth rate and feed
conversion ratio significantly (P<0.05) declined as the level of LLM in the diets
increased. Dressed and carcass weights also reduced significantly (P<0.05) with
increasing level of LLM in the diets. All organ characteristics except liver kidney were
significantly (P<0.05) affected by dietary treatments. Haematological variables were
also not affected (P<0.05). The total cholesterol and Low Density Lipoprotein of serum
decreased (P<0.05) when LLM was included to the diets. Feed cost reduced when
LLM was incorporated in the diets, but the net revenue declined as LLM in diet
increased. In this study inclusion of LLM in diets for broiler chickens did not affect their
health status, but depressed their growth.
Key words: Feed cost, Haematology, Leucaena leaf meal, Performance, Serum
biochemistry

Original Research, B23
Etuk EB, Okeudo NJ, Esonu BO, Udedibie ABI. 2012.
Online J. Anim. Feed Res., 2(2): 112-119, 2012.
ABSTRACT: Sorghum basically contains two major anti-nutritional factors; tannin, a
polyphenolic compound located in the grain and, dhurrin a cyanogenic glucoside located mainly in
the aerial shoot and sprouted seeds. Tannins are high in sorghum with brown pericarp and no testa
and very low in unpigmented grains. The main anti-nutritional effects of tannins are: reduction in
voluntary feed intake due to reduced palatability, diminished digestibility and utilisation of nutrients,
adverse effects upon metabolism and toxicity. The level of tannins present in sorghum seems to be
the predominant factor that influences its nutritional value. Drying, soaking, grinding and pelleting
appear to reduce tannin content in feedstuffs while diet supplementation with methyl group donors
like choline and methionine reduce the problems associated with tannins in livestock. Dhurrin, on
enzyme action readily yields hydrogen cyanide (HCN). The quantity of HCN in sorghum varies with
cultivar and the growth condition but diminishes with age. Excess cyanide ion can quickly produce
anoxia of the central nervous system through inactivating the cytochrome oxidase system and death
can result within a few seconds. Making fodder into hay or silage however, destroys the poison.
Key words: Tannin, Dhurrin, Sorghum, Livestock, Poultry

Original Research, B24
Ogbu CC, Ani AO, Nwogwugwu P.
Online J. Anim. Feed Res., 2(2): 120-126, 2012.
ABSTRACT: Breed, sex and ambient temperature effects on the nocturnal and diurnal
duration of feed and water intakes, standing and lying down behaviour of rabbits were
investigated. Twelve male and female weaner rabbits (New Zealand White, Dutch
Black and American Chinchilla, 8 weeks old) were housed individually in cells
measuring 51 cm x 51 cm each. They were fed an 18% Crude Protein pelleted diet,
forages (Centrosema pubescens, Ipomea batatas and Tridax procumbens) and water
ad libitum for 8 weeks. Data were collected at three hourly intervals from 18:00 hrs to
06:00 hrs (nocturnal) and from 06:00 hrs to 18:00 hrs (diurnal). Durations of feed
intake, water intake, lying down and standing were measured. Ambient temperature
differed significantly (P ≤ 0.05) between test periods. Breed and sex did not influence
the parameters studied. While ambient temperature significantly (P ≤ 0.05) influenced

Download

all traits, test period significantly (P ≤ 0.05) influenced duration of water intake,
duration of standing and duration of lying down but not duration of feed intake.
Interaction effects of test period x ambient temperature affected (P ≤ 0.05) duration of
water intake and duration of lying down within the nocturnal period and duration of
feed intake, duration of water intake and duration of lying down within the diurnal
period. Highly significant (P ˂ 0.01) phenotypic correlation was observed between
duration of feed intake and duration of standing (rp = 0.10), duration of feed intake and
duration of lying down (rp = - 0.46), duration of water intake and duration of standing (rp
= 0.09), duration of water intake and duration of lying down (rp = - 0.29), ambient
temperature and duration of water intake (rp = 0.64), duration of standing and duration
of lying down (rp = - 0.51) and between ambient temperature and duration of lying
down (rp = - 0.42).
Key words: Ambient Temperature, Behavioural Trait, Diurnal, Ethology, Nocturnal,
Rabbit, Stress, Test Period, Thermoneutrality

Original Research, B25
Emami A, Zali A., Ganjkhanlou M., Akbari Afjani A.
Online J. Anim. Feed Res., 2(2): 127-132, 2012.

Nutrient digestibility,
carcass characteristics
and plasma metabolites
in kids fed diets
supplemented with
chromium methionine

Level of adoption and
constraints of scientific
backyard poultry rearing
practices in rural tribal
areas of Sikkim, India

Effects of different
silage preservatives on
silage quality of
Pennesitum Purpureum
harvested at different
harvesting periods

Characteristics and
constraints of pig
production under rural

ABSTRACT: This study was carried out to evaluate the effects of different levels of
chromium methionine (CrMet) on nutrient digestibility, carcass characteristics and
plasma metabolites of male kids. Thirty-two male Mahabadi goat kids (average initial
body weight (BW) = 22±2 kg, 4 months) were allocated in a completely randomized
design with four treatments: 1) control (without Cr), 2) 0.5, 3) 1 and 4) 1.5 mg Cr as CrMet/animal/day. Diets were same (ratio of forage: concentrate was 30:70) except for
top-dress addition of Cr-Met and fed in two equal meals (08.00 and 16.00h), Also orts
collected before morning meal. Animals were kept in individual pens for 100 days. Kids
were slaughtered at the end of the experiment and carcass characteristics determined.
The results showed that dressing percentage was not affected by treatment, but, Cr
supplementation reduced 10th rib back fat thickness by 30.30% (P<0.01), and tended
to increase longissimus muscle area (P<0.09). Supplemental Cr increased percentage
of neck (P<0.05) and proximal pelvic limb (P<0.08). Addition of different levels of CrMet failed to significantly effect on (P>0.01) the post-prandial changes in plasma levels
of cholesterol, urea N, total protein, triglyceride and albumin, However, post-prandial of
plasma glucose decreased by Cr (P<0.05). NDF and organic matter digestibility
increased in the kids fed added dietary Cr compared with the control group. it was
concluded that diet supplementation with chromium methionine could be improved
nutrient digestibility, carcass characteristics and peripheral glucose utilization in goat
kids.
Key words: Chromium-methionine, Mahabadi goat kid, Digestibility, Plasma
metabolites, Glocuse

Original Research, B26
Nath B.G., Toppo S., Chandra R., Chatlod L.R., Mohanty A.K.
Online J. Anim. Feed Res., 2(2): 133-138, 2012.
ABSTRACT: A study was conducted on level of adoption and constraints of backyard
poultry rearing practices in rural tribal areas of Sikkim. The data were collected from
125 respondents of Dzongu area, North Sikkim through personal interview with the
help of questionnaire. From the present study it was found that 64.8% respondents
were medium level adopters followed by high level (19.2%) and low level (16%)
adopters. Housing (43.2%) were highly adopted followed by feeding and watering
(41.6%), marketing (40.0%), general management (39.2%), health care practices
(36.8%) and breeding practice (33.6%). The overall adoption of different backyard
poultry rearing practices showed medium level adoption. Non availability of backyard
poultry chicks, non-availability of medicine, high incidence of diseases, lack of
knowledge about scientific practices, lack of market, attack of predators etc. were the
major constraints faced by backyard poultry farmers. The study also pointed some
suggestions for solving the constraints regarding backyard poultry rearing practices in
Dzongu, North Sikkim.
Key words: Adoption, Backyard poultry, Farming practice, Constraint, Scientific

Original Research, B27
Sebolai TM, Aganga AA, Nsinamwa M and Moreki JC.
Online J. Anim. Feed Res., 2(2): 139-144, 2012.
ABSTRACT: The study was conducted to determine the effects of preservatives on
the chemical composition of elephant grass (P. purpureum Bana cv.) harvested from
N-fertilized and unfertilized treatments at different periods (3, 6 and 9 months). The
plants were grown on 1st November 2008 and harvested every 3 months until July
2009. The grass was chopped and a 500 g sample obtained and was mixed with 4%
molasses, 4% molasses+0.25% urea and 2.5% dicalcium phosphate, respectively with
plain silage as a control. The samples were ensiled with respective preservative in
duplicates and were analyzed for pH and proximate after 30 days of ensiling.
Molasses added silage had a higher (P<0.05) DM at 3 months on both N-fertilized and
unfertilized treatments, whereas molasses added silage prepared from unfertilized
treatment harvested at 3 months of growth, had lowest (P<0.05) pH and was highly
(P<0.05) digestible but digestibility declined as the plant matured.
Key words: Elephant grass, Harvesting periods, Silage preservatives, Silage quality.

Original Research, B28
Nath B.G., Chandra R., Toppo S., Chatlod L.R., Mohanty A.K.
Online J. Anim. Feed Res., 2(2): 145-148, 2012.
ABSTRACT: The present study was undertaken to know the production and

condition in Sikkim

management practices followed by the farmers and the common constraint of pig
production in rural area of Sikkim. The data were collected from 100 respondents
through personal interview with the help of questionnaire on different aspects namely
housing, breeding, feeding, health care, management practices, economics and the
common problems for pig production. In the present study it was observed that 95%
farmers constructed their pigsty with locally available wood/bamboo with traditional
system. Majority (60%) of the farmers reared cross-bred pigs and offered kitchen
waste to their pigs while only 5% of them offered concentrate feeds. Vaccination and
deworming was followed by 30 per cent and 35 per cent of farmers respectively. Daily
cleaning of pigsty was followed by 50 percent of the farmers and castration and
weaning was to be practiced by majority of farmers. Special attention to the pregnant
sows and care after farrowing was followed by 69 and 75 per cent respectively.
Farmers market their pigs at the age of 1 year or above when they attained the body
weight of 85-90 kg or more. Lack of adequate credit facilities, inadequate scientific
knowledge on pig farming, lack of veterinary facility, lack of breeding and lack of
marketing facilities were observed to be the major constraints perceived by the
farmers. The study revealed that the development of pig production is necessary in
this area as it will not only fulfill the demand but also help to uplift the economic status
of farmers.
Key words: Production, Constraint, Pig, Breeding, Economic, Feeding, Health,
Housing, Sikkim

Original Research, B29
Avornyo FK.
Online J. Anim. Feed Res., 2(2): 149-154, 2012.

Prediction of corrected
in situ forage protein
degradability by the
Cornell method

Rearing of fry to
fingerling of Saul
(Channa striatus) on
artificial diets

Vitamin d3 induced
hypercalcemic response
in threatened bronze
feather back
(Notopterus notopterus,
Pallas)

ABSTRACT: An experiment was conducted on eight fibrous feeds to compare the
Cornell rumen degradable protein values with those of the in situ method that have
been corrected for microbial contamination. Samples of hay, sugarbeet pulp, dried
lucerne, maize silage, peahaulm silage, fermented whole crop wheat and two different
grass silages were used for the Cornell method. A corresponding in situ experiment
was carried out on the same samples to estimate their rumen degradable protein
values. Regression was used to relate the Cornell rumen degradable protein to that of
the in situ technique. Rumen degradable protein estimates observed using the Cornell
method were, on average, 0.06 and 0.16 lower than their corresponding in situ
uncorrected and corrected values, respectively, with the latter being statistically
significant (P<0.01). However, regression analysis between the Cornell and the in situ
uncorrected rumen degradable protein, using all eight feeds, was statistically
significant (r2 0.59; P<0.05). The relationship did not improve when the Cornell values
were compared with the in situ corrected values for the eight feeds (r 2 0.55; P<0.05).
On the basis of inadequate preparation of the peahaulm silage sample for the in situ
experiment, it was removed from the data set and the ensuing equation accounted for
0.89 of the variability in the in situ uncorrected rumen degradable protein (P<0.01). A
better agreement was observed between the Cornell and the in situ corrected rumen
degradable protein (r2 0.95; P<0.001). The Cornell method therefore significantly
correlated with the in situ technique for fibrous feeds. Correlation between the
methods could improve if microbial contamination was removed from the analysis. The
in situ rumen degradable protein values appeared to be bigger than the associated
Cornell values. The Cornell adopted rates of degradation therefore need to be
evaluated.
Key words: Cornell, in situ, protein, forages, degradability, feeds

Original Research, B30
Srivastava PP, Dayal R, Chowdhary S, Jena JK, Raizada S.,
Sharma P.
Online J. Anim. Feed Res., 2(2): 155-161, 2012.
ABSTRACT: Three diets (F1, F2 and F3) containing protein levels of 38.60 to 38.98 %
crude protein were used to assess the growth performances of Channa striatus fry
(weight 0.52±0.0 to 0.53±0.02 g) in a completely randomized experiment design in five
replicate set for 12 weeks. The fry were reared in 15 FRP tanks at a stocking density
of 100 fry m3 and fed ad libitum. The diets F1 and F3 showed significantly (P<0.05) low
survival levels of 74±1.2% and 76±4.4% in comparison to diets F2 (82±3.1%) 84 th day
of rearing. The net biomass gain %, length gain %, SGR, PER and per day weight gain
were found significantly (P<0.05) higher and FCR low with diet F2 in comparison to
diets F1 and F3. The proximate analysis of carcass showed that the fishes fed diets F2
had significantly (P<0.5) higher deposition of crude protein and lipids in the tissue. The
study revealed that the growth performance of C. striatus fry is better in feed F2 and
the fry could be reared to fingerling size on formulated diets.
Key words: Channa striatus, Survival, Growth

Original Research, B31
Srivastava SM, Srivastava PP, Dayal R, Chowdhary S, Lakra WS,
Singh SP, Pandey AK.
Online J. Anim. Feed Res., 2(2): 162-165, 2012.

ABSTRACT: Vitamin D3 (0.0 IU.100 g body weight (BW)-l.day-l, 100 IU.100 g BW-l.dayl
, 500 IU.100 g BW-l.day-l and 1000 IU.100 g BW-l.day-l) was administered intraperitoneally (ip) to the freshwater threatened Bronze Featherback, Notopterus
notopterus kept in freshwater for 9 days. Analyses of serum calcium levels were
performed at 0, 6 hr. and 1, 2, 3, 5 and 9 days (four grow-out Notopterus notopterus
from each group of ip doses at each interval). Administration of vitamin D3 elevated the
maximum serum calcium elevation occurred at day 2 freshwater in 500 IU.100 g BW l
.day-l (11.2±0.92 mg.dL-l) and in 1000 IU.100 g BW-l.day-l (12.0±0.46 mg.dL-l) of the
fish maintained in the fresh water. There was gradual decrease in calcium levels from
day 3 and became normocalcemia on day 9. Out of the three concentrations of ip

Vitamin D3 (100 IU.100 g BW-l.day-l, 500 IU.100 g BW-l.day-l and 1000 IU.100 g BWl
.day-l) the sharp elevation of serum calcium recorded in both 500 IU.100 g BW-l.day-l
and 1000 IU.100 g BW-l.day-l. The control (0.0 IU.100 g BW-l.day-l) fish serum calcium
behaves like normocalcemia (8.25±0.21 mg.dL-l) in every sampling up to day 2.
Results demonstrated that ip Vitamin D3 exerted a dose-dependent and pronounced
hypercalcemic effect in freshwater threatened Bronze Featherback, Notopterus
notopterus.
Key words: Notopterus notopterus, Threatened fish, Vitamin D3, Hypercalcemia
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Comparison of three
approaches of
estimating protein b2
and b3 degradation
rates in the rumen of
sheep

ABSTRACT: A method that involved the gravimetric measurement of the amounts of
feed protein B2 (feed protein that is insoluble in borate phosphate buffer but soluble in
neutral detergent solution) and protein B3 (feed protein that is insoluble in neutral
detergent solution but soluble in acid detergent solution) that remain after each in situ
incubation period, was used to obtain the degradation rates of these protein pools in
six different feeds. These degradation rates were then compared with degradation
rates provided by the Cornell Net Carbohydrate and Protein System for nominally
similar feeds in order to establish the extent of agreement between these sets of data.
Curve peeling technique was also used on the in situ results of this experiment to
generate degradation rates for comparison with the gravimetric and the Cornell values.
The study showed that the gravimetric, the curve peeling and the Cornell values were
not statistically different for the degradation rates of protein B2 even though the
gravimetric estimates were the highest followed by curve peeling and then the Cornell
values. For protein B3, the degradation rate estimated with the gravimetric method
was highest followed by the curve peeling method and then the Cornell values
(P<0.01). The degradation rates assigned to protein B3 in the Cornell databank needs
re-examination. There is a need for further application of the gravimetric technique to
establish if it gives higher estimates of the degradation rates of proteins B2 and B3 in a
range of feedstuffs.
Key words: Gravimetric method, Cornell, In situ, Degradation rate, Curve peeling
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Comparative study of
WLR of Channa striatus
of fry- fingerling, growouts and adults of
gangetic plains

Current status,
challenges and
opportunities of rabbit
production in Botswana

ABSTRACT: In the present study the Weight – Length relationships (WLR) are
described for the three stages of life of the Snakehead, Saul, Channa striatus,
collected from the districts of Barabanki, Lucknow and Unnao in Uttar Pradesh in
2008-09. Method used for analysis of fisheries data on the WLR is (W=aL b) and this
study reports the parameters ‘a’ and ‘b’ of the length–weight relationships for one
hundred numbers of fry/ fingerlings, thirty-seven grow-out fishes and eighty-nine
number of adult fishes collected from the same geographical area. The weight and
total length of fry/ fingerlings ranged from 340 to 650 mg and 35 to 45 mm respectively
(a=W/L3, 0.0060 to 0.0088; log W=log a + b*(log L), 3.92821 to 4.72919; b=(log W-log
a)/log L, 3.89643 to 4.11143). The recorded weight and total length of the grow-outs
ranged between 9 to 93g and 10.9 to 25.4 cm respectively (a=W/L 3, 0.0082 to 0.0146;
log W=log a + b*(log L), 0.95424 to 1.96848; b= (log W-log a)/log L, 3.0). In case of
adults the weight and total length recorded ranged between 74 to 476g and 22.9 to
42.4 cm respectively (a=W/L3, 0.0054 to 0.0121; log W=log a + b*(log L), 2.39029 to
4.17039; b=(log W-log a)/log L, 3.40747 to 3.95845). Since fishes were collected
during the months of April - May, 2008 and November, 2009, the parameters
estimated in this study are considered only for these seasons, because WLR are not
constant over the entire year and vary according to factors such as temperature, food
availability, feeding rate, gonadal development and spawning period. The result
suggests that these fishes grow in a pattern from early life stage to adult if grown in the
same environmental conditions.
Key words: Weight-Length, Channa striatus, Fry, Fingerlings, Grow-outs, Adults,
Gangetic plains
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ABSTRACT: This review highlights the current status of rabbit production, challenges
facing the industry and opportunities available. Rabbit farming in Botswana is in its
infancy and the rabbit population is estimated to be less than 1000. However, this
value is a gross underestimate due to poor monitoring by government extension
services. In Botswana, rabbits are mainly kept in the backyards, indicating that
intensive systems have not yet been developed. Rabbits have small body size, short
gestation period, high reproductive potential, rapid growth rate and ability to utilize
forages. Compared to beef, chicken, mutton, chevon and chicken, rabbit meat has low
cholesterol, high protein and low fat contents. Rabbit production can be integrated into
small farming systems, with the rabbits being fed on crop residues, weeds, poultry
droppings, and kitchen and garden wastes. The manure can be used to fertilize soils.
The major challenges in rabbit production are inadequacy of breeding stock,
inadequate rabbit feeds, poor management (feeding, housing and health care), lack of
research support, lack of technical support from extension services, lack of access to
credit and inadequate supply of equipment. The major opportunity available to the
rearers is that the market is vast due to the small rabbit population in the country. The
attributes of rabbits suggest that rabbit farming is likely to play an important role in
nutrition, poverty alleviation and food security, especially in countries with higher
unemployment levels and HIV/AIDS prevalence rates such as Botswana.

Key words: Botswana, Challenges, Cholesterol, Manure, Opportunities, Rabbits
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Use of stylosanthes
hamata and Sida acuta
as sole feeds for rabbits
(Oryctolagus cuniculus)

Nutritive profiles in
different size groups
and body parts of
common whelk
Hemifuses pugilinus
(born, 1778) from
Pazhayar, southeast
coast of India

ABSTRACT: A 42-day feeding trial was conducted to determine whether Stylosanthes
hamata and Sida acuta could be used as sole feeds for local weaner rabbits. The
experimental diets had three treatments with three replicates each in a Completely
Randomized Design. The experimental diets were T1 (100% Stylosanthes hamata),
T2 (50% Stylosanthes hamata 50% Sida acuta) and T3 (100% Sida acuta). The
growth parameters measured/calculated were mean weekly and total feed intake (g),
mean weekly and total weight gain (g) and final weight (g). Blood parameters
considered included haemoglobin (Hb), packed cell volume (PCV), red blood cells
(RBC), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH),
mean corpuscular haemoglobin concentration (MCHC) and white blood cell (WBC)
differential counts (neutrophils, lymphocytes, eosinophils, and monocytes).
Additionally, meat colour, juiciness, tenderness and flavour were also noted after
animals were sacrificed. Data was analyzed using ANOVA in GenStat (Discovery
Edition). There were significant differences (P<0.05) in mean weekly feed intake, total
feed intake, mean weekly weight gain, total weight gain and final weight between
treatments. T3 animals consumed the highest feed yet T2 animals had the heaviest
weight gain at the end of the experiment. Whereas there were no significant
differences (P>0.05) between treatments for MCHC and WBC differential counts like
neutrophils lymphocytes and eosinophils, significant differences (P<0.05) were
observed between treatments for PCV, RBC, MCV and monocytes. The sole
Stylosanthes hamata feed significantly (P<0.05) improved meat colour and juiciness,
whiles tenderness and flavour, did not record any significant differences (P>0.05)
between treatments. The results suggest that Stylosanthes hamata and Sida acuta
may have a potential to enhance rabbit growth as a combined feed. Any negative
effect on rabbit health either when fed individually or in combination was inconclusive
and Stylosanthes in particular as sole feed could improve colour and juiciness of rabbit
meat.
Key words: Blood indicators, Growth performance, Meat quality, Sida spp.,
Stylosanthes spp.
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ABSTRACT: The aim of this study was to determine instead of levels of protein, fat,
carbohydrates (proximate composition) and essential fatty acids of different body parts
as well as male and female of extensive marine whelk H. pugilinus on dry weight
basis. There was a significant difference in protein, lipid, carbohydrate and water
contents between various size groups as well as sex (P<0.05). Total protein content
was found to be varying from 30.58±0.75 (digestive diverticula) to 57.23±1.48%
(Gonads) in size group II of the female body parts respectively, the carbohydrate
3.66±0.28 to 10.35±0.14 whereas the lipid 10.18±0.04 to 14.67±0.35. The water
content varied from 58±1.41 minimum digestive diverticula and maximum in 85±1.41
other body tissues. There was considerably 17 fatty acid composition were identified
belongs to ten in saturated fatty acids four were monounsaturated fatty acid and 3
were polyunsaturated fatty acid among these, C16:0 (22.62%) and C18:0 (14.45%)
were the major components saturated fatty acids and C18: 1 (5.3%) and C20:4n6
(8.66%) were found major mono and poly unsaturated fatty acids. All groups have
good source of the nutritive value particularly the size group II (80-100 mm) is effectual
results for the present findings and it’s symptomatic of their high nutritional quality for
human consumption.
Key words: Common whelk, Fatty acids, Mollusc, Nutritional composition, Pazhayar
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Biochemical effect of
ginger on some blood
and liver parameters in
male Newzeland rabbits

Lebda MA, Taha NM, Korshom MA, Mandour AElA, ElMorshedy AM.
Online J. Anim. Feed Res., 2(2): 197-202, 2012.
ABSTRACT: The aim of the present study was to investigate the effects of different
ginger rhizome treatments on hepatic oxidative stress markers and antioxidant status.
Also, the study was extended to show the serum lipid profile, liver and kidney functions
and serum glucose. Forty male New Zealand rabbits were allocated into four groups
(10 rabbits in each); control, ginger powder, hot extract of ginger and cold extract of
ginger. The results revealed that administration of ginger in its different forms
significantly reduced malondialdehyde (MDA) level, glutathione peroxidase (GPX) and
glutathione-S-transferase (GST) activities, meanwhile, the reduced glutathione (GSH)
was significantly increased in liver. Moreover, ginger treatment depleted serum
triacylglycerol (TAG), total cholesterol and low density lipoprotein-cholesterol (LDL-c)
while the high density lipoprotein-cholesterol (HDL-c) was increased. Ginger
administration improved liver functions but unfortunately, the serum creatinine and
glucose levels were increased. We concluded that ginger especially hot extract
maintain the antioxidant activities, improve liver functions and reduce lipid
peroxidation.
Key words: Ginger, Cholesterol, Malondialdehyde, Glutathione
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Effect of growth stages
and range systems on
vegetation attributes,
carrying capacity,
stocking rate and forage
productivity, North
Kordofan, Sudan

ABSTRACT: The range vegetation attributes, carrying capacity, stocking rates and
forage productivity were studied in close and open range systems at the flowering and
seed setting stages during the September and November 2010, respectively, in El
Rosa (El-khuwei locality). Sampling was done by locating 2Km2 in close and open
range systems in a radiating manner from the centre of each site. Completely
Randomized Design (CRD) was used to analyses treatments. Biomass production of
plants and plant cover at the flowering stage in the close range system were
significantly (P<0.0001) higher than that at the seed setting stage in the open range
system. The plant density was significant (P<0.05) higher in the close rang system at
the flowering stage and lower at the seed setting stage in the open range system. Bare
soil and litter was significantly higher (P<0.0001) in the open range system during the
seed setting stage and lower in the close range system during the flowering stage.
Forage productivity of plants and shrubs browse kg/ha on rangeland was significantly
higher (P<0.05) in the close range system during the flowering stage and lower in
open range system at the seed setting stage. Carrying capacity was significantly
higher (P<0.0001) in the close range system at the seed setting stage and lower in the
open range at the flowering stage. Stoking rates in open range system during the seed
setting stage was significantly higher (P<0.0001) and lower in the close range system
during the seed setting stage. The frequencies of Huskneet (Cenchrus biflorus), Bano,
(Eragrostis tremula), Difra (Echinocloa colonum), leflef Luffa aegyptiaca, Gaw (Aristida
sp), Shuleny Zornia glochidiata and Aborakhus Andropogon gayanus were higher in
close system during the two stages of growth. Plants such as Abodaib Ceraotheca
sesamoid, Bigual Blepharis linarifolia, Tmrfar (Oldenlandia senegalensis), Rabaa
(Zalea sp), Himeira Hymerocardia, Diresa (Tribulus terrestris) and Huntot Merremia
pinnata recorded higher frequencies in close range system during the flowering stage
than in the open range system during the seed setting stage. The Nuida Sida
cordofolia had highest frequency in the open range system during the two stages of
growth.
Key words: Biomass, Cover, Density, Bare Soil, Litter and Frequency, Forage
Productivity, Carrying Capacity, Stoking Rates
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The effects of parity
number, season and
year of calving of
Sudanese Zebu cattle
(Butana) on the lactation
curve and milk yield

Effect of Parity on live
Body weight, Daily Milk
Yield and Lactation
length of Sudanese
Kenana Cattle

ABSTRACT: The present study was conducted to investigate the effects of parity
number, season and year of calving of Sudanese Zebu cattle (Butana) on the lactation
curve and milk yield. A Wood's model (1967) was adopted for the description of the
curve, it is a gamma function utilized for regression of milk yield on time lapse postpartum. The regression equation is presented by [Y(n) = anb e-cn]; where: Y(n) is the total
milk yield for nth week, a, is the initial milk yield and is considered as a factor which
could influence the height of the curve across time but has no effect on the curve. b is
the rate of increase of milk yield pre-peak and is considered as the linear constant that
measures the average slope of the curve during the increase phase. c is the rate of
decrease of milk post-peak, a linear constant that describes the rate of change of the
slope of the curve during the decline phase and determines the slope of the curve
during this phase. Records of 178 cows were taken from the fifth days of lactation till
30 weeks from the year 1994 – 2001. The records were grouped according to parity
(till eight parities), season of calving (dry and wet summer and winter) and year of
calving. The results revealed that effect of parity on initial milk yield, although
significant, but variable. The peak week, persistency and rate of increase of milk prepeak were the highest (P<0.01) in parity 1 compared to other parities. However, rate of
decrease post-peak was not affected by parity number. Peak yield and total yield
increased steadily from parity one to parity 6 then decreased. Calving weight
increased significantly (P<0.01) from 1 to 8. Season of calving was shown to have a
significant effect on initial milk yield, a, peak week and persistency where, a, was the
highest (P<0.01) in wet summer than winter and dry summer and hence was
increased to the maximum peak during wet summer with shorter persistency around
the peak compared to dry summer and winter. Year of calving significantly affected the
rate of decrease post-peak, c, peak yield, weekly and total milk yields. It was shown
that cows that calved in year 1997 and 2000 had the lowest (P<0.01) rate of decrease
in milk yield, weekly and total yields.
Key words: Butana, Parity Number, Season of Calving, Lactation Curve, Milk Yield
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ABSTRACT: Effect of parity (PA) on live body weight, daily milk yield and lactation
length of Sudanese Kenana cattle breed were investigated using a surveyed random
sample comprised of (200) animals on different numbers of parities, animals were
reared on natural pastures. All parameters were determinated by standard statistical
analysis models with multivariate ANOVA when daily milk yield (DMY), Live body
weight (LBwt) and lactation length (LL) as response and parity numbers (PA 1, PA2,
PA3 and PA4) as independent (P≤0.05). The results revealed that parities had a
significant effect on all quantitative parameters that investigated. These differences
between observed means were separated using Duncan multiple range tests with
equal variances assumed. This suggests that parities could be used as independent
factor for estimation of quantitative parameters with relatively high accuracy in
Sudanese Kenana cattle breed.
Key words: Parity, Live body weight, Daily Milk Yield, Lactation length, Kenana Cattle,
Sudan
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ABSTRACT: Antibiotics were very important pieces of the puzzle that enabled the poultry production
to move from a backyard flock based industry to the large-scale production facilities of today. Public
health professionals have suggested that the use of subtherapeutic antibiotics in animal production
may be partially responsible for the development of antibiotic resistant bacterial populations. The
probiotics may be substituted by antibiotics (growth promoting) in certain cases. Pediococcus
acidilactici is a bacterial probiotic used in this experience. 16000 broiler chickens were assigned in
two experimental groups: treatment (109 cfu/kg of feed of Pediococcus acidilactici MA18/5M) and
control. In each group 8000 broiler chickens were allocated in the same batch and divided by a
physical barrier. Individual live weight of a sample of 200 birds for each group from day 0 to day 56
was measured weekly. Feed intake, feed efficiency, mortality, carcass quality, serum lipids
(cholesterol and triglycerides) and number of white blood cells, were recorded per group. The
administration of Pediococcus acidilactici affected positively the growth performance of broilers
(2586.43 vs. 2252.79 g, p≤0.01) and feed conversion ratio (2.00 vs. 2.5). There were no significant
difference between groups in dressing, breast meat and thigh percent, at the end of day 56. Analysis
of variance showed significant difference between treatments for serum lipids (p≤0.01). Mortality
was almost similar in both groups (6.56 vs. 6.51). The numbers of white blood cells were significantly
affected by dietary treatment (p≤0.01).
Key words: Probiotic, Broiler chickens, Health and Performance of production
INTRODUCTION
The development of resistance to certain antibiotics poses real problems to the animal and public health
(Barton, 2000; Hofacre et al. 2001). Consequently, many additives (prebiotics, probiotics, symbiotics…) raise a
particular interest as products of substitution to antibiotics in order to improve the production performances and
the health of animals (Bach, 2001; Revington, 2002).
Pediococcus acidilactici is a probiotic bacterium that presents positive effects on the balance and the role of
the intestinal flora; it also reinforces the immune defense and improves the production performances of animals
(Jin et al. 2000; Coppola and Turnes, 2004; Stella, 2005).
The objective of this study is to evaluate in field conditions, the effect of probiotic feed additive (Pediococcus
acidilactici) on the production performances (feed intake, weight gain, feed ratio and carcass yield), and on the
blood lipids concentration and the immunity of broiler chickens.
MATERIALS AND METHODES
Place of the study
The trial has been conducted at the Poultry Center of Tazoult (Batna), Algeria. This centre is constituted of 10
buildings having the same technical features (materials of construction, surface area, extractors, pad colling, food
and watering chains). Buildings having served to the experimentation have a surface area of 1000 m 2.
Animals
The trial has been conducted on 16 000 chicks of the strain ISA 15, coming from the same hatchery. They
were allocated to two treatment groups of 8000 chicks each (control group and experimental group), raised
separately in two identical buildings. Animals have been followed during all the trial period of 56 days of raising. At
each weighing, 200 subjects were chosen randomly from both groups for individual weighing.
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Feed
The feed is supplied by the centre of Tazoult that possesses its own unit of feed manufacture. Three types of
feed have been distributed according to periods of raising: a starter feed (d0-d21), a grower feed (d22-d42) and a
finisher feed (d43-d56) (Table 1).
Two treatments have been compared in this survey:
A control group (Cont.) receiving a classic feed based on maize and soybean meal and an experimental group
(Exp.) fed with the same feed than the (Cont.) combined with 10 9 ufc of Pediococcus acidilactici (MY 18/5M) /kg ,
equivalent to 100 grams of probiotic per ton of feed. Neither antibiotic, nor anticoccidial has been added to the
feed.
Measured parameters
During the experimental period, feed intake, individual live weight of 200 birds per group, feed ratio and
mortality rate have been measured weekly for both treatment groups.
At the end the experimental period 20 chickens from each group have been sacrificed then weighed in order
to determine the carcass yield. Two types of yields have been calculated: weight of fat/weight of the carcass and
weight of carcass eviscerated/weight of carcass non-eviscerated. The carcass yield permits to measure the
probiotic effect on the quality of the carcass.
The number of white blood cells, the serum cholesterol and triglycerides concentration have been determined
by blood withdrawals done on 80 chickens chosen randomly from each treatment group.
Statistical analyses were carried out using ANOVA and the general linear model procedures (GLM) of SPSS
version 16.0 (SPSS Inc. Chicago, IL, USA), followed the post-hoc was performed by turkey test to determine the level
of significance among mean values. The p-values less than 0.01 were considered to be significant.
RESULTS AND DISCUSSION
Broiler chickens performance
Results of production performances are summarised in Table 2. The evolution of the live weight of the
Experimental group is marked, from the sixth week, by a significantly higher live weight than the Control
(1703.67±34.4 vs. 1574.11±33.39 g). The average live weight at the end of the experimental period is 2586.48 g
and 2252.79 g for the (Exp.) and (Cont.) group respectively, which corresponds to an improvement of 12.89%.
These results agree with the works of Cavazonni et al. (1998) and Stella (2005). Kabir et al. (2004) observed
an improvement of the chickens’ weights with other probiotics; however Karaoglu and Dardug (2005) did not
establish any effect with Saccharomyces cerevisiae.
During all raising phases, chickens having received a supplemented diet with P. acidilactici presented feed
ratios lower than the Control (Table 3). At the eighth week, chickens of the (Cont.) group had a feed ratio slightly
higher than that of the (Exp.) group (2.45 vs. 2.37) respectively. Studies done by Pelicano et al. (2004); Silva et al.
(2000); Franco et al. (2005) demonstrated an improvement of the feed ratio with chickens fed on probiotics such
as Bacillus subtilis, Lactobacillus acidophilus, Saccharomyces cerevisiae and Enterococcus faecium. Johri (2004)
did not observe any positive effect on the feed ratio of the chickens when Streptococcus lactis was incorporated in
the feed.
The mortality rate in the two treatment groups is almost identical (6.57 vs. 6.51). Siwicki et al. (2005),
Ramirez (2005) proved a reduction of the mortality rate due to the addition of probiotics in feeds of chickens.
Results concerning the carcass yield and the abdominal fat are summarised in Table 4. There was a clear
influence of the use of P. acididilactici on the final quality of chickens’ carcasses, a significant improvement
((p≤0.01) of the carcass yield is noted (60.40 vs. 66.32%) for (Cont.) and (Exp.) respectively. However there was no
significant reduction in the abdominal fat yield for the (Exp.) group in relation to the (Cont.) (1.90 vs. 2.27%).
Kalavathy et al. (2003, 2006); Miazzo et al. (2005) observed a significant reduction of the abdominal fat content of
the chickens, whereas Pelicano et al. (2004) and Arslan (2004) did not observe any effect of probiotics on the
carcass yield of the chickens.
White blood-cells count
The number of white blood cells has been influenced by the addition of the probiotic in the diet. A significant
difference (p≤0.01) has been observed between the (Cont.) group (25260 ± 3258 /mm 3) and the (Exp.) group
(30365 ± 3210 /mm3). (Table3). Sharef et al. (2009); Al-Mansour et al, (2011) observed that chicks fed
supplemented diets with yeast culture in the rate of 1.5 g/kg had significantly (p<0.05) lower white blood cell
counts compared to control
Serum lipids concentration
The analysis of serum lipids’ concentration of the broiler chickens is summarised in the table 5. The content
in lipids of blood that is represented by triglycerides and cholesterol is reduced in a significant manner (p≤0.01) in
the group of chickens receiving P. acidilactici, during all raising phases. This could be explained by the fact that
probiotics may possess the property of reducing cholesterol in the blood, which is due to the inhibition of the
hepatic synthesis of cholesterol, and to their capacity of deconjuguating the biliary salts (Mercenier et al., 2002;
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Pereira et al., 2003; Lim et al., 2004). On the other hand, Kanashiro et al. (2001) and Djouvinov et al. (2005) did
not observe any variations of cholesterol and triglycerides content in chickens’ blood while using mixture of
different strains of probiotics (lactobacillus sp, bacillus sp, enterococcus faecium, streptococcus thermophilus) in
the diet.
Table 1 - Composition of the broiler chicken feeds (%)
Ingredients
Maize
Soyameal
Cereals by-products
Premix*
Bicalcic phosphate
Chemical composition
ME kcal /kg
Crude protein
Fiber
Ash

Starting phase
(d0-d21)
58
30
9
1.5
1.5

Growing phase
(d22-d42)
60
25
13
1
1.5

Finishing phase
(d43-d56)
60
18
18
1
1.5

3040
21.500
3.066
7.50

3100
18.500
2.770
6.20

3180
17.500
2.536
6.00

* Provided per kg of diet: vitamin A, 8,800 IU; vitamin D3, 3,300 IU; vitamin E, 40 IU; vitamin K3, 3.3 mg; thiamine, 4.0 mg; riboflavin, 8.0
mg; pantothenic acid, 15 mg; niacin, 50 mg; pyridoxine, 3.3 mg; choline, 600 mg; folic acid, 1 mg; biotin, 220 mg; vitamin B12, 12 mg;
antioxidant, 120 mg; manganese, 70 mg; zinc, 70 mg; iron, 60 mg; copper, 10 mg; iodine, 1.0 mg; selenium, 0.3 mg

Table 2 - Evolution of the live weight (g) of broiler chickens in control and experimental groups
Age
(days)
0
14
28
42
56

Control group
(n= 200)
46.11±0.20
241.88± 3.33
802.36± 15.06
1574.11± 33.39
2252.79± 24.50

Experimental group
(n =200)
44.08± 0.25
245.45± 3.61
842.97± 21.44
1703.67± 34.4
2586.43± 27.6

P
NS
NS
NS
*
*

* mean values were significantly different (p≤0.01); NS: not significant

Table 3 - Feed ratio, mortality rate, number of white blood cells of the broiler chickens in control and
experimental groups at day 56
Parameters
Feed conversion ratio
Mortality rate (%)
White blood cells (n/mm3)

Control group
2.45
6.57
25260±3258

Experimental group
2.37
6.51
30365±3210

P
NS
NS
*

* mean values were significantly different (p≤0.01); NS: not significant

Table 4 - Carcass yield of broiler chickens in the control and experimental groups
Parameters

Control group

Live weight (g)
Carcass weight (g)
Carcass yield (%)
Fat weight (g)
Fat Yield (%)

2285.57± 48.00
1715.56±38.80
60.40
37.36±5.66
2.27

Experimental group
(n=20)
2629.90±45.20
2091.84± 44.90
66.32
39.92±4.42
1.9

P
*
*
*
NS
NS

* mean values were significantly different (p≤0.01); NS: not significant

Table 5 - Serum lipids concentration in the of broiler chickens in the control and experimental groups
Parameters
Cholesterol
(g/l)
Triglycerides
(g/l)

Exp.
Cont.
Exp.
Cont.

d14
1.10± 0.06
1.20± 0.01
1.42 ±0.07
1.46± 0.09

Ages (n=80)
d28
d42
0.94± 0.09
0.93± 0.05
1.13± 0.01
0.96± 0.12
1.23± 0.04
0.86± 0.08
1.25± 0.10
1.15 ±0.03

P
d56
0.84± 0.09
1.09± 0.11
0.84 ±0.06
0.86 ±0.06

*
*

* mean values were significantly different (p≤0.01); NS: not significant
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ABSTRACT: A six-week experiment was conducted to assess the response of Cobb broiler chicks to
diets containing varying levels (0%, 5%, 10% and 15%) of Leucaena leaf meal (LLM). The 4 dietary
treatments were allotted to the birds in a completely randomized design. Each treatment consisted
of three replicates, with fifteen birds per each replicate. The birds were fed experimental starter diets
(14-28 d) and finisher diets (28-56 d). Feed and water were provided ad libitum. Final weight, growth
rate and feed conversion ratio significantly (P<0.05) declined as the level of LLM in the diets
increased. Dressed and carcass weights also reduced significantly (P<0.05) with increasing level of
LLM in the diets. All organ characteristics except liver kidney were significantly (P<0.05) affected by
dietary treatments. Haematological variables were also not affected (P<0.05). The total cholesterol
and Low Density Lipoprotein of serum decreased (P<0.05) when LLM was included to the diets. Feed
cost reduced when LLM was incorporated in the diets, but the net revenue declined as LLM in diet
increased. In this study inclusion of LLM in diets for broiler chickens did not affect their health status,
but rather depressed their growth.
Key words: Feed cost, haematology, Leucaena leaf meal, performance, serum biochemistry
INTRODUCTION
The meat and eggs from poultry are estimated to contribute between 20 and 30% of the total animal protein
supply in many developing countries (FAO, 2004), thus, filling the gap for animal protein needs of people. However,
feed cost remains a major challenge for efficient poultry production in developing countries. It accounts for about
80% of the total cost of production (El Boushy and Van Der Poel, 2000). Ani et al. (2009) advocated that any
attempt to increase poultry production needs to focus on the utilization of cheap and locally available ingredients.
A possible cheap source of protein that can be exploited for this purpose is the leaves of tropical legumes
and browse plants (Agbede and Aletor, 2003). However, constraints to the utilization of leaf meals as protein
sources include high fibre content and presence of anti-nutritional factors (Tewe, 1991). One plant of interest is
Leucaena leucocephala.
It is a vigorous and drought-resistant leguminous tree whose high protein leaves has been widely used in
ruminant animal feeds in the tropics (Nuttaporn and Naiyatat, 2009). Ayodeji (2005) recorded 25.1% crude protein
in the fresh leaves of leucaena. Eniolorunda (2011) reported proximate composition of leucaena leaf meal to be
88.2% dry matter, 21.8% crude protein, 15.1% crude fibre, 3.1% ash, 8.6% ether extract, and 50.7% nitrogen free
extract.
There is lack of information on the usefulness of Leucaena leaf meal in poultry diets. Therefore, the objective
of this study was to determine the effects of incorporating different levels of LLM on the performance of broiler
chickens.
MATERIALS AND METHODS
Experimental diets and preparation of leucaena leaf meal (LLM)
Fresh leaves of Leucaena leucoceplala were harvested from a year-old leucaena stands on the premises of
the College of Agriculture, University of Education, Winneba, Mampong campus. The branches were cut and spread
out on a clean concrete floor of well ventilated room for a period of 3-4 days until they became crispy. The leaves
were separated from the twigs and milled in a hammer mill to obtain the leaf meal.
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Chemical analysis of LLM and experimental diets
Samples of the LLM and experimental diets were subjected to proximate analysis using standard methods
(AOAC, 1990) and results shown in Table 1.
Experimental design and statistical analysis
One hundred and eighty (180) day-old Cobb broiler chicks were procured from Darko Farms and Company,
Kumasi. They were initially brooded for two weeks. At two weeks of age they were divided into four treatment
groups with three replicate per each treatment, giving 15 birds per replicate in a Completely Randomized Design
(CRD). The birds were allocated in such a way as to ensure that the average bird weight per replicate was around
260 g. Feed and water were provided ad libitum and all required managerial practices were the same for each
treatment group. Daily feed intake and individual bird weights were recorded before and at the end of the
experimental. Daily weight gains and feed conversion efficiency were calculated. Economics of production were
also calculated at the end of the study. The data were analyzed using the analysis of variance (ANOVA) technique
and differences among means were separated by means of Duncan multiple range test. Statistical significance was
determined at P=0.05.
Haematology and blood serum biochemistry analysis
Blood samples were obtained from two birds per replicate making a total of six per treatment at the eighth
week by inserting a new sterile needle into the wing vein of the birds and extracting 2 mls of blood which was
placed inside sterile test tubes containing Ethylene Diamine Tetra Acetic Acid (EDTA). The blood samples were
shaken to mix with the EDTA in order to prevent coagulation. The samples were then analyzed for Red Blood Cells
(RBC), Packed Cell Volume (PCV), Haemoglobin (Hb) and White Blood Cells (WBC) using the Abbott Diagnostics Cell
Dyn 3500 (Abbott Diagnostics, Abbott Park, IL) automated haematology analyzer. Again, blood samples were
obtained from each bird by the same procedure into vacuumed capillary tubes to determine the blood cholesterol,
triglyceride, high-density lipoprotein (HDL), low-density lipoprotein (LDL) levels, coronary risk, total protein and
glucose. After coagulation, blood samples were centrifuged and then serum was collected for analysis. Blood serum
biochemistry was determined by using Cobas integral 400 plus chemistry analyzer (Roche Diagnostics Ltd.,
Switzerland).
Carcass evaluation and chemical analysis of thigh muscle
Two birds were randomly selected from each replicate at the end of the study. They were weighed and killed.
The birds were killed by severing the carotic arteries. They were bled and immersed in hot water for 5 minutes to
loosen feathers. The defeathered carcass was weighed. After dressing, the following weights were taken: carcass
weight, dressed weight, gizzard, liver, heart, neck, shanks, and intestine. Proximate composition of thigh muscle
was also determined using the procedure of AOAC (1990).
RESULTS AND DISCUSSION
Results of proximate analysis of leucaena leaf meal are presented in Table 1. It reveals that it is rich in
protein (23.00%) and high in fiber (14.30%) and ash (11.20%). The crude protein content was higher than those
(23.0% and 21.3%) obtained respectfully by Onibi et al. (2008) and Hussain et al. (1991). The final body weight,
mean body weight gain and feed conversion efficiency declined significantly (P<0.05) as the level of LLM increased
in the diets (Table 3).
Other studies involving chickens and laying hens show that, feed intake, live weight gain and egg production
declined when Leucaena leucocephala leaf meal was included at 5 %, 20 % and 30 % of the diet (Scott et al.,
1982). This poor performance may be attributed to the high fiber and the presence of anti-nutritional factors such
as mimosine in leucaena leaves. High fiber diet exerts deleterious effects through depressed nutrient absorption as
a result of extensive disruption of intestinal microvilli (Moharrery and Mohammed, 2005). Mimosine also affects
thyroid function, leading to poor growth (Nuttaporn and Naiyatat, 2009). According to Natanman et al., (1996), 5%
inclusion rate of leucaena leaf meal is recommended for broilers since it gives higher feed conversion. This was
however not the case in the present study.
Table 1 - Proximate Composition of LLM (%)
Proximate fraction
Moisture
Crude protein
Crude fibre
Ash
Ether extract
Nitrogen free extract

%
8.65
23.44
14.30
11.20
6.40
36.01
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Table 2 - Percentage Composition of Experimental Diets
Items
Ingredient
Maize
Fish Meal (64% CP)
Fish Meal (52% CP)
Leucaena leaf meal
Soybean meal
Wheat bran
Oyster shell
Vit/mineral premix
Salt
Di-calcium phosphate
Proximate analysis (% DM)
Moisture
Crude protein
Crude fibre
Ether extract
Ash
Nitrogen free extract
Calculated composition (%)
ME (K cal/kg)
Calcium
Phosphorus
Lysine
Methionine

0%
LLM
58
10
7
0
10.5
12
1
0.5
0.5
0.5

Starter phase
5%
10%
LLM
LLM
58
58
10
7
2
2
5
10
10.5
10.5
12
10
1
1
0.5
0.5
0.5
0.5
0.5
0.5

8.63
20.32
3.33
4.24
3.12
59.78

8.00
20.01
4.82
4.72
3.15
59.30

2605
1.04
0.70
1.38
0.44

2611
1.54
0.74
1.19
0.32

Finisher phase
5%
10%
LLM
LLM
60
60
6
6
4
4
5
10
10
5
12
10
1
1
0
0
0.5
0.5
1
1

15%
LLM
58
7
2
15
5.5
10
1
0.5
0.5
0.5

0%
LLM
60
6
4
0
13
12
1
0
0
1

15%
LLM
60
6
4
15
2
10
1
0.5
0.5
1

8.54
20.18
5.59
4.37
3.32
58.00

8.48
20.09
6.87
4.34
3.46
56.76

8.45
17.73
3.11
3.89
3.12
63.70

8.06
17.15
3.06
3.78
2.87
65.08

8.19
17.01
7.97
4.47
2.44
59.92

8.33
17.10
6.81
4.90
2.45
60.41

2601
1.02
0.53
1.02
0.31

2600
1.13
1.30
0.86
0.28

2880
1.02
0.64
1.22
0.36

2878
0.95
0.57
1.04
0.32

2878
0.47
0.51
0.91
0.95

2880
0.95
0.50
2.35
0.26

*Composition of vitamin/mineral premix per kg: Vitamin E, 25mg; Vitamin A, 6250 IU; Vitamin D3, 1250 IU; Vitamin K3, 25mg; Vitamin B1,
25mg; Vitamin B2, 60mg; Vitamin B6, 40mg; Vitamin B12, 2mg; Elemental calcium, 25mg; Elemental phosphorus, 9mg; Elemental
magnesium, 300mg; Iron, 400mg; Selenium 1.0mg, Iodine 20mg, Copper 60mg, Magnesium 100mg, cobalt 10mg, Zink, 150mg; Sodium
Chloride, 1.5mg; Choline Chloride, 500mg; Live Lactobaccillus spore, 0.2 million cfu; Niacin, 40mg; Folic Acid, 10mg; d-Biotin, 5mcg.

Table 3 - Effect of LLM Meal on Performance of Birds
Variable
Mean Initial Body Weight (g)
Mean Final Body Weight (g)
Mean Total Body Weight Gain (g)
Mean Daily Weight Gain (g)
Mean Feed Intake (g/day)
FCE (Feed/Gain)
Mortality (%)
Feed cost/kg diet (GH₵)
Feed cost/bird (GH₵)
Price/bird at 8 weeks (wt/kg) (GH₵)
Value/ bird (GH₵)
Net revenue/bird (GH₵)

LLM0
260.7
2236.7a
1983.3a
47.3a
112.4a
2.4a
0.0a
1.1
5.1
6.0
13.4
8.3

LLM5
260.6
1598.3b
1436.7b
34.2b
116.5a
3.4b
6.6b
1.1
5.1
6.0
9.6
4.5

Level of dietary LLM (%)
LLM10
LLM15
P
361.4
260.3
0.14
1380.0c
1176.7cd
0.00
1118.3c
915.0cd
0.00
26.6c
21.8c
0.00
108.5ab
97.5c
0.00
4.1bc
4.5cd
0.02
2.2a
0.0a
0.01
0.9
0.9
0.9
0.9
6.0
6.0
8.3
7.1
4.2
3.4
-

SEM
5.14
90.98
1211.30
2.85
2.31
0.37
0.24
-

SEM = Standard error of mean; Treatment means with different superscripts within the same row are significantly different at p<0.05.

Table 4 - Effect of LLM Meal on Organ Weights of Broiler Chickens
Variable
Dressed Weight (g)
Dressing Percentage (%)
Carcass weight (g)
Liver (g)
Kidney (g)
Heart (g)
Full crop (g)
Empty crop (g)
Full proventriculus (g)
Empty proventriculus (g)
Full gizzard (g)
Empty gizzard (g)
Small intestine:
Full (g)
Empty (g)

LLM0
1481.3a
88.9a
1665.7a
53.7a
1.0
8.7ab
8.0a
8.0a
9.0a
9.0a
58.7a
45.7a

LLM5
1267.3a
81.3b
1555.3a
22.0b
1.0
7.0b
13.0b
10.3a
10.0b
9.0b
50.7ab
35.7b

Level of dietary LLM (%)
LLM10
LLM15
P
1189.0b
838.0c
0.04
78.6b
81.6b
0.02
1513.3a
1080.0b
0.01
44.0ab
26.0bc
0.03
1.0
1.0
9.0ab
5.7bc
0.29
8.3a
9.0a
0.04
8.3a
7.7b
0.10
8.0c
7.3d
0.00
8.0c
6.7d
0.00
52.3ab
44.7b
0.04
39.3ab
30.3bc
0.03

105.3ab
66.3a

109.0a
68.0a

116.3a
62.7a

90.0ab
52.7b

0.05
0.21

SEM
2.90
119.64
9.49
0.97
1.03
1.00
0.24
0.47
4.53
4.09
7.80
4.04

SEM = Standard error of mean; a,b,c,d: Treatment means with different superscripts within the same row are significantly different at p<0.05.
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The feed cost of raising broilers progressively decreased with increasing levels of LLM such that it was
cheaper to raise them on LLM based diets than the control diet; but economic analysis showed decreasing returns
with increasing dietary levels of LLM. This was so because of the poor growth performance of the birds fed the LLM.
The LLM diets gave the lowest financial returns averaging 51.5% lower than the control diet.
All carcass and organ characteristics measured (Table 5), except kidney, were significantly influenced
(P>0.05) by dietary treatments. The dressed weight tended to decrease with higher inclusion of leucaena leaf meal.
There was a significant (P<0.05) increase in the fat contents of the muscles with increasing levels of LLM in
the diets. This suggests that LLM would promote fat deposition in broiler chickens. This finding is not good because
consumption of high levels of fat has been associated with high incidence of coronary heart diseases in human. A
reduced dietary fat intake is therefore recommended. It was observed that fat concentration in thigh muscle of
birds has a negative correlation with the cholesterol contents in serum.
Table 5 - Effect of LLM Meal on Meat Quality
Variable
Moisture
Protein
Fat

LLM0
62.1a
51.6a
31.5a

LLM5
70.2b
65.5b
33.0b

Level of dietary LLM (%)
LLM10
LLM15
P
60.4c
68.6d
0.00
47.0c
56.4d
0.00
36.0c
43.5d
0.00

SEM
0.05
0.00
0.00

SEM = Standard error of mean; a,b,c,d: Treatment means with different superscripts within the same row are significantly different at p<0.05.

The results of haematological variables suggested that though sub-clinical effects (growth depression and
less feed intake) were observed, the experimental diets did not precipitate detrimental effect on the health status
of broiler chickens. All the values recorded compete favourably with normal ranges for broiler chicken (Table 6) as
stated by Campbell et al. (2003). Hematological parameters are usually related to health status and are of
diagnostic importance in clinical evaluation of the state of health. They are good indicators of physiological,
pathological and nutritional status of an animal. Changes in haematological parameters have the potential of being
used to elucidate the impact of nutritional factors in diet on animals. In this study, addition of LLM to the broiler
diet was shown to reduce serum cholesterol concentration. Broiler chickens fed animal-based protein diet tend to
have higher total plasma cholesterol than those fed plant-based protein (Ogboko, 2011). Most of the circulating
cholesterol is carried in birds by high-density lipoprotein cholesterol and LDL (Zantop, 1997). A high blood level of
total cholesterol is a major risk factor for heart disease, along with high levels of LDL. The higher the LDL level, the
higher the risk.
Table 6 - Effect of LLM on Blood Variables
Variable
WBC ( x103/μL)
RBC (x106/μL)
HGB (g/dL)
HCT (%)
MCV (fL)
MCH (pg)
MCHC (g/dL)

LLM0
233.7
2.4
9.4
29.6
123.0
39.0
31.7

LLM5
220.6
2.1
8.2
26.7
127.5
39.1
30.7

Level of dietary LLM (%)
LLM10
LLM15
P
233.9
241.8
0.25
2.4
2.7
0.29
9.3
10.1
0.33
30.5
32.4
0.35
125.1
121.0
0.22
38.3
37.8
0.39
30.3
31.2
0.23

SEM
9.59
0.27
90.97
3.00
2.91
0.82
0.23

SEM = Standard error of mean; a,b,c,d: Treatment means with different superscripts within the same row are significantly different at p<0.05.

Table 7 - Effect of LLM on Blood Variables
Variable
Total cholesterol (mmol/L)
Triglyceride (mmol/L)
HDL-Cholesterol (mmol/L)
LDL
Coronary Risk
VLDL
Total protein (g/L)
Glucose (mmol/L)

LLM0
3.3a
1.3
2.2
0.5a
1.5
0.6
39.3
11.5

LLM5
2.7b
1.5
2.0
0.1b
1.3
0.7
36.8
12.8

Level of dietary LLM (%)
LLM10
LLM15
P
2.7b
2.9b
0.01
1.4
2.2
0.20
2.0
1.9
0.24
0.2b
0.2b
0.00
1.4
1.6
0.20
0.6
1.0
0.21
33.2
31.1
0.28
12.6
11.7
0.76

SEM
0.16
0.43
0.17
0.07
0.10
0.21
4.17
2.07

SEM = Standard error of mean; a,b,c,d: Treatment means with different superscripts within the same row are significantly different at p<0.05.

CONCLUSION
Results of this study indicate that the inclusion of LLM in diets as low as 5% had adverse effects on the
growth performance and economy of gain of broiler chickens.
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ABSTRACT: Sorghum basically contains two major anti-nutritional factors; tannin, a polyphenolic
compound located in the grain and, dhurrin a cyanogenic glucoside located mainly in the aerial shoot and
sprouted seeds. Tannins are high in sorghum with brown pericarp and no testa and very low in unpigmented
grains. The main anti-nutritional effects of tannins are: reduction in voluntary feed intake due to reduced
palatability, diminished digestibility and utilisation of nutrients, adverse effects upon metabolism and toxicity. The
level of tannins present in sorghum seems to be the predominant factor that influences its nutritional value.
Drying, soaking, grinding and pelleting appear to reduce tannin content in feedstuffs while diet supplementation
with methyl group donors like choline and methionine reduce the problems associated with tannins in livestock.
Dhurrin, on enzyme action readily yields hydrogen cyanide (HCN). The quantity of HCN in sorghum varies with
cultivar and the growth condition but diminishes with age. Excess cyanide ion can quickly produce anoxia of the
central nervous system through inactivating the cytochrome oxidase system and death can result within a few
seconds. Making fodder into hay or silage however, destroys the poison.
Key words: Tannin, Dhurrin, Sorghum, Livestock, Poultry
INTRODUCTION
Many plant components have the potential to precipitate adverse effects on the productivity of farm livestock (D’Mello,
2000). These compounds are present in the foliage and/or seeds of virtually every plant that is used in practical feeding. These
compounds are often called anti-nutritional factors. Anti-nutritional factors are also those generated in natural feedstuff by the
normal metabolism of the specie from original materials and by different mechanisms exert effects contrary to optimum nutrition
(Chubb, 1982). Anti-nutritional factors may be grouped according to their mode of action as follows;
 Substances depressing digestion or metabolic utilisation of protein e.g. protease inhibitors, lectins (haemagglutinins),
saponins and polyphenolic compounds
 Substances reducing or interfering with the utilisation of mineral elements e.g. Phytic acid, oxalic acids, gluccosinolates
and gossypol
 Substances inactivating or increasing the requirements of certain vitamins e.g. Anti-vitamins A, D, E and K, antithiamine, nicotinic acid, pyridoxine and cyanocobalamin.
Some anti-nutritional factors may however exhibit more than one mode of activity (Liener, 1980; Jaffe, 1980; Chubb,
1982). Sorghum [Sorghum bicolour (L) Moench] is widely grown in the semi-arid and savannah regions of Nigeria. Maunder (2002)
reported that sorghum is a traditional crop of much of Africa and Asia and an introduced and hybridized crop in the western
hemisphere. It benefits from an ability to tolerate drought, soil toxicities and temperature extremes effectively than other cereals.
Sorghum grains contain about 92.50% dry matter, 3270.00kcal/kg metabolisable energy for poultry, 9.50% crude protein, 2.55%
ether extract, 2.70% crude fibre, 1.25% ash and 76.60% nitrogen free extract (NFE). Its protein is slightly higher than maize but as
with most cereals deficient in lysine and tryptophan. More importantly, some varieties of sorghum grain have been reported to
contain anti-nutritional factors chiefly tannin which binds proteins and impair digestion (Oyenuga, 1968; Aduku, 1993; Olomu,
1995; Tacon, 1995; Ngoka, 1997; Aletor, 1999. Aduku, 2004 and Etuk and Ukaejiofo, 2007).
This article discusses the chemistry, mode of action and effects of two important anti nutritional factors in sorghum; tannin
and dhurrin on livestock and poultry.
ANTINUTRITIONAL FACTORS IN SORGHUM
Sorghum basically contain two important anti-nutritional factors, tannin, a polyphenolic compound located in the grain
(Purseglove, 1972; Ologhobo et al, 1993; Kumar and D’Mello,1995) and the cyanogenic glycoside, dhurrin located mainly in the
aerial shoot and sprouted seeds (Olomu, 1995; Oduguwa and Fafiolu, 2004).
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TANNIN: CHEMISTRY, DISTRIBUTION AND MODE OF ACTION
Chemistry
Tannins are water soluble polyphenolic heterogeneous compounds having molecular weight in excess of 5000 daltons and
the ability to precipitate gelatine and other proteins from aqueous solution (de Lumen and Salamat, 1980; Singleton and Kratzer,
1973; Kumar and D’Mello, 1995). Tannins are generally considered to consist of polyphenolic systems of two types: the
hydrolysable tannins (HT) (pyrogallol class), with esters of glucose and acids such as chebulic, ellagic, gallic and m-digallic and the
condensed tannins (CT) (catechol tannins), based on leuco-anthocyanidin and like substances (Etherington and Roberts, 1982;
Kumar and D’Mello, 1995). The pyrogallol tannins are readily hydrolysed by acids, bases and enzymes. Tannic acid, a gallotannin is
a well known member of the group and contains 8-10 moles of gallic acid per mole of glucose (Fig.1). The commercial tannic acid
has a chemical formula of C76H52O46 though it contains a mixture of related compounds. Ellagitannins is another HT group
member (Merck Index, 1976; Salunkhae et al, 1990; Kumar and D’Mello, 1995). HT is abundant in leaves, fruits, pods and galls of
dicotyledons but not detected in monocotyledons (Lewis and Yamamoto, 1989). Condensed tannins are not hydrolysable and
widespread, typically producing anthocyanidins on acid degradation. CT contains the familiar flavonoid skeleton, epicatechin and
catechin linked together (Fig. 2). Flavan-3-ols and Flavan-3-4-diols linkages are commonly recognized (Porter, 1992; Salunkhae et
al, 1990; Kumar and D’Mello, 1995). The pH has an effect on complex formation of tannin and protein. CT can react and form
complexes by H-bonding with carbohydrates and proteins but at neutral pH form stronger bonds with proteins (McLeod, 1974).
Condensed tannin in protein complex is stable and insoluble in the pH range of 3.5 – 7.0 but unstable and releases protein at pH
of < 3.0 and >8.0 (Jones and Mangan, 1977). CT are widespread in legume forages (D’Mello, 1995) and sorghum (D’Mello, 2005).
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Distribution
Atteh (2002) reported that sorghum, especially the brown variety contains high levels of tannins and Purseglove (1972)
opined that sorghum grain with testa contain tannins in varying proportion depending on variety, with certain strains containing up
to 5%. It has been reported (Aningi et al., 1998) that polyphenols are high in sorghum with brown pericarp and no testa and very
low in unpigmented grains. This characteristic has been utilised to develop sorghum varieties and hybrids to deter birds (Carter et
al., 1989) because they are less palatable and tenacity of some bacteria is low (Schrägle and Müller, 1990). Etuk and Ukaejiofo
(2007) reported 0.42% tannin content in brown coat coloured sorghum while Subramanian and Metta (2000) reported that the
local Indian sorghum variety and ICSV 112 variety developed by ICRISAT and grown in India contain no tannins. 0.40% tannin was
reported for samsorg 17, a variety previously coded (SSV) -3 (SK5912) and developed from local collections of Kaura through
mutation breeding at the Institute of Agricultural Research (IAR), Samaru, Nigeria. ICSV 400, released by ICRISAT in 1996
recorded tannin value of 0.69% (IAR, 1995; NCGRB, 2004, Etuk, 2008). Red sorghum on the other hand contains about 23g/kg
tannins which when reconstituted reduced to 16g/kg (Kumar et al., 2007).
Tannins are also found in soybean, sunflower seeds, faba beans and alfalfa and in browse plants like Daniella oliveri
(Osakwe et al., 2004), sunflower seeds, Leuceana leucocephala, Sesbania grandiflora, Acacia salicina (Norton, 1994; D’Mello,
1995; Kumar and D’Mello, 1995). Drying, soaking, grinding and pelleting has been reported to reduce tannin content in feedstuffs
while diet supplementation with methyl group donors like choline and methionine reduce the problems associated with tannins in
livestock (Singleton and Kratzer, 1969; Atteh, 2002).
Mode of Action
Tannins reduce protein digestibility through the formation of complexes and the inhibition of activities of proteolytic
enzymes in digestive secretions (Ahn et al., 1989; Kumar and D’Mello, 1995; Grosjean et al., 1999). The affinity of tannins for
protein has been observed to increase with increase in molecular size of tannins. However tannins with extremely large molecular
weight lose their affinity for protein and become insoluble (Kumar and Horigome, 1986). Proteins with high proline content impart
an open structure which contains readily accessible sites for hydrogen bond formation with tannins (Hagerman, 1989). The
polyphenols in brown sorghum may have a binding effect on minerals (Aningi et al., 1998).
Recent studies also revealed that polyphenols of the procyanidins (CT) have an antioxidant property (Corder, 2006) while
tannic acid has anti-bacterial, anti-enzymatic and astringent property as well as constringing action upon mucous tissues. The
ingestion of tannic acid causes constipation so it can be used to treat diarrhoea in the absence of inflammation (Phytolab, 2007).
EFFECT OF TANNINS ON LIVESTOCK
Ruminants appear to be more tolerant of CT than non-ruminants though ingestion of hydrolysable tannins can cause death
(Ahn et al., 1989 and Norton, 1994). Condensed tannins present in legumes and browse trees according to Osakwe et al. (2000)
may result in tannin protein complex formation and inhibit microbial attack. Primary effects of impaired rumen function,
depressed feed intake, wool growth and live weight gains have been reported in sheep fed diets containing CT (D’Mello, 2000;
Salem et al., 2005). Others are reduced palatability and diminished digestibility (D’Mello, 1982; Ola et al., 2005). Moderate levels
of tannin (30 – 40g/kg legume dry matter) may however result in nutritional advantages in respect of increased bypass protein
availability and bloat suppression in cattle (D’Mello, 2000). Feeding up to 30g/kg DM of wattle tannin extract nevertheless failed to
show any improvement in protein status and therefore growth performance of goats to a considerable degree (Bengaly et al.,
2007). Levels of CT above 60 – 100g/kg DM is considered to depress intake and growth (Bary and Duncan, 1984; van Hoven and
Furstenburg, 1993). Feeding Danielli oliveri browse which contain 48g CT/kg DM to WAD sheep showed inhibitory effect on
organic matter and detergent fibre digestibility (Osakwe, et al., 2004). Tannin digestibility of 99.70% - 99.90% has been reported in
goats fed Tephrosia bracteoluta which contains 0.40g of tannins (Ogungbesan et al., 2006).
Plant protein degradation in the rumen and decreased rumen availability of sulphur, which then depress the digestibility of
plant cell wall has been reported (Norton, 1994). It is also possible that there is inhibition of microbial enzymes in the rumen and
decreased availability of plant proteins for digestion in the intestine (Kumar and Singh, 1984; Bary and Duncan, 1984; Makkar et
al., 1989). Binding of proteins to cell wall seem to be a factor in decreasing digestibility (Reed et al., 1990) and Kemalak et al.
(2004) observed a negative relationship between tannin content of leaves and in vitro dry matter digestibility. Also, tannins
diminish permeability of the guts wall by reducing nutrient flow. It also affects availability of amino acid and thus utilisation of
protein (Ronstango, 1972; Eggum and Christensen, 1974; Mijavilla et al., 1977). Nevertheless, some ruminal microbes have been
shown to possess the ability to metabolise tannins or at least remain active in a high tannin environment and may be used as
inoculants to overcome detrimental effects of tannins in ruminants (Norton, 1994).
Increased levels of plasma growth hormones have been reported with increased intake of CT by sheep (Bary et al., 1986).
Limited evidence indicates that tannins may have blood sugar and cholesterol lowering effect on rats. Wildens et al. (2004)
reported lowered blood urea nitrogen and increased creatinine by goats and sheep fed diets containing 5% CT/kg/ DM. No effect
was, however, observed on PCV and anthelmintic activity.
Earlier, D’Mello (2000) reported that higher levels of tannins (100 – 120 CT/kg legume DM) reduced gastrointestinal
parasitism in lambs. Components and level of tannins tend to exert varied influences on blood constituents. Decreased blood
levels of urea nitrogen and creatinine in rats fed epicatechin 3 - 0 - gallate and procyanidin B - 2 3, 3’-di-o-gallate up to 10mg/kg
body weight have been reported (Yokozawa et al., 1991). However, 12.5mg of procyanidin C produced a significant increase in
blood levels of urea nitrogen, creatinine and methylguanidine, a substance which accumulates in the blood with the progression of
renal failures (Yokozawa et al., 1997).
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EFFECT OF TANNINS ON POULTRY AND PIGS
The main anti-nutritional effects of tannins are: reduction in voluntary feed intake due to reduced palatability, diminished
digestibility and utilisation of nutrients, adverse effects upon metabolism and toxicity (Kumar and D’Mello, 1995; Atteh, 2002; Ola
et al., 2005). These effects may be achieved via several mechanisms. Tannins exert inhibitory effect on a broad spectrum of
digestive enzymes at several sites in the digestive tracts of poultry (Longstaff and McNab, 1991; Ahmed et al., 1991) and piglet
(Jansman et al., 1993). In a study with broiler chickens, Iji et al (2004) reported that ideal digestibility of energy, protein, arginine
and leucine were reduced as dietary tannin level rose to 20g/kg diet and beyond while methionine and phenylalanine were only
negatively affected at tannin levels of 25g/kg diet. Protein efficiency ratio (PER) and net protein ratio are negatively correlated with
tannic acid (Oke et al., 2004). Feed conversion efficiency increased with increasing level of tannin up to 15g/kg diet while
pancreatic and jejenal enzymes activities were not affected. This suggests that a wider range of factors may be involved in
regulating the effect of tannins on poultry (Iji et al., 2004).
Kumar et al. (2007) showed that tannin content of 16g/kg in red sorghum had no effect on nitrogen, calcium and
phosphorus retention in broiler chickens. Similarly plasma albumin, globulin, protein, glucose, calcium, phosphorus, SGOT, SGTP
and uric acid levels were not affected even at 100% replacement of maize with red sorghum. Mild histopathological changes in
liver and kidney tissues as well as high cell mediated immune – response were, however, observed when raw red sorghum
containing 23g tannins/kg were fed to the same group of broiler chickens. Elkins et al. (1978) reported that chickens fed high
tannin sorghum developed leg abnormalities. Featherstone and Rogler (1975) showed that high tannin sorghum depressed
growth in rats and chicken, which resulted from reduced protein and dry matter digestibility probably caused by interference of
tannins with digestive action of trypsin and α-amylase either by binding the enzymes themselves or by combining with dietary
protein to form indigestible complex. In laying birds, tannins decreased the rate of lay, adversely affect efficiency of feed utilisation
and increase mortality (Rostangno et al., 1973; Guillaume and Belec, 1977). The level of tannins present in sorghum seems to be
the predominant factor that influences its nutritional value (Vilijoen, 1998). Polyethylene glycol (PEG) when used as a dietary
supplement can improve the nutritional value of high tannin feedstuff (Hewitt and Ford, 1982) while malting increases the protein,
soluble sugars and reduces the tannin content of sorghum (Barrett and Larkin, 1974; Wu and Wall, 1980; Kubiezek et al., 1984).
Boiling also reduces tannin content in taro cocoyam meals from 1.78mg/100g to 0.28mg/100g which resulted in negligible
effect on carcass characteristics of broilers (Abdulrashid et al., 2007).
DHURRIN
Dhurrin is a cyanogenic glucoside which on enzyme action readily yields hydrogen cyanide (HCN) (Fig. 3, 4); it is located
mainly in the aerial shoot of sorghum plant (Olomu, 1995; D’Mello, 2000). Dhurrin contains glucose of β-hydroxy-benzaldehyde
cyanohydrin. Linamarin and amygdalin are other cyanogenic glycoside found in cassava, linseed and almonds respectively.
Linamarin contains the glucose of acetone cyanohydrin while amygdalin contains glucose of benzaldehyde cyanohydrin (Chubb,
1982). Many commonly consumed legumes are also reported to be cyanogenic (Seigler et al., 1989). Cyanogenic glycosides when
ingested and hydrolysed to free HCN cause cyanide toxicity (D’Mello, 1995). In Nigeria, HCN level of 15.18g/kg has been reported
for malted sorghum sprouts (Oduguwa and Fafiolu, 2004).
Ruminants are more susceptible to HCN poisoning than horses and pigs but sheep appear less susceptible than cattle
(Chubb, 1982). Hydrogen cyanide causes dysfunction of the central nervous system, respiratory failure and cardiac arrest.
Metabolisable energy values for poultry tend to be lower in untreated cassava root presumably because of its cyanogenic potential
(Keller, 1984; Tanner et al., 1990; D’Mello, 2000 and D’Mello 2005). The quantity of HCN in sorghum varies with cultivar and the
growth condition but diminishes with age. Making fodder into hay or silage destroys the poison (Purseglove, 1972). Excess cyanide
ion can quickly produce anoxia of the central nervous system through inactivating the cytochrome oxidase system and death can
result within a few seconds (Chubb, 1982). Cyanide intake of up to 75.96mg/100g reduces apparent nutrient digestibility of
broilers. Goats can also tolerate and degrade forage secondary metabolites below injury threshold (Ogungbesan et al., 2006). As
little as 0.5g HCN is sufficient to kill a cow and more than 750ppm is regarded as dangerous to stock. Poor animal performance
has also been reported as a result of cyanogens (Tanner et al., 1990).
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Fig. 3 - Hydrolysis of dhurrin by β-glucosidase (dhurrin). Source: Cicek and Esen (1998)
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Fig. 4 - Production of hydrogen cyanide (HCN). Source: (Cicek and Esen, 1998)
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CONCLUSION
It would appear that the level of the anti-nutrients; tannin and dhurrin in sorghum and indeed other plant materials is a
major determinant of the recognised effects on livestock and poultry. Similarly, the development of new varieties, age and
processing seems to have an ameliorating effect on the content and intensity of toxicity of these anti nutritional factors in sorghum.
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ABSTRACT: Breed, sex and ambient temperature effects on the nocturnal and diurnal duration of
feed and water intakes, standing and lying down behaviour of rabbits were investigated. Twelve male
and female weaner rabbits (New Zealand White, Dutch Black and American Chinchilla, 8 weeks old)
were housed individually in cells measuring 51 cm x 51 cm each. They were fed an 18% Crude
Protein pelleted diet, forages (Centrosema pubescens, Ipomea batatas and Tridax procumbens) and
water ad libitum for 8 weeks. Data were collected at three hourly intervals from 18:00 hrs to 06:00
hrs (nocturnal) and from 06:00 hrs to 18:00 hrs (diurnal). Durations of feed intake, water intake,
lying down and standing were measured. Ambient temperature differed significantly (P ≤ 0.05)
between test periods. Breed and sex did not influence the parameters studied. While ambient
temperature significantly (P ≤ 0.05) influenced all traits, test period significantly (P ≤ 0.05)
influenced duration of water intake, duration of standing and duration of lying down but not duration
of feed intake. Interaction effects of test period x ambient temperature affected (P ≤ 0.05) duration
of water intake and duration of lying down within the nocturnal period and duration of feed intake,
duration of water intake and duration of lying down within the diurnal period. Highly significant (P ˂
0.01) phenotypic correlation was observed between duration of feed intake and duration of standing
(rp = 0.10), duration of feed intake and duration of lying down (r p = - 0.46), duration of water intake
and duration of standing (rp = 0.09), duration of water intake and duration of lying down (r p = - 0.29),
ambient temperature and duration of water intake (r p = 0.64), duration of standing and duration of
lying down (rp = - 0.51) and between ambient temperature and duration of lying down (r p = - 0.42).
Key words: Ambient Temperature, Behavioural Trait, Diurnal, Ethology, Nocturnal, Rabbit, Stress, Test
Period, Thermoneutrality
INTRODUCTION
Ethology is the science of animal behaviour (Mathur, 2005). Animal behaviour is the totality of the observable
behavioural repertoire of an animal in a given environment. Behaviour is also described as any observable action
and interaction between the organism’s motivational state and the perceived attributes (stimuli) of its environment
(Marai and Rashwan, 2004; Dosenbery 2009). Behaviour is therefore one of the most important functions of
animal life and animal behaviour is a vital link between the organism and the environment and between the body
control systems (nervous, muscular, endocrine) and the ecosystem. Behaviour plays a critical role in animal
adaptation and evolution. Through behaviour an animal interacts with its environment and such interactions
provide clues of the state of the environment and its probable impacts on life forms. Welfare is a condition of the
animal itself. Animal behaviour provides the barometer for assessing animal welfare and there can be no animal
welfare without an understanding of the normal behaviour of the animal. Animal behaviour therefore constitutes an
extremely important aspect of a species survival strategy (Mathur, 2005). Animals differ in their response to
changes in external and internal environments and may be innate or acquired and depend on both genetic
disposition and ontogenic experience. Even within the same species, genetic differences exist among individuals of
a population in their response to the same environmental stimuli (Batchelor, 1991; Manteuffel, 2002; Anna and
Lance, 2005; Ogunjimi et al., 2008). All animals possess a range of behavioural expectations regarding their
environment, in order to maintain their physical and psychological health. Different behavioural attributes have a
specific function to the animal which can be associated to relaxation, ingestion, excretion, reproduction,
exploratory, freight, attack, adaptive and care soliciting. Thus an animal’s behaviour at each point in time reflects
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its perception of the environment as favourable or stressful. Understanding the impact of the production
environment is critical to animal welfare and performance and a clear perception of the proximate and ultimate
causations of an animal’s behaviour is important for its survival, well being and for maximum benefits from the
animal (Mathur, 2005).
Among the many aspects of ethology, animal scientists are interested in the feeding and adaptive behaviours
of animals under varied environmental conditions: ambient temperature (AT), relative humidity, air movement,
solar radiation and photoperiod (Marai et al., 1991; Marai and Rashwan, 2004). Ambient temperature is perhaps
the most important environmental factor affecting nutrient intake and therefore the well being of animals in the
humid tropics (Marai et al., 1991; Marai and Rashwan, 2004; Svotwa et al., 2007). Animals in their thermoneutral
zone (TNZ) use the standing posture for exercise, exploration, nutrient ingestion and mating while the lying down
posture is used mainly for relaxation. Both postures are however vital for thermoregulation during thermal stress.
Animals alter posture to dissipate, or conserve heat depending on the AT.
In the wild, the rabbit is a nocturnal animal nesting in the warrens throughout the day and emerging at dusk
to forage for food until early morning. This nocturnal behaviour may have evolved to escape predators (survival)
and/or take advantage of the more benign environmental AT during this period especially in the tropics. However,
domestication and intensive husbandry may have altered this behaviour. Krohn et al. (2000) reported that the
welfare of rabbits reared intensively can be improved by feeding the animals in the afternoon rather than in the
early morning while James and Kim (2010) reported that rabbits eat at all times of the day. The eating frequency
and duration of animals including rabbits varies with AT (Armstrong, 1994). Fayez and Alnaimy (2000) reported
that as AT fell from 21 oC to 10 oC, feed intake and feeding frequency in rabbits increased while feeding stopped as
the AT fell below 10 oC. The same authors noted that as the AT increased from 21 to 30 oC feeding frequency; feed
intake and duration reduced while feeding stopped entirely following rise in ambient temperature above 34 oC. In
addition, Marai et al. (1991) reported that above 35 oC rabbit can no longer regulate their internal temperature
while Marai and Rashwan (2004) stated that at 25 – 30 oC, rabbits stretch out to loose as much heat as possible by
radiation and convection. Thus rabbits like other mammals tolerate lower ATs better than higher AT (Nedergard et
al., 1990; Carey et al., 2003). AT range of 21 oC - 25 oC is known as the “comfort zone” or zone of thermo neutrality
for rabbits (Marai et al., 1991) and at this temperature range (21-25oC) feed consumption is optimum. In the
present study the effects of breed, sex, and ambient temperature (AT) on the diurnal and nocturnal feed and water
intake durations and durations of standing (DS) and lying down (DLD) of rabbits reared in the humid tropics were
determined.
MATERIALS AND METHODS
A total of twenty-four weaner rabbits about 8 weeks old belonging to three breeds namely: Newzeland White,
Dutch Black and American Chinchilla were used for the study. The rabbits were housed initially in four hutches (114
cm x 102 cm x 51 cm) for two weeks to adapt to the environmental conditions of the rabbitry. The floor of the hutch
was bedded with wood shavings to 2cm thick. During this period feed, water, vitamin and mineral supplements as
well as prophylactic antibiotic medications were provided to the animals to ensure good health and vitality. After
the two weeks pre-experimental period, 12 apparently healthy rabbits (4 per breed and 2 per sex) were selected,
weighed and housed individually in cells measuring 51 cm x 51 cm each. The rabbits were fed with an 18% CP diet,
a combination of forages-Centrosema pubescens, Ipomea batatas and Tridax procumbens - and water ad libitum
during the 8 weeks experimental period. Data for the nocturnal activities were collected three days per week
between time periods 18:00 hrs to 06:00 hrs while data for the diurnal activities were collected one day per week
between time periods 06:00 hrs to 18:00 hrs. The parameters measured included the durations of feed and water
intakes, lying down and standing to rest/explore the environment. The nocturnal and diurnal recordings were taken
three hourly for four time intervals namely: 1800 hrs – 21:00 hrs, 21:00 hrs – 00:00 hrs, 00:00 – 03:00 hrs and
03:00 hrs – 06:00 hrs (nocturnal) and 06:00 hrs – 09:00 hrs, 09:00 hrs – 12:00 hrs, 12:00 hrs – 15:00 hrs and
15:00 hrs – 18:00 hrs (diurnal). The temperature (oC) inside the rabbit hutches were measured within the same
three hourly intervals. Observation of the animals took place from a building directly opposite the rabbitry. The
dorsal pinnae of each rabbit was marked with a colour marker to enhance observation from a distance. Behavioural
activities of the rabbits were recorded in minutes using stop watches. Data collected were subjected to analysis of
variance (ANOVA) in a completely randomized design (CRD) using the ANOVA option of SPSS computer package
version 17.0 (SPSS Incorporate, 2001). Significantly different means were separated using Duncan’s New Multiple
Range Test option of SPSS.
RESULTS
The ranges of ambient temperatures in the rabbitry during the test periods (nocturnal and diurnal test
periods) are presented in Table 1 while the effects of the factors (breed, sex and ambient temperature) on the traits
studied are presented in Table 2. Table 1 shows that within the nocturnal test period, ambient temperature range
(AT range) was significantly (P ≤ 0.01) highest within 18:00 – 21:00 hrs (mean, 25.89 ± 0.19 oC) and significantly
(P ≤ 0.01) lowest during 03:00 – 06:00 hrs (mean, 23.80 ± 0.19 oC). For the diurnal period, AT range was highest
within 12:00 – 15:00 hrs (mean, 30.52 ± 0.27 oC) and least during 06:00 – 09:00 hrs (mean, 25.46 ± 0.27 oC).
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Table 1 - Range of ambient temperature in the rabbitry during the experiment
Test period
Nocturnal
ATR (oC)
24.8-28.3
22.5-26.5
22.0-25.8
22.5-25.5

Time period (hr)
18:00-21:00
21:00-00:00
00:00-03:00
03:00-06:00
a,b,c,d:

Mean
25.89 ± 0.19a
24.49 ± 0.19b
23.88 ± 0.19c
23.80 ± 0.19c

Time period (hr)
06:00-09:00
09:00-12:00
12:00-15:00
15:00-18:00

Diurnal
ATR (oC)
24.0-27.8
26.8-30.5
29.5-32.0
28.5-31.0

Mean
25.46 ± 0.27d
28.16 ± 0.27c
30.52 ± 0.27a
29.21 ± 0.27b

means on the same column with different superscripts are significantly different (P ≤ 0.05), ATR: range of ambient temperature.

Thus, both the minimum and maximum mean ATs were higher for the diurnal period compared to the
nocturnal period (25.46 ± 0.27 vs 23.80 ± 0.19 and 30.52 ± 0.27 vs 25.89 ± 0.19, respectively). Mean AT ranged
from 22.0 – 28.3 oC during the nocturnal period and 24.0 – 32.0 oC during the diurnal period.
Table 2 shows that breed and sex of rabbits did not significantly influence any of the parameters studied.
Duration of water intake (DWI), duration of standing (DS) and duration of lying down (DLD) were however,
significantly (P ≤ 0.05) affected by test period (that is, nocturnal or diurnal periods).
Table 2 - Effects of breed, sex and test period on duration of behavioural traits of rabbits
Trait
DFI
DWI
DS
DLD

NZW
31.86 ± 1.0
1.98 ± 0.2
34.45 ± 0.8
104.49 ± 1.6

Breed
DB
33.95 ± 1.3
1.97 ± 0.2
33.96 ± 1.6
102.78 ± 1.8

Sex
AC
32.30 ± 0.9
1.98 ± 0.1
33.94 ± 0.7
101.58 ± 1.3

M
31.86 ± 0.9
2.00 ± 0.1
33.56 ± 0.7
102.97 ± 1.3

F
33.05 ± 0.8
1.95 ± 0.1
34.57 ± 0.6
102.57 ± 1.2

Test period
Nocturnal
Diurnal
32.10 ± 0.7
33.28 ± 1.1
0.80 ± 0.1b
5.51 ± 0.2a
a
34.82 ± 0.5
31.94 ± 1.1b
110.44 ± 0.9a
79.68 ± 1.9b

a,b: means on the same row with different superscripts are significantly different (P ≤ 0.05), NZW: Newzeland White, DB: Dutch Black, AC:
American Chinchilla, M: male, F: female, DFI: duration of feed intake, DWI: duration of water intake, DS: duration of standing, DLD: duration of
lying down.

Duration of water intake was longer during the diurnal than nocturnal test period while durations of standing
and lying down were respectively, longer during the nocturnal test period compared to the diurnal test period.
Duration of feed intake did not differ according to test period.
Figures 1 and 2 present the effects of ambient temperature (AT) on the parameters studied. From Figure 1a,
duration of feed intake (DFI) was longest at AT range of 24 – 28 oC followed by 28 – 30 oC and least at AT range of
30 – 32 oC. From AT range of 26 – 28 oC, duration of feed intake decreased progressively to its least value of 25.3
min. at AT range of 30 – 32 oC. For duration of water intake (DWI), rabbits drank for longest period at AT range of
30 – 32 oC (9.0 min.) followed by 26 – 28 oC (6.4 min) and for shortest duration of 0.5 min. at AT range of 22 – 24
oC. Contrary to the observed trend for feed intake, duration of water intake (Fig. 1b) significantly (P ≤ 0.05)
increased from AT range of 22 – 24 oC (0.5 min.) to 26 – 28 oC (6.4 min.), decreased within AT range of 28 – 30 oC
(5.0 min) and then significantly (P ≤ 0.05) rose to its highest value of 9.0 min at AT range of 30 – 32 oC. A milder
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Figure 1 - Effect of ambient temperature on duration of feed and water intake: (A) feed intake, (B) water intake, DFI:
duration of feed intake, DWI: duration of water intake, min.: time in minutes.
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Figure 2 - Effect of ambient temperature on duration of standing and lying down in rabbits. (A) standing, (B) lying
down, DS: duration of standing, DLD: duration of lying down, min.: time in minutes.
DS was longest within AT range of 24 – 26 oC and 26 – 28 oC (37.4 min. and 37.1 min., respectively) but
shortest for 22 – 24 oC and 30 – 32 oC (29.5 min. and 29.6 min., respectively). For duration of lying down (DLD),
rabbits laid down for longest duration within AT range of 22 – 24 oC (128.8 min) and least within AT range of 28 –
30 oC (57.1 min.). Duration of lying down decreased progressively from the highest value of 128.8 min. within AT
range of 22 – 24 oC to its least value of 57.1 min. within AT range of 28 – 30 oC before it shot up again to 99.5 min
within AT range of 30 – 32 oC which was similar to the value obtained for AT range of 24 – 26 oC and 26 – 28 oC
(109.3 min. and 90.9 min, respectively).
The effects of interaction of test period (nocturnal or diurnal) x ambient temperature on duration of the
parameters studied are presented in Table 3.
Table 3 - Effect of test period x ambient temperature interaction on duration of behavioural traits of rabbits
Test period
ATR
DFI
(oC)
(min.)
21-23 22.7 ± 11.5
23-25 27.6 ± 6.9
25-27 34.8 ± 9.3
27-29 26.0 ± 18.3

Nocturnal
DWI
(min.)
Nil
0.6 ± 0.7b
1.8 ± 0.9ab
3.5 ± 1.8a

DS
(min.)
28.5 ± 10.7
34.1 ± 5.4
37.3 ± 6.5
39.5 ± 13.5

DLD
(min.)
131.9 ± 18.8a
117.9 ± 9.5a
102.8 ± 11.4ab
82.8 ± 23.8b

ATR
(oC)
23-25
25-27
27-29
29-31
31-32

DFI
(min.)
19.0 ± 15.6b
42.2 ± 13.5a
38.1 ± 12.0ab
31.5 ± 9.2ab
11.4 ± 12.3b

Diurnal
DWI
(min.)
1.8 ± 1.8c
4.1 ± 1.8bc
6.2 ± 1.6b
7.3 ± 1.72ab
10.4 ± 1.7a

DS
(min.)
35.2 ± 14.0
39.6 ± 12.8
36.6 ± 11.4
35.5 ± 12.0
19.4 ± 11.7

DLD
(min.)
120.3 ± 26.1a
90.2 ± 16.4ab
54.9 ± 20.0b
72.9 ± 21.1ab
112.0 ± 20.6a

a,b: means on the same column with different superscripts are significantly different (P ≤ 0.05), ATR: range of ambient temperature, DFI:
duration of feed intake, DWI: duration of water intake, DS: duration of standing, DLD: duration of lying down, min.: time in minutes.

The table shows that DFI and DS did not differ significantly within the range of ATs observed during the
nocturnal test period. DWI differed significantly (P ≤ 0.05) with rabbits spending significantly (P ≤ 0.05) longer time
of 3.5 ± 1.8 min. drinking within AT range of 27 – 29 oC compared to the value of 0.6 ± 0.7 min obtained within AT
range of 23 – 25 oC. Duration of feed and water intakes as well as lying down varied significantly (P ≤ 0.05) among
AT range values within the diurnal test period. For DFI, rabbits spent significantly (P ≤ 0.05) longer time feeding
within AT ranges of 25 – 27 oC (42.2 ± 13.5 min.), 27 – 29 oC (38.1 ± 12.0 min.) and 29 – 31 oC (31.5 ± 9.2 min.)
compared to the time duration of 19.0 ± 15.6 min and 11.4 ± 12.3 min. obtained within AT ranges of 23 – 25 oC
and 31 – 32 oC, respectively. For water intake, rabbits spent significantly (P ≤ 0.05) longer time drinking when AT
was between 31 – 32 oC (10.4 ± 1.7 min.) and 29 – 31 oC (7.3 ± 1.7 min.) compared to the values for AT ranges of
27 – 29 oC (6.2 ± 1.6 min.), 25 – 27 oC (4.1 ± 1.8 min.) and 23 – 25 oC (1.8 ± 1.8 min.). Duration of lying down was
significantly (P ≤ 0.05) shortest within AT range of 27 - 29 oC at 54.9 ± 20.0 min. compared to other AT range
values.
The correlation matrix for ambient temperature and duration of behavioural traits studied is presented in
Table 4. Significant (P ≤ 0.01) positive correlation (rg) was obtained between DFI and DS; DWI and DS and DWI and
AT. Duration of feed intake and DLD; DWI and DLD as well as DS and DLD were significantly (P ≤ 0.01) negatively
correlated. Similarly, DLD was significantly (P ≤ 0.01) negatively correlated with AT (rg, -0.42).
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Table 4 - Correlation matrix for ambient temperature and duration of behavioural traits of rabbits
Trait
DFI
DWI
DS
DLD

DFI

DWI
0.03

DS
0.10**
0.09**

DLD
-0.46**
-0.29**
-0.51**

AT
0.31
0.64**
-0.02
-0.42**

**: significant at P ≤ 0.01 (2 tailed), DFI: duration of feed intake, DWI: duration of water intake, DS: duration of standing, DLD:
duration of lying down.

DISCUSSION
The significantly higher AT range during the diurnal period compared to the nocturnal period was expected.
Whereas direct solar radiation heats up the earth’s atmosphere during the day (diurnal period), large amount of
heat energy escapes from the earth into space during the night (nocturnal period) such that the earth’s atmosphere
is cooled during this period. Diurnal AT range and mean AT were lowest (24.0 – 27.8 oC and 25.46 ± 0.27 oC,
respectively) during the time period following the nocturnal period (06:00 – 09:00 hrs) reflecting the effects of heat
loss during the nocturnal period while nocturnal AT range and mean AT were highest (24.8 – 28.3 oC and 25.89 ±
0.19 oC, respectively) during the time period following the diurnal period (18:00 – 21:00 hrs) reflecting the effects
of heat gain from solar radiation during the diurnal period. Thus mean minimum and maximum ATs were
expectedly higher for the diurnal period compared to the nocturnal period (25.46 ± 0.27 oC vs 23.80 ± 0.19 and
30.52 ± 0.27 vs 25.89 ± 0.19, respectively). These higher diurnal ATs mean that rabbits reared intensively in the
tropics are exposed to ATs above their thermoneutral zone (TNZ) (Marai and Rashwan, 2004) especially during the
diurnal period and are therefore thermally stressed. The lower ATs of the nocturnal period offer opportunity to loose
substantial body heat and to cope with the high tropical ATs.
The insignificant (P ˃ 0.05) breed and sex effects (Table 2) and breed x sex interaction effects (not shown) on
the parameters studied was not surprising. The three breeds of rabbits used in the present study are the
commonest exotic breeds reared in Nigeria and these breeds may have adapted substantially to the tropical
environment. Marai et al. (1991) reported that animals routinely kept under high ATs develop metabolic
mechanisms to adapt to heat stress and that in the tropics; New Zealand White rabbits are successfully raised
under conditions in which the AT is consistently in the range 32.2 – 35.0 oC. The highly significant (P ˂ 0.01)
differences between nocturnal and diurnal durations of water intake, standing and lying down postures are
consequences of the AT differences between these test periods as well as the natural (nocturnal) behavioural
inclination of rabbits. Expectedly, DWI was shorter during the nocturnal period as the rabbits needed less water
during the low temperature regimens characteristic of this period. Again, domesticated and intensively reared
nocturnal animals become less nocturnal overtime and hence sleep/rest for most of the night periods. Duration of
standing was significantly (P ≤ 0.05) higher during the nocturnal period probably in response to the more benign AT
regimen of this period and/or due to the natural inclination for nocturnal exploration. The shorter time spent
standing during the diurnal period was hence in response to the generally higher diurnal ATs as well as the need for
some other more important activities like feed and water intakes and lying down to rest and/or loose heat in order
to regulate body temperature. Marai and Rashwan (2004) reported that in warm environment (37.2 – 42. 2 oC),
bunnies 5 – 10 weeks lie spread on their sides on the floor to loose body heat. Older rabbits exhibit similar
behaviour at a lower AT range of 25 – 30 oC. Daily feed intake did not differ significantly between test periods
probably because rabbits equally utilize the nocturnal and diurnal time periods for feeding. Ruminant livestock
exhibit increased grazing activities towards dusk and just before dawn in response to more benign ATs.
The significantly (P ≤ 0.05) higher duration of feed intake (Fig. 1a) and by extension the quantity of feed
consumed at AT range of 26 – 28 oC which was recorded between 18:00 and 21:00 hrs (nocturnal period) and
06:00 – 12:00 hrs (diurnal period) (Table 1) indicates that this temperature range probably corresponds to or is
close to the thermoneutral zone (TNZ) of the rabbits used in the present study or that the above time periods were
the peak periods for feed intake in rabbits reared in our environment or that a positive interaction effect exists
between ambient temperature and time period in this instance. Thermal comfort zone for any animal is a function
of the climatic and weather variables of its environment (Marai et al., 1991). Thus animals reared in the hot humid
tropical environment acquire overtime the capacity to tolerate higher heat threshold than their counterparts reared
in the temperate environments (Finzi, et al., 1988; Marai et al., 1991; Mayer and Bucklin, 2009). Consequently,
tropically adapted breeds have higher TNZ than their temperate counterparts (Hansen, 2004; Mayer and Bucklin,
2009). The shorter duration of feed intake at AT range of 22 – 24 oC (nocturnal period: 00:00 – 03:00 hrs) indicate
low feeding activity in the rabbits within this time period in spite of the lower and probably more comfortable
thermal environment. The steep decline in time spent feeding as AT rose to 30 oC and above (diurnal period: 12:00
– 18:00 hrs) indicate the adverse effect of high AT on nutrient ingestion. Animals eat to generate energy for body
functions and other activities. The excess is lost to the environment through sensible and insensible heat loss
mechanisms (Gates et al., 2001; Marai et al., 2002; Hansen, 2004; Marai et al., 2008; Hansen, 2009). Inability to
dissipate excess body heat due to high ATs triggers a series of coping or homeostatic strategies (Horowitz, 2002;
Bernabucci et al., 2010) involving hormonally mediated feed-back mechanisms which depress feed intake,
increase water intake, reduce the rate of body metabolic activities and hence internal heat production (Marai and
Rashwan, 2004; Svotwa et al., 2007; Villalobos et al., 2008; Bernabucci et al., 2010; Marai and Nardone, 2010).
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The adverse effects of high environmental temperatures on duration of grazing in ruminants and feed intake in
other livestock species have been extensively studied (Silanikove, 2000; Marai et al., 2008; Bernabucci et al.,
2010). The significant (P ≤ 0.05) rise in DWI with rise in AT (Fig. 1b) was expected. The rise in the time spent
drinking was very sharp as AT rose to 28 oC from 26 oC (diurnal period: 09:00 – 12:00 hrs) probably due to more
severe thermal stress and the greater need by the rabbits to cool their body. Water serves as a heat sink in the body
and enhances insensible (evaporative) heat loss. The temporary drop in time spent drinking observed between 28 –
30 oC AT (diurnal period: 12:00 – 15:00 hrs) could arise from the animals adopting the lying down posture to cool
the body via heat conduction, convection and radiation from the body surfaces. However, as AT rose from 30 oC to
32 oC, DWI increased again signifying increasing need for evaporative heat loss. Rabbits have few functional sweat
glands (Marai et al., 1991) and fur bearing animals in general loose little heat through their skin due to the covering
of fur (Marai et al., 1991). Consequently, evaporative heat loss constitutes the major source of heat dissipation for
this class of animal under severe heat stress (Marai et al., 1991; Marai and Rashwan, 2004).
The decline in the time spent standing with rise in AT from 28 oC (Fig. 2a) was sequel to increased thermal
stress and the greater tendency to lie down and to drink water. Thus, both the time spent in lying down (Fig. 2b) and
drinking water (Fig. 1b) increased sharply with rise in AT to 30 oC and above. Sevi et al. (2002) observed that
greater percentage of experimental time was allocated to lying down compared to feeding in lactating ewes under
low ventilation regimen (higher thermal stress) compared to moderate and programmed ventilation regimens.
Duration of standing was less sensitive to changes in AT probably because the standing posture does not
significantly enhance body heat loss under severe thermal stress. It has however been reported that in the absence
of shade, an animal will change its posture to the vertical position in respect to the sun in order to reduce the
effective area for heat gain from solar radiation during periods of high AT (Silanikove, 2000; Hansen, 2004). Sheep
and goats tend to crowd, and to stand intimately side by side for the same purpose (Silanikove, 2000).
The significantly longer DWI due to interaction effect of test period x ambient temperature (Table 3) confirm
the dependent nature of this trait on AT within each test period. Within the nocturnal period, water intake was not
observed within AT range of 21 – 23 oC probably due to inactivity within the time period and/or lack of a need of
water for normal physiological processes (e,g. thermoregulation) consequent upon the low AT. DWI was longer at AT
range of 27 – 29 oC as was observed in the early nocturnal period (18:00 – 21:00 hrs) (Table 1) sequel to the higher
AT and greater thermal stress. The significantly longer duration of lying down at AT range of 21 – 23 oC coincided
with the hours of rest and inactivity and lowest AT. The short duration spent lying down at AT range of 27 – 29 oC
(early nocturnal period) is explained by the need to drink water to cool the body hence DWI was longest at this AT
range. For the diurnal period, all traits except DS differed significantly with AT indicating that the diurnal AT regimen
impacted more on the behavioural traits. Duration of feed intake was least at AT ranges of 23 – 25 oC (early diurnal
period) and 31 – 32 oC (late diurnal period). For early diurnal period (23 – 25 oC), it could be that the rabbits have
just transitioned from the nocturnal period and are still awaiting for fresh supplies of feed or had lesser need for
feed at this early diurnal period while for the late diurnal period, the short DFI was sequel to the high AT and
cumulative effects of heat stress which discouraged feeding within this period and AT. Moderate ATs (ATs close to
the TNZ) are therefore, the best thermal conditions for feed intake in rabbits. The increasing trend observed for DWI
following increasing diurnal AT reflect the positive and linear relationship between AT and water intake. Duration of
lying down was similar to the trend observed for the nocturnal AT ranges being longest at low and high ATs and
lowest at moderate ATs. It does appear that at temperatures close to the TNZ, rabbits lie down only sparingly.
However, the need to feed and/or drink at certain time periods may have influenced the durations of some of the
behavioural traits.
The significantly positive correlation between DFI and DS, DWI and DS and DWI and AT (Table 4) arose
because rabbits generally stand or squat to feed or drink and because water intake increases with AT. Duration of
standing and DLD were significantly negatively correlated since both behaviours are mutually exclusive. Duration of
lying down was significantly negatively correlated with AT indicating that as AT increases, the tendency to lie down
decreases which could arise from the need to stand to drink water to cool the body.
CONCLUSION
Feed and water intakes impact on welfare and performance of rabbits. The present study revealed that AT
affects duration of nutrient ingestion and by extension, the amount of total nutrient consumed by rabbits. High ATs
discouraged feed intake for most of the diurnal period and rabbits utilized early nocturnal period for feeding.
Therefore, rabbits should be provided with feed during the diurnal period as well as for the nocturnal period contrary
to the current practice in most rabbit holdings where nocturnal feeding is not seriously considered. Rabbits spend
longer time drinking during the diurnal period consequent upon the higher ATs during this period. Therefore
intensively reared rabbits should be provided with cool clean water at all times but especially during the diurnal
period. Again, to enhance normal activities of rabbits, temperatures within their comfort zone should be ensured.
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ABSTRACT: This study was carried out to evaluate the effects of different levels of chromium
methionine (CrMet) on nutrient digestibility, carcass characteristics and plasma metabolites of male
kids. Thirty-two male Mahabadi goat kids (average initial body weight (BW) = 22±2 kg, 4 months)
were allocated in a completely randomized design with four treatments: 1) control (without Cr), 2)
0.5, 3) 1 and 4) 1.5 mg Cr as Cr-Met/animal/day. Diets were same (ratio of forage: concentrate was
30:70) except for top-dress addition of Cr-Met and fed in two equal meals (08.00 and 16.00h), Also
orts collected before morning meal. Animals were kept in individual pens for 100 days. Kids were
slaughtered at the end of the experiment and carcass characteristics determined. The results
showed that dressing percentage was not affected by treatment, but, Cr supplementation reduced
10th rib back fat thickness by 30.30% (P<0.01), and tended to increase longissimus muscle area
(P<0.09). Supplemental Cr increased percentage of neck (P<0.05) and proximal pelvic limb
(P<0.08). Addition of different levels of Cr-Met failed to significantly effect on (P>0.01) the postprandial changes in plasma levels of cholesterol, urea N, total protein, triglyceride and albumin,
However, post-prandial of plasma glucose decreased by Cr (P<0.05). NDF and organic matter
digestibility increased in the kids fed added dietary Cr compared with the control group. it was
concluded that diet supplementation with chromium methionine could be improved nutrient
digestibility, carcass characteristics and peripheral glucose utilization in goat kids.
Key words: Chromium-methionine, Mahabadi goat kid, Digestibility, Plasma metabolites,
Glocuse
INTRODUCTION
Trivalent chromium (Cr) is a structural component of a glucose tolerance factor (GTF) which potentiates the
action of insulin; it is also an essential trace element for normal metabolism of carbohydrate, lipids, protein, and
nucleic acids in humans and laboratory animals (Anderson et al., 1987; Abraham et al., 1991; Mertz, 1993).
Dietary recommendation for Cr is not listed for most livestock species including goats. Nevertheless,
supplementation of Cr in livestock diets may improve animal metabolism and enhance production performance
and the quality of animal products (Spears, 1999). There is evidence to suggest that adequate absorption of Cr
occurs only when the trace element is associated with a specific organic molecule (Evans, 1982). Consequently,
many types of organic mineral complex have been developed and introduced to the market. Chromium methionine
chelate is a newly developed organic mineral which is able to directly cross the intestinal cell membrane and be
metabolized without any prior digestion since it was chelated with amino acid. Therefore, bioavailability of
chromium methionine chelate is proposed to be higher than those of other organic chromium (Ohh and Lee, 2005).
Research conducted with pigs showed that organic Cr supplementation increased loin eye area and decreased fat
thickness (Page et al., 1993; Lindemann et al., 1995) as well as increasing the rate of lean and decreasing the
rate of fat deposition (Boleman et al., 1995; Mooney and Cromwell, 1995). Kitchalong et al. (1995) reported Cr
decrease fat thickness over the 10th rib in wether lambs. Bunting et al. (1994) reported lower plasma total
cholesterol and higher glucose clearance rates in Holstein calves fed diet supplemented with CrPic. Studies of
CrMet supplementation in goat kid are rare. Additionally, the dietary requirement and the exact level of
supplementation of Cr need to be defined for livestock which are not exposed to any physical stress per se. In the
present investigation, Mahabadi goat kids were supplemented with trivalent Cr as chromium methionine (CrMet)
for 90 days. The objective of experiment was to determine the effect of adding different levels of organic Cr on
nutrient digestibility, carcass characteristics and plasma concentrations of metabolites in growing goat kids.
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MATERIAL AND METHOD
Animals and dietary treatments
This study was done in Experimental Farm of Agriculture and Natural Resource Collage, university of Tehran,
Karaj, Iran. Thirty-two male Mahabadi goat kids (initial age 4 months) were allocated by stratified randomization on
the basis of body weight (22±2 kg) into four equal groups. Kids were individually penned and measurements were
made on each kid. Kids were allowed ad libitum access to water and offered feed twice daily at approximately
0800 and 1700h for 100 days. Gradual adjustment to forage: concentrate ratio of 30:70 in TMR form. Diet took
place over the 10 d quarantine period, and then kids were randomly assigned to one of four dietary treatments
(n=8 per group) receiving supplementation of 0, 0.5, 1.0, and 1.5 mg Cr as Cr-Met [10% Cr and 90% Met (wt/wt);
MicroPlex 1000, Zinpro, Inc., Eden Prairie, MN] once daily, top dressed with 50 g of ground barley for 90days. The
basal diet (Table 1) was formulated for maximum growth and met or exceeded the requirements recommended by
NRC (1985). The range of Cr levels was selected based on previous studies with goat (Haldar et al., 2009).
Table 1 - Ingredients and chemical composition of diet
Nutrient

% of DM

Alfalfa hay
Corn silage
Ground barley grain
Soybean meal
Canola meal
Wheat bran
Wheat straw
Carbonate Calcium
Sodium bicarbonate
Salt

16.49
8.32
50.65
2.21
4.55
9.09
5.19
1.3
0.78
0.52

Mineral-Vitamin Premix1

0.91

Chemical components
DM (%)
NEL, Mcal/kg
CP (%)
NDF (%)
Ether extract (%)
Ash (%)

Macro mineral and micro mineral
80.78
2.41
13.5
36.6
2.6
9

Calcium (%)
Phosphorus (%)
Magnesium (%)
Sulfur (%)
Zn (mg/kg dm)
Fe (mg/kg dm)
I (mg/kg dm)
Mn (mg/kg dm)
Cu (mg/kg dm)
Co (mg/kg dm)

0.89
0.48
0.27
0.28
219
368
3
216
54
1

Cr (mg/kg dm)

0.83

1Containing

vitamin A (250,000 IU/kg), vitamin D (50,000 IU/kg), and vitamin E (1,500 IU/kg), manganese (2.25 g/kg), calcium (120 g/kg),
zinc (7.7 g/kg), phosphorus (20 g/kg), magnesium (20.5 g/kg), sodium (186 g/kg), iron (1.25 g/kg), sulfur (3 g/kg), copper (1.25 g/kg),
cobalt (14 mg/kg), iodine (56 mg/kg), and selenium (10 mg/kg).

Metabolic challenge and sample analyses

A feeding challenge test was performed on day 75. The pre-feeding blood samples were collected from the
jugular vein by jugular vein puncture into evacuated collection tubes containing sodium heparin at 0800 h
after an overnight fast and then stored immediately on ice. The kids were fed and bled again 3h after feeding.
Plasma samples were harvested by centrifuging at 3000 × g for 15 min and were stored at -20°C until
analysis. Plasma samples were analyzed for glucose, triglyceride, total cholesterol, Urea N, total protein and
albumin concentration using enzymatic method and appropriate kits (Pars-azmon Co., Tehran, Iran) and Clima
Plus Analyzer (RAL, Madrid, Spain). The change (%) in the concentration of the serum metabolites over the
basal value at 3 h post prandial was determined as well.
Carcass evaluation

At the termination of the trial, all of the lambs in each treatment group were weighed after 16 h of feed
deprivation and slaughtered by Iranian traditional procedure (Nik-Khah, 1984) at the Meat Processing Facility
of the Animal Sciences Department, University of Tehran. At slaughter, the head, hair and viscera were
removed from carcass, hot carcass (for determination of dressing proportion) was collected, and the right and
left halves of the carcasses were separated. Measurements of back fat depth and longissmus muscle area
were made from right carcass tracings taken at the 10th rib. Carcass dressing proportion was calculated by
the following formula: hot carcass weight divided by final live weight ×100. From the carcass, wholesale cuts
including neck, proximal thoracic limb, proximal pelvic limb, steak-lumbar, and brisket-abdominal region were
separated and weighed (Nik-Khah, 1984).
Diet and fecal samples collection and chemical analyses
Samples of the diet (TMR) and the orts were collected weekly in polyethylene sachets and pooled at monthly
intervals. During the last 7 days of the experiment, fecal samples were collected every morning around feeding
time. Faecal samples were pooled for each kids at the end of the collection period. Diet and fecal samples were
analyzed for DM, organic matter (OM), crude protein (Kjeldahl N *6.25), ether extract, ash, and AIA content in
accordance with the Association of Official Agricultural Chemists protocols (AOAC, 1990). All samples were
analyzed for neutral detergent fiber (NDF) and acid detergent fiber (ADF) content according to procedures described
by Van Soest et al. (1991) . AIA content was used as an internal marker to determine the apparent digestibility of
Nutrient digestibility as reported by Van Keulen and Young (1977).
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Statistical Analysis
Data were analyzed as a completely randomized design using the General Linear Model (GLM) procedure of
the statistical analysis software package (SAS Institute, 2002). Least-square means were computed and tested for
differences by the Tukey’s test. Differences of least squared means were considered to be significant at P <0.05,
and that of (P <0. 01) was described as a trend.
RESULTS AND DISCUSSION
The effects of supplemental Cr on characteristics and percentage of wholesale cuts of the carcass are
presented in Table 2. There is no significant effect of Cr on dressing proportion (%) compared to the control group
(P>0.05) but, longissimus muscle area (LMA) had a trend to increased (LMA were 12.65, 13.96, 14.57, 15.24
control to 4, respectively; P= 0.09). Dietary CrMet supplementation reduced 10th rib back fat thickness by 30.30%
(P<0.01). Among percentage of wholesale cuts of the carcass, neck (%) increased by addition of Cr to the diet (P <
0.05), whereas the percentage of brisket abdominal, steak-lumbar, Proximal thoracic limb and proximal pelvic limb
were not affected by Cr supplementation (P>0.05; Table 4). kids fed 1.5 mg Cr tended to have higher proximal
pelvic limb percentage (P=0.08). Our data indicate that Cr additives did affect lipid deposition and LMA. These
results supported the findings of Lindemann et al. (1995), who observed that the addition of 200 ppb Cr reduced
back fat and increased LMA of growing-finishing swine, and similar effects of Cr were also observed in pigs
(Mooney and Cromwell, 1995; Wang and Xu, 2004; Wang et al., 2009). Kitchalong et al. (1995) reported a
decrease in fat thickness over the 10th rib in wether lambs fed organic Cr, and no differences were detected for
loin-eye area. On the contrary, Evock-Clover et al. (1993) indicated that Cr did not affect back fat or LMA in growing
pigs, Yan et al. (2008) and Gentry et al. (1999) did not show any effect of Cr on dressing percentage, back fat and
LMA in lambs. As the cofactor of insulin, Cr acts on carcass traits mainly by influencing insulin sensitivity, which
closely relates to carbohydrate and protein metabolism (Anderson, 1998). The results of our research suggest that
the chromium content in the test diet could not meet the requirements of fattening kids. Reports of carcass cuts in
Cr supplementation studies have been rare. Mooney and Cromwell (1997) observed no differences in ham weight
of pigs fed supplemental Cr (200g/kg) as CrPic, whereas Anderson et al. (1989) and Hossain et al. (1998) reported
increase of breast yield in poultry fed supplemental Cr as CrCl3 (25 to 200 mg/kg) or high-Cr yeast (400g/kg). In
the present study, among the wholesale cuts, percentage of neck and pelvic limbs increased by supplemental Cr.
These results can be related to Cr effects on improving insulin sensitivity or cellular protein synthesis (Roginski and
Mertz, 1969; Okada et al., 1982). Mostafa-Tehrani et al. (2006) reported supplemental Cr from CrNic or CrCl3
increased weights of proximal thoracic and pelvic fat-tailed ram limbs.
Table 2 - Effects of chromium methionine (CrMet) supplementation on carcass characteristics and percentage of
wholesale cuts of the carcass in Mahabadi goat kids.
Treatments*

Item
Loin eye area (LMA,cm2)
Dressing percentage
Fat thickness over 10th rib, (mm)
Neck (%)
Proximal thoracic limb (%)
Proximal pelvic limb (%)
Steaks-lumbar (%)
Brisket-abdominal region (%)

1
12.65
41
3.30a
9.66b
22.97
29.17
21.58
16.33

2
13.96
39
2.88a
10.07a
22.47
30.50
20.99
15.83

3
14.57
43
2.63ab
11.17a
21.92
29.89
20.78
16.23

4
15.24
39
2.3b
9.96a
21.66
30.87
21.61
16.03

SEM

Significance
(p value)

0.70
1.30
0.19
0.35
0.44
0.47
0.56
0.37

*
NS
***
**
NS
*
NS
NS

*1= 0(control), 2= 0.5, 3= 1 and 4= 1.5 mg Cr/day/animal as chromium methionine (CrMet). Means in the same row with different
superscripts differ significantly (p<0.05). *P < 0.1; ** P < 0.05; *** P < 0.01; NS = not significant.

Mean plasma glucose, triglyceride, total cholesterol, urea N, total protein and albumin at 0 and 3 h
postprandial are shown in Table 3. Dietary Cr supplementation improved post-prandial utilization of glucose
(P=0.026). Overall mean plasma glucose concentrations were lower (P<0.05) in the CrMet-fed kids than in those
fed control (plasma glucose were 63.38, 58.11, 53.55and 51.81 mg/dL in 1m (control) to 4, respectively). All kids
had higher (P<0.01) plasma triglyceride concentrations 3 h after feeding than after 16 h of feed deprivation.
Following 16 h of feed deprivation, plasma triglyceride tended to decrease in kids fed 1 mg Cr day (P<0.01). Dietary
treatment had no effect (P>0.01) on the post-prandial changes in plasma levels of cholesterol, urea N, total protein,
triglyceride and albumin, but overall mean plasma cholesterol (P<0.06) and triglyceride (P<0.04) decreased,
whereas urea N increased by CrMet (P=0.06). The 0 and 3 h, post-prandial plasma metabolite concentrations did
not reveal any effect of Cr supplementation, and this was in partial agreement with the earlier findings (Kitchalong
et al., 1995; Gentry et al., 1999). Haldar et al. (2007) observed that post-prandial serum levels of glucose and
cholesterol decreased by dietary Cr supplementation from Cr chloride and Cr yeast in adult castrated male black
Bengal goats. The 3 h postprandial plasma glucose indicated a better utilization of glucose after feeding. Overall
mean plasma cholesterol and triglyceride levels revealed significant effect of Cr on lipid metabolism as did earlier
workers (Bunting, et al. 1994; Kitchalong, et al. 1995; DePew et al., 1996; Subiyatno et al., 1996). Results from
this study, therefore, support the suggestion that Cr supplementation has the potential to alter lipid metabolism
(Riales and Albrink, 1981). The lower serum triglyceride at 0 h in agreement with the results of Page et al. (1993)
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and Wang et al. (2009), but different by several earlier works reporting little or no effect of supplemental Cr on
serum triacylglycerol level (DePew et al., 1996; Besong et al., 2001).
Table 3 - plasma metabolite concentrations at 0 and 3 h post prandial in goat kids supplemented with different
levels of chromium methionine (CrMet)
Measurements
Glucose(mg/dL)
0h
3h
% change over 0 h
value
Total cholesterol (mg/dL)
0h
3h
% change over 0 h
value
TG (mg/dL)
0h
3h
% change over 0 h
value
Albumin,(g/dL)
0h
3h
% change over 0 h
value
Urea N, (mmol/l)
0h
3h
% change over 0 h
value
Total protein,(g/dL)
0h
3h
% change over 0 h
value

Treatment 1

Significance
(p value)
time
Diet*Time

1

2

3

4

SEM

Diet

60.03
66.72a

56.50
59.71ab

56.33
50.78b

49.04
54.58b

3.59
3.40

NS
**

NS
NS

NS
NS

11.16

8.64

-8.36

13.35

9.85

NS

NS

NS

71.06
73.24

54.94
60.58

69.79
67.46

59.90
69.37

7.86
8.06

NS
NS

NS
NS

NS
NS

25.00

17.32

-0.40

28.36

10.01

NS

NS

NS

36.25
38.53

39.04
40.85

32.52
36.61

36.70
38.81

1.34
1.44

*
NS

***
NS

NS
NS

6.33b

5.33c

12.82a

5.71bc

0.35

***

NS

NS

5.72
4.63

5.78
3.80

4.98
4.74

4.44
4.84

0.39
0.52

NS
NS

*
NS

NS
NS

-18.17

-32.66

-3.46

12.38

13.12

NS

NS

NS

5.43
5.51

6.63
5.53

5.62
6.18

7.55
6.96

0.82
0.39

NS
NS

NS
NS

NS
NS

7.45

-8.70

12.26

-4.01

8.47

NS

NS

NS

7.32
7.89

7.19
6.13

6.23
6.74

7.44
6.49

0.45
0.8

NS
NS

NS
NS

NS
NS

10.14

-22.04

7.25

-12.73

10.02

NS

NS

NS

11=

0(control), 2= 0.5, 3= 1 and 4= 1.5 mg Cr /day/animal as chromium methionine (CrMet). Means in the same row with different
superscripts differ significantly (p<0.05). For glucose: over all diet effect P = 0.02, For cholesterol: over all diet effect P = 0.06, For protein:
over all diet effect P = 0.53. For triglyceride: over all diet effect P = 0.04, For albomin: over all diet effect P = 0.63, For Urea N: over all diet
effect P = 0.06. *P < 0.1; ** P < 0.05; *** P < 0.01; NS = not significant

Table 4 - Effects of chromium methionine (CrMet) supplementation on DMI and apparent digestibility of nutrients
diet in Mahabadi goat kids
Item
DMI kg/d
Digestibility coefficients (%)
DM
OM
CP
EE
NDF
ADF

1
1.00
67.45
64.50
59.42
48.14
45.81b
67.31

Treatments*
2
3
1.00
1.02
69.05
64.25
57.72
57.21
46.50b
64.53

71.09
67.40
61.19
61.06
53.84a
70.50

4
1.06

0.04

Significance
(p value)
NS

66.62
63.21
57.12
57.44
48.46ab
67.49

1.47
1.07
1.74
3.25
1.58
1.86

NS
*
NS
NS
***
NS

SEM

*1= 0(control), 2= 0.5, 3= 1 and 4) 1.5 mg Cr /day/animal as chromium methionine (CrMet). Means in the same row with different
superscripts differ significantly (p<0.05). *P < 0.1; ** P < 0.05; *** P < 0.01; NS = not significant

Table 4 shows the effects of Cr supplementation on apparent digestibility of nutrients and dry matter intake
(DMI). DMI were not affected (P>0.05) by Cr supplementation. This is consistent with research with pigs (Page et
al., 1993; Amoikon et al., 1995; Lindemann et al., 1995), lambs (Samsell and Spears, 1989; Kitchalong et al.,
1995; Forbes et al., 1998), and calves (Bunting et al., 1994; Mathison and Engstrom, 1995). In contrast, MoonsieShageer and Mowat (1993) did show improved DMI in calves supplemented with high-Cr yeast in a corn-silage diet,
whereas Boleman et al. (1995) reported reduced DMI in pigs fed Cr tripicolinate from the growing to the finishing
phase.
In the present study, dietary supplementation of CrMet had no effect on the digestibility coefficients of DM,
CP, EE and ADF (P>0.05), whereas the apparent digestion rate of NDF was significantly improved in treated
animals as compared with control (P<0.01). Kids fed 1 mg Cr tended to have higher OM digestibility (P = 0.06). Cr
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supplementation reportedly increased OM, DM and CP digestibility in Bengal goats (Haldar et al., 2009) and,
Kornegay et al. (1997) reported improved DM digestibility in growing-finishing pigs fed chromium picolinate. In
contrast, Kraidees et al. (2009) found that supplemental chromium levels from a Cr-yeast source had no effect on
digestibility of nutrients in lambs.
CONCLUTON
The results of this experiment suggest that supplemental organically chelated chromium may decrease fat
deposition and alter carcass quality in goat kids. Chromium supplementation as CrMet may be beneficial in
improving some wholesale cuts such as neck or proximal pelvic limbs, and moreover CrMet may be a useful tool for
improving digestion rate of nutrition and glucose utilization in animals even in a non-stressed management regime.
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ABSTRACT: A study was conducted on level of adoption and constraints of backyard poultry rearing
practices in rural tribal areas of Sikkim. The data were collected from 125 respondents of Dzongu
area, North Sikkim through personal interview with the help of questionnaire. From the present study
it was found that 64.8% respondents were medium level adopters followed by high level (19.2%) and
low level (16%) adopters. Housing (43.2%) were highly adopted followed by feeding and watering
(41.6%), marketing (40.0%), general management (39.2%), health care practices (36.8%) and
breeding practice (33.6%). The overall adoption of different backyard poultry rearing practices
showed medium level adoption. Non availability of backyard poultry chicks, non-availability of
medicine, high incidence of diseases, lack of knowledge about scientific practices, lack of market,
attack of predators etc. were the major constraints faced by backyard poultry farmers. The study
also pointed some suggestions for solving the constraints regarding backyard poultry rearing
practices in Dzongu, North Sikkim.
Key words: Adoption, Backyard poultry, Farming practice, Constraint, Scientific
INTRODUCTION
Backyard poultry is an important source of supplementary income and nutrition security for a large number
of poor households across the country. Even with proliferation of the industrial poultry on a large scale, backyard
poultry constitutes a significant proportion of the total poultry population at the national level. The demand of eggs
and meat of rural areas is fulfilled by rearing of backyard poultry (Nandi et al., 2007; Panda et al., 2008). Village
chickens provide cheap, readily harvestable protein-enriched white meat and eggs with high quality, digestible
protein for immediate home consumption and sale for income generation(Dolberg and Petersen, 2000; Mapiye and
Sibanda, 2005; Miao, 2005). There is need to understand the perceptions of the farmers on the functions of
backyard poultry and the value of their products under the existing production systems in order to improve
backyard poultry productivity and sustainability in rural areas. Therefore assessing the monetary value of chicken
and eggs is important and estimate their contribution to household income and food security. Backyard poultry
rearing also finds an important role to fulfill the need of stress free and harmful residues free birds (Mandal et al.,
2006). There is no reliable information on performance levels, constraints and opportunities of backyard poultry in
North Sikkim. This makes it difficult to design and implement village chicken-based developmental programmes
that benefit rural livelihoods (Pedersen, 2002; Muchadeyi et al., 2005). The present study was undertaken to
investigate the adoption of scientific poultry rearing practices by the backyard poultry farmers.
MATERIALS AND METHODS
Study area
The present study was conducted at Dzongu area, North Sikkim located in the North-Eastern part of India.
Sikkim, the second smallest state of India is situated in the Eastern Himalayas. North Sikkim with a total
geographical area of 4226 sq. km is the largest district of Sikkim but the least populated with population of 38352
(as per the 2001 census) which are scattered in an altitude range of 4800 feet to 15000 feet. Dzongu area of North
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Sikkim specifically lying between 27028ʺ to 27038ʺ North latitude and 88023ʺ to 88038ʺ East longitude and is
mostly inhabited by Lepcha (Tribal) people. In summer, the temperature during the daytime ranges from 15 0 C to
280 C, while during the winter the minimum temperature is as low as 5-60 C. The rainfall varies from 3000-4000
mm. The relative humidity is high in monsoon month that is about 90%.
Collection and analysis of data
Samples of 125 backyard poultry farmers were selected randomly from five Gram Panchayat Unit (GPU) of
Dzongu area of North Sikkim namely Tingvong, Passingdang, Lingdong, Hee-Gyathang and Gor. The data were
collected through questionnaire and respondent’s personal interviews were also employed. The score one was
assigned for the adoption of the improved practices while score zero was for non adoption. Data were collected,
tabulated and analyzed for meaningful conclusion. Statistical analysis was done with the help of Microsoft Excel
(2007) and Statistical Analysis System (2001).
RESULTS AND DISCUSSION
Age, gender, education standard and flock size of backyard poultry production
Age, gender of the farmers, education and the scale of poultry production in Dzongu area are presented in
Table 1. Majority (46.4%) of the poultry farmers were old which was followed by middle (27.2%) and young (22.4%)
farmers.
Table 1 - Age, gender, education and flock size of poultry among the poultry farmers in the study area (n= 125)
Criterion

Percentage

Age
Young (15-20 Years)
Middle(21-30 Years)
Old(Above 30 Years)
Gender
Male
Female
Education
Never Attended
Primary
Secondary
Tertiary
Flock Size
Large (11 And Above Birds)
Medium (6-10 Birds)
Small (1-5 Birds)

22.4
31.2
46.4
27.2
72.8
12
76
10.4
1.6
13.6
65.6
20.8

n= Total nos. of respondent

The study showed that majority (72.8%) of the poultry farmers in Dzongu area were females. The number of
females participated in terms of rural poultry production is always higher than males (Nielsen et al., 2003; Okitoi et
al., 2007; Ogunlade and Adebayo, 2009). Among the respondents, 76% were primary educated followed by
uneducated (12%) and secondary educated (10.4%).
Performance of backyard poultry
The information regarding the productive performance of poultry birds of Dzongu area are presented in Table
2. In native birds, the average body weight at 6 weeks, average age at first laying, average egg weight at 40 weeks,
average yearly egg production and survivability % (up to 6 weeks) were recorded 240- 400 g, 221 days, 32-40 g,
45-50 nos. and 78 respectively.
Table 2 - Performance of different poultry birds rearing in Dzongu area
Economic trait
Body weight at six weeks
Average age at first laying
Average egg weight at 40 weeks
Average egg laying (1 yr.)
Survivability, % (up to 6 weeks)
Average body weight at 42 days of age

Result
Local /Desi

Broiler

240-400 g
221 days
32-40 g
45-55 nos.
78
-

1.75 kg
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Adoption of backyard poultry
In the present study it was found that majority of the respondents (64.8%) were found to be medium
adopters followed by high (19.2%) and low (16.0%) adopters (Table 3). This could be due to low annual income,
poor knowledge and less utilization of information sources. The similar findings were reported by Ahire et al.
(2007), Sasidhar et al. (2008), Khandait et al. (2011).
Practice wise adoption level of farmers about backyard poultry rearing practices are given in Table 4.
Table 3 - Numbers of backyard poultry owners according to their levels of adoption of backyard poultry rearing
practices N = 125
Category
Low (Score up to 17)
Medium (Score 18-34)
High (Score 35 & above)

Percentage
16
64.8
19.2

(mean 25.28, SD 7.669)

Table 4 - Adoption level of backyard poultry rearing practices in Dzongu, North Sikkim (N=125)
Practices
Housing
Provision of night shelter
Provision of separate house
Litter material provide
Feeders/ Waterer provide
Feeding
Feeding material available in scavenging
Kitchen waste
Additional feed provision(Maize, rice bran)
Provision for adequate clean water supplement
Breeding
Purchased from local market
Purchased from Govt./Pvt. Hatchery
Hatching of eggs naturally at home
Desi(Local) birds reared
Improved backyard poultry breeds reared
Management practices
Brooding of chicks naturally
Care from predators
Care of laying hen
Provision of laying box with dry bedding
Health care
Vaccination
Control of parasites
Self-treatment of birds
Treatment of birds by Veterinary doctor
Marketing
Sale of eggs and birds in village market
Selling at own doorstep
Selling of birds when attain a specific wt. gain/age of birds

Percentage
100
80.8
0
72
100
71.2
91.2
70.4
74.4
1.36
100
100
5.6
100
60.8
67.2
75.2
7.2
49.6
46.4
8.8
100
100
82.4

Housing practice
Proper housing must not only provide microenvironment or meso-environment that moderate environmental
impact but must provide adequate ventilation for birds to lay eggs in nest boxes, as well as to feed and sleep in
comfort and security (Kusina and Kusina, 1999).
During the present study, it was found that all the farmer’s rear backyard poultry in extensive system where
they provide night shelter to their birds. Among them 80.8% per cent respondents constructed a separate house
with wooden floor about 1 to 1.5 feet over the ground level made of locally available material viz. wooden material,
tin/plastic sheet, wire net etc. The rest of the farmers kept their birds in a temporary box like structure made of
wood. The well ventilated shelter was provided by a small number of farmers. Majority of them used small plastic/
aluminum pot as feeding trough and water trough and are kept inside poultry houses. The temperature maintaining
in poultry house is necessary as there is low temperature in winter season in the study area. But only a few farmers
supplied electricity in poultry houses. The similar findings were also reported by Khandait et al. (2011).
Feeding and watering practice
Timing and frequency of feeding, what, how to feed and quantity to feed are important aspects to consider in
developing strategies to improve nutrition of village chickens (Mapiye and Sibanda, 2005). The backyard poultry
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farmers kept their bird’s free whole day in the backyard to find their own feed. The birds ate insects, earthworms,
grains, crop residue and vegetable. There was limited scavenging area for backyard poultry in the study area. In
addition to the material available in scavenging, 91.2% and 71.2% of respondents provided cereals (maize, rice
bran) and kitchen left over, respectively. The practice of supplementary feeding to the birds with locally produced
feed to bridge the fluctuating feed supply gap (Mapiye and Sibanda, 2005). About 70.4% of backyard poultry
farmers provided adequate and clean water to the birds. These observations are in confirmation with the
observations reported by Mandal et al. (2006).
Breeding practice
Crossbreeding of local strains with some imported strains can increase productivity of flocks (Pedersen,
2002) but should be coordinated to avoid replacement of indigenous stock (Mhlanga et al., 1999). Li et al. (2006)
reported that development efforts in Africa and Asia are more focused on introduction of exotic high yielding breeds
than understanding the production potential of indigenous chickens. In the study it was found that all the farmers
allowed eggs to hatch at home under broody hen naturally for chicks and also made use of other source for
procurement of chicks. The cent percent of farmers rear desi birds whereas only 5.6% farmers adopted improved
backyard poultry breeds (i.e. Vanaraja, Gramapriya etc). Majority (74.4%) of them purchase poultry chicks from the
local market and 1.36% purchased from Govt/ private hatchery.
General management practice
Chicks are the most vulnerable and mortalities of chick recorded up to 60% (Pedersen, 2002; Muchadeyi et
al., 2005). Farmers are encouraged to provide extra care to their chicks by the use of locally made Hay-box brooder
to reduce chick mortality. The cares of chicks were taken by majority of respondents in the study area and 60.8%
farmers were protecting their chicks from predators. Around 75.2% of the respondents made provision of laying box
with dry bedding materials in shallow and roomy bamboo basket kept in the corner of house. Half of the farmers
collected egg frequently. Majority of respondents’ brood chicks naturally in sun rays whereas a small number of
respondents used chick guards for protection from predators and for natural brooding.
Health care practice
Poor health management resulting in high mortality rates and compromised productive performance
characterize most smallholder chicken production systems (Kusina et al., 2001; Pedersen, 2002). Majority of
respondents were cleaned the poultry houses daily. The controls of ectoparasite were practiced by 49.6%
respondents. During the time of disease infection, 46.4% were involved in self medication to the birds and some of
them approached local expert for treatment. Only 8.8% respondents were taking help from veterinary doctors for
treating the birds. A small number of backyard poultry farmers practiced deworming and vaccination of birds. It was
because of non availability of vaccines and medicines as well as the lack of extension worker expert in veterinary
practices. Development of chicken health programmes is required to give reliable information on the epidemiology
of diseases and the possibilities of reducing outbreaks (Miao, 2005).
Marketing
The success of a poultry production enterprise is judged by the quantity and quality of products sold (number
of chickens and eggs) and consequently, the amount of profit gained. In areas where markets are a problem,
farmers are forced to keep the birds longer and this increases the costs of production by increasing the amount of
feed required to keep the birds alive (Pedersen, 2002). The backyard poultry owners of Dzongu area were selling
their birds at their own doorstep, village market when the birds attain a specific weight gain of 1.5 to 2 kg. The
birds were being sold on specific occasion, on demand of customers, on religious function and requirement of
money. The respondents expressed that the care of backyard poultry was taken by female. The farmers used
poultry manure in agriculture as well as horticulture crops.
The overall adoptions of different backyard poultry rearing practices were presented in Table 5. From the
table it was found that the overall adoption of backyard poultry was 39.06%. The practices wise adoption showed
that housing (43.2%) was highly adopted followed by feeding and watering (41.6%), marketing (40.0%), general
management (39.2%), health care practices (36.8%) and breeds (33.6%).This is because of low level of knowledge
of respondents, few sources utilized for acquiring information, low level of education and income. The adoption
rates in different practices are almost similar with the findings of Sasidhar et al. (2008) and Khandait et al. (2011).
Table 5 - Overall adoption of backyard poultry rearing practices (Total No. =125)
Area
Housing
Feeding and Watering
Breed/ Breeding
General Management
Health Care
Marketing
Overall Adoption

Percentage
43.2
41.6
33.6
39.2
36.8
40.0
39.06
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Correlates of adoption behavior
The adoptions of scientific poultry farming also depend on farmers’ personal as well as social and economic
condition. Correlation coefficients of six independent variables were presented in Table 6. These indicated the
relationship between variables of poultry farmers with adoption behavior. Age had a significant relationship with
adoption level. It gave an idea that young generation might be try to adopt new technologies in their farms. But,
Rahman (2007) got negative correlation between age and farmers. Education was negatively and significantly
associated with adoption level. It indicates that educated persons had less interest to do farming than other Govt
job. The present finding was opposite to the findings of Motamed and Singh (2003) and Rahman (2007). Flock size
of poultry had a positive and significant relationship with adoption level. It indicates that farmers having large
number of poultry in their farms adopted improved technologies in their farms. Training received showed a positive
and significant correlation with the adoption level of the respondents. Training might have given knowledge to the
farmers to know the scientific poultry rearing practices. Financial help received was positively and significantly
associated with adoption level. It indicated that those who received financial help either from government or
financial institution adopted new technologies in their farms. This was similar with the findings of Rahman (2007).
Table 6 - Correlations of adoption of improved poultry rearing practices with independent variables
Sl.no.
1
2
3
4
5
6

Variables
Age
Education Level
Flock Size
Income from poultry
Training received
Credit facility

Coefficient of correlation (r)
0.547**
-0.309**
0.668**
0.936**
0.475**
0.227*

* Correlation is significant at the 0.05 level; ** Correlation is significant at the 0.01 level

Constraint of backyard poultry rearing practices in the study area
In the study it was observed that majority of the backyard poultry farmers faced problem like non-availability
of high yielding breed of poultry chicks, mortality of day old chicks/young birds, high rate of morbidity, inability to
diagnose sick birds in Dzongu area. Non-availability of medicines and vaccines at Dzongu resulted in the
devastation of the poultry flock by diseases mainly by Ranikhet disease (New Castle disease). Contacts between
flocks of different households and the livestock shandies are the important sources of disease transmission. It is
therefore, necessary that government and other external agency should take necessary steps for regular supply of
vaccines, medicines and other health care services so that the minimum required vaccination should be completed
before chicks reach 6 weeks of age i.e. in nursery period. Lack of market for birds and eggs, loss of birds and eggs
due to predators etc. were the other important constraint for poultry farmers. Due to lack of proper market in local
area poultry farmers of the study area could not able to get their actual benefit as one third of their benefit were
spent for high transportation cost. These constraints were also documented by McAinsh et al. (2004) and Omonona
and Oni (2004).
Suggestions to improve backyard poultry in Dzongu, North Sikkim
Availability of good germ-plasm: There should be available of high yielding varieties of backyard poultry
chicks.
Availability of feed: The improved backyard chicken varieties could not sustain only on scavenging. A small
quantity of compounded layer feed should be provided to the birds.
Veterinary and health services: Availability of veterinary aid and skilled persons for vaccination is important.
Threat from Newcastle disease is persistent. Supply of immunized birds to backyard is important.
Predators: This is highly devastating factor to the village poultry. As chick stage is most vulnerable, so care
should be taken at this stage.
Marketing: A proper market should be established so that the poultry farmers can get proper benefit from
poultry and poultry products. To aggregate the produce, farmer’s co-operative societies need to be facilitated at
village or higher level.
CONCLUSIONS
Backyard poultry rearing is playing an important role in increasing socio-economic status of rural community
and employment in rural areas. It was realized that the poor can gain from the opportunities in poultry sector if
small-holder poultry which is technologically similar to industrial poultry is taken up. Focus should be on
augmenting the advantages of smaller decentralized units in terms of better efficiency, faster and better disease
control. There are certainly some production technology advantages for poor; in terms of adaptability for scaling
down and the significant labour component. It is important to conserve the indigenous gene pool, and there should
be check on introducing high yielding breeds of backyard poultry. It is necessary for an effective disease
surveillance mechanism and quick response system to overcome related problems. There is also need for more
information to update and validate existing constraints and opportunities in light of the land redistribution process
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and current economic challenges in North Sikkim. The present study viewed that introduction of high yielding dual
purpose birds and providing basic health care facilities can bring a significant improvement in sustainable backyard
poultry production in Dzongu, North Sikkim.
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ABSTRACT: The study was conducted to determine the effects of preservatives on the chemical
composition of elephant grass (P. purpureum Bana cv.) harvested from N-fertilized and unfertilized
treatments at different periods (3, 6 and 9 months). The plants were grown on 1 st November 2008
and harvested every 3 months until July 2009. The grass was chopped and a 500 g sample obtained
and was mixed with 4% molasses, 4% molasses+0.25% urea and 2.5% dicalcium phosphate,
respectively with plain silage as a control. The samples were ensiled with respective preservative in
duplicates and were analyzed for pH and proximate after 30 days of ensiling. Molasses added silage
had a higher (P<0.05) DM at 3 months on both N-fertilized and unfertilized treatments, whereas
molasses added silage prepared from unfertilized treatment harvested at 3 months of growth, had
lowest (P<0.05) pH and was highly (P<0.05) digestible but digestibility declined as the plant
matured.
Key words: Elephant grass, Harvesting periods, Silage preservatives, Silage quality.
INTRODUCTION
Elephant grass is tall growing perennial grass which is indigenous to tropical and subtropical climates. Since
Pennesitum purpureum Bana cv. yield high biomass it can be used for silage production which will ensure sufficient
availability of feed on farm throughout the year. Nisa et al. (2008) stated that uneven and insufficient supply of
quality forage is the most critical constraint for profitable livestock production in developing countries. Ensiling is
the process of preserving a forage crop and its nutrients to feed later on. According to Kung et al. (2000), the
primary purpose of making silage is to maximize the preservation of original nutrients in the forage crop for feeding
at a later date.
Botswana is one of the countries that are susceptible to drought and this shows the need to address shortage
of feed during drought periods. During summer the quantity and nutritive composition of grasses is high while in
winter the quality decline and availability is scanty. Higashiyama and Hirata (2006) emphasized that during the dry
season herbage quality declines and it forms the main diet of ruminants in the semi-arid grasslands in the tropics
for several months of the year. Therefore, preserving feed can help to sustain livestock industry during drought and
dry seasons.
Seglar (2003) confirmed that quality of silage is a major concern, especially in dairy farming and that cows
should be fed the highest quality ensiled forages possible for maximum milk production. This indicates that silage
quality is important to dairy profitability. Yunus et al. (2000) stated that the quality of silage made from tropical
herbages are generally of low fermentation quality as silage do not contain large amount of lactic acid but
considerable acetic acid. Elephant grass silage has a low fermentation quality leading to reduced intake and
digestibility. Masturi (2004) confirmed that good quality silage requires production of lactic acid to rapidly reduce
the pH fermentation which requires sufficient fermentable carbohydrates. The faster the fermentation is
completed, the more nutrients will be retained in the silage. Kung (2000) reported that a quick reduction in silage
pH will help to limit the breakdown of protein in the silo by inactivating plant proteases. In addition, a rapid
decrease in pH will inhibit the growth of undesirable anaerobic microorganisms such as enterobacteria and
clostridia. Preservatives can be used to improve silage quality. Therefore, the purpose of this study is to determine
the effects of harvesting stage and additives on quality of elephant grass silage.
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MATERIALS AND METHODS
Elephant grass Bana cv. was harvested at different periods: 3, 6 and 9 months, respectively from 5 plots of Nfertilized and unfertilized treatments. The whole plants were chopped at length of 2 cm which is a suitable length
that allows firmer packaging, easy handling and have less separation of coarse and fine material. Even distribution
of this material facilitated good packing. The length of forage material that Mühlbach (2001) used to make silage
was 2.5 cm pieces and was opened after 45 days. Chopped grass of 500 g was thoroughly mixed with preservatives
and staffed in the temporary plastic bag silo. This experiment had 4 treatments where different preservatives were
added in order to determine effects of different silage preservatives on quality of elephant grass silage. Treatments
included control (no preservative added), molasses 4%, urea (0.25%) + molasses 4% and 2.5% of dicalcium
phosphate and were done in duplicates. The material was physically and effectively compressed with hands to
remove excess air to create anaerobic environment. These silages were opened after 30 days, which was adequate
enough to the fermentation phases of silage. Jurgens (2002) indicated that normal fermentation process lasts for
21 days and that there will not be any change unless air is allowed in since silage can stay unspoilt for a long time
under anaerobic conditions. The samples were taken for laboratory analysis for pH and proximate analysis. Silages
were opened for laboratory analysis on 2 nd March 2009, 30th May 2009 and 30th August 2009, respectively. Ensiled
elephant grass was analyzed for pH by weighing 20 g of silage which was placed in a blender jar then diluted with
200 g of deionized distilled water and blended for 30 seconds in a high-speed blender. The diluted samples were
filtered through four layers of cheese cloth, and pH measured immediately with a pH meter (Contreras-Govea et al.
2009).
Split-plot in Completely Randomized Block Design model was used in analysis. Analysis of Variance was
performed on data collected using General Linear Model (PROC GLM) procedure of (SAS 2000-2003). Means were
tested for significance using Duncan Multiple Range Test.
RESULTS
Effects of different preservatives on chemical composition of P. purpureum harvested on N-fertilized and
unfertilized treatments harvested at 3 months
The preservatives resulted in silages with different pH (Table 1). The pH level of molasses added silages from
N-fertilized and unfertilized treatment were the lowest (P<0.05) followed by that of plain silage which was also
lower (P<0.05) than pH of silage added urea+ molasses and dicalcium phosphate which had similar pH. Molasses
added silage had a pH of 4.61 while for plain silage it was 5.57, urea+ molasses was 6.44 and dicalcium
phosphate was 6.02 prepared grass harvested at 3 months from unfertilized treatment while on N-fertilized
treatment it was 4.78, 5.58, 6.7 and 5.67, respectively.
The dry matter (DM) level of plain silage was similar to that of urea+molasses and dicalcium phosphate
added silages (Table 1). The DM level of these three silages were higher (P<0.05) than that of molasses added
silage from both N-fertilized and unfertilized treatments. In this study, preservatives did not lead to change in cell
wall content of silages, as neutral detergent fibre (NDF) and acid detergent fibre (ADF) content of silages were
numerically different. Acid detergent lignin of plain and silage added molasses were similar but lower (P<0.05)
than that of urea+ molasses and dicalcium phosphate that were similar on unfertilized treatment. The in vitro true
dry matter digestibility (INVTDMD) of plain, molasses and urea+ molasses silage was the same but higher (P<0.05)
than that of dicalcium phosphate added silage.
Effects of different preservatives on chemical composition of P. purpureum harvested at 6 months period
Different silage preservatives had different effects on the chemical composition of silage of P. purpureum
prepared from six months harvested grass. Molasses resulted in lower (P<0.05) pH on both N-fertilized and
unfertilized treatments, when compared to pH of plain, silage added urea + molasses and dicalcium phosphate that
had similar pH (Table 2). The DM of silage added dicalcium phosphate was the highest (P<0.05) than that of other
silages on unfertilized treatment, while it was similar on N-fertilized treatment. The NDF of plain and dicalcium
phosphate silages was the same but higher (P<0.05) than that of molasses and urea+ molasses on both Nfertilized and unfertilized treatments. Acid detergent fibre of plain silage was higher (P<0.05) than that of other
silages with preservatives but was similar to that of dicalcium phosphate on N-fertilized treatment. Table 2 shows
that acid detergent lignin (ADL) and INVTDMD of all silages from N-fertilized and unfertilized treatments harvested
at different periods were the same.
Effects of different preservatives on chemical composition of P. purpureum harvested after nine months
harvesting period
Data of silage prepared from nine month aged P. purpureum and mixed with different preservatives are
presented in Table 3. Molasses silage made from N-fertilized and unfertilized treatments had lowest (P<0.05) pH.
The pH of silage added molasses was 4.71 while plain silage, urea+ molasses silage and dicalcium phosphate
added silage had a pH of 7.35, 7.53 and 7.58, respectively on unfertilized treatment, while it was 6.3, 7.3, 7.2 and
7.65 respectively, on N-fertilized treatment.
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The DM and INVTDMD of different silages prepared from unfertilized and N-fertilized treatment were similar.
Neutral detergent fibre of molasses and urea+ molasses silage were the same but lower (P<0.05) than that from
silage added dicalcium phosphate while NDF of plain was similar to that of all preservatives on unfertilized
treatment. On N-fertilized treatment, NDF of plain silage was higher (P<0.05) than that of molasses added silage
but numerically higher than other silages which were similar to molasses silage. The ADF and ADL of the silages
with different preservatives from unfertilized treatment were similar. The ADF of urea+ molasses silage from Nfertilized treatment was lower (P<0.05) than that of plain and dicalcium phosphate silage but similar to ADF of
molasses added silage prepared from N-fertilized treatment. The ADL content of plain, molasses and dicalcium
phosphate silages were numerically different but ADL of silage added urea+ molasses was lower (P<0.05) than
that of plain silage.
DISCUSSION
Effects of silage preservatives on pH
The present results showed that different preservatives had different effects on the acidity of the silage
prepared from both N-fertilized and unfertilized treatments harvested at different periods. This is in line with Yunus
et al. (2000) who explained that high pH level of plain silage could be due to the fact that elephant grass contains
low level of water soluble and fermentable carbohydrate. The pH level increased with increasing period of
harvesting. Seglar (2003) observed that, maturity had effect on the quality of silage, as grasses often do not
completely ferment to decrease pH into a desirable range because not enough substrate is available to complete
fermentation. Kunkle et al. (2009) confirmed that forages that are too high in DM may not ensile well and this
could be the reason for high silage pH at 6 and 9 months elephant grass silage. At plant maturity, non-structural
sugar becomes structural and this reduces fermentable sugar of the silage; hence high pH on plants harvested at 6
and 9 months. Kunkle et al. (2009) observed that though mature grass is chopped, it does not easily pack and
compress resulting in trapping air that hinders proper fermentation.
The pH of silage prepared from 3 months age grass suggests that the plain silage was dominated by acetic
acid. Schroeder (2004) observed that acetic acid-producing bacteria ferment soluble carbohydrates and produce
acetic acid which leads to silage pH decreasing from about 6.0 to 5.0. This pH will not alter rumen environment as
most of rumen microbes strive under neutral pH (Russell and Wilson 1996). Acetic acid production is one of the
desirable organic acids because ruminants can utilize it as a source of energy. It is produced when cellulolytic and
hemicellulolytic bacteria degrade the cell wall material.
In the present study, molasses led to a lower (P<0.05) pH compared to other preservatives that were used.
The pH readings of silage prepared from P. purpureum harvested from unfertilized treatment at 3, 6 and 9 months
were 4.61, 4.66 and 4.71, respectively. Silage prepared from N-fertilized treatment with molasses also had lowest
(P<0.05) pH of 4.78, 4.44 and 6.3 harvested at 3, 6 and 9 months, respectively. This is in line with Yunus et al.
(2000) who reported a significant variation between molasses and urea silage as molasses reduced (P<0.05) silage
pH. Homofermentative bacteria (lactic-acid bacteria) convert water-soluble carbohydrate to lactic acid and proper
silage with proper lactic acid production in grasses has pH around 4.2. Previous study of Yokota et al. (1998)
reported a pH of 3.85 on elephant grass silage mixed with molasses which contained the highest amount of lactic
acid. Molasses is a source of readily available energy, thus sugars which have helped in rapid fermentation of
elephant grass as under anaerobic condition lactic acid bacteria ferment sugars and produce organic acids (lactic
acid) which lower the pH to about 4.2. Schroeder (2004) observed that when the silage pH drops below 5.6, acetic
acid-producing bacteria begin to decline in numbers, while lactic acid-producing bacteria begin to thrive and rapidly
reduce the pH. Furthermore, Schroeder (2004) reported that quality silage is achieved when lactic acid is the
predominant acid produced, as it is the most efficient fermentation acid which will lead to rapid decline of the pH of
the silage. Seglar (2003) observed that the faster the fermentation is completed, the more nutrients are retained in
the silage. When silage is consumed, it lowers the rumen pH which affects rumen microbiota. According to Russell
and Wilson (1996), ruminant animals depend on cellulolytic ruminal bacteria to digest cellulose, but these bacteria
cannot resist the low ruminal pH that modern feeding practices can create. Since the cellulolytic bacteria cannot
grow on cellobiose at low pH, pH sensitivity is a general aspect of growth and not just a limitation of the cellulases
per se. The rumen will be dominated by lactic acid utilizing microbes such as Megasphaera elsdenii.
Previous study of Counotte et al. (1983) reported that Megasphaera elsdenii convert more than 80% of the
DL-lactate fermented to volatile fatty acids (VFA). Bergman (1990) indicated that propionate was removed by the
liver but was largely converted to glucose. Propionate is converted to succinyl-coenzyme A, which enter tricarboxylic
acid cycle and is converted to malate, when malate is transported to the cytosol where it is converted to
oxaloacetate. During this process, malate releases energy yielding molecule Nicotinamide Adenine Dehydroxynade
(NADH) that enter Electron Transport Chain (ETC) in mitochondrion to produce three moles of Adenosine
Triphosphate (ATP). Oxaloacetate is then converted to phosphoenolpyruvate in gluconeogenesis which will help to
yield net of 34 moles of ATP.
Accumulation of lactic acid in the rumen may lead to lactic acidosis. Therefore, the silage containing high
concentrations of lactic acid and easily fermentable sugars may be harmful to the ruminant, causing lactic acidosis
and digestive disorders. According to Seglar (2003), it is crucial that lactic dominated silage is fed to cattle that
need more energy such as dairy cows to ensure that they rapidly utilize lactic acid produced to produce milk.
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Table 1 - Effects of preservatives on Silage prepared from P. purpureum harvested at three months at Notwane Farm
pH

Parameters
Treatments

Unfert

Fert

Plain silage

5.57by

Silage+ molasses

DM

NDF

SEM

Unfert

Fert

5.58by

0.20

14.44bz

4.61cy

4.78cy

0.13

Silage + urea + molasses

6.44ay

6.7ay

DiCaPO4
SEM

6.02bay

5.67by

0.20

0.13

ADF

SEM

Unfert

Fert

18.21by

1.29

69.36ay

19.35az

24.21ay

0.82

0.64

14.90by

16.92by

0.23

14.48by

15.9by

1.29

0.82

ADL

SEM

Unfert

Fert

SEM

Unfert

Fert

68.51ay

5.85

38.22a y

35.71ay

1.76

3.27by

68.84ay

65.32ay

3.93

37.01ay

35.96ay

1.45

2.04

72.74a y

67.36ay

4.86

35.67ay

36.48ay

1.64

71.74ay

66.88ay

4.65

35.37ay

34.30ay

5.85

3.93

1.76

1.45

INVTDMD
SEM

Unfert

Fert

SEM

3.96ay

0.43

74.39ay

66.8ay

5.91

3.28by

3.95ay

0.41

70.79aby

61.68az

2.78

1.92

4.56ay

4.34ay

0.62

77.04ay

65.51az

4.12

2.13

4.57ay

4.49ay

0.51

61.86by

65.66ay

5.35

0.43

0.41

5.91

2.78

abcMeans

on the same column with different superscripts are significantly (P< 0.05) different; yzMeans of the same row with different superscripts are significantly (P<0.05) different. Unfert=unfertilized plot, fert= N-fertilized plot. SEM=Standard
error of the mean. DiCaPO4=dicalcium phosphate added silage, DM=Dry matter, NDF=Neutral detergent fibre, ADF=Acid detergent fibre, ADL=Acid detergent lignin, INVTDMD=In Vitro True Dry matter digestibility.

Table 2 - Effects of preservatives on Silage prepared from P. purpureum harvested at six months of growth at Notwane Farm
pH

Parameters

DM

NDF

ADF

ADL

INVTDMD

Treatments

Unfert

Fert

SEM

Unfert

Fert

SEM

Unfert

Fert

SEM

Unfert

Fert

SEM

Unfert

Fert

SEM

Unfert

Fert

SEM

Plain silage

6.66ay

6.06ay

4.05

71.73by

68.03ay

0.84

74.55ay

73.73aby

1.38

51.77ay

50.4ay

1.51

10.77ay

13.33ay

1.96

33.24ay

33.24ay

8.11

Silage+molasses

4.66by

4.44by

0.89

72.55by

73.51ay

0.16

70.65by

71.66by

1.48

47.11by

47.64by

1.59

8.67ay

11.79ay

2.12

41.47a y 41.47ay

7.38

Urea+Molasses silage

7.29ay

6.96ay

1.63

71.40by

71.8ay

0.38

70.73by

70.61by

0.96

45.98b y

44.83by

1.21

9.84ay

9.56ay

1.23

36.82ay

36.82ay

7.09

Silage+ DiCaPO4
SEM

6.01ay
0.64

6.57ay
0.23

0.87

74.32ay
4.86

71.74ay
1.64

0.85

74.44ay
4.86

74.35ay
4.65

1.11

47.57by
1.92

49.06ay
2.13

0.57

9.54ay
0.62

9.11ay
0.51

1.03

44.31ay
4.12

44.31ay
5.35

9.00

abcMeans

on the same column with different superscripts are significantly (P<0.05) different. yzMeans of the same row with different superscripts are significantly (P<0.05) different. Unfert=unfertilized treatment, fert= N-fertilized treatment.
SEM=Standard error of the mean. DiCaPO4=dicalcium phosphate added silage, DM=Dry matter, NDF=Neutral detergent fibre, ADF=Acid detergent fibre, ADL=Acid detergent lignin, INVTDMD= In vitro True Dry matter digestibility

Table 3 - Effects of preservatives on Silage prepared from P. purpureum harvested at nine months of growth at Notwane Farm
pH

Parameters

DM

NDF

ADF

Treatments

Unfert

Fert

SEM

Plain silage

7.35az

7.3ay

0.87

69.33a y 69.89ay

0.84

79.07aby 79.88ay

1.10

Silage+molasses

4.71by

6.3ay

0.63

68.11ay 67.56ay

Urea+ molasses

7.53ay

7.2az

DiCaPO4
SEM

7.58ay
4.05

7.65ay
0.89

Unfert

Fert

SEM

Unfert

Fert

SEM

Unfert

Fert

ADL

INVTDMD

SEM

Unfert

Fert

SEM

Unfert

Fert

SEM

56.78az 57.13aby

0.56

13.66ay

14.5ay

1.03

40.43ay

40.6ay

8.69

1.40

46.66ay 47.96ay

4.32

1.32

43.25ay

45.8ay

2.80

2.85

38.20ay 40.32ay
8.11
7.38

4.32

2.04

77.26by

73.70by

0.85

56.15ay 55.49aby

1.14

13.91ay 12.32aby

0.72

65.50ay

67.84ay

2.72

77.20by

76.82aby

3.44

54.64a y

53.20ay

1.54

14.21ay

0.57

68.29ay 66.91ay
0.84
0.16

1.88

80.16ay 78.37aby
1.38
1.48

1.23

78.63ay
1.51

57.39ay
1.59

1.00

16.53ay 10.31abz
1.96
2.12

8.86ay

abcMeans

on the same column with different superscripts are significantly (P< 0.05) different. yzMeans of the same row with different superscripts are significantly (P<0.05) different . Unfert=unfertilized treatment, fert= N-fertilized treatment.
SEM=Standard error of the mean. DiCaPO4=Dicalcium phosphate added silage, DM=Dry matter, NDF=Neutral detergent fibre, ADF=Acid detergent fibre, ADL=Acid detergent lignin, DMD=Dry matter digestibility
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Beauchemin (2007) observed that absorption of VFA from the rumen occurs passively through papillae,
which are finger-like projections located on the rumen wall. The papillae increase gradually in length when cows are
fed a close-up diet or a lactation diet that contains more grain than the dry cow diet. Increased surface area and
absorptive capacity of the rumen protects the cow from accumulation of VFA in the rumen which is the main driver
of rumen pH depression.
The pH level for urea+molasses added silage in this study was numerically higher than dicalcium phosphate
pH but was higher (P<0.05) than other silages on both N-fertilized and unfertilized treatments. The level of this
silage was neutral and will not change rumen environment. Orthophosphates and non-protein nitrogen (urea) are
buffering agents (Seglar, 2003). Yunus et al. (2000) indicated that urea decreases the fermentation quality of the
silage by raising the pH.
Effects of silage preservatives on dry matter, cell wall components and dry matter digestibility of elephant
grass at different stages of growth
Molasses added silage prepared from both N-fertilized and unfertilized treatments had high (P<0.05) DM.
This finding is in agreement with Yunus et al. (2000) who observed that molasses increases the DM content of the
silage. Yokota et al. (1998) also observed that the DM of Napier grass was 8.62% while the DM of silage added
molasses was 13.44%. This could have been due to the fact that cellulolytic microbes could not strive under acidic
condition resulting in no microbes reducing DM. Table 1 shows that DM of plain, urea+molasses and dicalciumphosphate added silages were similar. Yokota et al. (1998) observed that the inclusion of urea-molasses increases
the DM percentage.
Preservatives led to numerical reduction of NDF and ADF at different harvesting periods on both N-fertilized
and control treatment, except for dicalcium phosphate. Masturi (2004) reported that inclusion of legumes on dwarf
Napier silage led to reduction of NDF from 69.1% to 61.6%. In the present study, study urea+ molasses decreased
(P<0.05) NDF from 74.55% of plain silage to 70.73% and 79.07 to 77.2% at 6 and 9 months harvesting periods,
respectively on unfertilized treatment. In agreement with current result, Masturi (2004) further reported that
inclusion of legume on the dwarf Napier grass silage reduced ADF and ADL content. The INVTDMD of silage with
preservatives prepared from grass harvested after 6 and 9 months periods was higher than for plain silage. This
could be due to low NDF, ADF and ADL on these silages. Yunus et al. (2000) reported that addition of molasses and
urea+molasses to elephant grass prepared from grass harvested at different heights, led to reduction of NDF, ADF
and ADL while the INVTDMD increased when compared to plain silage.
CONCLUSION
It can be concluded that different silage preservatives have different effects on the chemical composition of
elephant grass silage prepared from the grass harvested at different periods. N-fertilized treatment had no effects
on the quality of the silage. Silage prepared from elephant grass harvested at three months from unfertilized
treatment, with molasses as a preservative had a lowest pH. It also had a higher INVTDMD while its cell wall
contents were low, indicating that the animal will get more nutrients in a day since the silage is digestible. So, P.
purpureum silage with molasses as a preservative will be ideal for maximum production of lactic acid and
preservation of nutrients in feeding ruminants.
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ABSTRACT: The present study was undertaken to know the production and management practices
followed by the farmers and the common constraint of pig production in rural area of Sikkim. The
data were collected from 100 respondents through personal interview with the help of questionnaire
on different aspects namely housing, breeding, feeding, health care, management practices,
economics and the common problems for pig production. In the present study it was observed that
95% farmers constructed their pigsty with locally available wood/bamboo with traditional system.
Majority (60%) of the farmers reared cross-bred pigs and offered kitchen waste to their pigs while
only 5% of them offered concentrate feeds. Vaccination and deworming was followed by 30 per cent
and 35 per cent of farmers respectively. Daily cleaning of pigsty was followed by 50 percent of the
farmers and castration and weaning was to be practiced by majority of farmers. Special attention to
the pregnant sows and care after farrowing was followed by 69 and 75 per cent respectively.
Farmers market their pigs at the age of 1 year or above when they attained the body weight of 85-90
kg or more. Lack of adequate credit facilities, inadequate scientific knowledge on pig farming, lack
of veterinary facility, lack of breeding and lack of marketing facilities were observed to be the major
constraints perceived by the farmers. The study revealed that the development of pig production is
necessary in this area as it will not only fulfill the demand but also help to uplift the economic status
of farmers.
Key words: Production, Constraint, Pig, Breeding, Economic, Feeding, Health, Housing, Sikkim
INTRODUCTION
Sikkim with its small total geographic area of 7096 km2, lying within 270 04' to 280 07' 48" N latitude and
880 00' 58" to 880 55' 25" E longitudes, is administratively divided in to four districts viz. North, East, West and
South. Due to increase in population and the limited availability of land in the state there is already great pressure
on the cultivable land, forest and on the environment as well. Livestock farming which requires minimal use of land,
labour and capital would be ideal sustainable model for development in such difficult mountainous terrain. The
development of livestock would not only provide supplementary source of income but would provide high protein
rich food items such as milk, eggs, meat and organic manure for crop production.
Amongst the livestock, pig is most important and every family rear pig as backyard venture in rural area of
Sikkim. There is huge demand of pig as people of the state prefer pork than that of other meat. In order to fill the
gap of demand and supply of pork, piggery may be encouraged in rural areas. The requirement of piglets under
various programmes in the tribal rural area of Sikkim is substantial. In the past piggery had gained momentum as
an important economic activity in the state but because of problems related to diseases, and transportation the
pace gained has subsided to some extent. Therefore, the present study was undertaken to understand the
prevailing production and management practices followed by the farmers and the common problem during pig
production in rural tribal area of Sikkim.
MATERIALS AND METHODS
The study area Dzongu, is one of the remotest area of the state lies in the North District is reserved for only
Lepcha (Tribal) people. A total of five villages of Dzongu area viz. Gor, Hee-Gyathang, Lingdong, Passingdang and
Tingvong were selected for the study. Selection of farmers/respondents was done on the basis of Simple Random
Technique. In this way 20 farmers from each village were selected so that the total study sample consisted of 100
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respondents from the entire five selected villages. The data were collected from each respondent through personal
interview with the help of pre tested questionnaire and self-observation methods were employed. The production
and management practices were studied in respect of housing system, breeding, feeding, health care,
management and economics and the common problems faced by the farmers during pig production was also
studied. The data collected were compiled, tabulated and analyzed to draw meaningful conclusion.
RESULTS AND DISCUSSION
Production and management practices
The production and management practices followed by the farmers of Dzongu area, North Sikkim are
presented in Table1. In housing practices, it was observed that 95% of the pig farmers constructed their pigsty with
locally available wood/bamboo with tin roofing and wooden flooring above 2-3 feet from the ground. The floor
space per adult was found to be inadequate (average 3x4 sq.ft) in majority (95%) of the farms. The raising of floor
is above ground level to prevent entering of rats, mice and other small wild predators. Besides these, all farmers
have their opinion that raising the floor above ground level help for easy to clean and prevented dampening of floor
due to rain. The farm equipments included mainly cut piece of woods as feeding and water trough. Farmers depend
on pipe line water for supplying water and no electricity facility is used in the farms.
Breeding is important to improve the productivity of the animals. The majority (60%) farmers were reared
cross-bred pigs in their farm. Farmers preferred to rear cross-bred pigs as crossbred pigs have better growth
performance and larger litter size. The farmers preferred Hampshire, Large Black, Saddle Back and White York
Shire breed of pig. No artificial insemination practice for breeding is found in this area. Only 20 percent farmers
were reared breeding boars. The average litter size at birth was 7 while that for weaning was 6. Kumar et al. (2002)
and Rahman et al. (2008) reported that the average litter size at birth was 6-8.
The production of pigs mostly depends on feeding practices in the farm. Majority (95%) of the farmers feed
kitchen wastes along with cooked mixture comprising of maize bhusa, mustard oil cake, pseudo-stem of banana,
tuber, stem and leaves of Canna indica. Some of the farmers (70%) boiled the feed before given to pig. Pandey
(2000) reported that farmers of Haryana supplied hotel wastes to pig for feeding. Kitchen and rice fermented waste
increased the growth performance of pigs and reduced the cost of feeding (Kumar et al, 2010). Varma et al. (1982)
and Kumar et al. (2002) reported that most of the farmers of North-Eastern region boiled the feeds before giving to
pigs. Feed supplement like mineral mixture, vitamins etc were added to the feeds by 5 percent of the farmers.
Majority (93%) of the farmers offered feed thrice daily, in morning, noon and evening.
In health care practices, all farmers did not give attention to the health of their pigs. Majority (60%) of the
farmers approached local Veterinarian or Para Veterinarian for consultation on treating ailing animals and
rest(40%) farmers applied traditional knowledge for treatment of animals. Vaccination and deworming was
followed by 30 per cent and 35 per cent of the farmers respectively. Only 2 per cent of the respondents were given
iron injection to the piglets to prevent piglet anemia whereas 39 per cent of the farmers used drugs for skin
diseases and ectoparasite control.
The management practices like cleaning of pigsty, cutting of needle teeth, castration, weaning, care of
pregnant sow, care after farrowing etc are studied and observed in the area. The study revealed that no farmer used
to practice cutting of needle teeth of the piglets to prevent infection of wounds from fighting or causing injuries to
the teat of the mother. Castration and weaning was to be practiced by 68% and 70% farmers respectively. The
farmers had the opinion that growths of the castrated pigs were more than non-castrated ones. Kumar et al. (2002)
also found that the practice of castration of pigs was very common.
It was found that 69 per cent of the respondents took proper care of their pregnant sows and 75 per cent of
them took special care of their sows after farrowing. Majority of the farmers (85%) never treated the nonconceiving/repeat breeding sows and preferred to slaughter them. The reason cited by the farmers was that the
treatment was too costly. Half of the farmers cleaned their pigsty daily and majority (90%) of the farmers used pig
wastes in agriculture crops. Economics is important for livestock production. No farmer will take up piggery unless it
is economically viable (Bujarbaruah, 2005). In the study it was observed that 70% farmers got benefit of Rs 1500025000/year from pig production. Majority (90%) of the farmers market their pigs at the age of 1 year or above
when they reached the body weight of 85 kg or above. In Dzongu, the market price of pork was Rs.100 at the time
of study.
Common constraint in pig production:
The common constraints in pig production and their rank in Dzongu, North Sikkim are given in Table 2. The
overall analysis of the study area revealed that lack of credit facility as the major constraint during pig production
ranked 1st. For this reason, majority of farmers reared pig without properly constructed pig shed. Inadequate
knowledge of pig production and management and lack of veterinary facilities were the 2nd and 3rd major
constraints respectively. The high cost of balanced concentrate feed as the 4 th constraint. A technical constraint
reported repeatedly by farmers was the lack of quality breeding stock and the absence of systematic breeding
programs.
Singh (2000) identified that the breeding was the foremost constraints for the tribal pig farming. Lack of
marketing facilities was a common constraint by the pig farmers in Dzongu, since in hilly region; the road and other
marketing facilities were limited.
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Table 1 - Production and management practices as followed by respondents
Sl. No.

Production and Management practice

A)
1.

Housing practices
Construction of pigsty with
i woods/bamboos
ii Others
Feeding/ water trough
i.Woods, iron vessels etc
ii. Others
Water storage facility
i. Present
ii. Not Present
Breeding practices
Types of pig in the farm
i. Cross-bred
ii. Local
Service of sow
i. Natural service with boars
ii. Artificial insemination
Rearing of boars for breeding purpose
i. Reared
ii. Not reared
Litter size at birth and at weaning
i. 5 or below and 4 or below
ii. 6-8 and 5-7
iii. Above 8 and Above 7
Feeding practices
Types of ration used
i. Kitchen waste
ii. Concentrated feed only
iii.Kitchen waste with concentrated feed
Boiling of feeds
i. Boiled
ii. Not boiled
Time of feeds supplied to pigs
i. Once in a day
ii. Twice i.e. Morning and Evening
iii.Thrice i.e. Morning , Noon and Evening
Health care practices
Use of antibiotic
i. Used
ii.Not used
Iron injection to prevent piglet anaemia
i.Practiced
ii.Not practiced
Vaccine against Swine fever/FMD
i. Practiced
ii. Not Practiced
Deworming of pigs
i. Used
ii. Not used
Management practices
Clean of pigsty
i.Daily
ii.2 days interval
iii. Once in a week
Castration of Male piglets
i. Practiced
ii. Not practiced
Weaning of piglets within 2 months
i. Practiced
ii. Not practiced
Cutting of needle teeth of piglets
i.Practiced
ii. Not practiced
Treatment of repeat breeding sows
i. Treated
ii. Not treated
Economics
From pig farming get benefit(Rs/year)
i. less than 15000
ii.15000-25000
iii.above 25000
Market the pig when they are
i. 1 year or below/ 80 kg or below
ii.above1 year /85kg or above 85 kg body weight

2.
3.
B)
1.
2.
3.
4.

C)
1.

2.
3.

D)
1.
2.
3.
4.
E)
1.

2.
3.
4.
5.
F)
1.

2.

Percentage (N=100)

95
5
95
5
90
10

60
40
100
0
20
80
10
60
30

95
0
5
70
30
2
5
93

25
75
2
98
30
70
35
65

50
40
10
68
32
70
30
0
100
15
85

20
70
10
40
60
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Table 2 - Common constraints in pig production and their rank in Dzongu area
Sl. No
1
2
3
4
5
6
7
8
9
10
11

Constraints / Problems
Lack of credit facility
Non availability of breeding stock
High cost of balance feed ration
Lack of breeding program (Artificial insemination)
Lack of veterinary facility
Improper knowledge of pig production and management
High medicine/vaccine cost
High disease susceptibility
Lack of market facility
High transportation cost for marketing
Poor Government support

N
90
77
81
65
83
87
64
63
69
59
70

Percentage
(%)
90
77
81
65
83
87
64
63
69
59
70

Rank
I
V
IV
VIII
III
II
IX
X
VII
XI
VI

CONCLUSIONS
It was concluded from the study that majority of the farmers had medium socio-economic status as well as
medium knowledge about the production and management of pig concerned. Most of the farmers faced inputs and
technical as a problem during pig production. It is necessary to identify the constraints, evaluating options to
resolve the constraints and assessing the benefits increases the capacity of the pig farmers to improve their
production. The development of pig production is necessary in this area as it will not only fulfill the demand but also
help to uplift the economic status of farmers. The study reveals that there is good scope for improving pig
production since farmers are eager to learn and aware of the benefits from pig production and management.
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ABSTRACT: An experiment was conducted on eight fibrous feeds to compare the Cornell rumen
degradable protein values with those of the in situ method that have been corrected for microbial
contamination. Samples of hay, sugarbeet pulp, dried lucerne, maize silage, peahaulm silage,
fermented whole crop wheat and two different grass silages were used for the Cornell method. A
corresponding in situ experiment was carried out on the same samples to estimate their rumen
degradable protein values. Regression was used to relate the Cornell rumen degradable protein to
that of the in situ technique. Rumen degradable protein estimates observed using the Cornell
method were, on average, 0.06 and 0.16 lower than their corresponding in situ uncorrected and
corrected values, respectively, with the latter being statistically significant (P<0.01). However,
regression analysis between the Cornell and the in situ uncorrected rumen degradable protein, using
all eight feeds, was statistically significant (r 2 0.59; P<0.05). The relationship did not improve when
the Cornell values were compared with the in situ corrected values for the eight feeds (r 2 0.55;
P<0.05). On the basis of inadequate preparation of the peahaulm silage sample for the in situ
experiment, it was removed from the data set and the ensuing equation accounted for 0.89 of the
variability in the in situ uncorrected rumen degradable protein (P<0.01). A better agreement was
observed between the Cornell and the in situ corrected rumen degradable protein (r 2 0.95; P<0.001).
The Cornell method therefore significantly correlated with the in situ technique for fibrous feeds.
Correlation between the methods could improve if microbial contamination was removed from the
analysis. The in situ rumen degradable protein values appeared to be bigger than the associated
Cornell values. The Cornell adopted rates of degradation therefore need to be evaluated.
Key words: Cornell, In situ, Protein, Forages, Degradability, Feeds
INTRODUCTION
Experiments and data have been analyzed to evaluate the Cornell model against the in situ system for
degradability (Shannak et al., 2000; Gosselink et al., 2004). For concentrates and by-products, estimates of protein
degradability obtained using the Cornell model correlated well with the corresponding in situ estimates (Shannak et
al., 2000). A lack of agreement between forages was observed and might be due to the narrow range of their
degradability values and to the fact that nominally similar, rather than the same forages, were compared (Avornyo,
1999). In addition, the in situ values for forages may be affected by microbial contamination of bag residues
(Shannak et al., 2000), which significantly reduces the apparent degradability (Alexandrov, 1997; Rodriguez and
Gonzalez, 2006; Milis et al., 2007). Further studies may be needed to ascertain if the Cornell and the in situ
methods disagree on their forage protein degradability estimates.
Experiments were conducted on eight fibrous feeds to compare the Cornell rumen degradable protein (RDP)
values with the analogous in situ estimates that have been corrected for microbial contamination.
MATERIALS AND METHODS
The Cornell method
Samples of hay, sugarbeet pulp (SBP), dried lucerne (DL), maize silage (MS), peahaulm silage (PHS),
fermented whole crop wheat (FWCW) and two samples of grass silage (Cambridge University Dairy Unit (DUGS), and
a private farm (PFGS)) were weighed on dry matter basis. Wet samples were therefore oven-dried at 550C to steady
state, and all samples milled through 1 mm dry sieve were used for the Cornell in vitro technique (Licitra et al.,
1996).
The degradation rates applied to the fibrous feeds were those of the Cornell databank. A common rate of
passage of feed of 0.05%/h was adopted for the study.
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The in situ method
A corresponding in situ experiment was carried out on hay, SBP, DL, MS, FWCW, PHS, DUGS and PFGS to
estimate their protein degradability values.
The method provided by the AFRC Technical Committee (1992) for estimating protein loss from in situ bags
was followed. It involved the use of a monofilamentous polyester cloth of 40-50  pore size. Dried lucerne pellets
were crushed to achieve 4 mm size and sieved across 45 m sieve. The rest of the samples were chopped to about
1 cm length. The few peas in PHS were therefore not crushed. Each bag contained approximately 5 g dry matter of
sample.
Ruminal infusion of 35S
A stock solution of 20 Ci/ml (35S) containing 100 g/ml anhydrous Na2SO4 was made. Some of the stock
solution was further diluted with water in a large bottle to supply 190 Ci/sheep/day. Dosing of sheep with 35S was
enabled at 480 ml per sheep per day through tubes with the help of a peristaltic pump. Microbial protein formed in
the rumen of sheep was marked with 35S by continuous intra-ruminal infusion of Na235SO4 for a total of 28 days.
Preparation of solid associated microbes
The method of Whitehouse et al. (1994) was used to isolate solid associated microbes (SAM) for subsequent
computation of the proportion of microbial non-ammonia nitrogen (NAN) in bag residual NAN.
Calculations and statistical analyses of data
The estimated in situ RDP, uncorrected and corrected using 35S, were obtained for each feed. Regression was
used to relate the Cornell RDP values of the eight feeds to the in situ RDP of the same feeds.
RESULTS
Chemical composition of experimental feeds
Table 1 shows the chemical composition of the experimental feeds.
Table 1 - Chemical compositiona of the fibrous feedsb
Feed
Hay
SBP
DL
MS
DUGS
PFGS
PHS
FWCW

DM, fr. of AR
0.88
0.85
0.90
0.40
0.41
0.30
0.56
0.53

OM, fr. of DM
0.91
0.90
0.90
0.95
0.91
0.90
0.93
0.95

CP, fr. of DM
0.21
0.12
0.19
0.09
0.20
0.18
0.17
0.12

NDF, fr. of DM
0.62
0.40
0.49
0.35
0.54
0.54
0.51
0.33

ADF, fr. of DM
0.24
0.12
0.37
0.18
0.32
0.33
0.38
0.20

ADIL, fr. of DM
0.09
0.02
0.02
0.03
0.07
0.03

aDM,

dry matter; fr., fraction; AR, as received; OM, organic matter; CP, crude protein; NDF, neutral detergent fibre; ADF, acid detergent fibre;
ADIL, acid detergent insoluble lignin; -, not determined. bSBP, sugarbeet pulp; DL, dried lucerne; MS, maize silage; DUGS, dairy unit grass
silage; PFGS, private farm grass silage; PHS, peahaulm silage; FWCW, fermented whole crop wheat.

Cornell protein fractions and degradability
The fractions shown in Table 2 were determined from the Cornell method of protein partitioning. Fraction A
was higher in the fermented feeds. Conversely, the dry feeds contained greater amounts of fractions B2 and B3. All
feeds had lower than 0.1 of CP in the form of fraction C.
Table 2 - Cornell chemical protein fractionsa
Feedb
Hay
Sugarbeet pulp
Dried Lucerne
Maize silage
DUGS
PFGS
Peahaulm silage
FWCW

A
0.25
0.44
0.32
0.52
0.59
0.67
0.33
0.68

B1
0.03
0.03
0.04
0.05
0.02
0.03
0.08
0.06

B2
0.27
0.12
0.42
0.33
0.16
0.19
0.37
0.16

B3
0.43
0.36
0.16
0.05
0.18
0.07
0.16
0.04

C
0.03
0.06
0.07
0.05
0.05
0.04
0.06
0.06

aA,

soluble non-protein nitrogen; B1, quickly degradable true protein; B2, true protein of intermediate rate of degradability; B3, slowly
degradable true protein; C, Undegradable protein. bSBP, sugarbeet pulp; DL, dried lucerne; MS, maize silage; DUGS, dairy unit grass silage;
PFGS, private farm grass silage; PHS, peahaulm silage; FWCW, fermented whole crop wheat.

Cornell versus in situ method of protein degradability
The Cornell RDP ranged from 0.47 in hay to 0.86 of total crude protein in PFGS. Figures for the fermented
feeds were high; 0.73, 0.76, 0.80, 0.85 and 0.86 for PHS, DUGS, MS, FWCW and PFGS, respectively. Sugarbeet
pulp and DL degraded by 0.57 and 0.65, respectively. In situ RDP also varied, ranging from 0.62 in hay to 0.85 in
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PFGS for the uncorrected values. The fermented feeds, excluding PHS, recorded bigger RDP compared to the dry
feeds (Table 3). Regarding RDP corrected for microbial contamination, the values varied from 0.72 in PHS to 0.94
of total protein in PFGS.
Table 3: Estimations of Cornell, in situ uncorrected and 35S corrected protein effective degradabilities a
Feedb
Hay
Sugarbeet pulp
Dried Lucerne
Maize silage
DUGS
PFGS
Peahaulm silage
FWCW

Cornell RDP
0.47
0.57
0.65
0.80
0.76
0.86
0.73
0.85

Uncorrected in situ RDP
0.62
0.73
0.74
0.77
0.81
0.85
0.63
0.84

35S

corrected in situ RDP
0.75
0.81
0.81
0.93
0.90
0.93
0.72
0.93

aRDP,

rumen degradable protein. bSBP, sugarbeet pulp; DL, dried lucerne; MS, maize silage; DUGS, dairy unit grass silage; PFGS, private farm
grass silage; PHS, peahaulm silage; FWCW, fermented whole crop wheat.

Estimates observed using the Cornell method were, on average, 0.06 and 0.16 lower than their corresponding in
situ uncorrected and corrected values, respectively, with the latter being statistically significant (P<0.01). However,
regression analysis between the Cornell and the in situ uncorrected RDP, using all eight feeds, indicated statistical
significance (Figure 1). The relationship did not improve when the Cornell was compared with the in situ corrected
RDP for the eight feeds (Figure 2). There were a few whole peas in the peahaulm silage sample (chopped to
approximately 1 cm length) for the in situ incubations, and none of them was degraded even after 72 hours of
incubation. In contrast, the peahaulm silage samples and the peas in them were all ground through 1 mm sieve for
the Cornell tests. Vanzant et al. (1998) have reiterated the importance of the influence of sample preparation on
the in situ method. Mehrez and Orskov (1977) noted during their in situ incubations of barley that the barley
samples, contained in in situ bags, which had more whole grains gave a lower DM degradability compared to those
samples that contained fewer grains. On the basis of a few but variable amounts of intact peas in the in situ
residues, the peahaulm silage was removed from the data set and the ensuing equation accounted for 0.89 of the
variability in the in situ uncorrected RDP (Figure 3). In Figure 4, a better agreement is observed between the Cornell
and the in situ corrected RDP for the feeds excluding PHS.

Figure 1 - The relationship between the
in situ apparent and the Cornell
protein degradabilities of eight fibrous
feeds.
[in situ = 0.49 (s.e.=0.17)* × Cornell + 0.40
(s.e.=0.12)*; P<0.05; r2 = 0.59; MSE = 0.06; n =
8; s.e., standard error of estimate; *, significant
at P<0.05; MSE, mean square error.]

In situ apparent protein effective degradability
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0.6
0.55
0.4

0.5

0.6

0.7
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Figure 2 - Prediction of the in situ
corrected
protein
effective
degradability, with 35S, by the Cornell
protein effective degradability using
eight fibrous feeds.
[in situ = 0.47(s.e.=0.17)* × Cornell +
0.51(s.e.=0.12)**; P<0.05; r2 = 0.55; MSE =
0.06; n = 8; s.e., standard error of estimate; *,
significant at P<0.05; **, significant at P<0.01;
MSE, mean square error]

In situ corrected protein effective degradability

Cornell protein effective degradability
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Figure 3 - The relationship
between the in situ apparent
and
the
Cornell
protein
degradabilities of the fibrous
feeds excluding peahaulm
silage.
[in situ = 0.51(s.e.=0.08)** × Cornell +
0.41(s.e.=0.06)***; P<0.01; r2 = 0.89;
MSE = 0.03; n = 7; s.e., standard error
of estimate; **, significant at P<0.01;
***, significant at P<0.001; MSE,
mean square error]

In situ apparent protein effective degradability
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0.7
0.65
0.6
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0.4
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0.7
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0.8

0.9

Cornell protein effective degradability

Figure 4 - Prediction of the in
situ corrected, with 35S, by the
Cornell
protein
effective
degradability of seven fibrous
feeds, excluding peahaulm
silage.
[in situ = 0.49(s.e.=0.05)*** × Cornell
+ 0.52(s.e.=0.03)**; P<0.001; r2 =
0.95; MSE = 0.02; n = 7; s.e., standard
error of estimate; **, significant at
P<0.01; ***, significant at P<0.001;
MSE, mean square error]

In situ corrected protein effective degradability
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DISCUSSION
Cornell protein fractions and degradability
Ensiling of forage allows fermentation bacteria to degrade insoluble protein to non-protein nitrogen (NPN). In
the experiment, the fermented forages contained a high amount of soluble protein (SP), much of which was NPN.
Pichard and Van Soest (1977) also found that SP in silages and cut forages existed essentially as NPN.
Fermentation of protein pools during ensiling would elevate A and C fractions while reducing true protein B.
Therefore in damaged silage, nitrogen (N) would be present mainly as NPN and unavailable N. Since lowering of B
fraction would be associated with damaged silages, DUGS appeared to be of good quality because of its higher true
protein content, compared to the PFGS.
The observation that MS, PFGS and FWCW (Table 2) had a low amount of fraction B3 contrasts with the claim
that forages contain significant amounts of pool B3 (Krishnamoorthy et al., 1982). Three reasons may account for
this observation:
 variations in neutral detergent insoluble protein (NDIP) occur depending on the method of neutral
detergent fibre (NDF) followed. There are about 14 published variations of NDF procedures (Mascarenhas-Ferreira
et al., 1983; Van Soest et al., 1991),
 sometimes, neutral detergent solution degrades components that are precipitable in acid detergent
solution and vice versa (Krishnamoorthy et al., 1982),
 the feeds mentioned have suffered substantial heat damage or are of poorer quality. However, the NDIP
assay revealed very little indigestible N in the feeds analyzed.
Cornell versus in situ estimates
Soluble N estimated by the in situ method tended to be higher than the corresponding Cornell SP value
(P<0.01). Lindberg and Varvikko (1982) observed that regardless of bag pore size, the quantity of feed residue left
in the bag was about equal if incubation was long. It implied that undegraded feed particles flowing through the
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pores were potentially degradable. In addition to escape of fine particles, instantaneous solubility of some fraction
B2 protein in in situ bags could be responsible for the higher in situ values. Pichard and Van Soest (1977) reported
a rapidly degraded true protein with a half-life of 10 min, but which was not pool B1.
Peahaulm silage in situ RDP was comparatively low. Preparation of PHS sample for in situ incubation
involved chopping only the peahaulm to 1 cm length and leaving the peas whole. Hydrolysable nutrients were
confined as rumen actions failed to render the peas degradable. From the figures, it can be deduced that disparity
between Cornell and in situ results could be due to major differences in the preparation of sample material (Trujillo
et al., 2010). In their paper, Mehrez and Orskov (1977) reported that bags which contained more whole grains of
barley yielded a lower DM loss, and vice versa.
Protein degradability in situ tended to be higher than the analogous Cornell value for the same feed.
Undegraded fine particle loss from in situ bags has been associated with observed higher in situ values (Ghoorchi
and Arbabi, 2010). Alternatively, lower degradation rates applied to Cornell pools would exaggerate the difference
(Lanzas et al., 2008).
An agreement was affirmed between the Cornell and the in situ for forage protein degradability (Shannak et
al., 2000). It was however noticed that if an abnormal value was included in the regression data (Shannak et al.,
2000; Trujillo et al., 2010), in this case in situ PHS effective degradability value, correlation coefficient appreciably
decreased. Correction for microbial contamination by the 35S method would further improve the relationship
between the Cornell and the in situ estimations.
CONCLUSION
The Cornell method significantly correlated with the in situ technique for fibrous feeds. Correlation between
the methods could improve if microbial contamination was removed from the analysis. Method of preparation of
feed for incubation would affect the correlation coefficient. The in situ protein effective degradability appeared to
be bigger than the associated Cornell values. The Cornell adopted rates of degradation therefore need to be
evaluated.
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ABSTRACT: Three diets (F1, F2 and F3) containing protein levels of 38.60 to 38.98 % crude protein
were used to assess the growth performances of Channa striatus fry (weight 0.52±0.0 to 0.53±0.02
g) in a completely randomized experiment design in five replicate set for 12 weeks. The fry were
reared in 15 FRP tanks at a stocking density of 100 fry m 3 and fed ad libitum. The diets F1 and F3
showed significantly (P<0.05) low survival levels of 74±1.2% and 76±4.4% in comparison to diets F2
(82±3.1%) 84th day of rearing. The net biomass gain %, length gain %, SGR, PER and per day weight
gain were found significantly (P<0.05) higher and FCR low with diet F2 in comparison to diets F1 and
F3. The proximate analysis of carcass showed that the fishes fed diets F2 had significantly (P<0.5)
higher deposition of crude protein and lipids in the tissue. The study revealed that the growth
performance of C. striatus fry is better in feed F2 and the fry could be reared to fingerling size on
formulated diets.
Key words: Channa striatus, Survival, Growth
INTRODUCTION
Snakehead, Channa striatus (Bloch.), a carnivorous air - breather, is a valuable food fish in Asia (Wee, 1982).
Snakehead can survive in harsh environments with low dissolved oxygen and high ammonia (Ng and Lim, 1990;
Qin et al., 1997a) and therefore, are often cultured in fingerling ponds at densities of 40 – 80 fish. m-2, with annual
yields ranging from 7 to 156 tonne.ha-1 (Wee, 1982).
The snakehead Channa striatus has for long been commercially cultured in many countries for its good taste,
market value, and medicinal qualities (Marimuthu and Haniffa, 2004). Snakehead Channa striatus is an airbreathing fish highly regarded as a food in Asia because its flesh is claimed to be rejuvenating, particularly for those
recuperating from a serious illness. The early post -larvae, late post - larvae, fry and fingerlings of the different size
groups of Channa striatus were reared from hatchling stage (Haniffa et al., 1999). A protocol was developed for
weaning larval snakehead from live Artemia to formulated feed, but fingerling performance with formulated feed
was not evaluated for this variety of murrel (Qin et al., 1997b). Haniffa et al. (2002a) reported the digestibility of
lipid by the stripped murrel Channa striatus (0.6±0.12 g) was assessed by feeding six formulated feeds containing
7.54-22.3% lipid and energy varying between 3.54-4.38 kcal/g were prepared. The feeding experiments revealed
that apparent protein digestibility (APD) was relatively higher in the diet 3 and 4 (90.24% and 90.60%) whereas; the
apparent fat digestibility (AFD) was more in diet 5 and 6 (99.30% and 99.38%) respectively. Effects of feed
application rates on growth, survival, and feed conversion of juvenile snakehead murrel, Channa striatus have been
reported and it was recorded that growth, survival and feed conversion ratio of juvenile snakehead murrel (Channa
striatus) were evaluated when fed a dry formulated feed with 50% crude protein (Qin et al., 1996b). In Channa
striatus size and feed dependent cannibalism with juveniles were reported by Qin et al. (1996a).
Mass breeding of Channa striatus in an earthen pond have been reported with synthetic hormone 'ovaprim'
injection was resorted to (Francis et al., 2000). The mass induced breeding technique is simple and advantageous,
as it does not require expensive components like plastic pools, aquaria and hapa (Haniffa et al., 2002b). Marimuthu
et al. (2001) reported a simple and low-cost breeding technology for breeding the striped murrel, Channa striatus in
hapas in ponds was developed in India however, and the impact of dietary nutrients on breeding performance is not
demonstrated and/or evaluated. The growth of intensive aquaculture production has led to a growing interest in
providing fishes with dietary lipid contents to give higher energy through diet and simultaneously reduce the
nitrogen load in the pond system by reducing the protein contents by supplementing the lipid contents. Because the
carnivore fishes requires relatively higher levels of dietary animal protein and/or higher dietary energy for rapid
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growth and better survival (Mishra and Mukhopadhyay, 1996) the dietary protein/energy level has to be more.
Suitable alternative energy nutrients such as oilseed by-products are the most promising sources of lipid and energy
for aqua-feed in the future (Hardy, 2000). There was a significant increase in carcass protein and a significant
decrease in ash content with progressive dietary protein substitution. Fry fed with high protein diets tended to have
lower carcass lipid contents and higher moisture contents (Mohanty and Samantaray, 1996).
The present study was conducted to assess the feasibility of the development of feed for this premium
commodity for the aquaculture.
MATERIALS AND METHODS
Physico – chemical parameters of water
The physico-chemical parameters of water of the NBFGR farm site recorded as (Temp., 26±1C; pH, 7.4 -7.5;
DO, 6.5-8.0 ppm) following the protocols from APHA (1998). Hatchery water temperature, pH, total alkalinity and
dissolved oxygen ranged from 26±2C, 6.9–7.3, 127–132 ppm and 6.4–7.6 ppm, respectively during the entire
rearing period.
The hatchery bred spawn were acclimatized and after resorption of yolk sac fry were fed with, Artemia
nauplii, followed by laboratory made egg custard feed (Table 1). The ingredients were mixed to prepare semi-moist
dough (37.5% moisture). The feed was further grated and sieved to get desired size (150-200 μ) before feeding to
fish. The healthy fish were separated to conduct feeding experiment.
Table 1 - Feed compositions used during rearing of fry of Channa striatus
Ingredients
Hen egg with yolk
Lactogen powder
Fishmeal powder
Vitamin & Mineral Mix*
Vitamin and Mineral composition (Per 100 g) 1
Vitamin A (IU)
Vitamin D3 (IU)
Vitamin E (mg)
Nicotinamide (mg)
Cobalt (mg)
Copper (mg)
Iodine (mg)
Iron (mg)
Magnesium (mg)
Manganese (mg)
Potassium (mg)
Selenium (mg)
Sodium (mg)
Sulphur (%)
Zinc (mg)
Calcium (%)
Phosphorus (%)
1 From

Percentage
17.3
30.7
50.0
2.0
70000
7000
25
100
15
120
32.5
150
600
150
10
1
0.59
0.72
960
25.50
12.75

Agrivet Farm Care Division, GlaxoSmithKline Pharmaceuticals Limited (Mfg. by Sunder chemicals Pvt. Ltd., Chennai).

Feed preparation and feeding
During the acclimation the fishes were fed ad libitum with the moist feed containing Goat intestine, Wheat
flour, Soybean meal and vitamin and mineral mix mixed in a ratio of 45 : 15 : 5 : 1 w/w (Table 2) for further
weaning and rearing on artificial feed. After seven days various economical feeds with gross protein as 38.60 –
38.98% (Table 3) were formulated and growth study was carried out for 12 week rearing period for the fingerlings
of Channa striatus with different feeds and the growth performances was recorded (Table 4).
Protein contents in ingredients and feed:
Protein** contents in feed and ingredients are given below Protein in mustard cake(MOC) was = 32.0 %
Potato Starch = 2.0 %
Protein in fish meal (FM) = 60.0 %
Protein in Prawn head meal = 50.0 %
Average protein contents in prepared feed ranged between 38.60 – 38.98% from F-1 to F-3 (F-1 Crude
Protein, 38.60%; F-2 Crude Protein, 38.64%; F-3 Crude Protein, 38.98%. ** Protein estimated using N x 6.25.
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Analytical methods and analysis of data
For the experimentation of Channa striatus fingerlings were kept in separate tanks/pools with five replicates
per feed totalling fifteen pools and were fed ad libitum with different feeds in these fifteen pools (300 l capacity)
arranged in Random Block Designing. The performance of the feeds, in terms of the weight gain (%), Specific
growth rate (SGR), feed conversion ratio (FCR), Protein efficiency ratio (PER). The growth in length and weight and
the survival data were analysed using One-way ANOVA. Duncan’s multiple Range test was used to determine which
treatment means differed significantly (P<0.05) using SPSS version 16.0.
Weight Gain (%) = {(Final body weight) – (Initial body weight)/ (Initial body weight)} x 100
Specific Growth Rate (SGR; % day -1) = {(Final body weight) - (Initial body weight) / (experimental days)} x 100
Survival (%) = 100 x (No. of total fish - No. of dead fish)/Number of total fish
Biomass = Final average weight x Total no. of fish
The results were recorded in terms of specific growth (SGR), protein efficiency ratio (PER), per day increment
(PI) and feed conversion ratio/efficiency (FCR) (Tables 4, 5). The survival was recorded at the end of the 4 th, 8th and
12th week (Tables 6, 7).
Biochemical Analysis
Proximate compositions of feeds and fish carcass were analyzed following methods. All samples were
analysed in triplicate. Dry matter was estimated after drying in oven at 105°C for 24 hours; crude protein (N x 6.25)
by the Kjeldahl method after acid digestion; Crude lipid by di-ethyl ether extraction method using Soxhlet apparatus.
Proximate analysis study was carried out for the reared Fingerlings of Channa striatus, fed with different feeds was
analysed for body composition (Table 6). The body tissue, feed of the experiments were analysed for dry matter
(DM), crude protein (CP), lipid and total ash according to AOAC (1990). The organic matter (OM) was calculated by
subtracting the total ash from dry matter (DM).
Table 2 - Feed composition used during acclimatization of grow-out of Channa striatus
Ingredients
Goat intestine
Wheat Flour
Soybean meal
Vitamin & Mineral Mix1
Composition:
Protein
Carbohydrate
Fat
Ash
Fiber
Gross Energy (k Cal/ 100g)
Vitamin and Mineral composition (Per 100 g) 1
Vitamin A (IU)
Vitamin D3 (IU)
Vitamin E (mg)
Nicotinamide (mg)
Cobalt (mg)
Copper (mg)
Iodine (mg)
Iron (mg)
Magnesium (mg)
Manganese (mg)
Potassium (mg)
Selenium (mg)
Sodium (mg)
Sulphur (%)
Zinc (mg)
Calcium (%)
Phosphorus (%)
1 From

Percentage
45.0
15.0
5.0
1.0
47.04
16.54
14.18
10.34
3.55
434.10
70000
7000
25
100
15
120
32.5
150
600
150
10
1
0.59
0.72
960
25.50
12.75

Agrivet Farm Care Division, GlaxoSmithKline Pharmaceuticals Limited (Mfg. by Sunder chemicals Pvt. Ltd., Chennai).
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Table 3 - Feeds compositions used during rearing of grow-out of Channa striatus
Mustard Oil
Cake (%)
F-1
56
F-2
32
F-3
9
Vitamin and Mineral composition (Per 100 g) 1
Vitamin A (IU)
Vitamin D3 (IU)
Vitamin E (mg)
Nicotinamide (mg)
Cobalt (mg)
Copper (mg)
Iodine (mg)
Iron (mg)
Magnesium (mg)
Manganese (mg)
Potassium (mg)
Selenium (mg)
Sodium (mg)
Sulphur (%)
Zinc (mg)
Calcium (%)
Phosphorus (%)
Feed

1 From

Potato
Starch (%)
6
17
27

Fish Meal (%)
30
40
50

Prawn Head
meal (%)
5
8
11

Vitamin
Mineral* (%)
3
3
3

Gross protein
(%)
38.60
38.64
38.98
70000
7000
25
100
15
120
32.5
150
600
150
10
1
0.59
0.72
960
25.50
12.75

Agrivet Farm Care Division, GlaxoSmithKline Pharmaceuticals Limited (Mfg. by Sunder chemicals Pvt. Ltd., Chennai).

RESULTS AND DISCUSSION
The growth performances, survival and proximate composition of Channa striatus are depicted in Tables 4, 5,
6, 7 and 8. The survival ranged between 74±1.2 to 82±3.1% and F1 and F3 diets were significantly different from
F2 diet (P<0.05).
Table 4 - The growth performance of the fingerlings of Channa striatus
Feed

Initial weight
(g)

Final weight
(g) 4th week

F-1
F-2
F-3

0.52±0.0a
0.53±0.01a
0.53±0.02a

2.6±0.2a
3.8±0.3*,c
3.4±0.1b

Final weight
(g)
8th week
4.2a±0.1a
6.4a±0.2c
5.5b±0.2b

Final weight
(g)
12th week
6.22±0.02a
8.35±0.12c
7.18±0.10b

Specific growth
rate (SGR) after
12 weeks
6.79a
9.31c,**
7.92b

Survival
(%)

FCR

74±1.2a
82±3.1b
76±4.4a

3.45±0.12b
2.55±0.19a
2.87±0.15a,**

Same alphabet in superscript in a column represents no significant difference in weight gain. * = P<0.01; **= p< 0.05. The results are of
five replicates of feeding trial.

Table 5 - Initial and final weights and lengths, weight gain and percent weight gain of the C. striatus fingerling of
different treatments during 12 week experimental period
Feed
F1
F2
F3

In length
(cm)
4.2±0.1a
4.4±0.4a
4.1±0.3a

Fn length
(cm)
11.20±0.20b
13.38±0.03a
11.88±0.28b

In weight
(g)
0.52±0.01a
0.53±0.01a
0.53±0.02a

Fn weight
(g)
6.22±0.02a
8.35±0.12c
7.18±0.10b

Length
gain (cm)
7.0a
9.0c
7.8b

% Length
gain
166.7a
204.1c
189.8b

Weight
gain (g)
5.7a
7.82c
6.65b

% Weight
gain
1096.2a
1475.5c
1254.7b

Means in a given column having the same letter superscript are not significantly different at (P<0.05) by ANOVA and Duncan multiple range
test.

Table 6 - Average initial and final weight, specific growth rate (SGR), food conversion ratio (FCR), protein
efficiency ratio (PER), per day increment (PI) and survival rate (%) of C. striatus fingerlings
fed various
experimental diets for 12 weeks.
Feed
F1
F2
F3

In weight
(g)
0.52±0.01a
0.53±0.01a
0.53±0.02a

Fn weight
(g)
6.22±0.02a
8.35±0.12c
7.18±0.10b

SGR %/day

FCR

PER

PI (mg)

6.79a
9.31c,**
7.92b

3.45±0.12b
2.55±0.19a
2.87±0.15a,**

1.37±0.02a
1.52±0.03b
1.45±0.05b

74.0a
99.4c
85.5b

Survival
(%)
74±1.2a
82±3.1b
76±4.4a

Means in a given column having the same letter superscript are not significantly different at (P<0.05) by ANOVA and Duncan multiple range
test
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Table 7. Survival percentage of Channa striatus on every 4th week
Feed
F-1
F-2
F-3

Stocking Nos.
(N=100 X 5 replicates)
500
500
500

4th Week (%)

8th Week (%)

12th Week (%)

90±2.1 a
92±3.5 a
88±2.8 a

81±2.9a
77±4.3b,*
80±5.2a,*

74±1.2a
82±3.1b.**
76 ±4.4a

Same alphabet in superscript in a column represents no significant difference in survival. * = P<0.01; **= P<0.05. The results are of five
replicates of feeding trial.

Table 8 - Whole body composition of Channa striatus
Feed
F-1
F-2
F-3

Dry Matter
(%)
24.2±0.88b
25.6±0.56b
22.1±0.45a

Crude Protein (%)1

Lipid (%)1

Ash (%)1

63.1±3.4b
65.2±1.9b
60.4±1.6a

7.5±0.4a
8.8±0.7b
7.7±0.1a

15.3±0.2a
14.7±0.6a
14.5±0.3a

Organic Matter1
(%)
84.1±2.0a
84.2±1.9a
84.7±1.6a

Different alphabet in superscript in a column differ significantly (p< 0.05). The results are of five replicates of feeding trial. 1 Dry matter basis

It is well known that Snakeheads observed great amount of cannibalism at all stages of life and it is one of
the major reasons of low survival during their culture (Ng and Lim 1990). In the process of cannibalism although
shooters are able to prey on fish measuring 2/3 in length (Diana et al., 1985) or 63-80% (Qin and Fast 1996a) to
predator size in case of C. striatus, no information as to predator-prey ratio is available for C. marulius though the
species is known to be more predatory and cannibalistic in nature in comparison to C. striatus. C. striatus in the
process of cannibalism ingested comparatively smaller numbers (more than 10%) of prey and large numbers of
them die due to injury, shock and spread of diseases (Qin and Fast, 1996b). Qin and Fast (1998) have also revealed
that when snakehead begin feeding on formulated feed, the progressive size variation as fish grow does not
necessarily provoke cannibalism when an adequate amount of suitable food is available.
The growth performance was higher in F2 than F1 and F3. This was well corroborated with the work of
Mohanty and Samantaray (1996) who obtained highest growth performances in C. striata fry fed formulated diet
containing 550 g kg-1 protein (energy 4320 kcal kg-1) fed at the rate of 10% bw . day-1. Similar observations have
also been made in case of juvenile C. striata (Wee, 1986), C. micropeltes (Wee and Tacon 1982), Chanos chanos
(Lim et al., 1979), Epinephelus tauvina (Teng et al., 1978), Cyprinus carpio (Ogino & Saito 1970), Ictalurus
punctatus (Prather and Lovell, 1973) and Sarotherodon mossambicus (Jauncey 1982). The diet containing 49.72%
protein and 13.54% fat in the feed were well suited for better growth of C. striatus. Growth and survival of larval
snakehead (Channa striatus) fed different diets has been reported by Qin et al. (1997c). They reported the culture
performance of larval snakehead (Channa striatus) and they have also examined in a three-phase feeding
experiment. During Phase - I, diet treatments included: no food; formulated feed only; live Artemia nauplii and
decapsulated Artemia cysts; decapsulated Artemia cysts only; formulated feed plus live Artemia nauplii; and
formulated feed with Artemia cysts.
Protein efficiency studies on snakehead body tissue have been performed in good number of cases both
from capture and culture stocks (Aliyu-Paiko et al., 2010; Gam et al., 2006; Mohanty and Samantaray 1996; Yang,
1980; Zuraini et al., 2006). Barring the study of Zuraini et al. (2006), the level of protein in body tissues in case of C.
striatus has been reported to be 230 g kg-1 (Zuraini et al., 2006) to 449.0 g kg-1 (Gam et al., 2006) in natural stocks
whereas in experimental culture, protein level as high up to 713 g kg -1 has been reported when fish fed dietary
protein level 450 g kg-1 along with a lipid level of 65 g kg-1 (Aliyu-Paiko et al., 2010). The later, therefore support the
present findings in which protein levels in body carcass of C. striatus. The availability of protein in body carcass
greatly depends on species, size, age, season, protein quality, dietary level of energy, water quality and presence of
natural food and culture management (Gam et al., 2006; NRC, 1993).
Protein efficiency in C. striatus was found almost directly proportional to the dietary protein levels as all
treatments had significantly (P<0.05) different carcass protein with highest protein in diet F2 (Table 8). These
results were similar to the work of Aliyu-Paiko et al. (2010) and Mohanty and Samantray (1996). Therefore, on the
basis of survival, growth and protein efficiency indices recorded in the present study, the growth of C. striatus fry
was assessed best in F2 diet. However, this needs to be confirmed with other natural feed ingredients in future
studies to reduce the cost of formulated diets.
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ABSTRACT: Vitamin D3 (0.0 IU.100 g body weight (BW)-l.day-l, 100 IU.100 g BW-l.day-l, 500 IU.100 g
BW-l.day-l and 1000 IU.100 g BW-l.day-l) was administered intra-peritoneally (ip) to the freshwater
threatened Bronze Featherback, Notopterus notopterus kept in freshwater for 9 days. Analyses of
serum calcium levels were performed at 0, 6 hr. and 1, 2, 3, 5 and 9 days (four grow-out Notopterus
notopterus from each group of ip doses at each interval). Administration of vitamin D 3 elevated the
maximum serum calcium elevation occurred at day 2 freshwater in 500 IU.100 g BW-l.day-l
(11.2±0.92 mg.dL-l) and in 1000 IU.100 g BW-l.day-l (12.0±0.46 mg.dL-l) of the fish maintained in the
fresh water. There was gradual decrease in calcium levels from day 3 and became normocalcemia
on day 9. Out of the three concentrations of ip Vitamin D 3 (100 IU.100 g BW-l.day-l, 500 IU.100 g BWl.day-l and 1000 IU.100 g BW-l.day-l) the sharp elevation of serum calcium recorded in both 500
IU.100 g BW-l.day-l and 1000 IU.100 g BW-l.day-l. The control (0.0 IU.100 g BW-l.day-l) fish serum
calcium behaves like normocalcemia (8.25±0.21 mg.dL-l) in every sampling up to day 2. Results
demonstrated that ip Vitamin D3 exerted a dose-dependent and pronounced hypercalcemic effect in
freshwater threatened Bronze Featherback, Notopterus notopterus.
Key words: Notopterus notopterus, Threatened fish, Vitamin D3, Hypercalcemia
INTRODUCTION
The physiological and cellular impact of vitamin D3 and its metabolites have been recently under studies in
lower vertebrates including fish. Numerous studies were made to study the physiological role of vitamin D3 in
teleostean fishes (Avioli et al., 1981; Marcocci et al., 1982; Hayes et al., 1986; Takeuchi et al., 1986, 1987; Rao
and Raghuramulu, 1995) and changes in the blood calcium and phosphate contents of fish after administration of
vitamin D3 and/or its metabolites (Swarup and Srivastav, 1982; Srivastav, 1983; Swarup et al., 1984; Fenwick et
al., 1984; Srivastav and Srivastav, 1988; Srivastav and Singh, 1992; Sundell et al., 1993; Fenwick et al., 1994).
Teleost bone may or may not contain osteocytes and has been considered by some investigators to be
metabolically inert and unable to contribute to calcium homeostasis. On this basis, we designed the present
experiment to determine whether vitamin D3 affects the serum calcium concentration of the featherback,
Notopterus notopterus, when the external sources of calcium (environmental and dietary) are eliminated. For
comparison, the effect of vitamin D3 was also tested in this fish in control and experimental conditions.
MATERIALS AND METHODS
A total of 112 adult specimens of Notopterus notopterus of both sexes weighing 180-230 g were collected
locally during the resting phase and acclimated to the laboratory under conditions of natural photoperiod and
temperature (25± 2oC) for two weeks in plastic pools (300L). The fish were fed live feed during acclimatization. For
the experiments, the fishes were kept in identical plastic pool. After acclimatization, the fishes were divided into
four groups of 24 animals each and submitted to the following treatments:
Group 1: Injected ip with vehicle (0.1 ml Arachis oil 100 g BW-l day-l) and kept in freshwater;
Group 2: Injected ip with 100 IU of vitamin D3 100 g BW-l day-l and kept freshwater;
Group 3: Injected ip with 500 IU of vitamin D3 100 g BW-l day-l) and kept in freshwater;
Group 4: Injected ip with 1000 IU of vitamin D3 100 g BW-l day-l and kept in freshwater.
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Vitamin D3 (Arachitol, duphar - Interfran), administered to groups 2, 3 and 4 was dissolved in Arachis oil. The
fish were not fed 24 h before and during the experiment. Blood samples were taken by sectioning the caudal
peduncle 4 h after the injection on days 0, 6 hr, 1, 2, 3, 5 and 9 after treatment. The sera were separated and
analyzed for calcium level according to the method of Trinder (1960). Data are reported for four specimens and
the DMRT was used to determine statistical significance.
RESULTS
Group -1
The serum calcium levels exhibited almost no change throughout the experiment (Table 1, Figure 1). No
change was observed in serum calcium level on day 0.0, 6 hr, day 1 following vitamin D3 treatment. After 3rd day
the insignificant increase was recorded on day 5 and 9 (P>0.05).
Group -2
The serum calcium levels of vitamin D3 (100 IU of vitamin D3 100 g BW-l . day-l) decreased progressively from
day 1 to day 2 (Table 1, Figure 1), and decrease thereafter from day 2 to the end of the experiment. The serum
calcium level decrease progressively from day 2 until day 9 (P>0.05).
Group -3
The serum calcium level of vitamin D3 (500 IU of vitamin D3 100 g . BW-l day-l) was moderately increased on
day 1, and progressively increases till day 2 (Figure 1). The level decreased progressively from day 2 to day 9. The
levels exhibited a significant increase from the control and remain above than the control until day 9 (Table 1,
Figure 1).
Group -4
The serum calcium level of vitamin D3 (1000 IU of vitamin D3 100 g BW-l . day-l) was highly elevated on day 2
increased on day 1, and progressively increase till day 2 (Figure 1). The level decreased progressively from day 2 to
day 9. The levels exhibited a significant increase from the 100 IU and 500 IU treatment and remain above than
the control until day 9 (Table 1, Figure 1).
Table 1 - Serum calcium level in Notopterus notopterus
Concentrations
of calcium
Control
100 IU
500 IU
1000 IU

6hr
8.1±0.11
9.3±0.08
9.3±0.07
9.4±0.41

1 day
8.2±0.21
9.6±0.23
9.7±0.21
9.7±0.27

Time
2 day
8.2±0.21a
10±0.14b
11.2±0.92b
12±0.46b

3 day
8.4±0.18b
9.8±0.17b
10.1±0.56b
10.3±0.13a

5 day
8.4±0.43b
9.3±0.19b
9.8±0.72b
9.8±0.17a

9 day
8.6±0.22b
8.6±0.10a
9.1±0.09a
9.6±0.23a

Means in a row having the same letter superscript are not significantly different at (p <0.05) by ANOVA and Duncan multiple range test

Figure 1 - Vitamin D3 induced Hypercalcemic response in Notopterus notopterus
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DISCUSSION
In N. notopterus vitamin D3 acted as an inducer of hypercalcemia when the fish were kept in freshwater.
Earlier investigators working on sharks, rays and cyclostomes (Urist, 1962) and on lungfish (Urist et al., 1972) have
reported that administration of vitamin D3 fails to affect blood calcium contents. Lopez et al. (1977) injected 1,25
(OH)2D3 into Anguilla anguilla and found that the plasma calcium concentrations were not affected by the
administration of the metabolite. Mac Intyre et al. (1976) noticed among eels treated with 1,25 (OH)2D3 but no
change in calcium levels. The observed hypercalcemic effects of vitamin D 3 in N. notopterus are in good agreement
with earlier reports of similar responses after vitamin D and/or maintenance of the fish in a freshwater
environment (Swarup and Srivastav, 1982; Srivastav, 1983; Swarup et al., 1984; Fenwick et al., 1984; Srivastav
and Srivastav, 1988; Srivastav and Singh, 1992). The present study also agrees with the reports of other
investigators who have noticed hypercalcemia (Swarup et al., 1984; Fenwick et al., 1984; Srivastav and Srivastav,
1988) after administration of 1,25 (OH)2D3. A pronounced hypercalcemia has also been recorded after injecting the
American eel Anguilla rostrata with calcium chloride solution (Fenwick et al., 1991). These studies support the
hypercalcemia observed here in N. notopterus maintained in freshwater. In the present study vitamin D 3
treatment resulted in hypercalcemia a fact possibly explained by increased resorption of bone and/or mobilization
of calcium from soft tissues.
There was a decline in the serum calcium level of N. notopterus maintained in freshwater. Wendelaar Bonga
et al. (1984) also noticed significant hypocalcemia in tilapia after 5 days of transfer to a low-calcium environment,
which they attributed to the increased efflux of this ion through the gill. The hypocalcemia observed in N. notopterus
maintained in freshwater also confirms data reported by Wendelaar Bonga and van der Meij (1981) who noticed
increased permeability at low-ambient Ca2+. The low-ambient Ca2+ the increased water uptake may increase urine
production which leads to extra Ca2+ loss from the body (Fenwick, 1981).
In D3 injected N. notopterus kept freshwater, the serum calcium level was increased up to day 2 and was
slightly reducing up to last day. This restoration of plasma calcium is most probably mediated by an enhanced
production of prolactin, as previously suggested by Wendelaar Bonga et al. (1984). Flik et al. (1986) reported,
prolactin stimulates Ca2+ uptake from the water in tilapia. In the present study, there was calcium available to the
featherback from the surrounding medium; therefore, the restoration of calcium can be attributed to water source,
bone demineralization and increased mobilization from soft tissues.
ACKNOWLEDGEMENTS
Authors are grateful to the Director, NBFGR, Lucknow and Principal, Government Post-Graduate College
(Autonomous), Satna, Madhya Pradesh, India for providing working facilities.
REFERENCES
Avioli LV, Sonn Y, Jo D, Nahon TH,Haussler MR and Chandler JS (1981). 1,25-dihydroxyvitamin D3 in male,
non-spawning female and spawning female trout. Proceedings of the Society for Experimental Biology
and Medicine, 166: 291-293.
Fenwick JC and Gilles Brasseur J (1991). Effects of Stanniectomy and experimental hypercalcemia on plasma
calcium levels and calcium influx in American eels, Anguilla rostrata Le Sueur. General and
Comparative Endocrinology, 82: 459-465.
Fenwick JC (1981). The renal handling of calcium and renal Ca 2+(Mg2+)-activated adenosinetriphosphatase
activity in freshwater and seawater-acclimated North American eels (Anguilla rostrata Le Sueur).
Canadian Journal of Zoology, 59: 478-485.
Fenwick JC, Davidson W and Forster ME (1994). In vivo calcitropic effect of some vitamin D compounds in the
marine Antarctic teleost,Pagothenia bernacchii. Fish Physiology and Biochemistry, 12: 479-484.
Fenwick JC, Smith K, Smith J and Flik G (1984). Effect of various vitamin D analogs on plasma calcium and
phosphorus and intestinal calcium absorption in fed and unfed American eels, Anguilla rostrata.
General and Comparative Endocrinology, 55: 398-404.
Flik G, Fenwick JC, Kolar Z, Mayer-Gostan N and Wendelaar Bonga SE (1986). Effects of ovine prolactin on
calcium uptake and distribution in the freshwater chichlid teleost, Oreochromis mossambicus.
American Journal of Physiology, 250: 161-166.
Hayes ME, Guilland-Cumming DF, Russell, RGG and Henderson IW (1986). Metabolism of 25hydroxycholecalciferol in a teleost fish, the rainbow trout (Salmo gairdneri). General and Comparative
Endocrinology, 64: 143-150.
Lopez E, Peignoux-Deville J, Lallier F,Colston KW and MacIntyre I (1977). Response of bone metabolism in
the eel Anguilla anguilla to injections of 1,25-di-hydroxyvitamin D. Calcified Tissue Research, 22
(Suppl): 19-23.
Mac Intyre I, Colston KW, Evans IMA,Lopez E, Macauley SJ, Peignoux-Deville J, Spanos E and Szelke M (1976).
Regulation of vitamin D: an evolutionary view. Clinical Endocrinology, 5 (Suppl): 85-95.
Marcocci C, Freake HC, Iwaski J, Lopez E and MacIntyre I (1982). Demonstration and organ binding of the
1,25-dihydroxyvita-min D3-binding protein in fish (A. anguilla). Endocrinology, 110: 1347-1351.
164

To cite this paper Srivastava SM, Srivastava PP, Dayal R, Chowdhary S, Lakra WS, Singh SP, Pandey AK. 2012. Vitamin d3 induced hypercalcemic response
in threatened bronze feather back (Notopterus notopterus, Pallas). Online J. Anim. Feed Res., 2(2): 162-165.
Scienceline/Journal homepages: http://www.science-line.com/index/; http://www.ojafr.ir

Rao DS and Raghuramulu N (1995). Vitamin D and its related parameters in freshwater wild fishes.
Comparative Biochemistry and Physiology, 111A: 191-198.
Srivastav Ajai K and Singh S (1992). Effects of vitamin D3 administration on the serum calcium and inorganic
phosphate levels of the freshwater catfish, Heteropneustes fossilis maintained in artificial freshwater,
calcium-rich freshwater and calcium-deficient freshwater. General and Comparative Endocrinology, 87:
63-70.
Srivastav Ajai K and Srivastav SP (1988). Corpuscles of Stannius of
Clarias batrachus in response to 1,25dihydroxyvitamin D3 administration. Zoological Science, 5: 197-200.
Srivastav Ajai K (1983). Calcemic responses in the freshwater mud eel, Notopterus notopterus to vitamin D3
administration. Journal of Fish Biology, 23: 301-303.
Sundell K, Norman AW and Bjornsson BTH (1993). 1,25(OH) 2D3 increases ionized plasma calcium
concentrations in the immature Atlantic cod, Gadus morhua. General and Comparative Endocrinology,
91:344-351.
Swarup K and Srivastav SP (1982). Vitamin D3 induced hypercalcemia in male catfish, Clarias batrachus.
General and Comparative Endocrinology, 46: 271-274.
Swarup K, Norman AW, Srivastav Ajai K and Srivastav SP (1984). Dose-dependent vitamin D3 and 1,25dihydroxycholecalciferol induced hypercalcemia and hyperphosphatemia in male catfish Clarias
batrachus. Comparative Biochemistry and Physiology, 78: 553-555.
Takeuchi A, Okano T, Sayamoto M,Sawamura S, Kobayashi T, Motosugi M and Yamakawa T (1986). Tissue
distribution of 7-dehydrocholesterol, vitamin D3 and 25-hydroxyvitamin D3 in several species of fishes.
Journal of Nutritional Science and Vitaminology, 32: 13-22.
Takeuchi A, Okano T, Torii M, Hatanaka Y and Kobayashi T (1987). Comparative studies on the contents of
vitamin D3, 25-hydroxyvitamin D3 and 7-dehydrocholesterol in fish liver. Comparative Biochemistry and
Physiology, 88B: 569-573.
Trinder P (1960). Colorimetric microdetermination of calcium in serum.Analyst, 85: 889-894.
Urist MR (1962). The bone-body fluid continuum: calcium and phosphorus in the
skeleton and blood of
extinct and living vertebrates. Perspectives in Biology and Medicine, 6: 75-115.
Urist MR, Uyeno S, King E, Okada M and Applegate E (1972). Calcium and phosphorus in the skeleton and
blood of the lungfish, Lepidosiren paradoxa, with comment on humoral factors in calcium homeostasis
in the osteichthyes. Comparative Biochemistry and Physiology, 42A: 393-408.
Wendelaar Bonga SE and van der Meij JCA (1981). Effect of ambient osmolarity and calcium on prolactin
cell activity and osmotic water permeability of the gills in the teleost Sarotherodon mossambicus.
General and Comparative Endocrinology, 43: 432-442.
Wendelaar Bonga SE, Flik G and Fenwick JC (1984). Prolactin and calcium metabolism in fish: effects on
plasma calcium and high-affinity Ca2+-ATPase in gills. In: Cohn DV, Potts Jr JT & Fujita T (Editors),
Endocrine Control of Bone and Calcium Metabolism. Elsevier Science Publishers, Amsterdam, 188190.

165

To cite this paper Srivastava SM, Srivastava PP, Dayal R, Chowdhary S, Lakra WS, Singh SP, Pandey AK. 2012. Vitamin d3 induced hypercalcemic response
in threatened bronze feather back (Notopterus notopterus, Pallas). Online J. Anim. Feed Res., 2(2): 162-165.
Scienceline/Journal homepages: http://www.science-line.com/index/; http://www.ojafr.ir

© 2011, Scienceline Publication

Online Journal of Animal and Feed Research
Volume 2, Issue 2: 166-173 (2012)

ISSN 2228-7701

COMPARISON OF THREE APPROACHES OF ESTIMATING PROTEIN
B2 AND B3 DEGRADATION RATES IN THE RUMEN OF SHEEP
F.K. AVORNYO
Council for Scientific and Industrial Research, Animal Research Institute, P. O. Box 52, Tamale, N.R., Ghana
*Email: favornyo@yahoo.com

ABSTRACT: A method that involved the gravimetric measurement of the amounts of feed protein B2
(feed protein that is insoluble in borate phosphate buffer but soluble in neutral detergent solution)
and protein B3 (feed protein that is insoluble in neutral detergent solution but soluble in acid
detergent solution) that remain after each in situ incubation period, was used to obtain the
degradation rates of these protein pools in six different feeds. These degradation rates were then
compared with degradation rates provided by the Cornell Net Carbohydrate and Protein System for
nominally similar feeds in order to establish the extent of agreement between these sets of data.
Curve peeling technique was also used on the in situ results of this experiment to generate
degradation rates for comparison with the gravimetric and the Cornell values. The study showed that
the gravimetric, the curve peeling and the Cornell values were not statistically different for the
degradation rates of protein B2 even though the gravimetric estimates were the highest followed by
curve peeling and then the Cornell values. For protein B3, the degradation rate estimated with the
gravimetric method was highest followed by the curve peeling method and then the Cornell values
(P<0.01). The degradation rates assigned to protein B3 in the Cornell databank needs reexamination. There is a need for further application of the gravimetric technique to establish if it
gives higher estimates of the degradation rates of proteins B2 and B3 in a range of feedstuffs.
Keywords: Gravimetric method, Cornell, In situ, Degradation rate, Curve peeling
INTRODUCTION
Many systems, including the UK system of protein evaluation depend on the in situ method to estimate the
rumen degradable protein (RDP) (Van Duinkerken et al., 2010). An alternative method, the Cornell model, adopted
in the USA has a sub-model that proposes the subdivision of the soluble protein into A and B1 fractions, and the
insoluble protein into B2, B3 and C fractions (Lanzas et al., 2008).
For a variety of ruminant feedstuffs, statistically significant correlations between the Cornell and the in situ
techniques for estimating RDP have been observed (Avornyo, 1999; Shannak et al., 2000). However, RDP
estimated by the Cornell method tended to be lower than the analogous in situ value for ordinary feeds and vice
versa for protected feeds. The lack of consistency with Cornell and in situ RDPs for protected and unprotected feeds
may be partly due to the cumbrousness of the in situ procedure (Mathis et al., 2001) but may be also due to the
degradation rates adopted by the Cornell databank, which can be verified (Lanzas et al., 2008).
The Cornell group utilized in situ and enzymatic data followed by a curve-peeling technique to estimate the
degradation rates of protein pools (Sniffen et al., 1992). The use of curve peeling on in situ data introduces an
element of subjectivity in the measurement of the rates of degradation, and may affect the accuracy of the results.
A way to overcome these problems is to measure the amount of each protein fraction that remains in the in situ
residue at each incubation period. A plot of the fraction disappearance against time will generate a curve whose
rate will be that of the fraction. This method can however only be applied to protein fractions that are insoluble but
degradable over time. These are proteins B2 and B3 since proteins A and B1 are assumed to disappear almost
instantly. Protein C on the other hand cannot be degraded and hence has zero degradation rate (Gosselink et al.,
2004).
The study therefore aimed to estimate the in situ rates of degradation of protein B2 and B3 fractions
gravimetrically and by curve-peeling using six fibrous feeds whose degradability values had been corrected for
microbial contamination by the 35S technique.
MATERIALS AND METHODS
Samples
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The samples analyzed in this experiment were the original samples and the in situ residues of dried lucerne
(DL; code D 1576, commercial product), maize silage (MS; code D 1578, variety Hudson from a private farm, not
wilted, clamp; additive: Bibby maize sil.), peahaulm silage (PHS; code D 1582, from IGER, Aberystwyth, UK),
fermented whole crop wheat (FWCW; code D 1583, variety Riband, clamp with additives: salts and inoculants, from
Cambridge University Dairy Unit, UK) and two grass silages (Cambridge University Dairy Unit grass silage (DUGS;
code D 1579, perennial rye grass wilted, clamp) and a private farm grass silage (PFGS; code D 1580, mainly
perennial rye grass, wilted, tower silage, no additive)).
Feed Analyses
The Cornell method: Samples of DL, MS, PHS, FWCW, DUGS and PFGS were taken. The wet samples among
them were first oven-dried at 550C to steady state. Then all the samples were milled through a 1 mm sieve and
analyzed in triplicate. The Cornell fractions were determined with the method proposed by Licitra et al. (1996).
The in situ method: A corresponding in situ experiment was carried out on DL, MS, PHS, FWCW, DUGS and
PFGS to estimate the degradation rates of proteins B2 and B3. The method provided by the AFRC Technical
Committee (1992) for estimating protein loss from in situ bags was followed. Monofilament polyester bag (20 x 9
cm) with a pore size of 41  was used. Each bag contained approximately 5 g dry matter of sample.
Ruminal infusion of 35S: A stock solution with a concentration of 20 Ci/ml (35S in the form of Na235SO4)
containing 100 g/ml anhydrous Na2SO4 was made. Some of the stock solution was further diluted with water in a
large bottle to supply 190 Ci/sheep/day. Dosing of sheep with the 190 Ci of 35S was continuous at 480 ml of
water per sheep per day through tubes with the help of a peristaltic pump. Microbial protein formed in the rumen of
sheep was marked with 35S by the continuous intra-ruminal infusion of Na235SO4 for a total of two periods of 14
days each. The method used to obtain solid-associated microbes was originally reported by Whitehouse et al.,
(1994).
The incubation procedure: Two bags were staggered on each semi-rigid stalk and wetted before placing in the
rumen of sheep. Bags were inserted simultaneously into all three sheep. Incubation times were 0, 2, 5, 8, 16, 24,
48 and 72 h. Zero hour disappearance values were obtained by subjecting duplicate bags containing sample
material to 24 min of machine washing with the continuous flow of cold water. There were six replicates (3 sheep x
2 trials) of each feed for each incubation time. When removed, the bags were machine-washed and rinsed with cold
water in a wash cycle similar to the zero hour determinations. Bags containing the feed residues were then stored
frozen at -200C followed by freeze drying. All residues, in bags, prior to analysis were vacuum-dried at 700C for 1h.
On drying, the bags were placed in a dessicator and weighed. After weighing, the samples were allowed to airequilibrate before grinding to 1 mm to ensure homogeneity, and analyzed for dry matter by the Association of
Official Analytical Chemists (AOAC) method, crude protein (Kjeldahl) and microbial contamination.
35S:NAN ratio: Estimation of the extent of microbial contamination of in situ bag residues used a method
similar to that described by Mathers and Aitchison (1981). The 35S:N (disintegrations/min per mg N) was computed
for both microbe and residue. The proportion of microbial N in residual N was calculated as: 35S:N (residue)/35S:N
(microbial).

The Gravimetric Method
Protein B2 pool by the gravimetric method: Estimation of the protein B2 pool by the gravimetric method was
done on zero h in situ residues. About 0.3 g of zero h residues were boiled in neutral detergent (ND) solution
following the recommended method of Licitra et al. (1996) for the estimation of the neutral detergent insoluble
protein (NDIP) content of a feed. The pool size of protein B2 was estimated using the following equation:
PB20 h residue (g) = CP0 h residue (g) - NDIP0 h residue (g),
(1)
where:
PB20 h residue was the estimated protein B2 content of the feed, by the gravimetric method.
CP0 h residue was the crude protein content of the zero h residue, and
NDIP0 h residue was the neutral detergent insoluble protein content of the zero h residue.
Degradation rate of protein B2: About 0.3 g samples of in situ residues, of known CP concentrations,
obtained at the various incubation times were boiled separately in neutral detergent solution to dissolve any
remaining protein B2. In terms of equation, the amount of protein B2 remaining in the in situ residue at any
incubation time was given by:
PB2residue (g) = CPresidue (g) - NDIPresidue (g) - MNresidueNDS (g),
(2)
where:
PB2residue was the protein B2 remaining in the residue,
CPresidue was the protein content of the residue,
NDIPresidue was the neutral detergent insoluble protein content of the residue, and
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MNresidueNDS was the microbial protein solubilized by the ND method, which was found to be 0.975 of the
microbial protein associated with the residue (Avornyo, 1999).
The protein B2 disappearing at any incubation period was given by:
PB2lost (g) = PB2feed (g) - PB2residue (g),
(3)
where:
PB2lost was the protein B2 lost during the incubation,
PB2feed was the protein B2 content of the original feed before incubation, determined by the Cornell chemical
analysis, and
PB2residue was the protein B2 remaining in the residue.
Protein B3 pool by the gravimetric method: Estimation of the size of protein B3 by the gravimetric method
was done on the zero h in situ residues. About 1 g samples of the zero h residues were boiled in acid detergent (AD)
solution using the procedure described by Licitra et al. (1996) for the estimation of acid detergent insoluble protein
(ADIP). The amount of protein B3 was given by:
PB30 h residue (g) = NDIP0 h residue (g) - ADIP0 h residue (g),
(4)
where:
PB30 h residue was the estimated protein B3 content of the feed, by the gravimetric method.
NDIP0 h residue was the neutral detergent insoluble protein content of the zero h residue.
ADIP0 h residue was the acid detergent insoluble protein content of the zero h residue.
Degradation rate of protein B3: About 1 g residue samples obtained at all the incubation time points were
boiled individually in acid detergent solution and the indigestible protein C content estimated. In terms of equation,
the amount of protein B3 remaining in the in situ residue at any incubation time was given by:
PB3residue (g) = NDIPresidue (g) - ADIPresidue (g) - MNresidueNDI (g),
(5)
where:
PB3residue was the protein B3 remaining in the residue,
NDIPresidue was the neutral detergent insoluble protein content of the residue,
ADIPresidue was the acid detergent insoluble protein content of the residue, and
MNresidueNDI was the microbial protein insoluble in the ND method, that is, 0.025 of the microbial protein
associated with the residue.
The protein B3 disappearing at any incubation period was given by:
PB3lost (g) = PB3feed (g) - PB3residue (g),
(6)
where:
PB3lost was the protein B3 lost during incubation,
PB3feed was the protein B3 content of the original feed before incubation, determined by the Cornell chemical
analysis, and
PB3residue was the protein B3 remaining in the residue.
Curve peeling: The curve peeling technique described by Nocek and English (1986) was employed. The
equation for describing the constants of each linear component of the curve was:
R = -kt + R0
(7)
where:
R was the natural logarithm of percent available protein of the feed protein that is present in the residue at
time t,
k was the degradation rate constant of the protein fraction,
t was the incubation time,
R0 was the natural logarithm of percent available protein of the feed protein that is present at incubation
time zero.
Calculations and statistical analyses
The cumulative disappearance of each feed protein B2 and B3 fractions were regressed against time.
Two-way Analysis of Variance (ANOVA) was used to remove the effect due to feed (block) and compare the
means due to the method (treatment) of estimating the feed protein fraction. The GLM procedure of SAS (1990)
was used to compare the means from the degradation rate data.
RESULTS
The disappearance curves
Feed protein fraction disappearance after correcting for microbial contamination by 35S is shown in Figures 1
and 2. Information is given on those fractions in which a regression of their disappearance on time was statistically
significant. Protein B2 loss at zero hour incubation ranged from 0.17 in FWCW to 0.69 of total protein B2 in MS
(Figure 1b). As incubation progressed, the cumulative fractional protein B2 degradation tended to exceed unity. A
slow protein B2 disappearance was observed for PHS.
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Figure 1a - Protein B2 disappearance in peahaulm silage (PHS) and fermented whole crop wheat (FWCW) after
correction for microbial contamination of in situ residues by the 35S technique
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Figure 1b - Protein B2 disappearance in maize silage (MS) and private farm grass silage (PFGS) after correction for
microbial contamination of in situ residues by the 35S technique
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Figure 2a. Protein B3 disappearance in dried lucerne (DL) and peahaulm silage (PHS) after correction for
microbial contamination of in situ residues by the 35S technique
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Figure 2b - Protein B3 disappearance in dairy unit grass silage (DUGS) and fermented whole crop wheat (FWCW)
after correction for microbial contamination of in situ residues by the 35S technique
The washing loss of protein B3 of DL and FWCW were negative values (Figures 2a and 2b) and the
asymptotes of the curves were below one.
Feed fractions
Soluble crude protein determined with borate phosphate buffer was compared with that estimated as the
quickly degradable protein “a” in the in situ procedure (Table 1). While the values by the two methods correlated (r 2
0.80; P<0.05), protein solubility in borate buffer was considerably lower than that estimated by the in situ method
(P<0.01).
Table 1 - Protein soluble in borate phosphate buffer (Cornell) and the in situ soluble crude protein (“a”) obtained
by fitting 35S corrected nitrogen disappearance data to the exponential equation of Mehrez and Orskov (1977) for
the test feedsa, fraction of total protein
Method
Cornell
In situ

DL
0.35
0.57

MS
0.56
0.73

PHS
0.41
0.58

Feed
DUGS
0.61
0.74

PFGS
0.70
0.86

FWCW
0.74
0.74

Mean
0.56
0.70

P
0.022; P<0.01

aFeed:

DL, dried Lucerne; MS, maize silage; PHS, peahaulm silage; DUGS, dairy unit grass silage; PFGS, private farm grass silage; FWCW,
fermented whole crop wheat

The protein B2 pools by the gravimetric method were compared with those by the Cornell chemical method
and by the curve peeling method (Table 2). There was largely no correlation between the values produced by the
methods. The results of the Cornell chemical method were higher than the equivalent gravimetric and curve peeling
methods (P<0.01). The data sets produced by the gravimetric and curve peeling did not differ significantly.
Table 2 - The protein B2 and B3 (fraction of total protein) pools, of the analyzed feeds a, estimated by the Cornell
chemical method, the gravimetric method and the curve peeling method
Feed

Gravimetric

DL
MS
PHSb
DUGS
PFGS
FWCW
Mean
s.e.m.; Pc
dr 2
Pe
a

0.12
0.13
0.26
0.10
0.10
0.14
0.14

Protein B2
Curve
peeling
0.21
0.05
0.04
0.05
0.10
0.14
0.10
0.032; P<0.01
0.12
P=0.51

Cornell

Gravimetric

0.42
0.33
0.37
0.16
0.19
0.16
0.27

0.26
0.13
0.17
0.19
0.01
0.07
0.14

0.21
P=0.36

Protein B3
Curve
peeling
0.14
0.14
0.41
0.16
0.05
0.02
0.15
0.029; P=0.58
0.23
P=0.34

Cornell
0.16
0.05
0.16
0.18
0.07
0.04
0.11
0.59
P=0.07

Feed: DL, dried lucerne; MS, maize silage; PHS, peahaulm silage; DUGS, dairy unit grass silage; PFGS, private farm grass silage; FWCW
fermented whole crop wheat. bpeas in the sample were not crushed before the in situ analysis. cP was the level of significance of the
difference between the means. dr2 was obtained by relating the gravimetric values to the other values. eP was the corresponding significance
of the r2 values.
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Protein B3 sizes by the three methods did not reveal significant difference although curve peeling was the
highest followed by the gravimetric and then the Cornell estimates.
Degradation rates
The rates of degradation of the protein B2 pools determined gravimetrically, with the exception of PHS and
MS, tended to be higher than those given in the Cornell data bank, and determined by curve peeling (Table 3). The
protein B2 rates of degradation were not significantly correlated between the methods. However, when the three
methods were compared again with regard to their estimation of the degradation rate of protein B3, a real
difference (P<0.01) was revealed with the gravimetric values being the highest followed by curve peeling before the
Cornell data bank values.
Table 3 - The degradation rates (per hour) of the feed a proteins B2 and B3 fractions estimated by the Cornellb
chemical method, the gravimetric method and the curve peeling method
Feed

Gravimetric

DL
MS
PHSc
DUGS
PFGS
FWCW
Mean
()s.e.m.
Pd
er2
Pf
a

NE
0.20
0.01
NE
0.30
0.30
0.20
0.051

Protein B2
Curve
peeling
0.20
0.26
0.21
0.11
0.08
0.05
0.15
0.042
P=0.53
0.47
P=0.31

Cornell

Gravimetric

0.09
0.12
0.14
0.15
0.15
0.10
0.13
0.042

0.09
NE
0.07
0.10
NE
0.002
0.07
0.010

0.10
P=0.68

Protein B3
Curve
peeling
0.04
0.06
0.02
0.04
0.03
0.01
0.03
0.009
P<0.01
0.85
P=0.09

Cornell
0.01
0.002
0.02
0.01
0.01
0.002
0.01
0.009
0.32
P=0.43

Feed: DL, dried lucerne; MS, maize silage; PHS, peahulm silage; DUGS, dairy unit grass silage; PFGS, private farm grass silage; FWCW
fermented whole crop wheat. bThe Cornell values were taken from their data bank that has been installed on a computer in the Nutrition
Laboratory, 307 Huntingdon Road, Cambridge, UK. cpeas in the sample were not crushed before the in situ analysis. NE, not estimated. dP
was the level of significance of the difference between the means. er2 was obtained by relating the gravimetric values to the other values. fP
was the corresponding significance of the r2 value.

Table 4 - A comparison of the amounts of protein B2 and B3 measured in the original feed sample and in its zero
h in situ (gravimetric determination) residue. Values are fraction of total feed protein
Feedb
DL
MS
PHS
DUGS
PFGS
FWCW
Mean
s.e.m; P

Protein fractionsa
PB2 in original PB2 in zero h
PB3 in original PB3 in zero h
feed
residue
feed
residue
0.42
0.11
0.16
0.26
0.33
0.13
0.05
0.14
0.37
0.26
0.16
0.16
0.16
0.09
0.18
0.19
0.19
0.10
0.07
0.01
0.16
0.14
0.04
0.06
0.27
0.14
0.11
0.14
0.030; P<0.05
0.017; P=0.28

B2+B3 in
B2+B3 in zero
original feed
h residue
0.58
0.37
0.38
0.27
0.53
0.42
0.34
0.28
0.26
0.11
0.20
0.20
0.38
0.28
0.021; P<0.05

Feed: DL, dried lucerne; MS, maize silage; PHS, peahulm silage; DUGS, dairy unit grass silage; PFGS, private farm grass silage; FWCW
fermented whole crop wheat. aProtein fractions: PB2, protein B2; PB3, protein B3.

DISCUSSION
The gravimetric method quantitatively measured feed protein fraction disappearance over time. In the
process, many variables such as dry matter (DM), crude protein (CP), NDIP, ADIP and microbial contamination were
estimated on the in situ residue, each with its associated error. Therefore feeds with a low amount of proteins B2
and B3, for example, PFGS with only 0.07 and MS with only 0.05, of CP as protein B3, did not produce meaningful
curves for these fractions.
The in situ prediction of the immediately soluble and completely degradable protein “a” was higher when
compared to the protein soluble in borate buffer. An examination of the measured zero h residue indicated that
apart from a suggestion of fine particle loss, there was probably a redistribution of the protein B2 fraction. Some
amount of protein B2 probably became soluble and was lost during the machine washing, which explains the bigger
in situ “a” than the Cornell soluble crude protein (Table 1). Table 4 also shows a lower value for protein B2+B3 in
the zero h residue compared to that in the original feed. This was in spite of the apparently bigger values for protein
B3 in the zero h residues compared to that in the original feed. Hence there was a bigger loss of protein B2 in the
zero h residue than could be offset by the increase in protein B3 in the zero h residue. Pichard and Van Soest
(1977) have noticed the presence of a very rapidly degradable insoluble protein fraction with a half-life of about 10
min. After only machine washing of the feeds to determine the zero h incubation, the protein B2 of the resulting
residue was found to be lower (P<0.05) than that measured in the feed while the protein B3 appeared to be higher
than that determined in the feed. It is likely that the in situ process had affected protein B2 to render a portion
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resistant to solubility in neutral detergent solution. Lanzas et al. (2008) arrived at a conclusion that in order to
improve upon the Cornell protein model, protein fractions B2 and B3 should be merged because they were
convinced that B3 was degraded at a faster rate than given in the Cornell model. The new rates they assumed were
still found to be too slow for prediction of undegraded B3 flow at the omasum. Their new B3 degradation rates still
seem to be lower than the rates determined by the gravimetric method.
Summation of the B2 and B3s of the feeds studied was 0.10 less in the zero h residue than the original feed
(Table 4). This means varying amounts of protein B2 were also probably lost during machine washing.
The separate comparisons of the protein B2 and B3 sizes obtained by curve peeling in this study, and those
reported in Mansbridge (1996) also indicated a lower protein B2 and a higher protein B3 than estimated by the
Cornell chemical method. The method of curve peeling may be less accurate because at shorter incubation time
points, substantial amounts of protein B2 would have disappeared from in situ bags. The rate of degradation of
protein B2 is therefore likely to be underestimated by the curve peeling method. Suggestively higher degradation
rates were estimated by the gravimetric method that calls for an evaluation of the Cornell data bank values. The
lack of a good correlation between the rates estimated by the gravimetric method and by curve peeling or from the
Cornell data bank may be because the Cornell degradation rates were those of feeds which were only nominally
similar to the ones studied, and would have different physical and chemical characteristics.
CONCLUSION
The gravimetric method gave higher rates of degradation of protein B2 and B3 (P<0.01) of the feeds, when
compared to those listed in the Cornell data bank and those determined by curve peeling. Further testing of the
gravimetric technique may be needed to ascertain its usefulness.
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ABSTRACT: In the present study the Weight – Length relationships (WLR) are described for the three
stages of life of the Snakehead, Saul, Channa striatus, collected from the districts of Barabanki,
Lucknow and Unnao in Uttar Pradesh in 2008-09. Method used for analysis of fisheries data on the
WLR is (W=aLb) and this study reports the parameters ‘a’ and ‘b’ of the length–weight relationships
for one hundred numbers of fry/ fingerlings, thirty-seven grow-out fishes and eighty-nine number of
adult fishes collected from the same geographical area. The weight and total length of fry/
fingerlings ranged from 340 to 650 mg and 35 to 45 mm respectively (a=W/L 3, 0.0060 to 0.0088;
log W=log a + b*(log L), 3.92821 to 4.72919; b=(log W-log a)/log L, 3.89643 to 4.11143). The
recorded weight and total length of the grow-outs ranged between 9 to 93g and 10.9 to 25.4 cm
respectively (a=W/L3, 0.0082 to 0.0146; log W=log a + b*(log L), 0.95424 to 1.96848; b= (log W-log
a)/log L, 3.0). In case of adults the weight and total length recorded ranged between 74 to 476g and
22.9 to 42.4 cm respectively (a=W/L 3, 0.0054 to 0.0121; log W=log a + b*(log L), 2.39029 to
4.17039; b=(log W-log a)/log L, 3.40747 to 3.95845). Since fishes were collected during the months
of April - May, 2008 and November, 2009, the parameters estimated in this study are considered
only for these seasons, because WLR are not constant over the entire year and vary according to
factors such as temperature, food availability, feeding rate, gonadal development and spawning
period. The result suggests that these fishes grow in a pattern from early life stage to adult if grown
in the same environmental conditions.
Key words: Weight-Length, Channa striatus, Fry, Fingerlings, Grow-outs, Adults, Gangetic plains
INTRODUCTION
Snakeheads (genus Channa) are one of the best known and most successful freshwater food fish in
Southeast Asia (Ng and Lim, 1990). The Snakehead, Channa striatus, a carnivorous, air-breathing fish, belonging to
family Channidae. It is one of the valuable food fish, found in rivers, canals, lakes, swamps, marshes and rice fields.
The values of the parameter b mostly remained within the expected range of 2.5–3.5. Length (L)–weight (W)
relationship parameters (a, b) are important in stock assessment studies (Moutopoulos and Stergiou, 2002) for
conversion of length observations into weight estimates to provide some measurements of biomass (Froese, 1998),
for between-region comparisons of growth of fish species (Petrakis and Stergiou, 1995), and as a practical index of
the fish condition (Barros et al., 2001).
The L–W relationship is usually fitted to the potential equation (W = aL b), where a represents the nutritional
condition of the fish (Anderson and Neumann, 1996), and varies according to the geographical regions and gonadic
development phases (Barros et al., 2001). Weight-length relationship (WLR) is an important tool in fish biology,
physiology, ecology and fisheries assessment (Oscoz et al., 2005). Parameter b is an expression of the type of
growth and usually falls between 2.5 and 3.5 (Prager et al., 1989). The obtained coefficients were analyzed with
ANOVA.
Studies on length–weight relationships of commercially important fishes are highly significant for
management and conservation of populations in natural water-bodies. Scanty reports are available in the
literature on the biological aspects, especially length–weight relationships, of Channa striatus from different pond
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populations. Aim of the study was, therefore, to investigate certain biometric characters with special reference to
length–weight relationship in three different stages of life.
MATERIAL AND METHODS
Fishes were collected by using different fishing gear. Fisheries management and research often require the
use of biometric relationships in order to transform data collected the field into appropriate index (Anderson and
Gutreuter, 1983; Ecoutin and Albert, 2003). One of the most commonly used in any analysis of fisheries data is the
WLR (W=aLb).
The WLR was calculated using the equation W = aLb, where W is the total weight in g and L is the total length
in cm, while ‘a’ and ‘b’ are constants and ‘a’ is a coefficient related to body form and ‘b’ is an exponent indicating
isometric growth when equal to 3. The parameters a, and b were estimated by linear regression of the transformed
equation: log W = log a + b x log L. Additionally, the statistical significance level of r 2 was estimated (Ricker, 1975)
and the b-value for each species was tested by t-test. The exponent b often has a value close to 3, but varies
between 2 and 4 and a value of 3 indicates that the fish grows isometrically; values other than 3 indicate allometric
growth (Tesch, 1971).
RESULTS AND DISCUSSION
The weight and total length of fry/ fingerlings ranged from 340 to 650 mg and 35 to 45 mm respectively
(a=W/L3, 0.0060 to 0.0088; log W=log a + b*(logL), 3.92821 to 4.72919; b=(log W-log a)/logL, 3.89643 to
4.11143). The recorded weight and total length of the grow-outs ranged between 9 to 93g and 10.9 to 25.4 cm
respectively (a=W/L3, 0.0082 to 0.0146; log W=log a + b*(logL), 0.95424 to 1.96848; b= (log W-log a)/logL, 3.0).
In case of adults the weight and total length recorded ranged between 74 to 476g and 22.9 to 42.4 cm respectively
(a=W/L3, 0.0054 to 0.0121; log W=log a + b*(logL), 2.39029 to 4.17039; b=(log W-log a)/log L, 3.40747 to
3.95845). The patterns of length and weight relation are shown in Figures 1, 2 and 3. The r2 of fry-fingerling, growout and adult are 0.805922, 0.891838 and 0.933348 of the captured fish from wild-stock.

Figure 1 - Pattern of growth in terms of length and weight in fry/fingerlings of Channa striatus

Figure 2 - Pattern of growth in terms of length and weight in grow-outs of Channa striatus
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Figure 3 - Pattern of growth in terms of length and weight in Adults of Channa striatus
Since fish were captured in summer, the parameters estimated in this study should be considered only for
this season, because WLR are not constant over the entire year and vary according to factors such as food
availability, feeding rate, gonad development and spawning period (Bagenal and Tesch, 1978). The results of the
length–weight analysis of all the fishes of same species are given in Table 1. This study reports the parameters ‘a’
and ‘b’ of the length–weight relationships for 89 number of adult fishes, 37 grow-out fishes and 100 numbers of fry
and fingerlings captured from the adjoining districts of the same environment.
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ABSTRACT: This review highlights the current status of rabbit production, challenges facing the
industry and opportunities available. Rabbit farming in Botswana is in its infancy and the rabbit
population is estimated to be less than 1000. However, this value is a gross underestimate due to
poor monitoring by government extension services. In Botswana, rabbits are mainly kept in the
backyards, indicating that intensive systems have not yet been developed. Rabbits have small body
size, short gestation period, high reproductive potential, rapid growth rate and ability to utilize
forages. Compared to beef, chicken, mutton, chevon and chicken, rabbit meat has low cholesterol,
high protein and low fat contents. Rabbit production can be integrated into small farming systems,
with the rabbits being fed on crop residues, weeds, poultry droppings, and kitchen and garden
wastes. The manure can be used to fertilize soils. The major challenges in rabbit production are
inadequacy of breeding stock, inadequate rabbit feeds, poor management (feeding, housing and
health care), lack of research support, lack of technical support from extension services, lack of
access to credit and inadequate supply of equipment. The major opportunity available to the rearers
is that the market is vast due to the small rabbit population in the country. The attributes of rabbits
suggest that rabbit farming is likely to play an important role in nutrition, poverty alleviation and food
security, especially in countries with higher unemployment levels and HIV/AIDS prevalence rates
such as Botswana.
Key words: Botswana, Challenges, Cholesterol, Manure, Opportunities, Rabbits
INTRODUCTION
Domestic rabbits (Oryctolagus cuniculus) are ubiquitous, providing protein, fibre, research models, and
companionship. Rabbits have high reproductive potentials and fast growth rate (Hassan et al., 2012), utilize low
grain and high roughage diets and breed all year-round (Irlbeck, 2001). Other attributes are short gestation period,
early sexual maturity, ability to rebreed shortly after kindling and short generation interval (Hassan et al., 2012).
These qualities confer on rabbits a potential to bridge the shortage of animal protein in developing countries, where
grain can only be justified for human use (Irlbeck, 2001; Hassan et al., 2012).
Rabbit farming is in its infancy in Botswana with an estimated population of less than 1000 (Tjetjoo, 2011).
However, this value (1000) is a gross underestimate resulting from poor monitoring of projects by the extension
agents who may not be interested in rabbits due to lack of technical expertise. In agreement with Owen (1979) who
stated that in developing countries, the vast majority of meat rabbits are produced under small-scale or backyard
systems, nearly all rabbit farmers in Botswana operate at subsistence level due to a number of factors including
religious taboos and lack of knowledge on rabbit husbandry such as diseases and parasites (Moreki et al., 2011).
For example, in the Old Testament the consumption of rabbit meat is prohibited. On the contrary, Schiere (2004)
contended that there are few religious or other taboos on rabbit meat, except in vegetarian cultures. Islam does not
prohibit consumption of rabbit meat.
Rabbit production plays an important role in improving livelihoods of resource-poor households. Lukefahr
(2007) reported that in Bangladesh and India income earnings obtained from sale of rabbits from smallholder
rabbitries contributed to women owning milk cows, bullocks and/or buffaloes, purchasing their own land, living in
better homes, eating higher quality foods, sending their children to school, and depositing money safely in banks.
This indicates that rabbit rearing could be a stepping stone to farmers owning large stock such as cattle and
buffaloes, which are associated with status.
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To maximize food production in developing countries, all reasonable options must be considered and
evaluated. Among these is the use of livestock species such as rabbits that for one reason or another have not
played a major role in animal agriculture in most countries. Rabbit production can be integrated into small farming
systems, with the rabbits being fed crop residues, weeds, waste fruits and vegetables (Cheeke 1986), whereas the
manure can be used as a fertilizer for crops and gardens (Cheeke 1986; Schiere, 2004). Rabbit manure does not
have strong smell, and rabbits do not make much noise therefore the neighbours will not complain (Schiere, 2004).
According to Lukefahr (2007), a sustainable system of rabbit production involves the use of renewable on-farm
resources, such as local breeds, feedstuffs from forage or garden plots, local materials for hutches and other
equipment, and family labour.
There is little information on rabbit production in Botswana (Ramodisa, 2007). Therefore, this paper
discusses the current status of rabbit production in Botswana, challenges faced by the industry and opportunities
available.
Advantages of keeping rabbits
Small livestock such as rabbits have a number of characteristics that might be advantageous in the
smallholder, subsistence-type integrated farming and gardening food production systems in developing countries
(Cheeke, 2007). The advantages of keeping rabbits over other livestock are manifold. Schiere (2004) stated that
starting a rabbit project requires minimal initial capital outlay. Additionally, a rabbit can be easily sold when a small
amount of money is needed to meet immediate family needs.
Rabbits are characterized by small body size, short gestation period, high reproductive potential, rapid growth
rate, genetic diversity, their ability to utilize forages (Mailafia et al., 2010) and disease tolerance (Begensel, 2008).
In addition, rabbits require small amounts of feed and use inexpensive, easily constructed housing (Cheeke, 1986).
Furthermore, rabbits do not compete with humans for grains as strongly as chickens (Price and Regier, 1982; van
Dijk, 2003; Moreki, 2007a). Rabbits compliment well with vegetable production as garden wastes are fed to
rabbits, whereas the manure is used to fertilize the soil (Price and Regier, 1982). Unlike poultry manure, rabbit
manure will not burn the plants and can be applied directly to the plant or its roots. In the opinion of Schiere (2004),
rabbit farming exposes children to learning to tend for and appreciate animals. Additionally, rabbits can relief stress
and tension when they are watched jumping and vibrating noses or by touching their smooth furs (Ramodisa,
2007). Unlike bigger animals such as cattle, rabbits can be tended by women, children or men as they do not need
force to be restrained (Schiere, 2004).
The small body size of a rabbit provides a small carcass that can be consumed by a family in one meal,
eliminating the need for meat storage and refrigeration. The meat is stored on the live animal until needed
resulting in rabbits being referred to as "biological refrigerators” (Cheeke, 1986). Rabbit meat is of high quality,
being high in protein and low in fat content (Mailafia et al., 2010). Lane (1999) also stated that rabbit meat has
less cholesterol, fewer calories, and a lower percentage of fat than beef, pork, chicken or lamb, and higher protein
content. Table 1 gives the nutritional values of rabbit, chicken, veal, beef, pork and lamb.
Table 1. Nutritional values of meat products
Animal
Rabbit
Chicken
Veal
Beef
Pork
Lamb

Protein (%)
20.8
20
19.1
16.3
11.9
16.7

Fat (%)
10.2
11
12
28
45
27.7

Moisture (%)
67.8
37.6
68
55
42
55.8

Calories/lb
795
810
840
1440
2050
1420

Source: Lane (1999)

Breeds of rabbits in Botswana
According to Begensel (2008), the breeds of rabbits found in Botswana include American chinchilla, Flemish
giant, Rex, California white and New Zealand white and black. However, it is not clear which of these breeds
predominates and/or is doing well under Botswana’s harsh climatic conditions. The breeding programme followed
by farmers is unknown leading to the belief that inbreeding could be common.
Housing and equipment
Housing which serves to protect rabbits from inclement weather and predation may be simple or
sophisticated. According to Shaeffer and Harper (2008), the rabbitry should be an enclosed building that has proper
ventilation, lighting, heating, and cooling systems. Heating and ventilation are crucial because rabbits do not
tolerate temperature extremes very well.
In Botswana, rabbit shelter is usually constructed using locally available materials. It must be endeavoured to
make the house rat-proof to prevent litter from being preyed upon. Those producers who keep rabbits in the periurban and urban areas may design and develop multi-tier cages in order to be economical on the available space.
Owen (1979) suggested that information on the design of housing using locally made and designed equipment is
an area in which the exchange of information between countries would be beneficial. This implies that benching
with African countries that have succeeded in establishing a commercial rabbit industry is crucial.
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Feeding and nutrition
Feeding rabbits can be very cheap or expensive. Although supplementation with concentrate or grain is
sometimes necessary and will enhance growth rates, roadside grass, kitchen and garden wastes (especially leaves)
can provide the main feed at almost no cost (Schiere, 2004). Products of the processing plants such as tomato
pomace form feed resource for rabbits. Sayed and Abdel-azeem (2009) showed that dried tomato pomace can be
utilized efficiently and safely in the rabbit diets up to level 20% without any adverse effect on the performance and
carcass traits.
In Botswana, rabbits are usually fed mainly on garden waste (e.g., cabbage leaves, carrots, bananas) and
kitchen waste which may or may not be supplemented with complete diets. Kitchen wastes may be generated from
the producers’ home or from nearby restaurants. Schiere (2004) cautions the producers that feed their rabbits on
garden wastes to watch out for herbicide/pesticide residues.
Rabbits require fresh, clean water daily. Automatic watering systems offer a continuous water supply while
reducing waste and contamination. A doe and her litter need 3.79 litres of water a day in warm weather (Shaeffer
and Harper (2008). In most smallholder rabbit operations in Botswana, water is given in various implements
varying from old tins to modern drinkers.
Health Management
In order of prevalence, nutritional deficiencies followed by pneumonia and focalo granulomatous hepatitis
are the most prevalent diseases in Botswana, whereas psoroptic mange (ear canker) is the most prevalent parasitic
infection followed by Moraxella spp. (Moreki et al. 2011). Similarly, Begensel (2008) reported ear canker to be the
most parasitic infection in Botswana. Moreki et al. (2011) attributed the high prevalence of nutritional deficiencies
in rabbits to feeding of poor quality diets. Ear canker is caused by poor hygiene and mite attack, whereas
pneumonia results from exposure of young rabbits to draft, indicating that construction of proper housing for
rabbits is of paramount importance.
Marketing
Rabbits are raised not only for meat, laboratory use, breeding stock, and Angora wool but also for their skins
and for youth programmes (Shaeffer and Harper, 2008). According to Moreki (2007b), rabbits reach market at
about 8 weeks of age or less and they may be sold live or dressed. Usually, they are sold to individuals who keep
them as pets or those starting backyard rabbitries. In addition, rabbits are sold to institutions such as schools for
educational purposes (Ramodisa, 2007). It appears that in Botswana rabbits are kept mainly as pets.
In Botswana, market is vast (Begensel, 2008) due to the small number of rabbits in the country. A four
months breeder rabbit sells for P500 (equivalent to USD67.66), which is almost the price of a goat. In Nigeria, Ozor
and Madukwe (2005) reported marketing constraints in small-scale rabbit production, which were derived from the
difficulty in transporting rabbits to the markets, poor acceptability of rabbit meat, low prices of rabbit meat and its
products and minimum sources of ready markets for rabbits and its products.
Challenges
The main challenges in rabbit production in Botswana include:
 Unavailability of rabbit feeds (Begensel, 2008). Due to the small number of rabbits raised by smallholder
farmers, rabbit feeds are not produced locally but are imported, usually at high prices and in adequate amounts.
Ozor and Madukwe (2005) also reported nutrition and housing as some of the constraining factors in the adoption
of improved rabbit technologies by small-scale farmers. Similar observations were made by Oseni et al. (2008) in
Western Nigeria.
 Poor housing. As rabbits are not yet commercialized, they are not accorded proper housing resulting in
poor animal performance. Generally, housing is basic and is constructed using locally available material. Ozor and
Madukwe (2005) also reported housing as one the major challenges in small-scale rabbit production.
 Lack of technical knowledge in rabbit farming by farmers and advisors (Ramodisa, 2007). Oseni et al.
(2008) also cited lack of access to information on rabbit management under smallholder units as one of the major
challenges in rabbit production.
 Lack of research support (Ramodisa, 2007). Testik (1992) in Turkey reported insufficient incentive
supporting measures and scientific knowledge in rabbit production to be one of the challenges in rabbit production.
 Inadequate technical support. Lukefahr and Cheeke (1990) noted that extension methodologies relevant
to rabbit project development are generally lacking and are paramount to rabbit projects’ success.
 Lack of access to credit. As rabbit farming is relatively new in Botswana, it is not easy to attract funding
compared to other livestock such as chickens and smallstock (sheep and goats). However, this may not be the case
for youth who can access small funding through Youth and Culture funding source.
 Lack of government support. Unlike cattle, chickens and smallstock, rabbits do not receive government
support under Livestock Management and Infrastructure Development (LIMID) support scheme. For rabbit farming
to grow and play a significant role in supplying high quality protein in both rural and urban areas there is need for
increased government support.
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 Health care inadequacies. As rabbit farming is in its infancy, diseases and parasites of rabbits are not
known to the extension agents who are not adequately equipped to impart knowledge and skills to rabbit
producers. Ozor and Madukwe (2005) reported health care challenges in small-scale rabbit production in Nigeria.
The health care challenges included difficulty of rabbit producers to procure specific drugs for specific treatments of
rabbit illnesses, inability to promptly isolate sick animals and difficulty of access to veterinary services.
 Inadequate supply of equipment. Rabbit equipment such as cages, drinkers and feeders are difficult to
find in Botswana. Testik (1992) noted that difficulties in acquiring equipment (cages, feeders, drinkers and other
equipment) was also one of the major challenges in smallholder rabbit production.
 Inadequate breeding stock. There are no known rabbit breeders in the country and this contributes to the
industry not growing. Oseni et al. (2008) found the principal challenges facing the smallholder rabbit production to
be difficulties in getting reliable and stable sources for foundation/replacement stock and theft. According to Testik
(1992), other challenges include breeders’ difficulties to find good quality animal material, insufficient technique
and practical knowledge of breeders, modern production techniques are not applied, insufficient advertisement and
marketing problems and insufficient integration and organization.
 There is no culture of eating rabbit meat in the country. Similarly, Testik (1992) also reported that Turkish
people were not used to eating rabbit meat.
 Lack of defined rearing system. Lukefahr and Cheeke (1991) identified raising rabbits under confinement
as one of the common traditional hindrance in rabbit production. This challenge can be eliminated by effective
farmer demonstrations.
Opportunities
1. Market is available (Begensel, 2008) and broad (Ramodisa, 2007). Although the national requirements of
rabbit meat have not been determined, it is probable significant quantities of rabbit meat could be consumed in the
country.
2. Rabbit industry in Botswana is small and evolving, indicating that opportunities exist to start new
operations or to expand the existing ones.
3. Backyard gardening, which is supported by government as a poverty eradication strategy provides an
opportunity for rabbit farming to be integrated into the farming system to enable utilization of garden wastes.
Rabbits are efficient in turning garden and kitchen wastes into high quality protein. Additionally, rabbit manure can
be used as a fertilizer in gardens and orchards.
Recommendations
1. To address the issue of inadequacy of breeding stock, Government should set up the National Rabbit
Breeding Centre with an objective of making available breeding stock to the producers countrywide. The Centre
could also be used to train staff and farmers. In Mozambique, Gaspari (1979) mentioned that a National Centre and
Provincial Centres were established to provide housing designs, breeding stock and training facilities as a way of
facilitating the growth of the industry.
2. The extension service should encourage formation of rabbit association(s) that will in consultation with
government promote and facilitate the growth of the rabbit industry.
3. Extension agents should be trained in rabbit production to enable them to effectively impart knowledge
and skills to the rabbit producers.
4. There is a need to undertake survey research in order to investigate the characteristics of the rabbit
industry and also to estimate rabbit population in Botswana
CONCLUSION
1. Rabbit producers do not receive government support to start rabbit rearing. For the benefits of rabbit
production to accrue to the producers, the support of government and Non-governmental organizations is crucial.
2. Efforts should be made by extension agents to organize training for rabbit producers through seminars,
workshops and agricultural shows.
3. Government poverty eradication strategies including LIMID and backyard gardening should consider
including rabbit farming.
4. Technical support to the rabbit producers is inadequate as extension agents are poorly equipped to advice
producers on general rabbit husbandry management.
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ABSTRACT: A 42-day feeding trial was conducted to determine whether Stylosanthes hamata and
Sida acuta could be used as sole feeds for local weaner rabbits. The experimental diets had three
treatments with three replicates each in a Completely Randomized Design. The experimental diets
were T1 (100% Stylosanthes hamata), T2 (50% Stylosanthes hamata 50% Sida acuta) and T3 (100%
Sida acuta). The growth parameters measured/calculated were mean weekly and total feed intake
(g), mean weekly and total weight gain (g) and final weight (g). Blood parameters considered
included haemoglobin (Hb), packed cell volume (PCV), red blood cells (RBC), mean corpuscular
volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration
(MCHC) and white blood cell (WBC) differential counts (neutrophils, lymphocytes, eosinophils, and
monocytes). Additionally, meat colour, juiciness, tenderness and flavour were also noted after
animals were sacrificed. Data was analyzed using ANOVA in GenStat (Discovery Edition). There were
significant differences (P<0.05) in mean weekly feed intake, total feed intake, mean weekly weight
gain, total weight gain and final weight between treatments. T3 animals consumed the highest feed
yet T2 animals had the heaviest weight gain at the end of the experiment. Whereas there were no
significant differences (P>0.05) between treatments for MCHC and WBC differential counts like
neutrophils lymphocytes and eosinophils, significant differences (P<0.05) were observed between
treatments for PCV, RBC, MCV and monocytes. The sole Stylosanthes hamata feed significantly
(P<0.05) improved meat colour and juiciness, whiles tenderness and flavour, did not record any
significant differences (P>0.05) between treatments. The results suggest that Stylosanthes hamata
and Sida acuta may have a potential to enhance rabbit growth as a combined feed. Any negative
effect on rabbit health either when fed individually or in combination was inconclusive and
Stylosanthes in particular as sole feed could improve colour and juiciness of rabbit meat.
Key words: Blood indicators, Growth performance, Meat quality, Sida spp., Stylosanthes spp.
INTRODUCTION
World production of rabbits (Oryctolagus cuniculus) has been estimated by Lebas and Colin (1992) to be of
the order of 1200,000 tonnes per annum. Rabbits are prolific breeders, producing large quantities of tasty meat for
home consumption and have a faster rate of production than pigs, goats and sheep. If properly managed, a doe can
produce more than 15 times her own weight of offspring in a year (Adjare, 1985). Uses to which the rabbit is put by
man include; the supply of food (the most extensive of all the uses), the supply of a very high grade wool, as a
source of miscellaneous products, assists in laboratory and experimental work, can be used in educational work of
varied sorts and could be kept as pet or companion animal.
Animal protein intake in developing countries is still far below the required standards (FAO, 1998). To close
up this gap, several strategies have been advocated notably among them is to encourage the developing countries
to research and improve the productive potentials of local breeds rather than depend on exotic breeds which are
usually not well adapted to the environment and management conditions in those countries (FAO, 1992). Nutrition
is one of the factors that could limit productivity (Lukefahr et al., 1983) and nutrients available in forages can be
used to replace grain in rabbit diet and therefore reduce concentrate need for rabbit production (Aduku et al.,
1986). Good nutrition translates into good hematological characteristics such as erythrocytes, leucocytes and
haemoglobin among others which are good indicators of physiological status of animals (Hawkney and Dennet,
1989). Again meat colour of animals fed concentrate is quite white which makes it not very attractive to the
consumer, so the diet that the animals consume is very important (Nguyen and Brian, 2008). Most green feed are
of quality and high in carotene and xanthophylls, which are important in giving a deep yellow colour to egg and
meat quality (Nguyen and Brian, 2008).
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Although the rabbit is regarded as an herbivorous animal, many rabbit farmers feed their animals with
poultry feed (Adjare, 1985). This practice impedes the quick growth of the animals. Domestication has also led to
low reproductive performance as well as poor growth rate (Adu et al., 1999). Stylosanthes is naturally distributed
throughout the tropical and subtropical region in America, Africa, and South Asia (Mannetje, 1984). Stylosanthes
species may also be used as cover crops, manure and fallow crops, and may be cut and fed fresh or used as hay
(Mannetje and Jones, 1990). Stylosanthes was introduced into a number of communities in the northern and
coastal savanna of Ghana in 1994. It is estimated that about 5,000 ha of natural pastures have been oversown
with the legume in almost 300 communities in the Savannah zones since 1994 (Oppong- Anane, 1999). Empirical
observation indicates that this forage is readily available and some farmers use it as a sole feed or in combination
with Sida acuta. This study therefore set out to simulate the farmer scenario of feeding rabbits with Stylosanthes
hamata as a sole feed or in combination with other forages so as to investigate how this practice impacts on
growth, health and the meat quality of rabbits.
MATERIALS AND METHODS
Study area
The experiment was conducted at the livestock farm of the Animal Science Department of the University for
Development Studies, Nyankpala campus, Tamale, Ghana. Nyankpala is approximately 16km West of Tamale. It
has unimodal rainfall pattern. The area lies on latitude 09 o25”N and longitude 00o58”W with an altitude of 183m
above sea level. The mean annual rainfall and temperature are 1043mm and 28.3oC respectively. The rainy season
is usually between April and October with the dry season from November to March. The mean annual day time
humidity is 54% (Kasei, 1990).
Experimental animals
Nine local weaner rabbits about five to six weeks old were used. The mean weights of the animals were
482g, 510g and 550g for T1, T2 and T3 (control) respectively.
Experimental diets and feeding
The experimental diets used were Stylosanthes hamata and Sida acuta. Animals in T1 were fed 100%
Stylosanthes. T2 and T3 were given 50% Stylosanthes 50% Sida and 100% Sida respectively. Animals were fed
500g of feed daily between 6:00 am and 4:00 pm. Water was provided ad lib. Empty polythene was placed under
each cage to collect left over feed and faeces. Any leftover feed was discarded the following morning.
Housing management
Experimental animals were managed intensively in a hutch made of nine separated cages. The wood-frame
and wire hutch type was used. The flooring, sides and top were all welded mesh to ensure proper sanitation as well
as observation and inspection. The dimensions of the hutch were 64cm × 64cm × 64cm (for length, breadth and
height respectively).
Experimental design
Completely Randomised Design (CRD) was used for the experiment. The animals were weighed initially and
randomly allotted in equal numbers over the three treatments. There were three replicates per treatment.
Duration
The study lasted for six weeks. The adaptation period was seven days with the treatment diets before the
start of the experiment.
Data collection for growth parameters
The parameters studied were: weekly feed intake, and live weight gain. Body weights of experimental
animals were recorded weekly. Feed was weight each time before being offered. Leftover feed was collected every
morning before feeding and weighed, after sorting out faeces from leftovers.
Experimental Procedure for blood parameters
Samples of blood were collected from each rabbit using the Standard Operating Procedure for Rabbit
Immunization and Blood Collection (SOPRIBC, 2006). And each blood sample put into test tubes containing
ethylenediaminetetraacetic acid (EDTA). Parameters measured were haemoglobin (Hb), packed cell volume (PCV),
red blood cell (RBC), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular
haemoglobin concentration (MCHC) and white blood cell (WBC) differential count (neutrophils, eosinophils,
lymphocytes and monocytes).
Packed Cell Volume (PCV)
Heparinised capillary tubes were filled with the blood from the weaner rabbits and sealed using cristaseal.
The filled capillary tubes were placed in haematocrit centrifuge (CENTROLIT 11) and spinned at 10,000 rpm for five
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minutes. These ensured maximal packing of the red cells. PCV was subsequently determined by measuring the
height of the red cells column using haematocrit reader (Barker and Silverton, 1976).
Haemoglobin (Hb)
The haemoglobin levels were estimated by adding 20 ul of blood sample to 5 mls of Drabkins solution. This
mixture was allowed to rest for 5-10 minutes. Drabkins solution haemolysis the red blood cells, releasing
haemoglobin pigment into the solution and then Hb was estimated using spectrophotometer (CECILCE 1011) at
540 nm. This was calculated as, Hb=PCV/3 and expressed in grams per decilitre (g/dl)
Estimation of Red Blood Cell (RBC)
RBC was calculated as; PCV×0.13 and expressed in millions micro per litre (10 6 µl).
MCH, MCHC and MCV
The following indices: mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration
(MCHC) and mean corpuscular volume (MCV) was calculated according to Seiverd (1964). The MCHC utilizes
only the PCV and Hb measurements. Both of these tests are associated with a greater degree of precision than the
RBC count. Therefore, of the three indices, MCHC is most accurate (Sirosi, 1995)
White Blood Cell (WBC) Differential Count
A total white blood cell count is not necessarily indicative of the severity of a disease, since some
serious ailments may show a low white cell count. For this reason, a differential white cell count is usually better
and that is what was performed in this case. A blood smear was prepared and air dried. It was then stained using
Leishman’s stain and the slide placed on the microscope stage and examined under ×10 objective lens was moved
out and a drop of oil laced on the slide. The ×10 objective lens was moved into a position making contact with the
drop of oil. It was carefully focused on the selected field using the fine adjustment knob. The numbers of each cell
type counted was recorded and then percentages calculated. Suppose you counted 72 neutrophils among 100
cells, then the percentage of neutrophils in the blood is 72/100 = 72% (Victoria, 2003).
Estimation of Packed Cell Volume (PCV)
Heparinised capillary tubes were filled with the sampled blood of the weaner rabbits and sealed using
cristaseal. The filled capillary tubes were placed in a micro haematocrit centrifuge (CENTROLIT 11) and span at
10000 rpm for 5 minutes. This ensured maximal packing of the red cells. The PCV was subsequently determined by
measuring the height of the red cells column using haematocrit reader (Barker and Silverton, 1976).
Slaughtering
After the experimental period of 42 days, the rabbits were taken to the University for Development Studies
Animal Science Department meat processing unit to be slaughtered. Animals were bled and dressed by scalding.
Immediately after scalding, evisceration was done to remove the viscera. The carcasses of the individual animals of
the various treatments were subjected to sensory analysis after cooking.
Sensory analysis
Consumption quality was assessed by forming a tasting panel consisting of ten members. They evaluated the
intensity of the following characteristics; tenderness, juiciness, colour, and flavour. The carcasses were sliced
according to the individual treatment into fifteen pieces of the size of about 2cm and cooked at the same
temperature using a regulated electrical stove. During the cooking, the slices were turned over every 10 minutes
and the cooking was done for a period of 45 minutes.
After the cooking, the slices were each wrapped in tissue paper based on the individual treatment and placed
on a tray and presented to the assessors for the taste evaluation. Bread and water was used as a neutralizer which
the assessors took after tasting each slice from each treatment. Assessors scored the attributes of the meat
according to Table 1 below.
Table 1 - Score table used to record the results of the evaluation
Meat attribute
Meat colour
Juiciness
Tenderness
Flavour

1
Very Light
Very Juicy
Very Tender
Very Weak

2
Light
Juicy
Tender
Weak

Score
3
Intermediate
Intermediate
Intermediate
Intermediate

4
Dark
Dry
Tough
Strong

5
Very Dark
Very Dry
Very Tough
Very Strong

Statistical analysis
The data was analysed using the analysis of variance (ANOVA) in GenStat (Discovery Edition) for growth and
blood parameters while the general linear model using diet as factor was used for the sensory analysis.
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RESULTS AND DISCUSSION
The final weights of rabbits in this study for similar ages were comparable to findings by Ansah et al. (2012)
who used rabbits in a similar environment that were fed false yam leaves but lower than those of other researchers
elsewhere in Africa like Oluremi and Nwosu (2002) in Nigeria and Elamin and Yousif (2011) in Sudan, apparently
because of differences in breed, initial weights and unequal duration of experimental period. The overall mean feed
intake and average weight gains per rabbit per week was significantly different (P<0.05) between treatments
(Table 2). Cook and Gray (2003) and Yarrow and Yarrow (2005) have noted that to reach optimum body size and
full antler growth, white-tailed deer require at least 16% protein in the plants they consume, a scenario in which the
rabbit may be said to be no exception.
A number of research works have noted that the protein levels of Stylosanthes hamata and Sida acuta are
around 16% or more (Changjun et al., 2004; Skerman et al., 1988; Williams et al., 2012). Changjun et al. (2004)
have further observed that metabolisable energy (ME) contents of some Stylosanthes spp. are between 1730 and
1815 kcal/kg which though lower than growing rabbits requirement of about 2.5MJ/kg DE (Ibrahim et al., 2009),
some reasonable gains in weight was made possibly because there was sufficient but not necessarily adequate
energy in the experimental diets, given that Ibrahim et al. (2009) have observed that rabbits fed on diet containing
90% energy requirement with or without supplementation showed high values of total revenue, net revenue,
economical efficiency and relative economic efficiency, while recorded the low value of feed cost/kg live body
weight. Reasonably reduced energy content of diet may not therefore necessarily be a limiting factor to growth.
Rabbits on T2 probably gained the highest weight because the mixture of Stylosanthes hamata and Sida acuta
might have provided higher protein content. Furthermore significant differences (P<0.05) were observed in total
weight gain and final weight across all treatments (Table 2). Although T3 rabbits consumed the most feed at the
end of the study, T2 animals recorded the highest weight, suggesting some possible positive interaction between
the legume (Stylosanthes) and forage (Sida). Bamikola and Ezenwa (2001) observed a higher growth rate when a
mixture of Stylosanthes and Guinea grass was used to feed goats in Nigeria. In an experiment with grower goats in
Nigeria, the daily live weight gain increased with 30% inclusion level of Stylosanthes hamata as compared to the
control (100% Panicum maximum). An inclusion level above 50% did not however show any significant difference in
terms of weight gain (Bamikola, 1999).
Table 2 - Growth performance of rabbits
Parameters
Ave. weekly feed intake(g)
Total feed intake(g)
Ave. weekly weight gain(g)
Total weight gain(g)
Final weight (g)

Trt 1
1967a
11802a
28a
168a
650a

Trt 2
2008b
12048b
41c
246c
756c

Trt 3
2116c
12696c
36.6b
220b
670b

S.e.d.
5.94
1.53
2.00
2.45
4.49

Sig.
***
***
**
***
***

S.e.d- standard error of difference, Trt-Treatment, Sig.= significance, different superscripts abc= in a row imply significant differences
(P<0.001or 0.01) between treatments, ***= significant at P<0.001 and **= significant at P<0.01

Some hematological characteristics
The PCV values (35.3 to 39%) obtained in this study were within the normal range (38 to 45%) as reported by
Swenson and Reece (1993) for T1 and T3 but slightly below for only T2 animals. The values (11.8 to 12.7 g/100
ml) for haemoglobin concentration (Hb) obtained in this study again were within the normal range (12.9 to 13.85
g/100 ml) reported by Schalm et al. (1975) for T1 and T3 but slightly below for only T2 animals. The RBC values
(4.6 to 5.1 x 106/mm3 of blood) were slightly lower than the values (6 to 11 x 106/mm3 of blood) reported by
Olomu et al. (2003), but higher than the values (3.10 to 4.67 x 106/mm3 of blood) reported by Taiwo et al. (2006).
There were no significant (P>0.05) differences among the dietary treatments with respect to the erythrocytic index
MCH, but were significantly different (P<0.01) for MCV. The MCV and MCH values obtained here were slightly higher
to reference values of 60 to 73 fl, 16 to 23pg by Anon (1980). MCHC values (33.0-33.3%) in this study though
slightly significant (P<0.05) between the treatments, fell within the normal range of 26 to 34% as reported by Anon
(1980). It would thus appear from PCV and Hb values that over time, feeding Stylosanthes hamata with Sida acuta
could probably lead to anemic conditions. This will require further investigation as RBCs counts were not greatly
affected (Table 3).
Table 3 - Effect of diet on hematological characteristics of rabbits
Parameters
PCV (%)
Hb (g/100ml)
RBC (x 106µL)
MCV (fl)
MCH (Pg)
MCHC (%)

Trt 1
38.000b
12.675
5.000b
76.150a
25.375
33.075a

Trt 2
35.300a
11.775
4.625a
76.650b
25.550
33.325b

Trt 3
39.000b
12.650
5.125b
76.500b
25.300
33.025a

S.e.d
0.678
0.229
0.096
0.108
0.145
0.118

Sig.
**
ns
**
**
ns
*

S.e.d- standard error of difference, Trt-Treatment, Sig.= significance, abc= in a row imply significant differences (P<0.05) between treatments
for different superscripts, ***= significant at P<0.001 and **= significant at P<0.01, ns= non significant
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With regard to WBC differential counts, there were no significant differences (P>0.05) in the MCH,
neutrophils, lymphocytes and eosinophils except for monocytes (Table 4). Not a single differential count was
recorded for basophils in all treatments. High WBCs in blood tend to suggest subclinical or clinical conditions. It
therefore appeared the treatments in the present study did appear to pose any observable health problems and
especially so when no basophils counts could be made at all. Recent data have revealed the role of basophils in the
initiation of the T helper cell 2 (Th2)-mediated immune response. Not only do basophils guide the Th1-Th2 balance
by providing an early source of crucial Th2-skewing cytokines, interleukin (IL)-4 and thymic stromal lymphopoietin,
but recent findings have also illustrated their capacity to function as antigen-presenting cells (Sokol and Medzhitov,
2010). Additionally, basophils, eosinophils, and Th2 lymphocytes are recruited to the site of inflammation during
late-phase reactions (LPRs) (Falcone et al., 2000), suggesting the probable inflammatory-free condition of animals
during the study.
Table 4 - Effect of diet on WBC differential counts of rabbits
WBC differential counts (%)
Neutrophils
Lymphocytes
Eosinophils
Monocytes

Trt1
36.000
58.000
6.000
0.000a

Trt2
36.500
60.550
6.000
0.500b

Trt3
38.000
54.150
5.750
0.000a

s.e.d
2.750
2.308
1.643
0.204

Sig.
ns
ns
ns
*

S.e.d- standard error of difference, Trt-Treatment, Sig.= significance, different superscripts abc= in a row imply significant differences (P<0.05)
between treatments, *= significant at P<0.05, ns= non significant.

Eating quality of rabbit meat
Stylosanthes hamata significantly improved colour and juiciness of the meat of the rabbits (P<0.05) (Table
5). This improvement was however diluted a little when fed in combination with Sida acuta for colour but not for
juiciness (Table 5). On the other hand, tenderness and flavour did not show any significant differences (P>0.05)
between treatments. Priolo and Vasta (2007) hypothesized that tannins are responsible for the differences found in
meat colour. Changjun et al. (2004) in their nutritional analysis of some Stylosanthes leaf meal found that there
were some tannins which may be implicated in this study. Again Guodao et al. (2004) have found that some
species of Stylosanthes contain β-carotene. Carotene has been noted by Yang et al. (2000) to have effect on the
meat colour. Since most forages contain vitamins which improve meat colour as alluded to by Arnold et al. (1993)
who stated that supplementing grain-fed cattle with supra-nutritional level of vitamin E (a-tocophery acetate)
improved meat colour and lipid stability, it is reasonable to assume vitamins in the forages that were fed may have
enhanced the meat colour, too. Post-slaughter handling such as keeping the dead animal for some time before
dressing being a contributing factor to the meat colour in this study cannot be overruled because Warris (2001)
stated that acidity affects colour and water holding capacity after death. On juiciness, significant differences
(P<0.05) were recorded between treatments. Factors that influence juiciness include: the animal's age at slaughter,
the amount of fat and collagen (connective tissue) contained in particular cuts, and, to a small degree, brining (The
Accidental Scientist, 2011). Upon slaughter no reasonable fat was noticed so since a number of research works
have reported an increased juiciness and tenderness with an increase in fat content in meat products (Berry and
Wergin, 1993; Troy et al., 1999) and given that this fat plays a major role in improving water holding capacity and
binding properties, forming rheological and structural properties that trap moisture in the products to improve
juiciness (Hughes et al., 1997; Pietrasik and Duda, 2000), the significant differences observed in juiciness may be
attributable not to fat but possibly to differences in cuts and finer details in the cooking procedure. No significant
differences in tenderness of the meat (P>0.05) was observed. The animals used for this study were not fully
matured and were also of the same age. Forrest (2009) confirms that maturity is a factor which has the largest
effect on meat tenderness. Flavour did not also record any significant differences (P>0.05) between treatments,
possibly because no spices were added during cooking.
Table 5 - Effect of diet on eating quality of rabbit meat (5 point category of scale)
Sensory attribute
Colour
Juiciness
Tenderness
Flavour

Trt1
1.80a
1.50a
2.00
2.80

Trt2
2.20ab
1.90a
2.50
3.30

Trt3
2.80b
2.80b
2.30
3.70

S.e.d
0.373
0.375
0.427
0.383

Sig.
*
**
ns
ns

S.e.d- standard error of difference, P- probability, Trt-Treatment, Sig.= significance, different superscripts imply significant differences
(P<0.05) between treatments. **= significant at P<0.00 and *= significant at P<0.05, ns= non significant.

CONCLUSION
Feeding local rabbits with Stylosanthes hamata in combination with Sida acuta can lead to improved weight
gains in them but must be done with a good eye on the health of the rabbits. Stylosanthes hamata as a sole can
also improve the colour and juiciness of the meat of local rabbits. Sida acuta as a sole feed could also bring about
improved weight gains however the meat colour would be a bit darker. Given that these two forages are readily
available in the locality, it is recommended that farmers use 50% Stylosanthes hamata and 50% Sida acuta, in
feeding so as to improve the weight gains of their local rabbits.
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ABSTRACT: The aim of this study was to determine instead of levels of protein, fat, carbohydrates
(proximate composition) and essential fatty acids of different body parts as well as male and female
of extensive marine whelk H. pugilinus on dry weight basis. There was a significant difference in
protein, lipid, carbohydrate and water contents between various size groups as well as sex (P<0.05).
Total protein content was found to be varying from 30.58±0.75 (digestive diverticula) to
57.23±1.48% (Gonads) in size group II of the female body parts respectively, the carbohydrate
3.66±0.28 to 10.35±0.14 whereas the lipid 10.18±0.04 to 14.67±0.35. The water content varied
from 58±1.41 minimum digestive diverticula and maximum in 85±1.41 other body tissues. There
was considerably 17 fatty acid composition were identified belongs to ten in saturated fatty acids
four were monounsaturated fatty acid and 3 were polyunsaturated fatty acid among these, C16:0
(22.62%) and C18:0 (14.45%) were the major components saturated fatty acids and C18: 1 (5.3%)
and C20:4n6 (8.66%) were found major mono and poly unsaturated fatty acids. All groups have good
source of the nutritive value particularly the size group II (80-100 mm) is effectual results for the
present findings and it’s symptomatic of their high nutritional quality for human consumption.
Key words: Common whelk, Fatty acids, Mollusc, Nutritional composition, Pazhayar
INTRODUCTION
From the beginning of the 20th century the world population is exploding tremendously great impact on the
availability of food. The seafood is a rich source of protein and many varieties of seafood are also low in sodium
and cholesterol, but it's nutritious as well. It's a delightful addition to any meal and is an excellent, low-calorie
source of many essential nutrients. Nutrition plays a vital role on the development, growth, maintenance of normal
body functions, physical activity and length. Nutrients must be obtained through a judicious choice and
combinations of variety of foods such as carbohydrate, fats, protein are macronutrients, vitamins and minerals are
micronutrients which are necessary for physiological and biochemical process by which the human body acquires,
assimilates and utilizes food to maintain health.
Nutritive compositions are ensuring the adequate immune competence and cognitive development of the
human metabolisms (Ramakrishnan and Rao, 1995). Due to increasing the populations, new nutritional resources
have to be exploited and distributed properly from the land and the sea (Chernysheld, 1977). Hence, recent
researches are much focused on the nutritional sources from the marine environment. Marine organisms generally
possess varying degrees of exogenous fatty acid components. For e.g. poly unsaturated fatty acid that is typical of
certain primary producers (algae and microorganisms) is known to be essential FAs in marine invertebrates
(Ermelinda Prato et al. 2009).Whelks are the predatory marine gastropods that are extremely favored for their high
protein (Xavier Ramesh and Ayyakkannu, 1992). However, the proximate compositions are widely varied depending
on species size. Even though the biochemical composition of bivalves was studied extensively, only limited studies
were conducted on gastropods. However, efforts have been made to study the major biochemical composition of
gastropods such as Thais spp. (Sundaram, 1974).
H. Pugilinus is a marine prosobranch gastropod distributed all over the southeast coast of India which is
inhabited at a depth of 3 to 13 fathoms in sandy mud substratum. The species is edible in Hon Shu Islands in Japan
(Kira, 1962); in India (Anandakumar et al., 1986) reported. Even they are used for ornamental purposes; lime
making industries are exploited in large quantities for its shell. To overcome, the purpose of the present study was
to the availability of the compositions and biochemical variations in tissues of H. pugilinus in different size groups.
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MATERIALS AND METHODS
Sample Collection and Processing
The study animal were sourced from trawl net operation of by - catch resources at fish landing centre of
Pazhayar (Lat 11º 21’22” N; long 79º 50’55” E) the selection of this harbor is one important landing center among
the three minor fishing harbor in Tamil Nadu. More then 200 samples were segregate in to three different size
groups ranging from 50 to 130 cm and washed thoroughly with tap water and subsequently with distilled water to
remove the surface soil and dust. The outer shells were carefully removed and dissected out and identified the
male and female were separated to various parts of body such as foot, mantle, gonad and other body tissues
(remain part of the animal) could be dried in hot air oven at 60C for 24 h. The dried material was powdered, sieved
and used for further analysis in triplicate to analyze total protein, carbohydrate, lipid and water content. The whole
body tissues of both sexes were pooled together and analyzed for the fatty acid profile.
Estimation of total protein: The folin – Ciocalteu phenol method (Lowry et al. 1953) was adopted for the
estimation of total proteins in the different body parts of the dried samples.
Estimation of carbohydrate: For the estimation of carbohydrate content, using the procedure of phenolsulphuric acid (Dubois et al. 1956) method.
Estimation of lipid: The chloroform – methanol extraction procedure (Folch et al. 1956) methods was used
for the extracting lipid from the various body parts.
The water content was estimated by subtracting the dry weight of the sample from the known wet weight of
the sample dried in a hot air oven and then calculated in percentage to estimate the water content.
Estimation of fatty acid: Fatty acids in the sample were analyzed by converting them in to FAME and analyzed
by Gas Chromatography (Sasser et al. 2005). The purified methyl esters were analyzed by gas chromatography
(Agilent- GC 6890N) equipped with flame ionization detector. Capillary column- HP Ultra 2 with 2m long and 0.2mm
inner diameter coated with 5% phenyl methyl silaxane and 0.33µm thickness was used. The rate of hydrogen
carrier gas flow was maintained at 30ml/min. FAMEs were identified by MIDI calibration standard software.
RESULTS
Sea food is the important constituent of the human diet, nowadays the protein efficiency increasing in
developing countries. It has stimulating exploration of non – traditional resources (Woodcock and Benkendorff,
2008). The proximate composition of the male meat of marine gastropod in various body parts and size groups
were showed (Figures 1, 2 and 3) and the female body parts were shown (Figures 4, 5 and 6) the mean values of
protein, carbohydrate, lipid, water content and fatty acids were showed. The percentage biochemical compositions
of various body parts of male and female H. pugilinus were analyzed and represented, the protein, carbohydrate,
lipid and water content varied significant (P<0.05). The level of composition was higher in gonad in case of both
male and female in all the size groups.
In the present investigations SGII is more significant value compare to the SG I and SG III. The protein content
varied from the SG I foot of female 44.9±1.34 - 48.4±1.88 in gonad respectively SG II 47.1±1.47 - 57.2±1.48, SG III
30.5±0.75 - 35.6±1.69.The maximum in gonads (57.2±1.48) in SG II and least amount in 30.5±0.75 in SG III. In
order the protein content varied from 40.3±0.14 - 46.1±0.05, 46.4±0.05 - 56.3±0.09 and 29.1±0.14 - 35.8±0.11
the maximum (56.3±0.09) SG II and least amount in 29.58±0.75 in SG III.
Carbohydrate level ranged from the female 5.48±0.28 - 8.13±0.04 in SG I, SG II 6.9±0.14- 10.3±0.14, SG III
3.66±0.28 - 5.46±0.37.Carbohydrate higher in gonad (10.3±0.14) SG II and lower amount in foot (3.66±0.28) SG
III. In order the male 8.12±0.14 - 11.2±0.12, 7.82±0.09- 9.88±0.08 and 3.90±0.07 - 5.16±0.12 the maximum
(11.2±0.12) in SGI and least amount in 3.90±0.07in SG III. In female, the lipid content varied from 12.59±0.4815.95±0.07 (SG I) 10.37±0.21 - 14.6±0.35 (SG II) 10.1±0.04 - 13.1±0.07 (SG III). Amount of lipid maximum in
(15.9±0.07) gonad SG I and minimum in foot (10.8±0.04) SG I, respectively male 5.83± 0.08 - 12.5±0.14,
8.92±0.10 - 14.8±0.04 and 10.2±0.18 - 13.2±0.19 higher in gonads (15.9±0.07) SI and lower in foot (10.1±0.04)
SG II. In the present study, the lipid formed only a less percentage of the total biochemical constituent and it was
found to be high in gonad (15.9±0.07 SG II) followed by other body tissues (15.1±0.09 SG I), Digestive diverticula
(14.6±0.35SG II) and foot (12.5±0.48 SG I) in H. pugilinus. Whereas in the case of Meretrix meretrix lipid content
was higher in mantle (4.38%) (Palpandi et al. 2008), visceral mass (3.94%) and mantle (3.5%) in Katelysia opima
(Soma Saha, 2004) and digestive diverticula (8.3%) in gonad and foot (Rajan, 1987). The differences in lipid
content of tissues are partially due to the gradual transference of lipids of gonads as reported in C. Tehuelcha (De
Moreno et al. 1976).
In the present findings, the water content in male ranged from 86±1.41 - 83±1.41 and which was high in
other body tissues of SG II and minimum in digestive diverticula of SG II. In female, water content varied between
85±1.41 - 79.5±0.70 maximum in other body tissues of SG III and minimum in digestive diverticula in SG III. Totally
17 different fatty acids were identified 10 were saturated fatty acids (SFA), four were monounsaturated fatty acids
and 2 polyunsaturated fatty acids (PUFA), among SFAs, and C16:0 and C18 : 0 were the major acids. In MUFA
C18:1 and in PUFA C20:4ω6C were the major acids found in H.pugilinus.
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Table 1 - Fatty acid profile for H. pugilinus
Position of carbon atom

Percentage (%)
SG I

SGII

SGIII

0.71
0.08
3.98
1.83
22.62
4.9
12.86
0.58
0.92
48.48%

0.05
0.16
0.1
3.89
1.74
22.48
4.65
14.45
0.75
1.61
49.88%

0.86
2.67
0.67
11.11
3.26
13.41
0.89
0.57
33.44%

0.17
0.67
4.15
1.94
6.93%

0.17
0.65
5.3
1.81
7.93%

0.47
4.61
0.71
5.32%

C18:3n -6
C20:4n-6

0.36
8.66

0.38
6.93

4.68

C20:4n-12

-

-

10.96

9.02%

7.31%

15.64%

Saturated Fatty acids (SFA)
C10:0
C12:0
C13:0
C14:0
C15:0
C16:0
C17:0
C18:0
C19:0
C20:0
Mono Unsaturated Fatty acids (MUFA)
C16:1n-5
C17:1n-8
C18:1n-9
C20:1n-7
Poly Unsaturated Fatty acids (PUFA)

* Percentage composition of fatty acid profile

Figure 1. Proximate composition in male H. pugilinus body parts; * - Size group I (50 - 70 cm)
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Figure.2. Proximate composition in male H. pugilinus body parts; * - Size group II (80 - 100 cm)

Figure 3. Proximate composition in male H. pugilinus body parts; * - Size group II (110 - 130 cm)
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Figure 4. Proximate composition in female H. pugilinus body parts; * - Size group I (50 - 70 cm)

Figure 5. Proximate composition in female H. pugilinus body parts of Size group II (80 - 100 cm); * - Size group II
(80 - 100 cm)
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Figure 5. The Proximate composition in female H. pugilinus body parts of Size group III (110 - 130 cm); * - Size
group III (110 - 130 cm)
DISCUSSIONS
The protein is essential for the sustenance of life and accordingly exists in large quantity of all nutrients in
human body. The protein content varies from animal to animal, one body part to another and also season to season
(Kunusaki, 2000). The variations in the biochemical constituents like protein, carbohydrate and lipid are mainly
influenced by the reproductive cycle, feeding and age of the organisms concerned (Giese and Hart, 1967). Very well
agreeing with the above facts, in the present study protein and carbohydrate were found to be higher in gonad
(56.3±0.09) of SG II and SG I (48.4±1.88) respectively and it is due to the attainment of sexual maturity and
consequent maturation of gonads. The reason for the maximum protein content recorded in the gonad than that of
the other analyzed edible portions viz., foot, digestive diverticula and other body tissues of the H. pugilinus might be
stated that the gonad part acts as a storage organ. In contrast to this view it was stated that the digestive gland
acts as a storage site in most of the tropical molluscs (Owen, 1966; Jayabal and Kalyani, 1986; Rajkumar, 1995).
The protein content values of the present study were found to be lying more with the protein values of 23.6 to
43.0% in the mantle of Rapana rapiformis (Rajkumar, 1995) and 15.71 to 29.8% in the whole body tissue of Pythia
plicata (Shanmugam, 1991). But the protein was reported more or less equal to the present observation in
Babyloniya spirata (Shanmugam et al., 2006) in which the adductor muscle, mantle and siphon mixture showed
the maximum protein content of 51% and minimum of 43.87%; whereas protein in the foot muscle was 62.13% in
male and 64.44% in female of Chicorus virgineus and 60.78% and 60.43% of the male and female samples of R.
rapiformis respectively (Xavier Ramesh and Ayyakkannu, 1992), Thais bufo (46.8% in males and 49.8% in
females), T. bisserialis (42.4% males and 43.4% in females) (Tagore, 1990). Thivakaran (1988) recorded L.
quadricentus (35.94%) and N. pyramidalis (35.63%).
The carbohydrate level in the present study ranged from 10.35±0.14of SG II and to 8.13±0.04 SG I, whereas
adductor muscle, mantle and siphon mixture was maximum of 6.8% and minimum of 6.5% in B. spirata
(Shanmugam et al., 2006). More carbohydrate in the gonad and digestive gland mixture than that of viscera and
foot observed in Morula granulata suggested that it may be used during the reproductive physiological needs or
may be converted to the gonadial lipids (Umadevi et al., 1985; Rajkumar, 1995) concluded that carbohydrate was
higher in foot followed by digestive diverticula, mantle and gonad in R. rapiformis. Ansell et al. (1973) reported that,
in molluscs, generally the carbohydrate reserves may be utilized under unfavourable conditions and the great
variation found in tissues indicates that the level of mobilizable carbohydrate reserves may fluctuate widely and
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rapidly in response to fluctuation in condition affecting the position of the animal. Water content in H. pugilinus
was high in other body tissues of (85±1.41%) SG III and low in digestive diverticula of (50 %) SG I. Similar
observation on the variation in water content and dry weight (Ansell et al., 1964) in Venus mercenaria and Tivela
stultorum (Giese et al., 1967) which was due to the maturation and spawning.
The availability of SFAs content was 48.48 % (SG I) 49.88 % (SG II), and 33.44 % (SG III). The value of MUFA
and PUFA are given in Table 1. Marine animals are the richest sources of PUFA it accounts about 31.97% of the
total fatty acids, where 20:5 and 22:6 acids together accounted for about 90% of the total PUFA (Nair and Mathew,
2000). Among 17 different fatty acids were identified, 10 belong to saturated fatty acid (SFA), 4 were Mono
Unsaturated fatty acids (MUFA) and three were polyunsaturated fatty acid (PUFA). The percentage availability of
SFA was 48.48% (Size group - I), 49.88 % (Size group – II) and 33.44 % (Size group -III),whereas MUFA was 6.93%
(Size group - I), 7.93% (Size group – II) and 5.32% (Size group -III) and PUFA was 9.02% (Size group - I), 7.31% (Size
group – II) and 15.64% (Size group -III). Whereas fatty acid contents of Perna viridis and Crassostera madrasensis
accounted 44.06 and 48.4%, 33.74 and 24.04%, 20.47 and 22.15% of SFA, PUFA and MUFA respectively
(AjayaBhaskar, 2002).
In the present study arachidonic acid was found in all size groups which was 8.66% (Size group - I), 6.93%
(Size group – II) and 4.68% (Size group -III). However, arachidonic acid has been proved effective in improving egg
quality (Sargent et al. 1999) and survival at the early life stages of fish (Castell et al., 1994, Bessonart et al., 1999
and Koven et al., 2001). The variation in the SFA level in various size groups can be attributed to seasonal
variations, diets and adaptation to habitat changes (AjayaBhaskar, 2002). The saturated fatty acids were the next
most common fatty acids 26% in the FD and 25% in the frozen Green ripped mussels of Perna canaliculus (Murphy
et al., 2001).
In stearic and palmitic acids were commonly high in nature in different species of limpets (Sonia Brazao et
al., 2003). In this study the both acids were recorded 14.45% and 22.62% respectively. The water soluble esters of
Stearic acid and of palmitic acid (Tween 20 - polyoxyethylene sorbitan monolaurate), and (Tween 40 - PSM)
exhibited appreciable bacteriostatic and bactericidal activity against tubercle bacilli in concentrations of 0.01 to
0.001%, but esters of stearic and oleic acid (Tween 60 - PSM) and (Tween 80-PSM) were found inhibitory only at
higher concentrations (Dubos, 1947). In the present study, H. pugilinus showed dominance of 16:0 and 18:0 fatty
acids which constituted 22.62 and 12.86% (SGI) respectively, Therefore H. pugilinus would be better alternative
sources since it contains both palmitic and lauric acid. Thus present study confirmed that biochemical composition
was higher in the foot of various size groups and clearly indicated that they are potential source of nutrition for the
currently famished world population.
CONCLUSION
In present study, variation in biochemical composition seems to be governed by different size group and
different body parts. The study on proximate composition of H. pugilinus revealed that protein and lipid content
were high. Fatty acids study depicted that, saturated fatty acids observed were ranging from 16.8 to 22.5% and
Stearic acid and Palmitic acid were found to be dominant. This study clearly indicates that the mollusc H. pugilinus
was the potential source for nutritive value and it is strongly recommended for human consumption.
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ABSTRACT: The aim of the present study was to investigate the effects of different ginger rhizome
treatments on hepatic oxidative stress markers and antioxidant status. Also, the study was extended
to show the serum lipid profile, liver and kidney functions and serum glucose. Forty male New
Zealand rabbits were allocated into four groups (10 rabbits in each); control, ginger powder, hot
extract of ginger and cold extract of ginger. The results revealed that administration of ginger in its
different forms significantly reduced malondialdehyde (MDA) level, glutathione peroxidase (GPX) and
glutathione-S-transferase (GST) activities, meanwhile, the reduced glutathione (GSH) was
significantly increased in liver. Moreover, ginger treatment depleted serum triacylglycerol (TAG), total
cholesterol and low density lipoprotein-cholesterol (LDL-c) while the high density lipoproteincholesterol (HDL-c) was increased. Ginger administration improved liver functions but unfortunately,
the serum creatinine and glucose levels were increased. We concluded that ginger especially hot
extract maintain the antioxidant activities, improve liver functions and reduce lipid peroxidation.
Key words: Ginger, Cholesterol, Malondialdehyde, Glutathione
INTRODUCTION
Plants have been the major source of drugs for the treatment of various diseases in many ancient systems of
medicine in the world. Ginger is an underground rhizomes of plant Zingiber officinale belonging to the family
Zingiberaceae which is widely consumed as spice for the flavoring of foods (Ajith et al., 2007). It has been reported
that ginger and its extracts possess some pharmacological activities including hypoglycemic, insulinotropic and
hypolipidemic in human (Huang et al., 2004) and in experimental animals (Kondeit et al., 2005). The antiinflammatory and antioxidant properties in ginger help to relieve various inflammatory disorders like gout,
osteoarthritis and rheumatoid arthritis (Habib et al., 2008). The antioxidants in ginger include gingerols, shogaols,
monoterpenes, sequiterpenes, some phenolic derivatives and other phytochemicals which are responsible for their
pharmacological activities (Li et al., 2001). Ginger acts as a hypolipidemic agent in cholesterol fed rabbits. Also,
Akhani et al. (2004) reported that ginger treatment significantly decreased both serum cholesterol and
triacylglycerol. In addition, Fuhrman et al. (2000) reported that ginger decreased LDL-cholesterol and triacylglycerol
in apolipoprotein-E deficient mice. Many previous studies investigated the hepatoprotective effects of ginger extract
against liver toxicity induced by ethanol, carbon tetrachloride, bromobenzene and acetaminophen with significant
decrease in the level of ALT and AST (Mallikarjuna et al., 2008; El-Sharaky et al., 2009).
The present work was conducted to study the effect of ginger on liver antioxidant enzymes and glutathione
content, serum lipid profiles and aminotransferases, urea, creatinine and serum glucose.
MATERIALS AND METHODS
Animals: Forty male New Zealand rabbits of 30±2 days old weighing 1800±250g were kept in clean and
disinfected metal cages. Food and water were available ad libidum. All animals kept on basal ration composed of
16.3% crude protein, 11.7% crude fiber, 0.4% calcium, 0.32% phosphorus, 1.359% magnesium and of 2580 kcal
digestible energy/kg ration. The animals were allowed to acclimatize for a period of two weeks before the
commencement of the experiment.
Medicinal plant: Ginger (Zingiber Officinale Roscoea) was purchased from the market of the herbs in
Alexandria and mixed with the basal diet along the period of experiment.
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Preparation of ginger extract:
2% Hot extract; 20 g of ginger powder was weighed then dissolved in 1 L of water and boiled, sieved, cooled
and presented for animals each day freshly.
2% Cold extract; 20 g of ginger powder was weighed then soaked in 1 L of water for 10 hours, sieved and
presented animals each day freshly.
Experimental design: All animals were allocated into four groups 10 rabbits/each as follow;
Group (1): control group kept on basal diet.
Group (2): ginger powder group received 2% ginger powder in basal diet.
Group (3): cold extract group received 2% cold extract of ginger in drinking water.
Group (4): hot extract group received 2% hot extract of ginger in drinking water.
The experiment was extended for one month.
Sampling: Blood samples were collected from ear vein of all animals under the experiment. Samples were
centrifuged at 3000 rpm/15 min. the obtained clear, non-hemolyzed sera were kept at -20ºC until the time of
analysis. The rabbits were slaughtered; eviscerated and liver tissues were harvested from the carcass and washed
by normal saline, dried and weighed. The collected livers of each group were kept frozen at -20 ºC until the time of
analysis.
Biochemical analysis
The determination of liver lipid peroxide as Malondialdehyde were measured spectrophotometrically after the
reaction with thiobarbituric acid according to Placer et al. (1966); liver Glutathione peroxidase was determined
chemically using cummene hydroperoxide as substrate according to Chiu et al. (1976); Glutathione-S-transferase
activity was measured spectrophotometrically at room temperature as a rate of GSH conjugation of CDNB
according to Habig et al. (1974); Glutathione was assayed by spectrophotometric technique according to Sedlack
and Lindsay (1968).
The serum triacylglycerol was determined according to Fossati (1982); serum total cholesterol according to
Thomas (1992); high density lipoprotein cholesterol according to Assmann (1979); serum low density lipoprotein
cholesterol according to Bauer (1982); serum Alanine aminotransferase activity and serum Aspartate
aminotransferase activity were determined according to Reitman and Frankel (1957); serum alkaline phosphatase
activity according to Kind and King (1954); serum gamma glutamyl transferase activity according to Szasz and
Persijn (1974); serum glucose according to Kaplan (1984); serum urea according to Tabacco et al. (1979); serum
creatinine according to Henry (1984); serum testosterone concentration according to Demetriou (1987).
Statistical analysis
The data of biochemical parameters were compared among groups within periods using the GLM procedure
of the Statistical analysis System computer package SAS, (1987). Means were compared by the LSMEAN of the
same program. Data obtained were expressed in Mean ± SEM.
RESULTS
The liver lipid peroxidation (Malondialdehyde) content, glutathione peroxidase and glutathione-S-transferase
and reduced glutathione concentration in rabbits fed basal diet supplemented with 2% ginger powder and ginger
extract; hot and cold for 30 days are given in Table 1. All treated groups showed significant decrease of MDA
concentration, and GST activity. The 2% hot extract of ginger treated group showed significant decrease of GPx
activity, the ginger cold extract treated group showed also, significant decrease of GPx activity while, GSH
concentration significantly increased as compared to control group.
Table 1 - Effect of ginger powder, hot and cold extract on liver lipid peroxidation (nmol/g wet tissue), antioxidant
enzymes activity (IU/g wet tissue) and Glutathione levels (μmol/g wet tissue) in rabbits liver
Control group
Ginger powder 2%
Ginger hot extract 2%
Ginger cold extract 2%

MDA
62.2 ±1.73 a
39.5 ±2.67 b
31.6 ±2.49 c
38.4 ±3.44 b

GPx
8.26 ±0.66 a
9.12 ±0.65 a
5.17 ±0.66 b
4.32 ±0.53 b

GST
137.67±19.4 a
25.11 ±1.99 d
60.36 ±5.47 c
98.84 ±4.57 b

GSH
28.6 ±0.11 c
37.99±0.86 b
41.37±0.84 a
37.62±1.15 b

Values are means ± standard errors. Means in a column without a common small letter differ significantly (P<0.05).

The serum lipid profile in rabbits fed basal diet supplemented with 2% ginger powder and ginger extract; hot
and cold for 30 days are given in Table 2. The 2% ginger powder treated group showed significant decrease of
triglycerides and total cholesterol while HDL-c significantly increased as compared to control group. The 2% hot
extract ginger treated group showed highly significant increase of HDL-c and high decrease of LDL-c as compared to
control group. The 2% cold extract of ginger treated group showed significant decrease of TAG and increase of LDLc as compared to control group.
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Table 2 - Effect of ginger powder, hot and cold extract on serum lipid profile (mg/dl) in rabbits
Control group
Ginger powder 2%
Ginger hot extract 2%
Ginger cold extract 2%

TAG
91.3± 6.72 a
72.0±3.31 b
68.0±2.31 b
88.0±3.46 a

Chol
77.0±0.93 a
71.0±0.89 b
70.0±1.15 b
79.0±1.65 a

HDLc
38.2±1.05 c
40.7±0.88 b
43.2±0.48 a
37.0±0.73 c

LDLc
20.5±2.13 b
16.0±1.98 b
16.2±1.68 b
28.4±0.95 a

VLDLc
18.26±1.04 a
14.4±1.12 b
13.6±1.06 b
17.6±1.15 a

Values are means ± standard errors. Means in a column without a common small letter differ significantly (P<0.05).

The serum enzyme activities in rabbits fed basal diet for 30 days supplemented with 2% ginger powder and
ginger extract; hot and cold for 30 days are given in Table 3. All treated groups showed significant decrease of
serum aspartate and alanine aminotransferase, gamma glutamyl transferase and alkaline transferase activities as
compared with control group.
Table 3 - Effect of ginger powder, hot and cold extract on serum enzyme activity (u/l) in rabbits
Control group
Ginger powder 2%
Ginger hot extract 2%
Ginger cold extract 2%

AST
62.2 ±1.73 a
39.5 ±2.67 b
31.6 ±2.49 c
38.4 ±3.44 b

ALT
8.26 ±0.66 a
9.12 ±0.65 a
5.17 ±0.66 b
4.32 ±0.53 b

ALP
137.67±19.4a
25.11 ±1.99 d
60.36 ±5.47 c
98.84 ±4.57 b

GGT
28.6 ±0.11 c
37.99±0.86 b
41.37±0.84 a
37.62±1.15 b

Values are means ± standard errors. Means in a column without a common small letter differ significantly (P<0.05).

The serum glucose, urea, creatinine and testosterone hormone concentration in rabbits fed basal diet
supplemented with 2% ginger powder and ginger extract; hot and cold for 30 days are given in Table 4. The serum
glucose and creatinine concentration were significantly increased, while the serum testosterone concentration was
significantly decreased in all ginger-treated groups as compared to control one. The serum urea concentration only
significantly decreased in 2% ginger powder treated group as compared to control one.
Table 4 - Effect of ginger powder, hot and cold extract on serum glucose, urea and creatinine concentration
(mg/dl) and serum testosterone concentration (mg/dl) in rabbits
Control group
Ginger powder 2%
Ginger hot extract 2%
Ginger cold extract 2%

Glucose
65.0±1.34 c
80.0±1.83 a
72.2±2.32 b
82.7±1.74 a

Urea
38.3±0.88 a
33.3±0.99 b
30.2±1.01 b
38.8±1.05 a

Creatinine
0.99±0.03 b
1.21±0.03 a
1.14±0.01 a
1.22±0.04 a

Testosterone
4.72±0.17 a
1.51±0.19 c
2.72± 0.35 b
0.72±0.08 d

Values are means ± standard errors. Means in a column without a common small letter differ significantly (P<0.05).

DISCUSSION
The present study demonstrated that ginger treatment for thirty days significantly decreased the MDA
concentration, GPx and GST activities and significantly increased concentration of GSH as compared to control
group. Decreasing lipid peroxidation by ginger treatment may be attributed to its antioxidant activity as it contains
many phenolic compounds which have inhibitory effect on lipid peroxidation, these phenolic antioxidants may
conserve the antioxidant enzymes but increase SH- containing compounds including glutathione. This explanation
was agreed with Ahmed et al. (2000) who reported that ginger significantly lowered lipid peroxidation by
ameliorating the activities of the antioxidant enzymes; superoxide dismutase (SOD), catalase and glutathione
peroxidase in rats. Moreover, Sujatha and Srinivas (1995) revealed that the aqueous extract of ginger inhibited lipid
peroxidation and formation of diene, triene and tetraene conjugates in human erythrocyte membrane.
Supplementation with ginger can reduce free radical mediated oxidative stress to the cells, the crude gingerol
extract was found to have antioxidant activity (Asnani and Verma, 2009). Also, these results were in harmony with
Liu et al., (2003) who recorded that administration of either 2% ginger or 5% ginger containing diets to
hyperlipidemic rats showed increased GSH and decreased plasma lipid peroxide levels. The depletion of antioxidant
enzymes may be explained as ginger offered protection to cells against oxidative stress by scavenging free radicals
(Guo et al., 1997). This may be due to the presence of many antioxidative compounds like gingerols, shogaols,
phenolic ketone derivatives, volatile oils and flavonoids in ginger, these antioxidant compounds may modulate
spare the antioxidant enzymes (Young et al., 2005).
The hypolipidemic effect of ginger may be attributed to stimulation of the conversion of cholesterol to bile
acids, an important pathway of elimination of cholesterol from the body by ginger. The activity of hepatic
cholesterol-7-α-hydrolase, the rate limiting enzyme of bile acid biosynthesis from cholesterol was significantly
elevated in ginger treated animals (Heeba and Abd-Elghany, 2010). Also, the hypocholesterolemic effects of ginger
may be due to the inhibition of cellular cholesterol synthesis, since, ((E)-8 beta,17-epoxyllabed-12-ene-15,16 dial)
compound was isolated from ginger and interfered with cholesterol biosynthesis in liver homogenate in
hypercholesterolemic mice causing its reduction (Tanabe et al., 1993). Our results were in agreement with
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Bhandari et al. (2005) who demonstrated that the ethanolic extract of ginger significantly reduced serum total
cholesterol and triglycerides and increased the HDL-c levels, also the extract can protect tissues from lipid
peroxidation and exhibit lipid lowering activity in diabetic rats. However, our results were disagree with Rong et al.
(2009) who reported that treatment of male and female rats with ginger powder up to 2000mg/ kg for 35 days did
not affect serum total cholesterol and triglyceride levels. These differences may be attributed to different dose and
sex used in the two experiments.
Administration of ginger improved liver function s as it reduced liver enzymatic activities. These results were
in accordance with that of Mallikarjuna et al. (2008) who showed that administration of ginger ethanolic extract
(200 mg/kg) orally from day 15 to day 21 along with country-made Liquor (CML) produced significant lowering of
AST, ALT, ALP and tissue lipid peroxide levels.
Treatment of ginger significantly decreased serum urea and increased serum creatinine concentration since,
ginger contain polyphenols and flavonoids that influence removing certain waste products from plasma. These
results agree with Ajith et al., (2007) who reported that the presence of polyphenols and flavonoids in ginger extract
might be responsible for the antioxidant nephroprotective activities and the reduction of serum urea and creatinine
levels. Creatinine is an organic base formed during muscle protein metabolism as a degradation product of
Creatine phosphate. Like many other organic bases, creatinine is filtered at the glomerulus and eliminated from
plasma by the kidney. It means that creatinine is filtered only but is not reabsorbed; therefore ginger might have
little influence on its excretion, whereas urea is filtered and reabsorbed partly in the nephron. In addition the
relation of urea to the water reabsorption may cause extra cellular contraction, which consequently resulted higher
concentration of substances such as creatinine in plasma (Mehrdad et al., 2007); this may be the reason for higher
significant level of creatinine in rabbits receiving 2% ginger. However, Dias et al. (2006) found that serum creatinine
levels were not modified by ginger treatment.
Serum testosterone level significantly decreased, since ginger at higher doses may reduce testicular mass
due to feedback reaction while serum glucose level was significantly increased. Our results concerning testosterone
were agree with Rong et al. (2009) that oral administration of ginger powder at 2000mg/kg for 35 days slightly but
significantly decreased the weight of testes in rats. Also, Morakinyo et al. (2010) reported significant decrease in
the weight of testes and serum testosterone concentration in rats given oral aqueous ginger extract (500mg/kg
body weight) for 30 days. The decrease in the level of testosterone may be contributed to decrease level of
cholesterol as observed in our results which is a precursor of steroid hormone biosynthesis. However, our results
were disagree with that of Mallikarjuna et al., (2008) who recorded that aqueous ginger extract administered orally
over 8 days significantly increased the weight of testis and the serum testosterone levels in rats. Moreover, Khaki et
al., (2009) who reported that serum testosterone level increased significantly in rats received 100 mg/kg body
weight for 8 weeks. These discrepancies in the results may be attributed to the dose and the duration of
experiment.
Unfortunately, our results regarding blood glucose were disagree with, Sakr, (2007) who reported that Ginger
was found to decrease blood glucose in adult male rats. Also, Supplementation with ginger oil significantly reduced
the level of blood glucose (9.38%) in non-diabetic rats (Al-Attar and Zari, 2007). However, Weidner and Sigwart,
(2000) failed to reproduce the hypoglycemic effect of ginger extract with doses 25, 50 and 100 mg/kg in rats and
rabbits. Also Bordia et al. (1997) demonstrated that no effect on blood glucose sugar was observed in healthy
human and patients with coronary arterial disease when given 4 gm of ginger daily for 3 months. Even
administration of ginger powder to rats up to 2000mg/kg for 35days and 1%, 2%/kg diet for 30 days did not affect
serum glucose that suggested that ginger not interfere with glucose metabolism under physiological status
(Shanmugam et al., 2011).
CONCLUSION
The use of ginger was beneficial in lowering lipid profiles and lipid peroxidation and has hepatoprotective and
nephroprotective effects, but its effect on serum sugar and testosterone levels need further more studies.
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ABSTRACT: The range vegetation attributes, carrying capacity, stocking rates and forage productivity
were studied in close and open range systems at the flowering and seed setting stages during the
September and November 2010, respectively, in El Rosa (El-khuwei locality). Sampling was done by
locating 2Km2 in close and open range systems in a radiating manner from the centre of each site.
Completely Randomized Design (CRD) was used to analyses treatments. Biomass production of
plants and plant cover at the flowering stage in the close range system were significantly (P<0.0001)
higher than that at the seed setting stage in the open range system. The plant density was significant
(P<0.05) higher in the close rang system at the flowering stage and lower at the seed setting stage in
the open range system. Bare soil and litter was significantly higher (P<0.0001) in the open range
system during the seed setting stage and lower in the close range system during the flowering stage.
Forage productivity of plants and shrubs browse kg/ha on rangeland was significantly higher
(P<0.05) in the close range system during the flowering stage and lower in open range system at the
seed setting stage. Carrying capacity was significantly higher (P<0.0001) in the close range system
at the seed setting stage and lower in the open range at the flowering stage. Stoking rates in open
range system during the seed setting stage was significantly higher (P<0.0001) and lower in the
close range system during the seed setting stage. The frequencies of Huskneet (Cenchrus biflorus),
Bano, (Eragrostis tremula), Difra (Echinocloa colonum), leflef Luffa aegyptiaca, Gaw (Aristida sp),
Shuleny Zornia glochidiata and Aborakhus Andropogon gayanus were higher in close system during
the two stages of growth. Plants such as Abodaib Ceraotheca sesamoid, Bigual Blepharis linarifolia,
Tmrfar (Oldenlandia senegalensis), Rabaa (Zalea sp), Himeira Hymerocardia, Diresa (Tribulus
terrestris) and Huntot Merremia pinnata recorded higher frequencies in close range system during
the flowering stage than in the open range system during the seed setting stage. The Nuida Sida
cordofolia had highest frequency in the open range system during the two stages of growth.
Key words: Biomass, Cover, Density, Bare Soil, Litter and Frequency, Forage Productivity, Carrying
Capacity, Stoking Rates
INTRODUCTION
Natural grasslands generally occur in climates that are either too dry or too cold for forest to persist, for
example arid or semi-arid areas, monsoonal tropics with a long dry season, mountainous areas above the tree line
(Alps) or tundra's in the arctic regions. Therefore, there are generally no natural grasslands in equatorial or
temperate lowlands with humid or sub-humid climates. Grasslands are also more likely to occur on heavy-texture
soils or in areas that are regularly burnt (Moore, 1964). In humid and sub-humid climates most grasslands are
induced (man made), because the climate lacks the conditions needed for natural grasslands. Generally speaking,
land is used for animal production from grassland only when other more profitable land useful systems are not
possible. Thus, even natural grasslands, such as the prairies in North America, pampas in Argentina, llanos in
Colombia, cerrados in Brazil, downs in Australia, steppe in Russia and pusta in Eastern Europe, have been
converted to croplands when soil conditions and rainfall were sufficiently favorable for cereal production (Moore,
1964). The species composition of rangeland varies depending on topography, climate and soil types (Skerman,
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1977). Different grasslands contain diverse types of grasses, legumes, and other herbaceous species. The botanical
composition of plant community can also change due to factors like altitude, grazing practices, burning, drought,
and temperature effects, pest, and erosion. Therefore, due to, the productivity of an area in terms of its capacity to
support livestock may change. Change in plant composition results as a result of the adaptability of the plant
species to these influences over a period of time Skerman (1977).
The area of North Kordofan is about 25 million ha which is 14.5 million ha are rangeland (AFRICOVER, 2004)
it is considered among the leading regions of Sudan in terms of animal and range resources, where more than 13
million heads of sheep, goats, camels and cattle are present (RPA, 2005). Animal production in the North Kordofan
is mainly practiced under traditional extensive systems, depending on natural rangeland (Cook and Fadlalla, 1987).
Cattle dominate the southern part of the State, while sheep, goats and camels are present in larger numbers in the
northern drier part (El-Hag, 1993). Feed resources about 90% of livestock are from traditional pastoral systems,
mainly in the western parts of Kordofan and Darfur states and in the southern states. The long term average annual
rainfall is about 300-mm, consisting of storms of short duration between July and September with the highest
rainfall generally occurring in August. The main objective of this paper was to investigate the effects of range
system on vegetation attributes, carrying capacity and stocking rate, North Kordofan, Sudan.
MATERIALS AND METHODS
Study area
This study was conducted at El-khuwei locality (El Rosa). It lies between longitudes 28˚:33' and 28˚:30'N and
latitudes 12˚:14' and 14˚:12'E, about 105 Km west of El Obeid town. North Kordofan State lies between latitudes
11˚:20' and 16˚:36'N and longitudes 27˚:13' and 32˚:24'E. The close range system was established in 2007 in an
area of about 500 ha, at El-khuwei locality which is a large export market of animals (Hamari sheep) in western
Sudan according to (MAR, 2009). The long term average annual rainfall is about 300-mm, consisting of storms of
short duration between July and September with the highest rainfall generally occurring in August. The average
monthly temperature according to Nimer (2000) is during I987-2002 in El Obeid town (34.6°C) and the coldest
months are December and January with mean temperatures of 14.I°C and 13.5°C, respectively. The hottest
months are April, May and June with an average mean temperature exceeding 30°C. The soil of the site lies within
the sand dune area locally known as “Goz” soil. The site is naturally dominated by grasses namely Huskneet
(Cenchrus biflorus), Shilini (Zornia glochidiata), Bigail (Blepharis linarifolia) and Aborakhus (Andropogon gayanus).
The trees included Humied (Sclerocarya birrea), Higlig (Balanites aegyptiaca) and Sider (Zizuphus spina- Christi).
The Shrubs include Kursan (Boscia senegalensis), Usher (Calotropis), Mereikh (Leptadenia pyrotechnica) and Arad
(Leptadenia pyrotechnica) according to MAR (2009).
Layout of the experiment
Sampling was done by locating 2Km2 in the closed and open range system at two different growth stages
flowering and seed setting was used to compare vegetation attributes, carrying capacity, stocking rate and forage
productivity at each site eight transects of 500m length were located in a radiating manner from the center of the
sample site according to Fadlalla and Cook, (1985).
Measurements of Vegetation Attributes
Measuring cover: The traditional loop method was used to measure cover, litter and bare soil according to
Parker and Harris (1959). Within the selected plots, 16 transects readings were made, each transect was 100m
long. The measurements were taken along each transect using a 100m plastic tape. All parameter were recorded
at ten-meter interval, using 3/4'' loop to obtain 100 observations. The data was recorded in specified sheets.
Biomass productivity of plants: The double sampling procedure (Wilm et al., 1944) was used to measure
biomass production of plants. Samples selected in close and open quadrates within eight transect 500m long were
taken in a radiating mater. At each transect 10 quadrates of 1m 2 were placed at 50m intervals. The three
observers’ together estimated the weight of the 10 quadrates in the plot, only the 3 rd, 7th and 10th estimated first
and then cut and weighed. The cut samples were oven dried at 80oC for 24 hours and their dry weights recorded
and determine the actual weight of available plants in quadrates and calculated that by average weight in closed
and open rangeland.
Density and frequency of pasture: Density and frequency readings were obtained from the same quadrates
used in double sampling procedure. Samples selected in close 80 and open 80 quadrates within eight transect
500m long were taken in a radiating mater were at each transect 10 quadrates of 1m 2 were placed at 50m
intervals selected samples. Density was determined by counting the number of plants rooted within each quadrate.
Frequencies was determined by counting the number of quadrates that containing the species and divide that
number by the total number of quadrate used as a percentage individual of a given species according to Morrison
et al. (1995) and Kira et al. (1953).
Available browse productivity of shrubs
The Adelaide technique (Andrew et al., 1979) was used to obtain the productivity of shrubs. In this technique,
three observers were involved in the simply. Five calibration or standard shrubs were selected at different height
classes not exceeding 1.5m. These shrubs were tagged with masking tap. Hand- held production unit for each shrub
204

To cite this paper: Abdel Moniem M, El hag A, hassabo AA, Bushara I, Ishag IA, Eisa MO. 2012. Effect of growth stages and range systems on vegetation
attributes, carrying capacity, stocking rate and forage productivity, North Kordofan, Sudan. Online J. Anim. Feed Res., 2(2): 203-209.
Scienceline/Journal homepages: http://www.science-line.com/index/; http://www.ojafr.ir

was used to estimate the unit equivalent in each selected shrubs, and then available shrubs production units were
visually estimated. Then twigs of 2mm in diameter were cut, oven dried at 105˚C to determine the actual weight of
available browse.
Assessment of Carrying Capacity and Stocking Rates
Carrying capacity: Carrying capacity can be used equation:
Carrying capacity =
Annual forage consumption
Available forage productivity (kg/ha)
Carrying capacity calculated by using the following:
Forage productivity (kg/ha)
1- Forage requirement per animal unit/ month/ year
2- Proper use factor % to obtain available forage for proper use 50%
3- Duration of grazing month or year
Stocking rate: For stocking rate in this case is gussets use carrying capacity and area of the range system in
the closed and open range and used the following equation AUM/ year:
Stocking rate = Area (close and open)
Carrying capacity
Statistical Analysis
CRPD and Duncan Multiple Range test was used for mean separation (Steel and Torrie, 1960). SPSS
(Statistical Package for Social Sciences) was used for the statistical analyses.
RESULTS AND DISCUSSION
Biomass productivity of plants
Biomass productivity of plants in the close range system at flowering stage was significantly (P<0.0001)
higher than in open range system at seed setting stage (Table 1). Highly significant (P<0.0001) system x growth
stage interaction effects was found for biomass productivity. Biomass yield was higher at the flowering and seed
stage in the close system and lower in the open range system. These differences in biomass production could
mainly due to, the erratic and inadequate rainfall in the rangeland leads to lower forage biomass productivity.
These differences in biomass production could mainly be because grazing negatively affects plant communities
sometimes, when not at time or the proper stocking rate (HTS, 1975). Dry materials grazing causes relatively little
damage to growth in the following season, and grazing during the seed setting stage, causes potentially permanent
damage and reduces forage production (HTS, 1975). According to Jerry and Holechek (1989), the amount of
rangeland in the world is expected to decline substantially in the next 30 years, and large areas of rangelands in
Africa and South America have already been converted to farmland. The main problem of Africa rangelands is the
expansion of agriculture into grazing areas (Garcia, 1981). Laca et al. (2001) indicated that at too low or too high
levels of plant biomass, rates of nutrient intake are reduced. Intake is influenced by three factors: bite size, bite
rate, and grazing time (intake = bite size x bite rate x grazing time). Intake rate is most sensitive to bite size – too
little or too much plant biomass diminishes bite size, and either increases (too little forage) or decreases (too much
forage) bite rate and grazing time, all of which can diminish animal performance.
Plant density
The plant density was significantly (P<0.05) higher in the close range than in open range system (Table 1). At
flowering stage plant density was significantly higher (P<0.0001) than at seed setting stage. A significant range
system x growth stage interaction for plant density was detected, were at flowering stage in the close range, plant
density highest density was higher. Ministry of Forests wills, (1994) reported that controlling seasonal drift use
among forage types or protecting choice grazing areas for selective use, and protecting critical sites from grazing
where required. Livestock grazing patterns should be observed prior to new fence construction, prefer to spend their
time on grasslands rather than in forested sites. Because many grassland sites on the protected area are being
encroached by forest, livestock distribution is being impacted. Control of forest encroachment will improve livestock
distribution and overall forage production.
Plant cover
Plant cover was significantly (P<0.0001) higher in close range than in open range (Table 1). At flowering
stage plant cover was significantly higher (P<0.05) than at seed setting. Range system x growth stage interaction
for plant cover was highly significant. Plant cover at the flowering in the close system was the highest; while at seed
setting stage in the open range system was lowest. Frequent occurrence of droughts in 1967/84, 1990/91 and the
Sahel drought further accentuated rangeland deterioration. Overstocking and sever intermittent and prolonged
droughts further exacerbate the low forage availability decreased animal production (RPA, 1993). Ministry of
Forests wills, (1994) reported that fencing is an excellent management tools for controlling plant cover, animal and
confirming them to a particular grazing area for an appropriate time.
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Bare soil
Bare soil was significantly higher (P<0.0001) in the open range system that in the close range system (Table
1). At seed setting stage, bare soil was significantly higher than in flowering stage. Range system x growth stage
interaction for bare soil was significant. The higher bare soil was found in open range at seed setting stage, while
the lowest value was found in close range at flowering stage. This situation is related to the main problems
associated with rangeland management and over-stocking leads to progressive reduction in biomass production
and plant cover, in arid and semi-arid areas over stock leads to soil degradation (Strang, 1980). Norton (1991)
found that the contribution of plant litter to the soil surface enriched organic matter content and concentrated
nutrient extracted from deeper horizons. He presumed low level of competition between the species and under
storey grasses due to different rooting behavior and suggested that water penetration is improved under the plant
canopy.
Litter
The litter was significantly higher (P<0.001) in the open range system than in the close system (Table 1). The
effect of growth stage on litter was not significant. Range system x growth stage interaction for litter was
significant. Higher litter was found in open range system at seed setting stage. The close range system was
protected by fancies; however in the open range system, animals allowed to graze in large numbers, so small litter
cover is found. Skerman (1966) stated that replacement of perennials by annuals in arid and semi-arid region was
attributed to the removal of litter and ground cover by continuous overgrazing and over cultivation.
Available browse of shrubs and forage productivity
Available browse of shrubs and forage productivity kg/ha on rangeland was significantly higher (P<0.05) in
the close range system at the flowering stage than in the open range system and lower at seed setting stage (Table
2). Harrison and Jackson (1958) reported that decrease in the productivity of shrubs browse and forage productivity
as affected by degradation and desertification, for the Semi Desert in the North Kordofan and Darfur and low
rainfall savannah on sand soil area. In most of the grasslands under seasonal rainfall areas, shrubs make
considerable contribution to stock feed especially in the dry season. Goats, cattle and to a lesser extent sheep may
all obtain an appreciable proportion of their feed from leaves, flowers, pods, twigs, seeds and even the bark of a
large number of species. Wilson (1959) stated that in many places it is a normal practice for native herdsmen to
lop branches of certain trees and throw them on the ground for their animals to eat during the dry season. In Africa,
probably about 75% of the trees and shrubs are browsed to greater or lesser extent by domestic animals (Webster
and Wilson, 1966).
Carrying capacity
Carrying capacity was significantly higher (P<0.0001) in the close range system at the seed setting stage
than in flowering stage and lower in the open range system at flowering stage (Table 2). Coppock (1994) reported
that the degradation of rangeland is generally caused by poor management of rangeland resources. Louis (1989)
defined the major problem of the pastoral regions as over-stocking leading to certain ecological disaster, too little
lands, the local rangeland could not carry an increased cattle population and that beside localized problems, and
the quality of the environment is deteriorating. At times of drought, pressure on grazing land and water resources is
leading to marked deterioration in range productivity (Pears, 1970).
Stoking rates
Stoking rates in open range system during the seed setting stage was significantly higher (P<0.0001) and
lower in the close range system during the flowering stage (Table 2). The high similarity indices in the late-dry
period were expected because warm-season species had not yet begun rapid growth and the least amount of
forage was available. With higher forage availability (late-wet period) the similarity index was low, reflecting the
effect of stocking density. Low overlap during wet times occurred when goats on the lightly stocked site
concentrated more on forbs than goats on the heavily stocked site Walker et al. (1994). Perhaps the main factor
determining stocking rate is the density of the plants infestation and the palatability of the plant. Sparse
infestations of relatively nutritious, palatable plants like spotted knapweed may be best controlled with light
stocking rates of sheep that can take advantage of the animal's preference for the plant. More dense infestations
or less palatable weeds may require a heavy stocking rate to force a more even utilization of forage. In extremely
dense infestations, animals are often "mob stocked" to facilitate complete removal of all forage (Hanselka and
Paschal, 1992).
Species frequencies
Plant frequencies were higher in close range system during the two growth stages than in open range system
(Table 3). Higher frequencies on the Huskneet, Bano, Difra, Leflef, Gaw, Shilini and Aborakhus, wily Fresha was
lower frequency. However Abodaib, Bigual, Tmrfar, Rabaa, Himeira, Diresa and Hantoot recoded frequencies only in
close range system at the flowering stage. Nuida were higher frequencies in open range system at the two stages.
Indirect relevance to animal production; because the relations between yield and frequency, number or area will
differ between species, their role is mainly to describe and quantify the population of plants in the pasture
(Mannetje, Jones and Stobbs, 1976). Range condition is based on density and production of native, palatable,
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perennial grasses (Holechek, 1984). A better criterion might be the diversity of palatable forage species (Holechek,
1984). It might be desirable if up to 20% of yearly forage production is composed of palatable annuals. Annual
forbs are important in nutrition of cattle, sheep, and pronghorn diets and reduce pressure on palatable perennial
grasses during the growing season. The greater the forage selection provide to domestic or wild ungulates, the
more likely it would meet their nutrient (Holechek, 1984).
Table 1 - Effect of growth stages and range systems on vegetation attributes and biomass of plants at El Rosa,
North Kordofan State, Sudan
Parameter
System
Close
Open
Mean
SE±
Season
Flowering
Seed setting
Mean
SE ±
Season x system
Flowering x close
Flowering x open
Seed x close
Seed x open
Mean
SE ±

Biomass
(kg/ ha)

Density
(p/ m2)

Cover
(%)

Bare soil
(%)

Litter
(%)

2028.9
1205.3
1617.1
74.5***

34.86
26.58
32.45
1.775*

75.27
65.01
70.14
0.58***

14.84
22.87
18.85
0.49***

9.89
12.20
11.04
0.35**

1922.6
1311.6
1617.1
74.5***

35.381
27.19
32.45
1.77 ***

73.61
66.67
70.14
0.58***

16.05
21.65
18.85
0.49***

10.47
11.62
11.04
0.35

2261.2a
1584.1b
1796.7c
826.4d
1617.1
74.5***

39.562a
30.16b
27.52c
26.58d
32.45
1.77 ***

78.14a
69.08b
72.41c
60.94d
70.14
0.58***

11.86d
20.24b
17.81c
25.49a
18.85
0.49***

10.00c
10.94b
9.77d
13.46a
11.04
0.35*

Means in the same column under the same factor with different letters are significantly different. * = significant (P < 0.05), ** = high
significant (P < 0.001) and *** = highly significant. (P < 0.0001). a, b, c = marginal mean.

Table 2 - Shrubs browse, forage productivity, carrying capacity and stocking rates in close and open range at the
flowering and seed stage in El Rosa, North Kordofan State, Sudan
System
Close
Open
Flowering
Seed setting
Mean

Plants
(kg/ha)
202.9
120.5
192.3
131.2
161.7

Browse
(kg/ha)
190.0
140.0
0.800
0.500
115.0

Forage
(kg/ha)
203.1
120.7
192.3
131.2
161.8

CC
(AU/ha/year)
0.750
0.450
0.710
0.480
0.597

SR
(AUM/year)
36.000
60.000
38.030
56.250
47.570

* = significant (P < 0.05), ** = high significant (P < 0.001) and *** = highly significant (P < 0.0001).

Table 3 - Species frequencies % in close and open range systems during the flowering and seed setting stages in
El Rosa, North Kordofan State, Sudan
Plant species
Latin names
Cenchrus biflorus
Eragrostis tremula
Echinocloa colonum
Luffa aegyptiaca
Aristida sp
Zornia glochidiata
Andropogon gayanus
Ceraotheca sesamoid
Blepharis linarifolia
Oldenlandia senegalensis
Zalea sp
Hymenocardia acida
Tribulus terrestris
Merremia pinnata
Tephrosia sp
Sida cordofolia

local name
Huskneet
Bano
Difra
leflef
Gaw
Shuleny
Aborakhus
Abodaib
Bigual
Tmrfar
Rabaa
Himeira
Diresa
Hantoot
Fresha
Nuida

Flowering stage
Close
Open
27.02
18.82
18.09
15.93
11.45
11.93
10.23
10.11
9.06
8.98
7.53
6.84
7.13
6.94
2.41
2.37
2.33
2.06
2.00
1.46
1.44
1.38
1.07
1.37
19.38

Seed stage
Close
Open
25.97
23.96
16.95
14.95
10.91
10.06
9.94
9.50
8.99
7.93
6.97
6.82
6.75
6.84
2.33
2.00
1.83
1.71
1.45
1.02
1.00
1.00
1.00
1.00
18.94

CONCLUSIONS
+ All vegetation attributes and forage productivity were higher in close range system.
+ Bare soil and litter were higher in open range system.
+ Carrying capacity was higher in the close range system at the seed setting stage.
+ Stoking rates was higher in close range system during the flowering stage.
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RECOMMENDATIONS
In addition to it is therefore could be recommended that increase vegetation attributes and forage
productivity a significant in the open range needed more management and improvement.
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ABSTRACT: The present study was conducted to investigate the effects of parity number, season and
year of calving of Sudanese Zebu cattle (Butana) on the lactation curve and milk yield. A Wood's
model (1967) was adopted for the description of the curve, it is a gamma function utilized for
regression of milk yield on time lapse post-partum. The regression equation is presented by [Y(n) = anb
e-cn]; where: Y(n) is the total milk yield for nth week, a, is the initial milk yield and is considered as a
factor which could influence the height of the curve across time but has no effect on the curve. b is
the rate of increase of milk yield pre-peak and is considered as the linear constant that measures the
average slope of the curve during the increase phase. c is the rate of decrease of milk post-peak, a
linear constant that describes the rate of change of the slope of the curve during the decline phase
and determines the slope of the curve during this phase. Records of 178 cows were taken from the
fifth days of lactation till 30 weeks from the year 1994 – 2001. The records were grouped according
to parity (till eight parities), season of calving (dry and wet summer and winter) and year of calving.
The results revealed that effect of parity on initial milk yield, although significant, but variable. The
peak week, persistency and rate of increase of milk pre-peak were the highest (P<0.01) in parity 1
compared to other parities. However, rate of decrease post-peak was not affected by parity number.
Peak yield and total yield increased steadily from parity one to parity 6 then decreased. Calving
weight increased significantly (P<0.01) from 1 to 8. Season of calving was shown to have a significant
effect on initial milk yield, a, peak week and persistency where, a, was the highest (P<0.01) in wet
summer than winter and dry summer and hence was increased to the maximum peak during wet
summer with shorter persistency around the peak compared to dry summer and winter. Year of
calving significantly affected the rate of decrease post-peak, c, peak yield, weekly and total milk
yields. It was shown that cows that calved in year 1997 and 2000 had the lowest (P<0.01) rate of
decrease in milk yield, weekly and total yields.
Key words: Butana, Parity Number, Season of Calving, Lactation Curve, Milk Yield
INTRODUCTION
Sudan is a well-known country for its animal wealth. Cattle alone were estimated to amount to 132.5 million
heads (MARF, 2002). Cattle have served and continue to serve as a valuable role in sustainable agricultural
systems. Among cattle in Sudan, Kenana and Butana Zebu breeds proved to be relatively the highest milk producers.
In the area of study (eastern Sudan), Butana makes an important social contribution in the area. A dairy farm was
established in the mid of the seventies with the objective of improving Butana breed through a selective breeding
programme.
The lactation curve is found to be affected by many factors; mainly parity number, season and year of calving.
Furthermore, the various components that define the curve are also affected in various ways. Milk yield was found to
rise to its maximum to about 5th calving (Vij et al., 1992), although other workers indicated small increases after the
3rd parity (Hammond et al., 1976). The rate of increase of milk pre- or rate of decrease pot-peak with advancement
of parity was related to the efficiency of the use of body reserves in mature cows and heifers (O'Connor and
Oltenacu, 1988). Season has an obvious effect on the lactation curve because each season is characterized by
specific climatic factors such as, temperature, relative humidity, wind movement, solar radiation, light intensity
(Peters et al., 1981) and light durations which significantly alters animal's physiological behavior (Phillips and
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Schofield, 1989). The main effects of these factors are the upsetting of the balance between heat production and
heat loss causing either hyperthermia or hypothermia which in turn causes decrease in milk yield (Esmay, 1978).
Also the effect of season of calving is exerted through the availability of good quality pasture and adequate energy
intake (Emery, 1988). In addition of thermoregulatory demands (Madalena et al., 1979). However, supply of and
energy intake rather than direct climate are found to affect peak yield and persistency (Yadav and Rathi, 1992). The
effect of year of calving on the lactation curve is generally related to differences in nutrition, managerial practices
and change in the genetic make-up over the years (Garcha and Tiwana, 1980).
MATERIALS AND METHODS
Anima housing
A dairy research station was established on an area of 5.88 ha in the River Nile Province (northern Sudan).
The area lies within the latitude 17 o 42' and longitude 33o 58' at 345 meters above sea level and characterized by
semi-arid environment; maximum temperature 47.4 oC during summer and minimum of 15oC during winter with
rainfall between 70 – 100 mm and relative humidity 32.5%..
The animal housing was constructed to accommodate 80 animals. The ceiling was made from local
insulated materials and corrugated galvanized metal sheets. An open yard of 15 X 20 m was used for animal
exercise. Animals were grouped according to their physiological status (lactating, late pregnancy and dry cows).
Cows used in this study were a pure Zebu type (Butana). The animal has a thin neck, light brisket shoulders, but
broad hind quarters. Bones, dewlap and hump are small but udder is quite large with high rear attachment with
teats about 2 inches. Color is solid red. Average body weight at 1 year is 140 kg (Madani, 1996) and average milk
production 1389 kg in 267 days. (Gotbi, 1968) and average age at first calving is 44 months (Alim, 1962) with
calving interval 416 – 485 days (Madani, 1996).
Husbandry practices
Cows were identified by names, dehorning of calves was done at two months of age. Hoof trimming was done
when required, usually during autumn, culling was done according to productivity or age. The herd was allowed to
graze freely in an open area of 3.78 ha that belonged to the research station and which is cultivated with different
fodders according to season. The grazing hours are extended to five hours in the afternoon. For the milking cows cut
fodders are given at a rate of 2.3 kg for each 100 kg body weight and a concentrate mixture (Table 1) to each cow; 2
kg in the morning and 2 kg in the evening during hand milking time. The present study utilized records of 178 cows
for 8 years (1994 - 2001). The data focused on lactation curves of these cows up to 30 weeks following five days of
calving as well as body weights.
Table 1 - Ingredients and proximate analysis of concentrate mixer fed to Butana cows in the research station
Ingredients
Cotton Seed Cake
Wheat Bran
Sorghum Grain
Salt
Total
Chemical Composition (On Dry Matter Basis)
Moisture
Ether Extract
Crude Protein
Crude Fiber
Nitrogen Free Extract
Ash
Total

%
34.5
34.5
30.0
01.0
100
04.0
05.0
22.9
14.0
47.7
0.60
100

RESULTS
Effect of parity
Effect of parity on the different components that defined the lactation curve is shown in Table 2. Significant
(P<0.01) increases in initial milk yield, a, weekly and total yields started from parity 2 and nearly maintained
afterwards up to the 8th parity. While significant (P<0.01) decreases in the rate of increase pre-peak ,b, peak week
(n-max) and persistency were observed from parity 2 which was maintained up to parity 8. Calving weight increase
significantly (P<0.01) and progressively from parity 1 to 8, whereas the rate of decrease post-peak, c, was not
affected by parity.
Effect of season
Data were pooled to investigate the effect of season irrespective of parity. As shown in Table 3, and n-max
were significantly (P<0.01) higher in wet summer than both dry summer and winter, whereas persistency was the
lowest (P<0.01) in wet summer compared to dry summer only.
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Table 2 - Effect of parity number (means ±SE) on different variables of the lactation curve of Butana cows
Variable
Parities
1
2
3
4
5
6
7
8

No.
cows
23
24
21
19
26
25
20
18

a1
Kg
15.38±9.3C
24.71±12.4B
30.36±12.1AB
29.44±10.1AB
35.38±15.3A
32.21±10.4AB
37.35±17.5A
32.16±11.7AB

b2
Kg/week
0.63 ±0.4A
0.41±0.3B
0.37±0.2B
0.38±0.2B
0.38±0.2B
0.47±0.2B
0.34±0.3B
0.43±0.3B

c3
Kg/week
0.06 ±0.03
0.06±0.03
0.05±0.03
0.05±0.03
0.06±0.02
0.07±0.04
0.05±0.04
0.06±0.03

Peak week
(n-max)
10.5 ±4.5A
7.66±3.8B
6.66±3.4B
7.46±3.4B
6.08±2.8B
7.08±4.3B
6.67±3.0B
7.16±2.9B

Peak yield
(Kg)
33.5 ±10.3D
36.13±14.1CD
41.83±12.6BC
41.46±7.4BC
48.56±14.6AB
50.27±9.9A
48.20±15.1AB
47.64±11.9AB

persistency
4.71 ±0.6A
4.25±0.5B
4.13±0.6B
4.11±0.5B
3.97±0.4B
4.04±0.5B
4.05±0.6B
4.14±0.6B

Weekly yield
(Kg/week)
26.5 ±7.7C
28.32±11.3BC
32.83±11.1AB
32.62±7.0AB
37.13±12.0A
37.09±8.0A
36.83±9.5A
36.01±10.3A

Total yield
(Kg/week)
795.1±230C
849.59±338BC
984.8±333AB
978.48±211AB
1113.96±360A
1112.66±240A
1104±285A
1080.23±264A

Calving weight
(Kg)
52.3 ±8.4H
66.54±9.9G
84..75±14.9F
94.61±13.8E
103.6±11.0D
116.08±12.4C
123.59 ±12.5B
135.81 ±12.1A

ABCDEFGHValues

within the same column bearing different superscripts vary significantly at P < 0.01. a1: initial milk yield, b2: average slope of the curve during the increase phase pre-peak, c3: average slope of the
curve during the decrease phase post-peak.

Table 3 - Effect of season of calving (means ±SE) on different variables of the lactation curve of Butana cows
Variable
Season of
calving
Wet summer
Dry summer
winter

No.
cows

a1
Kg

b2
Kg/week

c3
Kg/week

Peak week
(n-max)

Peak yield
(Kg)

persistency

Weekly yield
(Kg/week)

Total yield
(Kg/week)

Calving weight
(Kg)

40
60
76

35.19±13.9A
26.86±13.6B
28.63±14.1B

0.43±0.3
0.16±0.3
0.41±0.3

0.07±0.04
0.06±0.03
0.05±0.02

6.20±2.8b
8.30±4.2 a
7.60±3.6 a

47.66±12.1
41.83±13.4
42.44±13.9

3.83±0.5B
4.30±0.6A
4.25±0.5AB

33.70±8.8
33.03±10.6
33.50±10.9

1011.04±263
990.95±318
1004.85±326

103.02±25.5
92.03±27.9
95.35±31.1

ABCDEFGHValues

within the same column bearing different superscripts vary significantly at P < 0.01. a1: initial milk yield, b2: average slope of the curve during the increase phase pre-peak, c3: average slope of the
curve during the decrease phase post-peak.

Table 4 - Effect of year of calving (means ±SE) for 8 years (1994 – 2002) on different variables of the lactation curves of Butana cows
Variable
Year of
calving
1994
1995
1996
1997
1998
1999
2001
2002

No.
cows

a1
Kg

b2
Kg/week

c3
Kg/week

Peak week
(n-max)

Peak yield
(Kg)

persistency

Weekly yield
(Kg/week)

Total yield
(Kg/week)

Calving weight
(Kg)

35
23
30
19
24
26
16
05

32.89±14.1
32.98±13.9
27.8±12.6
25.65±15.6
28.99±11.9
30.72±15.4
24.12±14.1
25.53±16.0

0.44 ±0.2
0.47±0.3
0.44±0.3
0.40±0.3
0.47±0.4
0.43±0.3
0.29±0.2
0.52±0.03

0.06 ±0.03A
0.07±0.04A
0.06±0.02A
0.05±0.02BC
0.06±0.04AB
0.06±0.02AB
0.04±0.03C
0.06±0.02AB

7.79±3.7
6.48±2.4
7.20±3.7
8.06±3.2
8.00±2.9
6.70±4.0
7.94±6.2
7.78±3.4

49.22±14.7a
47.48±12.4a
41.42±11.3a
37.71±13.6a
44.24±8.9a
44.98±12.9a
30.72±11.3b
40.33±8.9ab

4.17 ±0.5
3.92±0.5
4.12±0.6
4.42±0.5
4.30±0.6
4.05±0.6
4.41±0.7
4.24±0.6

37.84±11.5A
34.40±8.9A
31.50±8.4A
31.15±11.7A
35.20±7.6A
33.38±10.2A
26.26±11.5B
31.66±8.3AB

1135.0±345A
1032.0±369A
945±251A
934±350A
1055.8±228A
1001±305A
787.8±285B
945.7±254AB

95.0±27.2
107.6±24.4
97.3±30.4
91.9±27.7
95.5±31.1
93.9±33.2
92.5±27.2
78.7±26.2

ABCDEFGHValues

within the same column bearing different superscripts vary significantly at P < 0.01; lower case letters at P <0.05. a1: initial milk yield, b2: average slope of the curve during the increase phase prepeak, c3: average slope of the curve during the decrease phase post-peak.
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Effect of year of calving
Milk yield (weekly and total yields) and rate of decrease of milk post-calving, c, were the only parameters
affected by year of calving (Table 4). Weekly and total yields were the lowest (P<0.01) in year 2000, although
significant differences could not are detected between years 2000 and 2001. Also, c, was the lowest (P<0.01) in
year 2000, although significant differences could not be detected between years 2000 and 1997.
DISCUSSION
Effect of parity
The gradual increase in initial milk yield with advancement in parity could be related to more alveolar cells
added to each successive lactation (Jakopovic, 1993; Dhangar et al., 1991). The initial milk yield obtained by
Sudanese Butana Zebu breed under the current study was lower than that obtained by Holstein-Frisian (Madalena et
al., 1976). The highest yield were observed in parities 5 and 7 with productions comparable to those obtained by Vij
et al (1992) but different from those obtained by Kellogg et al. (1977). The present study showed that higher rates of
increase of milk yield pre-peak ,b, with first parity, whereas other studies showed little or no effect of parity on
,b,values (Ahuno and Kabuga, 1994; Mehto et al., 1980). In lines with some studies rate of decrease of milk
production post-peak, c, was not affected with parity (Jakopric, 1993).
Time spent to attain peak week (n-max) was the longest with the first parity. This was inconsistent with other
studies (Biradar, 1990). Peak yield was observed to increase with advancement of parity, the highest value was
observed in parity 6. Similar observations were obtained in Frisian X Sahiwal (Romachandraiah et al., 1990).
Persistency around the peak was the longest with the first parity with gradual decreases towards advancement of
parity. Similar trends were observed by other workers in European breeds and buffaloes (Garcha and Tiwana, 1980).
However, longer persistency was obtained in the 3rd parity in both Holstein-Frisian (Mehto et al., 1980) and Frisian X
White Fulani (Ibeauchi and Okoro, 1980).
The effect of parity on persistency could be due to the fact that, older animals which started lactation at higher
levels had a rapid rate of decline, also the regression of alveolar cells increases with advancing age which means a
decline in udder productivity.
In the present study, weekly and total milk yields increased with the increase in parity number. Similar results
were obtained by other authors (De-Loss and Menedez, 1987). Milk production reached the highest yield with the 5th
lactation then declined. Similar results were in Sudanese Kenana cows (El Amin, 1969) and in Frisian cows
(Abdelgani and Fahmi, 1966).
The significant steady increase in cows' weights with advancement of parity was in line with the results
obtained by Paul (1995). However, a decrease in body weight was observed in Holstein cows with the increase in
parity number (Hooven et al., 1968), whereas no relationship was obtained between body weight and parity number
in buffaloes (Swanson, 1967). Generally changes in body weights with different lactations are largely due to
management programmes and are mostly environmentally determined.
Effect of season of calving
In this study, season of calving was shown to have a significant effect on the initial milk yield, where the wet
summer calvers had the highest yield compared to dry summer and winter. Other studies had also observed higher
milk yields during the rainy season in Holstein-Frisian X Gir (Madalena et al., 1979) which was related to the
availability of good quality forage. n-max was also significantly affected by season where wet summer calvers took
the shortest time to reach peak production. These results were in agreement with those obtained in Ghana (Ahunu
and Kabuga, 1994) and in USA (Perera et al., 1986) with Holstein-Frisian. At other locations, winter calvers showed
shorter durations to reach the peak as with Jersey and Frisian heifers in Germany (Romachandraiah et al., 1990).
Persistency around the peak was also significantly influenced by season of calving; shorter persistency was depicted
by the wet summer calvers. Weekly and total milk yields increased from summer to winter but no significant
differences could be detected. Similar results were obtained by some workers (Udebibe et al., 1985). However, other
could detect the significant effect of season (Singh and Gopal, 1982).
Effect of year of calving
In the current study, the rates of increase of milk pre-peak or rate of decrease post-peak were found to be
significantly affected by the year of calving, where years 1998 and 2001 showed the highest rates in increase of
milk, whereas years 1997 and 2000 showed the lowest rates of decrease. In line with this study, the significant
increase in the rate of milk was obtained by some authors (Ahunu and Kabuga, 1994; Duraes et al., 1992) and rate
of decrease (Duraes et al., 1992; Madalena et al., 1979). Other studies could not detect the significant effect of year
on milk rates of production (Bhutia and Pandy, 1982).
In this study, initial milk yield, weekly and total yields as well as peak yields were significantly affected by the
year of calving where years 1994, 1995 and 1999 showed the highest initial yields. Lowest values for weekly, total
and peak yields were detected in the year 2000. Similar effects for the year of calving on initial milk yield was
obtained by Duraes et al. (1992) and Madalena et al. (1979). Also for the weekly and total yields significant effects
were obtained by Queiroz et al. (1987). According to Garcha and Tiwana (1980), the significant effect of year of
calving could be related to differences in nutrition and management practices as well as changes in the genetic
constitution of the herd.
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ABSTRACT: Effect of parity (PA) on live body weight, daily milk yield and lactation length of Sudanese
Kenana cattle breed were investigated using a surveyed random sample comprised of (200) animals
on different numbers of parities, animals were reared on natural pastures. All parameters were
determinated by standard statistical analysis models with multivariate ANOVA when daily milk yield
(DMY), Live body weight (LBwt) and lactation length (LL) as response and parity numbers (PA1, PA2,
PA3 and PA4) as independent (P≤0.05). The results revealed that parities had a significant effect on
all quantitative parameters that investigated. These differences between observed means were
separated using Duncan multiple range tests with equal variances assumed. This suggests that
parities could be used as independent factor for estimation of quantitative parameters with relatively
high accuracy in Sudanese Kenana cattle breed.
Key words: Parity, Live body weight, Daily Milk Yield, Lactation length, Kenana Cattle, Sudan
INTRODUCTION
On a worldwide basis cattle population in Sudan comprise one of the most important livestock species and
play a major role in the livelihood of large amount of protein of small farmers and nomadic, the population was
estimated to be 38.3 million (FAO, 2002), they well adapted to local environment conditions. Among the Sudanese
cattle population Kenana is promising indigenous milk breed. Significances of parity and parameters of economic
importance in dairy cattle have been studied by a number of researchers. Oravacová et al. (2006) reported a
significant effect of parity on daily milk yield. The aim of the present research was to investigate the effect of parity
on daily milk yield, live body weight and lactation length in Sudanese Kenana cattle breeds.
MATERIALS AND METHODS
Research Site
The animals included in this present research were located at Sennar and Blue Nile States on the east and
west banks of the Blue Nile. These areas are inhibited by different tribes who raise this local breed.
Research Animals
Animals used in this research were divided into four groups according to parities (1-4). Data for all
parameters investigated were collected and taken from (N=200) cows from different householders in one visit
surveillance.
Management of Animals
All the animals were managed under a traditional system, the animals were led out to graze freely on the
natural pastures during the day and return to pens from local materials in the evening where their feeding was
supplemented with whole grained and dry grass forage. Fresh water was given ad libitum.
Parameters Measured
The parameters investigated include Daily milk yield (DMY, kg), Live body weight (LBwt, kg) estimated by
weighing tape and lactation length (LL, days).
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Statistical Analysis
Data collected in this research with respect to parity and some quantitative parameters were subjected to
various Statistical analysis tools in General linear Model (GLM) procedures, Univariate analysis of variance when the
quantitative parameters were response and parity (1, 2, 3 and 4) as independent systematic effects was used and
coefficients of variation (CV) were obtained using Statistical Packages for Social Sciences (SPSS) release 15.0
(2006) software to evaluate the effect of parity number on all parameters studied. The model used for all variables
was Y = μ + cow (parity)i + error, where: Y is quantitative traits studied, cow (parity)i is effect of ith parities (for i = 1,
2, 3, and 4) and the random error term (All factors considered systematic except for the random error term). For all
quantitative parameters, model effects were declared significant at (P≤0.05) unless otherwise stated.
RESULTS AND DISCUSSION
Milk yield is defined as the amount of milk that is obtained over certain period which may be a day, a week, a
month or a lactation period; it is the most important economical trait in dairy cattle (Musa, 2006). Least square
means and standard errors of daily milk yield according to parity number is presented in Table 1, the overall mean
daily milk yield was 4.97 kg/day for the 1 st through the 4th parity. The mean of daily milk yield increased gradually
from the first 4.35 kg/day, up to third 5.76 kg/day, which was reached the peak then persisted and decreased.
Similar observations have been made by Likewise Licitra et al. (1990) reported that the milk yield of Modicana and
Holstein cows increased with parity. The results of this research also confirms the earlier findings of Malau-Aduli et
al. (1996) who analyzed on the dairy performance of animals of the same herds.
Live body weight of Animals is an important factor associated with several management practices including
selection for slaughter and breeding, determining feeding levels and also it is a good indicators of animal condition
(Ulutas et al., 2001). Body weight is a frequently recorded variable in animal research; it is the measurements most
used to evaluate growth (Otte et al., 1992). The results demonstrated that the overall mean for live body weight
(kg), was 304.33. Parity had effect on live body weight, but not as constant rate. Thus reduction was seen in the
second parity due to advances in both parity and age, so demand for maintenance and milk production increases.
Thus reduction may be found in live body weight after calving in order to resume cycle, the cow must ‟ overcome"
the negative effect of suckling and for law nutrients intake, the results in this present research similar to that
reported by John Hall, (2004) for cattle. The increase of live body weight through parities 3 rd and 4th may be found
due to high nutrients intake.
Lactation length is defined as the period between two consecutive calving during which cows are capable of
producing milk or lactating (Musa, 2006). There was a great deal of variation in lactation length of different breeds
of cattle in the tropics.
Table 1 - Least square( means ± SE) of quantitative parameters in Sudanese Kenana cattle breed by parities
Parities
PA1
PA2
PA3
PA4
Overall

Quantitative Parameters
N
40
65
41
54
200

Daily milk yield(kg)
4.35±0.40b
5.06±0.39ab
5.76±0.35a
4.64±0.32b
4.95±0.18

Live body weight(kg)
311.40±7.25a
289.39±7.16b
305.85±6.23ab
309.98±5.68a
304.33±3.31

Lactation length(days)
233.50±6.78b
248.56±6.70ab
258.59±5.84a
250.08±5.32ab
247.68±3.09

The differences between means of quantitative parameters are marked by various letters in the same columns are significant (P≤ 0.05).

In tropical cattle, restricting the lactation records to 305-days would have less effect, as few cows produce
milk for more than 305-days (Musa, 2006). A shorter interval would be more effective, but would penalize high
persistency (Syrsted, 1993). Least square means and standard errors were presented according to parities Table-2,
the overall mean lactation length was 247.68 days which was lower than that reported by Abdalla et al. (1990)
283.00 days for the same breed at Um-Benen Livestock Research Station.
Coefficients of variation for quantitative parameters according to parities were tabulated in Table-3. These
coefficients evaluate and rank the quantitative parameters among their overall rank of CV.
Table 2- Coefficient of variation(CV%) of quantitative parameters in Sudanese Kenana cattle breed by paritie
Parities
PA1
PA2
PA3
PA4
Overall

Quantitative Parameters
N
40
65
41
54
200

Daily milk yield(kg)
44.36
63.04
46.18
50.22
112.46

Live body weight(kg)
17.58
15.59
12.43
14.89
15.15

Lactation length(days)
16.27
21.47
15.82
15.93
17.53
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CONCLUSION
Kenana cattle daily milk yield, live body weight and lactation length were relatively changed by parity, further
researches on this topic are required using larger number of animals. Nevertheless, our findings indicate that all
parameters investigated have linked to parity number may also depend on different factors such as physiological
and metabolic status in cattle of varying parities. At least, this present research was necessary step in validity the
use of parity as independent factors assist dairy producers and breeders especially in Sudan.
REFERENCES
Abdalla EA, M. Khalafalla AM and Shafei SA (1990). The influence of age on lactation length and milk yield in
Kenana and Butana cows. Sudan Journal of Animal, 3: 93-100
FAO (Food and Agriculture Organization) (2002). FAO data base 2002.
John Hall (2004). The cow calf Manager Livestock Update, February Extension Animal Scientists, Beef, VA
Tech. 20 proceeding 2004 Florida Dairy Reproduction Road Show.
Licitra G, Oltenacu PA, Blake RW, Lanza A and D′Urso G (1990). Season of calving and parity effects on milk
yield and reproduction of Modicana and Holstein cows in Sicily. Journal of Dairy Science, 73: 224.
Malau-Auli AEO, Abubakar BY, Ehoche OW and Dim NI (1996). Studies on milk production and growth of
Friesina × Bunaji crosses. 1 Dairy performance. Asian-Aus. Journal of Animal Science, 9: 503-508.
Musa, AM (2006). Linear body measurements as an indicator of Kenana cattle weight and milk production.
M.A.Sc. Thesis, University of Gezira, Sudan.
Orvacová M, Margetīn M, Peškovičová D, Daňo J, Milerski M, Hetēnyi L, Polák P (2006). Factors effecting milk
yield and ewe′s lactation curves estimated with Test-day model. Gezch journal of Animal Science, 51:
483-490.
Otte MJ, Woods AJ and Abuabara Y (1992). Live weight estimation of cattle by scale and tape- A method
comparison study. Tropic. Anim. Health Prod, 24: 109-114.
SPSS (2006). Statistical Packages for Social Sciences Inc. (2006), SPSS user′s guide.
Ultuas Z, Saactci M, Ozluturk A (2001). Prediction of body weights from body measurements in East
Anatolian Red calves. J Agri Collage of Ataturk University, 32: 61-5.

217

To cite this paper: Musa AM, Idam NZ and Elamin KM. 2012. Effect of Parity on live Body weight, Daily Milk Yield and Lactation length of Sudanese Kenana
Cattle. Online J. Anim. Feed Res., 2(2): 215-217.
Scienceline/Journal homepages: http://www.science-line.com/index/; http://www.ojafr.ir

※ Authors Instruction for Online Journal of Animal and Feed Research (OJAFR)
Online Journal
of Animal
and Feed
(OJAFR)
Journal
of Life Science
andResearch
Biomedicine
(JLSB)
Current Issue

Online ISSN: 2228-7701
Frequency: Bi-monthly
Current Volume: 2 (2012)
Current Issue: 2 (March)
Publisher: Science-line Publication

Archive

OJAFR is an open access peer-reviewed journal. All accepted articles are published bimonthly in full text on the Internet. OJAFR publishes the results of original scientific
researches, reviews and short communications, in all fields of animal and feed. It aims to
improve livestock performance and better utilization of feed resources on animal's
productions and related areas.

Call For Papers
Online Submission
Instructions for Author
MSword Template (.doc)
Declaration Form (.doc)
Application Form (.doc)
Join OJAFR Team

Online First

Field of Researches:
Nutrition (Ruminants and Non-Ruminants)
Physiology and Functional Biology of Systems
Behavior, Health and Welfare
Farming Systems and Environment
Agriculture: Agrobiology
Nutritive value and utilization of feeds
Mathematical models, analytical and experimental methods of feed evaluation
Animal-feed interactions
Dietary inputs
Food Science and Technology: Food Safety and Health
Product Quality, Human Health and Well-Being
Reasons to publish with OJAFR:
1. Easy submission and Fast evaluation process
2. Expert review from OJAFR’s team of editors, who strive to give authors
fair decisions and advice
3. The highest standards followed to improve your accepted manuscript
4. No Editing / Reviewing charges for registered members

Instructions for Author

Manuscripts as Original Research Paper, Short Communication, Case Report and Review or Mini-Reviews are invited
for rapid peer-review publishing in Online Journal of Animal and Feed Research (OJAFR).
Papers can be in any relevant fields of Animal Sciences (Animal Nutrition, Physiology, Reproduction, Genetics and Breeding,
Behavior, Health, Husbandry and its economic, Animal products and Veterinary medicines of domestic animals) and relative topics.
The journal does encourage papers with emphasis on the nutritive value and utilization of feeds that is depended to methods of
Improvement, Assessment, Conserving and Processing feeds, Agronomic and climatic factors, Metabolic, Production, Reproduction
and Health responses to dietary inputs (e.g., Feeds, Feed Additives, Specific Feed Components, Mycotoxins).
Also, Mathematical models relating directly to animal-feed interactions, Analytical and experimental methods for Feed Evaluation as
well as Animal Production studies with a focus on Animal Nutrition that do have link to a feed (Food Science and Technology) are
acceptable relative topics for OJAFR.
All manuscripts must be submitted in English and will be evaluated in a totally confidential and impartial way.
Submission of a manuscript to the OJAFR implies that:
1.
Submitted work has not been previously published and is not being submitted for publication elsewhere;
2.
All authors have approved the submission and have obtained permission for publish work.
3.
Researchers have proper regard for conservation and animal welfare considerations. Attention is drawn to the 'Guidelines
for the Treatment of Animals in Research and Teaching'. Any possible adverse consequences of the work for populations or
individual organisms must be weighed against the possible gains in knowledge and its practical applications.
The manuscript and other correspondence should be sent preferentially by e-mails: editorojafr@gmail.com or editors@ojafr.ir .

PRESENTATION OF THE ARTICLE
Main Format: First page of the manuscripts must be properly identified by the title and the name(s) of the author(s). It
should be typed in Times New Roman (font sizes: 17pt in capitalization for the title, 10pt for the section headings in the
body of the text and the main text, double spaced, in A4 format with 2cm margins. All pages and lines of the main text
should be numbered consecutively throughout the manuscript. The manuscript must be saved in a .doc format, (not
.docx files). Abbreviations in the title are not allowed.
Article Sections Format:
Title should be a brief phrase describing the contents of the paper. The Title Page should include the author(s)'s full names and affiliations, the name
of the corresponding author along with phone and e-mail information. Present address (es) of author(s) should appear as a footnote.
Abstract should be informative and completely self-explanatory, briefly present the topic, state the scope of the experiments, indicate significant data,
and point out major findings and conclusions. The abstract should be 150 to 300 words in length. Complete sentences, active verbs, and the third
person should be used, and the abstract should be written in the past tense. Standard nomenclature should be used and abbreviations should be
avoided. No literature should be cited.
Following the abstract, about 3 to 10 key words that will provide indexing references should be listed.
Introduction should provide a clear statement of the problem, the relevant literature on the subject, and the proposed approach or solution. It should
be understandable to colleagues from a broad range of scientific disciplines.
Materials and Methods should be complete enough to allow experiments to be reproduced. However, only truly new procedures should be described
in detail; previously published procedures should be cited, and important modifications of published procedures should be mentioned briefly.
Capitalize trade names and include the manufacturer's name and address. Subheadings should be used. Methods in general use need not be
described in detail.
Results should be presented with clarity and precision. The results should be written in the past tense when describing findings in the author(s)'s
experiments. Previously published findings should be written in the present tense. Results should be explained, but largely without referring to the
literature. Discussion, speculation and detailed interpretation of data should not be included in the results but should be put into the discussion
section.
Discussion should interpret the findings in view of the results obtained in this and in past studies on this topic. State the conclusions in a few
sentences at the end of the paper. The Results and Discussion sections can include subheadings, and when appropriate, both sections can be
combined.
Results and Discussion can be presented jointly if preferred.
Acknowledgments of persons, grants, funds, etc. should be brief.
Tables should be kept to a minimum and be designed to be as simple as possible. Tables are to be typed double-spaced throughout, including
headings and footnotes. Each table should be on a separate page, numbered consecutively in Arabic numerals and supplied with a heading and a
legend. Tables should be self-explanatory without reference to the text. The details of the methods used in the experiments should preferably be
described in the legend instead of in the text. The same data should not be presented in both table and graph forms or repeated in the text.
Figure legends should be typed in numerical order on a separate sheet. Graphics should be prepared using applications capable of generating high
resolution GIF, TIFF, JPEG or PowerPoint before pasting in the Microsoft Word manuscript file. Use Arabic numerals to designate figures and upper
case letters for their parts (Figure 1). Begin each legend with a title and include sufficient description so that the figure is understandable without
reading the text of the manuscript. Information given in legends should not be repeated in the text.
References: In the text, a reference identified by means of an author‘s name should be followed by the date of the reference in parentheses. When
there are more than two authors, only the first author‘s name should be mentioned, followed by ’et al‘. In the event that an author cited has had two or
more works published during the same year, the reference, both in the text and in the reference list, should be identified by a lower case letter like ’a‘
and ’b‘ after the date to distinguish the works.
- Examples (at the text):
Abayomi (2000), Agindotan et al. (2003), (Kelebeni, 1983), (Usman and Smith, 1992), (Chege, 1998; Chukwura, 1987a,b; Tijani, 1993,1995), (Kumasi et al., 2001).
-- Examples (at the end of manuscript, References section):
Chikere CB, Omoni VT and Chikere BO (2008). Distribution of potential nosocomial pathogens in a hospital environment. African Journal of Biotechnology. 7: 3535-3539.
Pelczar JR, Harley JP, Klein DA (1993). Microbiology: Concepts and Applications. McGraw-Hill Inc., New York, pp. 591-603.

Also, you can prepare your article according to Article Sample or Manuscript Template:
Download Article Sample:

Download Manuscript Template:

Fees:
No Editing / Peer-Reviewing charges are required for publication of accepted articles in OJAFR. However, a €50 Euro handling fee
will be required to processing the accepted papers for publication. It depends on quality and acceptable format of submitted
manuscripts.
Processing Charge:
Article Processing Charge is a central mechanism for funding Open Access scholarly publishing like OJAFR which make their content
available online to anyone and in doing so help solve the access challenges posed by subscription journals. Since Science-line
Journals
do
not
charge
for
access,
we
rely
on
other
means
of
funding
publication.
An article processing (tracking, reviewing, editing, formatting, page design, online publication, hosting, etc.) Has considerable cost for
OJAFR team, but with attention to scientific, non-commercial and free access aspects of OJAFR, authors should pay minimal charge
(USD $ or Euro €) to covering formatting and online hosting costs.
Manuscript Proof: After review and accepting your work a final formatted proof + declaration form will be sent to the corresponding
author. The corrected proof should be returned within three days. Declaration form is available below. The Editor reserves the right to
forward the manuscript to press without submitting the final proof to the author. The Editor shall not be hold responsible for any
mistakes shown in the final publication.
If the paper appropriately formatted for OJAFR, a fast evaluation and publication of your work will guarantee.
Download declaration form

Online Journal of Animal and Feed Research (OJAFR)
Online ISSN: 2228-7701
http://www.ojafr.ir

© Scienceline Publication, 2012
http://www.science-line.com/index/

Online Journal of Animal and Feed Research
Welcome to Science Line (Online Publication)
The Science Line is a worldwide reporter of knowledge and research that takes aims to help
scientists and researchers (especially from developing countries). The press is being run by a
team of highly professionals from all corners of the world. The Recent Original Research Paper,
Short Communication, Case Reports and Review or Mini-Review are invited for rapid peerreview publishing in our scientific journals that are listed below:
Online Journal of Animal and
Feed Research (OJAFR)

Journal of Civil Engineering and
Urbanism (JCEU)

Journal of World's Poultry
Research (JWPR)

Journal of Life Sciences and
Biomedicine (JLSB)

World's Veterinary Journal
(WVJ)

Journal of Herbal Biology
(JHB)

Journal of Educational and
Management Studies (JEMS)

Asian Journal of Medical and
Pharmaceutical Researches

International Journal of Applied
Linguistic Studies (IJALS)

Journal of World's Electrical
Engineering and Technology
(JWEET)

Journal of Art and Architecture
Studies (JAAS)

Journal of Applied Advanced
Research (JAAR)

Science-line Publication Book Publishing Service
Science-line Publication provides publishing of books. Following is the basic steps to publish your manuscript/book.
1. Author(s) send manuscript to chief editor.
2. The primary review may take 1 to 4 weeks.
3. Review comments will be returned to author(s).
4. Peer-reviewers will be appointed in two weeks.
5. After peer-review, publishing contract will be applicable for author(s).
6. Payment is required for manuscripts contain with the treaty completed.
7. ISBN is assigned and ready for book publishing.
8. Final proof will be recommended from editor in chief.
We provide the best service in manuscript peer-review, editing, printing, transmitting and marketing evaluation.
Welcome to publish your manuscript with Science-line Publication. For further information please visit homepage of
Book Publishing Service
Science-line Journals are seeking qualified editors and reviewers with a Call for Papers notice. Willing to
cooperate with the Science-line Press please contact us by email: scil.publishing@gmail.com
Copyright © 2010. All Rights Reserved.
Science Line Publication
Tel: +98 914 120 1596 (Iran); +90 538 770 8824 (Turkey)

