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Research Paper 
 

Growth, productivity, and meat quality of Mnụ Buon chickens raised in Vietnam 
 

Hanh TQ, Chi NTK, Dung VT, Duong LA, Thang LHV, Tran HNTH, Thuy DP and Hue PT 
 
Online J. Anim. Feed Res., 16(2): 49-58, 2026; pii: S222877012600007-16 
 
DOI: https://dx.doi.org/10.51227/ojafr.2026.7  
 
Abstract 
This study was conducted to evaluate the growth, carcass characteristics, 
and meat quality of the Mnu Buon chicken breed (a native breed) raised 
in Dak Lak province. A total of 200 one-day-old chicks were raised in 
confinement with a sports field to monitor cumulative growth, absolute 
growth (ADG), survival rate, feed efficiency, carcass characteristics, and 
meat quality. The Mnu Buon chickens adapted well to household farming 
conditions in Dak Lak, with a high survival rate of 91.5%. On Mnu Buon 
chickens belong to a group of native chicken breeds with small size and 
medium weight. At 1 day old, the chickens weigh 23.1g/chick, and at 24 
weeks old, they reach a weight of 1572.8g (males) and 1233.8g 
(females). The absolute growth of the chickens gradually increases from 
week 1 to week 16 and then gradually decreased, absolute growth from 
1-24 weeks old reaches 9.2g/day (males) and 7.2g/day (females). Feed 
intake of Mnu Buon chickens was at an average of 45.4g/day (males) and 
39.7g/day (females). Feed consumption per kg of weight gain was 4.9kg (males) and 5.4kg (females). The carcass yield, 
thigh meat, and breast meat yield of Mnu Buôn broiler chickens were average compared to other native chicken breeds in 
Vietnam. The breast meat color (CIE L*, a*, and b*) of the chickens was higher than some other native Vietnamese 
chicken breeds. The breast meat of the chickens has an average shrinkage rate during cooking compared to other native 
chicken breeds. In summary, the Mnụ Buôn chicken breed has several unique characteristics and many advantages in 
meat quality, high adaptability to the rearing conditions in Dak Lak, and this information can be helpful for breeders and 
consumers who prefer high-quality and healthy chicken meat. 
Keywords: Carcass Characteristics; Growth Performance; Local breeds; Meat Quality; Mnu Buon Chicken. 
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Research Paper 
 

The effects of pen design for farrowing and boar breed on reproductive traits of sows 
 

Hlukhenkyi S, Lykhach V, Lykhach A, Barkar Y, Izhboldina O, and Mylostyvyi R. 
 
Online J. Anim. Feed Res., 16(2): 59-71, 2026; pii: S222877012600008-16 
 
DOI: https://dx.doi.org/10.51227/ojafr.2026.8  
 
Abstract 
Modern pig production increasingly requires compliance with welfare-
oriented housing standards, prompting farms to modernize farrowing 
systems while maintaining productive performance. This study aimed to 
evaluate the effects of farrowing pen design during the suckling period 
and boar line on the reproductive performance of sows, piglet growth, 
and survival under industrial conditions aligned with contemporary 
animal welfare requirements. The experiment was conducted using a 2 × 
2 factorial design involving 192 sows (Large White × Landrace) of second 
to fourth parity and 2,443 piglets obtained through terminal 
crossbreeding with Maxter and PIC 337 boars. Animals were fed complete 
diets and housed under controlled microclimate conditions. Reproductive traits, piglet survival, and sow backfat thickness 
were assessed using standardized methods and subjected to statistical analysis. Sows housed in fixed traditional 
farrowing pens exhibited superior reproductive performance compared with those kept in improved welfare-oriented pens. 
The boar line significantly affected the total number of piglets born and the number born alive, with the highest total 
number of piglets born (14.1 piglets) recorded in sows inseminated with PIC 337 semen. Farrowing pen design had a 
significant effect on litter size, litter uniformity, stillbirth rate, litter weight at weaning, sow backfat thickness, and piglet 
weaning weight. The highest average daily gain and piglet live weight at weaning were observed in Group 1, whereas the 
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lowest values were recorded in Group 4. Piglet survival to weaning was the highest in Group 3 (97.3%). A combined 
effect of farrowing pen design and boar line was identified for milk performance (defined as total milk output estimated 
from litter weight gain), litter uniformity index (reflecting within-litter variation in piglet body weight), and piglet survival. 
The practical significance of these findings lies in providing science-based recommendations for selecting farrowing pen 

configurations and boar lines that support welfare-compliant and efficient pig production systems in Ukraine. The study 
demonstrates a performance–welfare trade-off, whereby traditional pens improved piglet growth parameters, while 
welfare-oriented improved pens enhanced sow mobility. This balance should be considered when implementing welfare-
compliant farrowing systems.  
Keywords: Breeding systems, Fertility, Performance, Pig, Welfare. 
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Physical properties and nutritional quality of wafer made from sugarcane bagasse-

indigofera mixture as feed for ruminant 
 

Ali A, Rodiallah M, Misrianti R, Harahap AE, Juliantoni J, and Lase DHMS. 
 
Online J. Anim. Feed Res., 16(2): 72-81, 2026; pii: S222877012600009-16 
 
DOI: https://dx.doi.org/10.51227/ojafr.2026.9  
 
Abstract 
The purpose of this study was to determine the best composition of 
sugarcane bagasse and Indigofera (legume plant) as main ingredients for 
wafer formulation for ruminant feed based on physical properties, 
nutritional quality and palatability. The research was conducted using a 
complete randomized design (CRD) consisting of 3 treatments with 5 
replicates. The treatment was a ration formulation consisting of 6 feed 
ingredients arranged by the trials and error method with estimated crude 
protein content (CP) of 12.1-14.2%. The use of Indigofera from 30% to 
40% was significantly (P<0.05) improved wafer color score. The use of 
35% and 40% Indigofera was significantly (P<0.05) increased the wafer texture score from 3.06 to 3.35. An increase in 
Indigofera used from 30% to 40% was significantly (P<0.05) improved wafer odor scores. It was found that the 
difference in the composition of bagasse and Indigofera in wafer formulation gave a significant (P<0.05) difference to the 
value of wafer density. The difference in the percentage of bagasse and Indigofera in the formulation was not significantly 
(P>0.05) affecting the water absorption of wafers. The increase in the percentage of Indigofera was significantly (P<0.05) 
increased the CP and ash content and decreased crude fibre (CF) content of wafer. The increasing in the percentage of 
Indigofera from 30% to 35% and 40% was significantly (P<0.05) increased in vitro dry matter digestibility (IVDMD), in 
vitro organic matter digestibility (IVOMD), ammonia nitrogen (NH3-N) and volatile fatty acid (VFA) total of wafer. The 
increase in the use of Indigofera from 30% to 35% and 40% in wafer formulations was significantly (P<0.05) lowering 
wafer palatability in goats. Based on data from physical properties, nutrient content, and in vitro digestibility, it can be 
concluded that the best wafer formulation was 25% bagasse + 40% Indigofera.   
Keywords: Legume, Nutritional quality, Physical treatment, Physical quality, Sugarcane by-product, Wafer formulation. 
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In situ degradation of heat-treated plant protein leaf meals to extrapolate rumen 

bypass potential in rumen - fistulated Brahman cattle 
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Online J. Anim. Feed Res., 16(2): 82-89, 2026; pii: S222877012600010-16 
 
DOI: https://dx.doi.org/10.51227/ojafr.2026.10  
 
Abstract 
Many plant protein leaf meals (LM) remain unassessed for their rumen 
bypass potential following heat treatment. This study aimed to evaluate 
whether heat treatment could reduce ruminal degradability and improve 
bypass protein availability in five LMs—ipil-ipil (ILM), kakawate (KaLM), 
moringa (MLM), kudzu (KuLM), and gumamela (GLM). A total of 60 nylon 
bags (3 replicates per treatment) containing untreated or heat-treated 
LMs were incubated for 24 h in a rumen-fistulated Brahman bull using a 
completely randomized design. Heat treatment reduced mean crude 
protein degradability (CPD) by 7.6% (81.41% untreated vs. 73.77% 
treated; P = 0.006), with the largest reductions recorded in ILM (−23.9%), KuLM (−14.7%), and GLM (−6.8%). In 
contrast, dry matter degradability (DMD: 69.76% vs. 68.65%) and organic matter degradability (OMD: 74.44% vs. 
70.56%) were not significantly affected. Among the LMs, moringa consistently exhibited the highest degradability (CPD = 
98.27%, DMD = 94.98%, OMD = 97.00%), whereas kudzu had the lowest (CPD = 68.69%, DMD = 48.52%, OMD = 
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54.21%). Degradability trends were influenced by drought-resistance, botanical classification (legume vs. non-legume), 
and growth form (tree, shrub, creeping). Legume LMs were 16% less digestible in protein content than non-legumes, and 
creeping types were 19% less digestible than non-creeping types. Heat treatment further lowered CPD in both categories, 
indicating its capacity to enhance bypass protein potential. These findings suggest that targeted application of heat 

treatment, especially for ipil-ipil, kudzu, and gumamela, offers a practical strategy to improve protein utilization efficiency 
in ruminant feeding systems by increasing post-ruminal protein supply. 
Keywords: Brahman cattle, Heat-treatment, In situ degradation, Leaf meal, Rumen. 
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Abstract 
This study evaluated the effects of replacing grass meal with different 
inclusion levels of dried rumen content on the growth performance of 
Kazakh fine-wool sheep. Twenty five-month-old intact male sheep (initial 
body weight 32.1 ± 0.20 kg) were randomly allocated to four dietary 
treatment groups for 60 days following a fifteen-day adaptation period. 
The control diet contained no rumen content, while experimental diets 
included 10%, 20%, and 30% dried rumen content (a mixture of cattle 
and sheep rumen content at a ratio of 60:40). Inclusion of rumen content 
at 10–20% significantly improved average daily gain and feed conversion 
ratio compared to the control diet (P < 0.05), whereas a 30% inclusion 
level reduced feed palatability and productive performance. No adverse 
effects on animal health were observed during the experiment. The 
results indicate that dried rumen content can be safely used as a partial replacement for grass meal in sheep diets at 
inclusion levels up to 20%. 
Keywords: Alternative feedstuffs; Feed palatability; Sheep; Rumen content; Ruminant nutrition 
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Abstract 
Solid-state fermentation (SSF) offers a promising approach to enhance 
the nutritional value of abundant but underutilized agro-industrial by-
products in sub-Saharan Africa. The study investigated the effect of SSF 
using Pleurotus ostreatus on rice bran (RB), rice husk (RH) and maize 
cob (MC). The design used was a 3 × 3 factorial arrangement of 
treatments in a completely randomized design (CRD). The factors were 
three substrates (RB: rice bran, RH: rice husk, and MC: maize cob) and 
three fermentation periods (0, 30, 45 days). Unfermented and fermented 
samples were analysed for dry matter (DM), crude protein (CP), ether 
extract (EE), ash, crude fibre (CF), neutral detergent fibre (NDF), acid detergent fibre (ADF), and acid detergent lignin 
(ADL). In vitro gas production (3-96 h) was measured using rumen liquor. In vitro organic matter digestibility (IVOMD), 
metabolizable energy (ME), net energy (NE), short-chain fatty acids (SCFAs), and microbial protein (MP) were estimated 

using established models. Significant differences (P < 0.05) in CP and EE contents were observed among RB, RH, and MC 
within fermentation periods. The CP contents at days 30 and 45 were 9.44%, 8.10% for RB, 3.07%, 4.69% for RH, and 
5.32%, 12.19% for MC, respectively. Fibre fractions varied among substrates at each fermentation period, with NDF 
differing among RB, RH, and MC, and ADL showing significant differences among substrates at day 30. Potential gas 
production (b) rose in MC (52.7 ml) and RH (53.9 ml) after 45 days. The rate of gas production (c) ranged from 0.03-
0.08 h⁻¹ at day 0 and 30, but after 45 days, RH reached 0.08 h⁻¹, while RB and MC slowed to 0.01 h⁻¹. IVOMD, ME, NE, 
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SCFA and MP were all higher in fermented RH and MC, with peak improvements at day 30. The study results indicated 
that SSF for 30-45 days could improve the nutritional value of agro-industrial by-products. 
Keywords: Chemical composition, In vitro gas production, Maize cob, Rice bran, Rice husk, Oyster mushroom, Solid-state 
fermentation. 
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Abstract 
This study investigated the effects of Nigella sativa oil (NSO) on the 
metabolism of three rabbit breeds: Albino, Brown, and Local. A total of 
48 rabbits were assigned to six groups and fed either a control diet or an 
NSO-supplemented diet (5 g/kg DM). Diets were alternated between 
groups every 15 days. Blood samples were analyzed for liver enzymes, 
kidney function parameters, lipid profile, thyroid hormones, and blood 
proteins. The results showed that NSO had no significant effect (P>0.05) 
on blood glucose, liver enzymes, or lipid profile. However, numerical 
differences were observed among breeds. Albino rabbits showed higher 
total cholesterol 83.6% and low-density lipoprotein (LDL) cholesterol 
(177.6%) compared with the Local breed (P≤0.01). Brown rabbits 
exhibited higher aspartate aminotransferase (AST) activity (60-64%) than Albino rabbits (P≤0.02). Additionally, brown 
rabbits showed higher (51.2%) creatinine levels compared with Albinos (P≤0.0001). Uric acid levels slightly increased 
(15-18%) during the second treatment period. Protein levels remained relatively constant among groups; however, the 
brown breed had higher (P≤0.02) albumin levels (9%) than other breeds. In conclusion, rabbit breed had a greater 
influence on the measured parameters than dietary treatments which indicates that breed-specific genetic variations play 
an important role in such studies. 
Keywords: Breeds, Liver function, Lipid profile, Neglia sativa, Rabbits. 
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Abstract 
This study aims to evaluate the effect of emulsified high-PUFA oil enriched with natural antioxidants derived from jackfruit 
leaf extract on in vitro goat rumen fermentability and degradability. The study used a completely randomized design with 
two treatments and 5 replications. The treatments were supplementation with high-PUFA oil + natural antioxidants 
separately (P1, as the control), and supplementation with emulsified high-PUFA oil + natural antioxidants (P2). The 
parameters observed were rumen pH, total volatile fatty acid (VFA) concentration, NH₃ concentration, bacterial 
population, protozoa population, dry matter digestibility (DMD), and organic matter digestibility (OMD). The results 
showed that supplementing goat feed ration with emulsified high-PUFA oil enriched with natural antioxidants did not alter 
(P>0.05) rumen pH, total VFA, NH3 concentration, bacterial and protozoal population, DMD, or OMD. Overall, emulsified 
high-PUFA oil with natural antioxidants did not alter the examined rumen fermentation parameters and degradability. 
Thus, emulsified high-PUFA oil with natural antioxidants can be potentially used as an effective feed supplement to 
support goats' performance. 
Keywords: Emulsification, Feed supplement, Fermentation characteristics, Jackfruit leaves, Polyunsaturated fatty acid. 
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ABSTRACT: This study was conducted to evaluate the growth, carcass characteristics, and meat quality of the 

Mnu Buon chicken breed (a native breed) raised in Dak Lak province. A total of 200 one-day-old chicks were 

raised in confinement with a sports field to monitor cumulative growth, absolute growth (ADG), survival rate, 

feed efficiency, carcass characteristics, and meat quality. The Mnu Buon chickens adapted well to household 

farming conditions in Dak Lak, with a high survival rate of 91.5%. On Mnu Buon chickens belong to a group of 

native chicken breeds with small size and medium weight. At 1 day old, the chickens weigh 23.1g/chick, and 

at 24 weeks old, they reach a weight of 1572.8g (males) and 1233.8g (females). The absolute growth of the 

chickens gradually increases from week 1 to week 16 and then gradually decreased, absolute growth from 1-

24 weeks old reaches 9.2g/day (males) and 7.2g/day (females). Feed intake of Mnu Buon chickens was at 

an average of 45.4g/day (males) and 39.7g/day (females). Feed consumption per kg of weight gain was 

4.9kg (males) and 5.4kg (females). The carcass yield, thigh meat, and breast meat yield of Mnu Buôn broiler 

chickens were average compared to other native chicken breeds in Vietnam. The breast meat color (CIE L*, 

a*, and b*) of the chickens was higher than some other native Vietnamese chicken breeds. The breast meat 

of the chickens has an average shrinkage rate during cooking compared to other native chicken breeds. In 

summary, the Mnụ Buôn chicken breed has several unique characteristics and many advantages in meat 

quality, high adaptability to the rearing conditions in Dak Lak, and this information can be helpful for 

breeders and consumers who prefer high-quality and healthy chicken meat. 

Keywords: Carcass Characteristics; Growth Performance; Local breeds; Meat Quality; Mnu Buon Chicken. 
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INTRODUCTION   
 

Native chicken farming is facing many negative impacts from heavy competition with high-yield imported breeds, climate 

change, the shifting to industrial farming methods, and increasing diseases (Kpomasse et al., 2023; Mogano et al., 2025). 

Therefore, many countries have exploited the genetic resources of native chicken breeds to respond to these negative 

effects and aim for sustainable farming development (Chebo et al., 2022; Kanyama et al., 2024). Choo et al. (2014) 

argued that native chickens adapt better to areas with unfavorable natural conditions and harsh climates. Berthouly-

Salazar et al. (2010) stated that native chickens are easy to raise, may possess disease-resistant genes, and their 

products are favored by consumers.  

Minh et al. (2022) studied the conservation of the genetic resources of Mong ethnic chickens in Dong Hy and Vo Nhai 

districts, Thai Nguyen province, aiming to select and preserve this breed of chicken to maintain valuable genetic resources 

for effective exploitation and development of the ethnic chicken breeds. The Mnu Buon chicken is a native breed 

domesticated and raised in ethnic minority communities in Dak Lak province. Mnu Buon chickens have a small stature, 

slim bodies, small heads, and small legs. Both adult males and females have a tuft of feathers on their heads. Adult 

roosters mostly have dark red feathers (plum-colored), shiny yellow hackle feathers around the neck, well-developed 

single combs, and long tails. Most hens have ash-gray feathers with black streaks, which are clearest around the neck, 

while others have colors like black, white, "hoa mo" (speckled), or dark yellow. Newborn chicks usually have light yellow or 

light brown feathers, and some have black stripes. The tuft of feathers on the head at birth is a physical feature used to 

identify the breed. This breed is highly adaptable to the farming conditions of ethnic minorities in Dak Lak. They are 

excellent at foraging for food in nature. Mnu Buon chickens are raised on a small scale for self-sufficiency, serving daily 

food needs and local festivals. Their meat quality is fragrant and delicious, making them popular with consumers.  

Quentin et al. (2003) noted that diet concentration affects growth, but carcass composition and some meat quality 

parameters do not change significantly. Only meat color changes due to diet, mainly because of carotenoid content. The 

ability to change the carcass composition of broilers without significantly changing growth performance is very limited or 
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non-existent. Ngo et al. (2021) showed that "Many toed" chickens (another native breed) have a survival rate of 90.70% – 

90.90%, with adult body weight reaching 1693.02g – 1702.6g per bird. The feed conversion ratio (FCR) per kg of weight 

gain up to 22 weeks of age is 4.97kg and 5.01kg. The carcass percentage is 74.25% - 74.68%, breast meat rate reaches 

15.06% - 15.14%, and thigh meat rate is 15.69% - 15.83%. This study aims to evaluate the growth, productivity, and meat 

quality of the breed, providing a basis for selecting and exploiting the valuable genetic resources of this chicken. 

 

MATERIALS AND METHODS  
 

This experiment was conducted on 200 Mnu Buon chickens (a native breed) from 1 to 24 weeks of age. The chickens 

were raised at the Buon Ma Thuot Livestock Service Cooperative's farm in Dak Lak province. 

 

Animal experiments 

A total of 200 one-day-old Mnu Buon chickens were fitted with leg bands and wing clips. The chickens were raised in 

naturally ventilated coops with a bedding layer of rice husks. They were fed a complete mixed feed according to Vietnam 

standards 2265:2007, with a free-feeding regime. Metabolizable energy (ME, Kcal/kg feed) and protein content (CP, %) in 

the diet were provided according to the growth stage of the chickens, specifically: 22% CP and 3,000 Kcal ME for the 

period from 0 to 4 weeks of age; 18% CP and 3,000 Kcal ME for the period from 5 to 10 weeks of age, and 16% CP and 

3,030 Kcal ME for the period from 10 to 24 weeks of age. During the first 4 weeks, the chickens were raised in cages, and 

from the 5th week onwards, they were allowed to roam freely in the yard during the day. 

 

Monitoring  

Monitor the number of live, dead, and culled chickens from 1-24 weeks to calculate the survival rate. Weight (g): 

Weigh chickens from 1 day old to 24 weeks old, once every two weeks, weighing each individual chicken in the morning 

before feeding. 1-day-old chickens are weighed using a technical scale with an accuracy of ±0.05g; 1-4 weeks old 

chickens are weighed using a 2kg dial scale with an accuracy of ±2g; 5-24 weeks old chickens are weighed using a 5kg 

dial scale with an accuracy of ±5g. Cumulative growth, absolute growth, survival rate, and feed efficiency were calculated 

according to Doan et al. (2011). Productivity and meat quality indicators were also determined according to Doan et al. 

(2011). Daily feed intake (g/animal/day): The amount of feed given each day was weighed, and the remaining feed was 

weighed the following day to determine the total feed intake. Feed efficiency was assessed by the amount of feed 

consumed per 1 kg of weight gain at 1, 2, 4, to 24 weeks of age. 

 

Meat yield and quality 

Survey slaughter: Ten roosters and ten hens with average weight at 24 weeks of age were selected for slaughter 

survey. The carcass composition at slaughter was determined using the slaughter survey method for evaluation criteria as 

described by Doan et al. (2011). Some surveyed criteria included live weight (g), carcass weight (g), breast meat 

percentage (%), and thigh meat percentage (%), performed according to the method described by Doan et al. (2011). 

Breast meat was used to determine the percentage of water loss during storage and processing after 24 hours of 

slaughter, according to Doan et al. (2011). Meat quality was assessed according to the methods of Doan et al. (2011). 

 

pH of meat  

pH was determined by pH meter Testo 230 (Testo Co, German) at 15 minutes (pH15); 24 hours (pH24); after 

slaughter with 3 replicates. The pH15 was measured at 15 minutes after slaughter by taking 10g of minced loin muscle 

into a 400 ml beaker, adding 100 ml of distilled water, homogenizing the sample and centrifuging at 7000 rpm, and 

measuring the pH of the solution as quickly as possible. Similarly, values of pH24 were measured on meat samples 

stored at 40C.  

 

Drip loss 

Meat samples were cut from the loin muscle with a size of thickness of 2.5 cm, width 2 cm and length 5 cm. They 

were weighed, put in a storage bag, sealed and stored at 2 – 4 0C according to Brondum et al. (2000). At 12, 24 and 48 

hours after preservation, the sample should be taken immediately from the storage bag, lightly patted dry and weighed 

according to Brondum et al. (2000) and Honikel (1998). Drip loss was calculated formula;  

Drip loss (%) = (P1-P2) x 100/P1 

In which: P1 (g): initial weight; P2 (g): final weight. 

 

Cooking loss 

Meat samples were cut from the loin muscle with size of thickness of 2.5 cm, width 2 cm and length 5 cm, 

immediately weighed (initial weight), put in a polyethylene bag, heated in a water bath at 750C for 60 minutes, taken and 

weighed again (final weight). Cooking loss was calculated as following:  

Cooking loss (%) = (P1−P2)*100/P1 
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In which: P1(g): initial weight; P2(g): final weight 

 

Meat color 

Meat color was measured in the loin sample with a Minolta CR-410 colorimeter (Japan) followed to Honikel (1998) 

and Baublits et al. (2006). The color was expressed as L*, a* and b* readings according to standard luminance D and 

standard angle of view 65° (Honikel, 1998; Baublits et al., 2006). - L* = 0 (black), L* = 100 white light (white light similar 

to BaSO4 or MgO burnt) - b* = - 60 (green), +60 (yellow) - a* = - 60 (blue), + 60 (red) 

 

Data analysis 

Data processing: Statistical data were processed using Minitab 16 software. Data on growth, yield, and meat quality 

were analyzed using one-factor ANOVA (analysis of variance based on sex). Statistical parameters included mean and 

standard deviation (SD). The Tukey test was used to compare mean values at a significance level of P < 0.05. 

 

RESULT 

 

Survival rate 

The survival rates presented in Table 1 show that Mnu Buon chickens have a high survival rate, reaching 91.5% from 

1 to 24 weeks of age. The survival rate from 0 to 2 weeks of age was 100%, at 4-8 weeks of age was 97%, and at 91.5-

96% in the remaining weeks. 

 

Growth of Mnu Buon chickens 

Table 2 shows that the weight of chickens at 1 day old was 23.1g/chicken, at 6 weeks old was 217.8g/chicken, with 

a coefficient of variation (Cv%) ranging from 3.3–10.6%. At 24 weeks old, the weight of males reached 1572.8g/chicken, 

and females reached 1233.8g/chicken. The difference in weight between males and females was statistically significant 

(P<0.05) (Table 2 and Figure 1). 

The absolute growth of Mnu Buon chickens is presented in Table 3 and Figure 2, showing that Mnu Buon chickens 

had an absolute growth rate from 1 day old to 24 weeks old of 9.2g/chicken/day for males and 7.2g/chicken/day for 

females, with statistically significant differences (P<0.05). The highest absolute growth was reached at 14-16 weeks old 

in males at 15.3g/chicken/day and in females at 16-18 weeks old at 11.3g/chicken/day. 

 

Feed intake and feed consumption of Mnu Buon chickens 

Feed intake of Mnu Buon chickens gradually increased with age and weight gain. From 1 to 24 weeks of age, male 

chickens consumed 45.4g/chicken/day, while female chickens consumed 39.7g/chicken/day. The difference in feed 

intake was statistically significant (P<0.05). Feed consumption per kg of weight gain was 4.9 kg feed/kg weight gain for 

male chickens and 5.4 kg feed/kg weight gain for female chickens. 

 

Carcass yield of Mnu Buon chickens 

The carcass yield of Mnu Buon chickens is presented in Table 5, showing that the chickens had a slaughter weight of 

1220g (1020-1420g). The carcass weight was 1035g (870-1200g), the total carcass weight was 875g (720-1030g), the 

thigh weight was 200.5g (169.4-231.7g), and the breast weight was 163.1g (153.9-172.3g). Productivity indicators in 

roosters were higher than in hens (Table 5), with statistically significant differences (P<0.05). The percentage of carcass, 

carcass percentage, thigh meat percentage, breast meat percentage, and thigh-breast meat percentage in the rooster 

group were 84.7%, 72.6%, 22.5%, 16.7%, and 39.3%, respectively, while in the hen group they were 85.4%, 70.6%, 

23.5%, 21.3%, and 44.8%. The breast meat percentage and thigh-breast meat percentage were higher in hens than in 

roosters with P<0.05. 

 

The meat quality of Mnu Buon chicken 

The pH15 values in thigh and breast meat were 6.33 and 6.31, respectively. After 24 hours, the pH24 values of the 

meat decreased to 5.81 and 5.78 (Table 6). There was no significant difference in the pH values of rooster and hen meat 

(P>0.05). 

 

The color of Mnu Buon chicken meat 

The color of the thigh meat (Table 6) shows that the L* values in rooster and hen meat were 54.6 and 54.9, 

respectively, the a* values were 12.46 and 10.8, and the b* values were 12.5 and 14.7, respectively, with no statistically 

significant difference (P>0.05). Similarly, for breast meat, the L* values were 59.6 and 59.9, the a* values were 11.75 

and 10.78, and the b* values were 12.7 and 12.9. The color indicators for breast meat showed no significant difference 

(P>0.05). 
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Table 1 - Survival rates of Mnu Buon chickens across different age groups (%) 

Age  

(Week) 

Beginning of the week 

(chicken) 

Weekend  

(chicken) 

Weekly survival rate  

(%)  

Overall survival rate 

(%) 

1 200 200 100.0 100.0 

2 200 200 100.0 100.0 

3 200 195 97.5 97,5 

4 195 194 99.5 97 

5 194 194 100.0 97 

6 194 194 100.0 97 

7 194 194 100.0 97 

8 194 194 100.0 97 

9 194 193 99.5 96.5 

10 194 193 99.5 96.5 

11 194 193 99.5 96.5 

12 194 192 99.0 96 

13 192 192 100.0 96 

14 192 192 100.0 96 

15 192 187 97.4 93.5 

16 187 187 100.0 93.5 

17 187 187 100.0 93.5 

18 187 187 100.0 93.5 

19 187 185 98.9 92.5 

29 185 185 100.0 92.5 

21 185 185 100.0 92.5 

22 185 183 98.9 91.5 

23 183 183 100.0 91.5 

24 183 183 100.0 91.5 

Survival rate up to 24 weeks of age 91.5 

 

 

Table 2 - Cumulative weight of Mnụ Buon chickens (g) 

Weeks old 
Total weight (Roosters + Hens) 

Mean±SD (g) Cv (%) 

Newly hatched 23.1±1.4 5.9 

1  41.1±1.4 3.3 

2  62.2±2.9 4.7 

3  87.4±9.2 10.5 

4  120.4±8.7 7.26 

5  162.2±13.9 8.6 

6  217.8±23.2 10.6 

                                   Roosters                                                   Hens 

 Mean±SD (g) Cv (%) Mean±SD (g) Cv (%) 

8 326.9a±9.9 3.0 253.1b±8.9 3.5 

10 437.8a±11,6 2.7 327.4b±10.0 3.1 

12 589.1a±13.2 2.2 416.6b±11.2 2.7 

14 779.7a±13.9 1.9 521.7b±11.4 2.2 

16 994.1a±17.5 1.8 649.7b±12.7 2.0 

18 1177.2a±20.8 1.7 808.5b±15.5 1.9 

20 1312.5a±22.0 1.8 962.7b±18.6 1.9 

22 1443.7a±26.3 2,1 1101.8b±18.0 1.6 

24 1572.8a±32.7 1.8 1233.8b±18.0 1.5 

Note: a, b Values within the same row that have different letters differ significantly (p<0.05). 
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Figure 1 - Cumulative growth of Mnu Buon chickens from 1 day old to 24 weeks old. 

 

Table 3 - Absolute weight gain of Mnu Buon chickens (g/day) 

Weeks old 
Increase in absolute weight (Roosters + Hens) 

Mean±SD (g) Cv (%) 

Newly hatched - 1 2.6±0.3 9.87 

1-2  30.0±0.5 15.5 

2-3 3.6±1.6 43.8 

3-4 4.7±1.2 26.15 

4-5 6.0±1.0 17.4 

5-6 7.0±1.5 19.4 

                                   Roosters                                                   Hens 

 Mean±SD (g) Cv (%) Mean±SD (g) Cv (%) 

6-8 6.3a±0.6 9.8 4.2b±0.4 10.6 

8-10 7.9a±0.4 5.4 5.3b±0.4 7.4 

10-12 10.8a±0.3 2.4 6.4b±0.2 3.4 

12-14 13.6a±0,5 3.6 7.5b±6.6 6.6 

14-16 15.3a±0.5 3.4 9.1b±0.5 5.3 

16-18 13.1a±0.5 4.1 11.3b±0.5 4.7 

18-20 9.7a±0.5 5.4 11.0b±0.5 4.9 

22-22 9.4b±0.8 8.6 9.9a±0.4 3.6 

22-24 9.2b±0.7 7.9 9.4a±0.3 4.5 

1 day old -24 9.2±0.2  7.2±0.1  
Note: a, b Values within the same row that have different letters differ significantly (P<0.05). 

 

 
Figure 2 - Absolute growth of Mnu Buon chickens from 1 day old to 24 weeks old. 
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Table 4 - Feed intake from 0 to 24 weeks of age (g/chicken/day) 

Weeks old Mean±SD (n=150) 

1 2.7±0.2 

2 4.5±0.1 

3 6.3±0.5 

4 7.0±0.6 

5 8.7±0.7 

6 12.5±0.9 

 Roosters (n=79) Mean±SD Hens (n=71) Mean±SD P= Value 
7 16.2a±1.1 14.9b±1.5 <0.001 

8 20.8a±0,9 18.0b±0.8 <0.001 

9 25.7a±0.9 20.6b±1.5 <0.001 

10 29.8a±0,8 24.4b±1.9 <0.001 

11 35.3a±1.1 29.6b±0.8 <0.001 

12 38.2a±0.4 31.1b±1.3 <0.001 

13 45.2a±0.7 38.9b±3.1 <0.001 

14 48.4a±1.3 42.6b±1.7 <0.001 

15 60.3a±1.9 52.0b±1.7 <0.001 

16 66.2a±0.9 54.9b±1.3 <0.001 

17 74.5a±0.5 65.0b±3.9 <0.001 

18 78.3a±0.9 65.7b±2.3 <0.001 

19 82.7a±0.5 73.7b±1.8 <0.001 

20 83.3a±2.1 74.3b±2,5 <0.001 

21 85.1a±1.0 75.0b±2.0 <0,001 

22 85.6a±1.1 75.7b±2.1 <0.001 

23 85.7a±0.9 77.0b±2.2 <0.001 

24 86.4a±1.0 78.0±2.1b <0.001 

1-24 45.4±31.1 39.7±27.4 <0.076 
Note: a, b Values within the same row that have different letters differ significantly (P<0.05). 

 

Table 5 - Chicken carcass yield of local people in Dak Lak province. 

Indicators 
Total (n=10) 

Mean ± SD 

Roosters (n=5) 

Mean ± SD 

Hens (n=5) 

Mean ± SD 

Live weight (g) 1220±74.2 1420a±58.3 1020.0b±37.4 

Jaw hook weight (g) 1035±58.7 1200a±35.4 870.0b±25.50 

Carcass weight (g) 875±57.5 1030a±46.4 720.0b±27.0 

Thigh meat weight (g) 200.5±14.0 231.7a±16.5 169.4a±11.0 

Breast weight (g) 163.1±6.3 172.3a±5.6 153.9b±10.1 

Jaw hook ratio (%) 85.1±0.8 84.7±1.2 85.4±1.2 

Carcass ratio (%) 71.6±0.9 72.6±1.6 70.6±0.4 

Thigh meat ratio (%) 22.9±0.8 22.5±1.4 23.5±0.9 

Breast meat ratio (%) 19.1±0.9 16.7b±0.6 21.3a±0.8 

Ratio of thigh and breast meat (%) 42.1±1.3 39.3b±1.4 44.8a±1.2 

Note: Values in the same row for male and female that have different letters are statistically significantly different (P<0.05). 

 

Table 6 - Some quality indicators of chicken meat. 

Type of meat Indicator Total (n=10) Roosters (n=5) Hens (n=5) 

Thigh meat 

pH15 6.33±0.02 6.31±0.01 6.4±0.04 

pH24 5.81±0.03 5.8±0.04 5.8±0.04 

L* 54.8±0.8 54.6±1.2 54.9±1.1 

a* 11.6±0.4 12.46±0.4 10.8±0.4 

b* 14.2±0.4 12.5±0.4 14.7±0.6 

Preservative water loss rate (%) 0.9b ±0.2 0.7±0.1 1.1 ±0.3 

Processing water loss rate (%) 21.1±1,6 20.4±0.8 21.7±3.3 

Breast meat 

pH15 6.31±0.03 6.2±0.03 6.3±0.1 

pH24 5.78±0.02 5.8±0.04 5.8±0.1 
L* 59.8±0.8 59.6±1.2 59.9±1.1 

a* 11.2±0.4 11.8±0.6 10.8±0.4 

b* 13.7±0.6 12.7±0.9 12.9±0.9 

Preservative water loss rate (%) 1.5a ±0.2 1.1±0.1 1.9±0.3 

Processing water loss rate (%) 18.9±0.6 19.8±0.8 17.9±0.6 
Note: Values in the same column that have different letters are statistically significantly different (P<0.05). 
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DISCUSSION 
 

Survival rate of Mnu Buon chickens  

The survival rate of Mnu Buon chickens is high (Table 1). This is a long-domesticated breed that is highly adaptable to 

natural conditions and the care practices of ethnic minorities in Dak Lak province. These chickens can forage in nature 

and have high disease resistance, leading to a high survival rate. Compared to the results of Mui et al. (2012) on Long 

Cam chickens, which had an 80% survival rate from 0 to 15 weeks, Mnu Buon chickens show a higher rate. Thinh et al. 

(2016) stated that the survival rates for "Many-toed" chickens at 0-8 and 9-16 weeks were 90% and 88.3%, respectively. 

According to Thinh et al. (2020), Lac Thuy chickens reached 94.51% and 90.98% for the same periods. Dung et al. (2021) 

showed that Ri Dabaco chickens and golden-legged fighting rooster chickens have a high survival rate of 94-97%. Huong 

et al. (2023) noted a 95.83% survival rate for Van Linh chickens from 1 to 18 weeks. Our study shows that the survival 

rate of Mnu Buon chickens from 1 day to 24 weeks is 91.5%. This is quite high, similar to Dong Tao chickens and higher 

than Mia, Many-toed, and Lac Thuy chickens, but lowers than Van Linh chickens. These results prove that Mnu Buon 

chickens adapt well to the farming and natural conditions of Dak Lak. 

 

Growth of Mnu Buon Chickens 

 The growth of Mnu Buon chickens increases with age from 1 to 24 weeks (Table 2), following the law of cumulative 

growth. At 1 day old, the weight is 23.1g per bird, which is lower than other breeds. For example, Van Linh chickens weigh 

30.21g (Huong et al., 2023), and Ri Lac Son chickens weigh 25.28g (Thinh et al., 2020). At 24 weeks, the weight of 

roosters was 1305.5g and hens was 1104.8g). This weight is lower than Ri Lac Son, Van Linh, and Many-toed chickens. 

Mnu Buon chickens raised in Dak Lak are generally smaller than native breeds in other regions. The absolute growth rate 

was 9.2g/day for roosters and 7.2g/day for hens. The highest growth occurs at 14-16 weeks for roosters (15.3g/day) and 

16-18 weeks for hens (11.3g/day). This result is lower than that of Ri Lac Son chickens at 20 years old, which was 

14.1g/chicken/day in roosters and 10.7g/chicken/day in hens (Thinh et al. 2020); Huong et al. (2023) showed that Van 

Linh chickens at 18 weeks old had an absolute growth of 17.6g/chicken/day in roosters and 14.7g/chicken/day in hens. 

The results obtained in this study show that Mnu Buon chickens have a low body weight, only at the average level of 

native Vietnamese chicken breeds. This result is consistent with observations on breed that affect the growth 

performance of broiler chickens, indicating that breed has a significant influence on chicken body weight (Adebayo et al., 

2023). The growth of Mnu Buon chickens is lower than that of other native chicken breeds raised domestically, possibly 

due to limitations in the selection and management of the breed. The decline in growth may be due to inbreeding and 

uncontrolled crossbreeding with many other breeds. 

 

Feed intake and Carcass Yield 

The feed intake of Mnu Buon chickens (Table 4) gradually increased with age, averaging 45.4 g for roosters and 39.7 

g for hens throughout the rearing period. Feed intake of Mnu Buon chickens was lower than that of Ri Lạc Son chickens 

(50.2g/chicken/day; Thinh et al., 2020), Long Cam chickens (51.9 g/chicken/day; Mui et al., 2012), and Vạn Linh 

chickens (60.9 g/chicken/day) (Hương et al., 2023). The feed intake per kg of weight gain in Mnu Buon chickens was 4.9 

kg in roosters and 5.4 kg in hens. This result was higher than that of Vạn Linh chickens from 1 to 18 feed intakes was 

3.98 kg (Hưong et al., 2023). Feed consumption of Mnu Buon chickens is lower than that of Mong chickens (Son et al., 

2022). Feed intake increases with age, averaging 45.4g for roosters and 39.7g for hens. This is lower than Ri Lac Son, 

Long Cam, and Van Linh chickens. The carcass yield of Mnụ Buôn chickens (Table 5) shows that roosters have higher 

slaughter weight, carcass weight, thigh weight, breast weight, breast meat ratio, and thigh - breast meat ratio are higher 

than hens, with statistically significant differences (P<0.05). Mnu Buon chickens have lower meat yield than some 

Vietnamese native chicken breeds. Tham et al. (2016) showed that 24-week-old Dong Tao chickens have a slaughter 

weight of 2,716.55 g for roosters and 2,266.67g for hens. The carcass ration was 69.55% and 64.16%, the thigh meat 

yield was 23.24% and 23.57%, and the breast meat yield was 13.92% and 16.85%. Mui et al. (2012) reported that 15-

week-old Long Cam chickens had a slaughter weight of 1,930.33g, carcass ration of 69.60%, thigh meat ratio of 22.25%, 

and breast meat ratio of 14.36% in males, and correspondingly in females of 1,430g, 68.4%, 22.34%, and 15.27%. Thinh 

et al. (2020) showed that 24-week-old Lac Thuy chickens had a carcass ratio of 81.29% in males and 75.48% in females; 

Carcass ratio in roosters and hens was 72.65% and 65.59%, respectively; thigh meat ratio was 23.71% in roosters and 

20.19% in hens. Mnụ Buôn chickens have carcass yield, thigh meat yield, and breast meat yield comparable to Ri Dabaco 

chickens and yellow-legged fighting chickens (Dung et al., 2021). Slaughter weight, carcass yield, thigh meat yield, and 

breast meat yield in Mnụ Buon chickens are comparable to fighting chickens (Giang et al., 2023). 

 

Meat quality  

The results in Table 6 show that the meat quality indicators (sensory quality and processing quality) did not differ 

significantly between Mnụ Buon roosters and hens (P>0.05). A similar trend was also found in studies on chickens with 

the indicators of light color L*, red color a*, yellow color b*, storage and processing water loss percentage, pH15 and 

pH24 values (N'dri et al., 2007). 
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The L* value of Mnu Buon chicken breast meat is equivalent to that of Vạn Linh chicken (60.89), while the L* value of 

Mnu Buon chicken thigh meat (54.77) is higher than that of Vạn Linh chicken (52.64) (Huong et al., 2023). The L* values 

of Mnụ Buôn chicken breast and thigh meat are higher than those of Lac Thuy chicken breast and thigh meat (56.43; 

46.96) (Thinh and Giang, 2020). The light color of Thai local chicken is 54.8 (Wattanachant et al., 2004). When comparing 

Vietnamese Mnu Buon chicken with Thai local chicken, the light color of Mnu Buon chicken in this experiment is higher. 

According to the classification of Qiao et al. (2002), Mnu Buon chicken meat belongs to the light-colored meat category 

(L* >53). Afrin et al. (2024) suggest that the values of brightness (L*), yellowness (b*), and yellowness (a*) are influenced 

by different chicken breeds, and rapid growth rate is also related to the yellowness value (b*). The meat color values in 

this study are consistent with studies on Ross, JA757, and ISA Dual chicken breeds, where the L*, b*, and a* values are 

significantly influenced by breed quality (Chodová et al., 2021).  The rate of water loss during storage in thigh and breast 

meat was 0.89% and 1.52%, respectively (P<0.05); there was no difference between roosters and hens (P>0.05). Compared to 

other studies, Mnu Buon chicken meat had lower water loss than Lạc Thủy chicken (2.45% and 2.33%) (Thinh et al., 2020) and 

Ri Ninh Hoa chicken (2.85% and 2.48%). The processing water loss rate in thigh and breast meat was 21.07% and 18.87%, 

respectively (P>0.05). The processing water loss rate in breast meat of Mnu Buon chicken was comparable to that of Van 

Linh chicken (19.35%) (Huong et al., 2023). The storage and processing water loss rates of Mnu Buon chicken were within 

the limits of native chicken meat. 

 

CONCLUSION 

 

Mnu Buon chickens are a breed that adapts well to the farming methods of ethnic minorities in Dak Lak province. They 

have a high survival rate of 91.5%. Mnu Buon chickens belong to the low-weight group; at 24 weeks old, roosters weigh 

1572.8g/chicken, and hens weigh 1233.8g/chicken. The feed consumption per kg of weight gain of Mnu Buon chickens 

at 24 weeks of age for roosters and hens was 4.9 and 5.4 kg, respectively. Mnu Buon chickens have lower meat yield than 

some Vietnamese native chicken breeds. The meat quality of Mnu Buon chickens is within the limits of Vietnamese native 

chicken breeds. 
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ABSTRACT: Modern pig production increasingly requires compliance with welfare-oriented housing standards, 

prompting farms to modernize farrowing systems while maintaining productive performance. This study 

aimed to evaluate the effects of farrowing pen design during the suckling period and boar line on the 

reproductive performance of sows, piglet growth, and survival under industrial conditions aligned with 

contemporary animal welfare requirements. The experiment was conducted using a 2 × 2 factorial design 

involving 192 sows (Large White × Landrace) of second to fourth parity and 2,443 piglets obtained through 

terminal crossbreeding with Maxter and PIC 337 boars. Animals were fed complete diets and housed under 

controlled microclimate conditions. Reproductive traits, piglet survival, and sow backfat thickness were 

assessed using standardized methods and subjected to statistical analysis. Sows housed in fixed traditional 

farrowing pens exhibited superior reproductive performance compared with those kept in improved welfare-

oriented pens. The boar line significantly affected the total number of piglets born and the number born alive, 

with the highest total number of piglets born (14.1 piglets) recorded in sows inseminated with PIC 337 

semen. Farrowing pen design had a significant effect on litter size, litter uniformity, stillbirth rate, litter weight 

at weaning, sow backfat thickness, and piglet weaning weight. The highest average daily gain and piglet live 

weight at weaning were observed in Group 1, whereas the lowest values were recorded in Group 4. Piglet 

survival to weaning was the highest in Group 3 (97.3%). A combined effect of farrowing pen design and boar 

line was identified for milk performance (defined as total milk output estimated from litter weight gain), litter 

uniformity index (reflecting within-litter variation in piglet body weight), and piglet survival. The practical 

significance of these findings lies in providing science-based recommendations for selecting farrowing pen 

configurations and boar lines that support welfare-compliant and efficient pig production systems in Ukraine. 

The study demonstrates a performance–welfare trade-off, whereby traditional pens improved piglet growth 

parameters, while welfare-oriented improved pens enhanced sow mobility. This balance should be considered 

when implementing welfare-compliant farrowing systems.  

Keywords: Breeding systems, Fertility, Performance, Pig, Welfare. 
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INTRODUCTION   
 

Modern pig production increasingly emphasizes the implementation of welfare-oriented housing systems that comply with 

international standards for the humane treatment of animals (Nevrkla et al., 2024; Vandresen et al., 2024). According to 

current scientific protocols, farrowing pen design must meet not only technological and sanitary-hygienic requirements 

but also the biological needs of animals at different physiological states (Dourmad et al., 2022). Properly organized pen 

designs reduce stress, minimize injuries to sows and piglets, and facilitate effective control of feeding, microclimate and 

sanitary conditions, thereby positively influencing productive performance and overall pork production efficiency (Leonard 

et al., 2020; Pacheco et al., 2024). The most critical periods in sow production are gestation, farrowing, lactation and 

weaning, during which animals are particularly sensitive to external stimuli and changes in housing and feeding 

conditions (Robbins et al., 2021; Do et al., 2023; Seddon and Moustsen, 2023). The use of specialized farrowing pen 

design protects piglets from crushing, ensures convenient access to the udder, provides designated areas for rest and 

activity, and allows farrowing operators to monitor and manage animals effectively while minimizing interference with 

natural behavioral patterns (Jang and Oh, 2022).  

In many pig-producing regions, farms face economic constraints, limited access to modern equipment, and the need 

to balance production efficiency with rising welfare requirements (EFSA AHAW Panel, 2022; Vandresen et al., 2024). 
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These challenges encourage for the development of cost-effective technological solutions, including the reconstruction of 

existing facilities and the gradual modernization of farrowing pen designs. Such approaches enable producers to optimize 

housing conditions, maintain or enhance animal welfare, and adapt to contemporary industry standards without 

compromising economic viability. Consequently, pork producers increasingly prioritize engineering flexibility, practical 

innovation, and strategic decision-making to meet both welfare expectations and economic demands (Lykhach et al., 

2025). 

In addition to technological and economic considerations, ethical aspects play an increasingly important role in the 

design and improvement of sow housing systems, particularly in the context of the European animal welfare movement 

and the adoption of advanced production technologies (Mahfuz et al., 2022; Turner et al., 2024). Growing attention to 

humane treatment promotes the implementation of housing designs that allow sows to partially express natural 

behavioral, including standing, lying down, changing body position, and interacting with piglets and the surrounding 

environment (Choi et al., 2020). Practical experience indicates that even under limited financial resources, farms can 

achieve substantial welfare improvements through rational pen redesign and the replacement or modification of 

individual structural elements (Ludwiczak et al., 2021; Malak-Rawlikowska et al., 2024). 

At the same time, the use of adaptive farrowing pens – such as convertible structures that allow spatial adjustment 

according to piglet age and sow condition - represents a promising direction in housing system development. combining 

functional efficiency with animal welfare requirements and facilitating the expression of natural behaviors (Nevrkla et al., 

2024; Mackinnon, 2024; Klassen et al., 2025). Such systems contribute to reduced injury risk, improved hygiene, 

simplified management, and, consequently, increased piglet survival and improved reproductive performance of sows 

(Glencorse et al., 2019). As a result, pig producers not only achieve better animal health and higher production efficacy, 

but also gain increased consumer trust, as public awareness of the ethical origin of animal products continues to grow.  

Accordingly, even under current challenging economic conditions, investment in the reconstruction and functional 

improvement of farrowing pens represents strategic decision that enables national pig farms to remain competitive in 

both domestic and foreign markets, while supporting alignment with European integration goals and the sustainable 

development of the sector (Sossidou et al., 2025). At the same time, increasing attention is being paid to compliance with 

European regulatory standards in pig production, particularly the implementation of Council Directive 2008/120/EU, 

which restricts the long-term use of fixed farrowing crates (Council Directive 2008/120/EU). This regulatory framework 

presents both a challenge and an incentive for scientific research aimed at identifying optimal, adaptable housing 

solutions suitable for commercial farm conditions. The present study not only identifies farrowing pen design features that 

positively influence sow reproductive performance but also provides practical recommendations for the reconstruction 

and improvement of existing housing systems.  

In view of the above, the motivation for this experiment was to ensure stable pork production under conditions of 

economic uncertainty, enhance the reproductive traits of sows and harmonize housing systems with European animal 

welfare. Therefore, this research is both timely and of direct practical relevance.  

 

MATERIALS AND METHODS 

 

Experimental design 

The practical experiment was conducted on a commercial pig farm belonging to Viktoria Private Lease Enterprise 

(PLE) located in the Bashtanskiy district, Mykolaiv region, Ukraine. A total of 192 litters from suckling sows housed in the 

farrowing unit, comprising 2443 suckling piglets, were included in the study. The maternal genotype consisted of Large 

White × Landrace crossbred sows breeds, while the paternal genotypes were boars of the Maxter terminal line (France 

Hybrides, France) and the PIC 337 terminal line (PIC, United Kingdom). Artificial insemination of sows in the experimental 

groups was performed using the standard vaginal insemination technique, in accordance with the farm’s approved 

reproductive protocol. Disposable insemination catheters manufactured by MS Schippers (Netherlands) were used to 

ensure a high level of biosecurity and ease of application. Freshly diluted semen obtained from boars housed at the 

farm’s artificial insemination station was used, thereby minimizing ejaculate quality loss and improving fertilization 

efficiency. All insemination procedures were conducted in compliance with established technological, veterinary, and 

sanitary standards and were synchronized with the optimal estrus period of the sows. 

The experiment was carried out in the reproduction and farrowing units, and the housing and management 

conditions were organized in accordance with the Departmental Norms of Technological Design: Pig Enterprises 

(Complexes, Farms, Small Farms-2005) and the recommendations of genetic companies, with due consideration of 

animal welfare principles. 

According to the experimental scheme (Table 1), four experimental groups of sows were formed based on the 

principle of analogues (Ladyka and Khmelnychiy, 2023). A total of 192 clinically healthy sows of similar parity (second to 

fourth farrowing), live weight, body condition, and expected farrowing date were selected. Group formation followed the 

principle of analogues to ensure uniformity before allocation. After matching, sows were randomly assigned to one of four 

experimental groups using simple randomization within analogue blocks based on individual animal identification 
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numbers. All groups were balanced for parity, body condition, and previous reproductive performance, and no significant 

differences were detected among groups prior to the start of the experiment.  

During the non-productive (idle) and gestation periods, sows from all four groups were housed in group pens (Figure 

1) manufactured by AgroDana LLC (Ukraine). Five days prior to the expected farrowing date, sows were transferred to the 

farrowing unit and allocated to housing to housing treatments as follows: sows in Groups 1 and 2 were housed in 

traditional fixed farrowing pens with a total area of 4.32 m² throughout the suckling period (Figure 2), whereas sows in 

Groups 3 and 4 were housed in improved farrowing pens with an increased total area of 7.20 m², allowing free movement 

from day 7 postpartum until weaning (Figure 3). All farrowing pens were manufactured by AgroDana LLC (Ukraine). Two 

types of farrowing pen designs were evaluated in the experiment, differing in construction, available space, and degree of 

sow mobility. Traditional pens (groups 1 and 2; total area 4.32 m²) were equipped with a standard fixed farrowing crate 

that restricted sow movement throughout the entire lactation period. The crate prevented the sow from turning around 

and limited forward and backward movement. A piglet creep area with a heated floor and protective anti-crushing rails 

was positioned along one side of the crate. This housing system represents the conventional farrowing design commonly 

used in intensive pig production. Improved pens (groups 3 and 4; total area 7.20 m²) were designed as partially free 

farrowing systems. During the first seven days postpartum, sows were temporarily restrained in a fixation crate to reduce 

the risk of piglet crushing during the critical neonatal period. After day 7, the crate was opened, allowing the sow free 

movement within the pen. The increased pen area enabled the sow to turn around, freely change body position, and 

interact with the surrounding environment. Improved pens were additionally equipped with an enlarged piglet creep area, 

anti-crushing rails, and a fully slatted plastic floor.  

 

 

 

 
Figure 1 - Group pen for keeping sows during farrowing.  
 1 = Pen (top view); 2 = Side of the pen; 3 = Rack of fasteners to the concrete slatted floor; 4 = Pen`s door; 6 = Delimiter; 7 = Group feeder; 8 = 

Individual feeding dispenser; 9 = Dispenser outlet pipe; 10 = Nipple drinker.  

 

 

 

 
Figure 2 - Pen for keeping lactation sows and suckling piglets (traditional).  

1 = Fence of the pen of polyvinyl chloride; 2 = Slatted plastic floor (50% open); 3 = Fixing pen; 4 = Sow feeder; 5 = Plastic floor (100% solid); 6 

= heating carpet; 7 = Mounting rack; 8 = Piglet rest and heating space; 9 = Feeding dispenser; 10 = Dispenser lowering pipe; 11 = Suckling 

piglet feeder; 12 = Mounting and drinking bowl for the sow. 
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A                       B  
                                                                 

 
Figure 3 - Pen for free keeping of sows from 7 days after farrowing to weaning (improved).  

A: Location of the fixing pen until 7 days after farrowing; B: Free keeping of sows after 7 days from the date of farrowing; 1 =  Fence of the pen of 

polyvinyl chloride; 2 = Slatted plastic floor (50% open); 3 = Fixing pen; 4 = Sow feeder; 5 = Plastic floor (100% solid); 6 = Heating carpet; 7 = 

mounting rack; 8 = Piglet rest and heating space; 9 = Feeding dispenser; 10 = Dispenser lowering pipe; 11 = Suckling piglet feeder; 12 = 

mounting and drinking bowl for the sow. 

 
Feeding 

Sows were fed specialized complete compound diets formulated according to their physiological state, with separate 

rations for gestating and lactating sows. All feeds were produced at the farm’s feed mill and formulated in accordance 

with internationally recognized nutritional standards for swine (NRC, 2012). To ensure adequate balancing of protein, 

minerals, and vitamins in the basal diet, protein-mineral-vitamin supplements and premixes manufactured by Cehavae 

Korm LLC (Ukraine) were incorporated into the feed. This approach ensured high nutritional value and compliance with 

the nutrient requirements of animals at different stages of the reproductive cycle. Feeding management was adjusted 

according to physiological status. During the non-productive (idle) and gestation periods, sows were fed restrictively at 

2.8–3.1 kg per head per day. During the 28-day lactation period, sows received feed ad libitum, except on the day of 

farrowing, when feed allowance was limited to 1.0 kg per head. Suckling piglets were offered a commercial pelleted 

prestarter feed from day 7 postpartum via automated self-feeders. The ingredient composition and calculated nutritional 

values of all experimental diets are presented in Table 1. Water was supplied to sows through nipple drinkers to ensure 

continuous access and hygienic conditions. Suckling piglets were provided water via cup drinkers, positioned 7 cm above 

the floor, allowing easy access even for the smallest piglets. 
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Table 1 – Feed ingredients and nutritional value of diets for sows and piglets 

Ingredients, % Gestating sows Lactating sows Piglets Prestarter 

Wheat 34.0 43.5 - 

Barley 45.0 30.0 - 

Sunflower meal 14.5 10.0 - 

Soybean meal 3.0 11.5 - 

Premix* 3.5 5.0 - 

Complete pelleted feed** - - 100.0 

Total 100.0 100.0 100.0 

Nutritional value 

Metabolizable energy, MJ 12.20 12.40 13.60 

Crude protein, g/kg 144.91 165.61 190.0 

Crude fat, g/kg 16.62 16.09 58.0 

Fiber, g/kg 57.68 50.82 27.0 

Calcium, g/kg 7.67 9.88 7.40 

Total phosphorus, g/kg 4.71 5.35 6.00 

Digestible phosphorus, g/kg 3.02 3.67 5.50 

Sodium, g/kg 2.14 2.50 2.50 

Lysine, g/kg 6.30 9.33 15.60 

Digestible lysine, g/kg 4.95 7.88 14.00 

Methionine, g/kg 2.62 3.49 6.30 

Digestible methionine, g/kg 2.18 3.06 5.90 

Methionine+cystine, g/kg 5.42 6.49 9.20 

Digestible methionine+cystine, g/kg 4.29 5.37 8.10 

Threonine, g/kg 4.93 6.79 10.40 

Digestible threonine, g/kg 3.50 5.30 8.80 

Tryptophan, g/kg 1.73 1.98 3.50 

Digestible tryptophan, g/kg 1.31 1.55 3.10 

Vitamin A, IU/g 13149 13000 15000 

Vitamin D3, IU/g 2023 2000 2500 

Vitamin E, mg/kg 101.15 100.00 100.00 
* - Cehavit Sow Gestation, Cehavit Sow Lactation; **  - Prestarter Cehavit Pig Lux C12. 

 

Microclimate conditions 

To ensure optimal microclimate conditions in piglet nests, a combined local heating system was used, including 

infrared incandescent lamps, electric heating mats, and brooders. This approach enabled the creation of comfortable 

thermal conditions for newborn piglets, thereby reducing stress and mobility and improving piglet survival. Ambient air 

temperature in the sow area was maintained at 20–22°C, while temperatures in piglet nests were maintained at 37–

34°C during the first week postpartum and gradually reduced to 26–28°C by weaning. Relative humidity was kept within 

the range of 60–70%, and air velocity did not exceed 0.2 m/s to prevent draughts.  

Ventilation in the pig housing was provided by a combined system of exhaust fans and aerodynamic air inlets 

operating under negative pressure (Deschenko et al., 2024). This system ensured effective removal of contaminated air 

and a continuous supply of fresh air, maintaining microclimatic parameters in accordance with technological 

requirements. Ventilation rates ranged from 5–10 m³/kg live weight per hour during the cold season and increased to 

80–100 m³/kg live weight per hour during warm periods, ensuring efficient dilution and removal of ammonia, moisture, 

and dust. Manure removal was achieved using a periodically operated vacuum self-flowing system. Manure was collected 

in channels located beneath the slatted floor, allowing effective separation of animals from waste and contributing to 

reduced ammonia concentration and humidity levels in the housing. Veterinary preventive and therapeutic procedures 

were carried out identically for all experimental groups in accordance with the farm’s approved veterinary health program. 

All procedures complied with biosafety requirements and included vaccination, deworming, and routine health 

monitoring. Housing and management conditions for experimental animals complied with the Departmental Norms of 

Technological Design: «Pig Enterprises (Complexes, Farms, and Small Farms)” (2005) and the recommendations of 

genetic companies. 

 

Performance parameters 

Reproductive performance of sows in the experimental groups (Table 2) was evaluated using the following indicators: 

total number of piglets born (TNB, head), number of piglets born alive (NBA, head), proportion of stillborn piglets (PSB, %), 

litter weight at birth (LWB, kg) and at weaning (28 days; LWW, kg), average piglet weight at birth (AWPB, kg) and at 

weaning (28 days; APWW, kg), number of piglets at weaning (NW28d, head), average daily gain of suckling piglets (ADG, 

g), and piglet survival rate (%). All measurements were performed according to generally accepted methodologies 
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(Ladyka and Khmelnychiy, 2023). To obtain an integrated assessment of sow reproductive performance, a composite 

reproductive index was calculated based on a limited number of key parameters (Ladyka and Khmelnychiy, 2023):          

I=B+2W+35G              (1)                                                     

Where I is the reproductive performance index; B is the number of piglets at birth (head); W is the number of piglets 

at 28 days of age (head) G is the average daily weight gain of piglets until weaning (kg).  

Sow body condition was assessed by measuring backfat thickness at the P2 anatomical point, located 65 mm lateral 

to the dorsal midline at the level of the head of the last rib. Measurements were taken twice: immediately before 

farrowing and on the day of piglet weaning, allowing assessment of changes in sow energy reserves during lactation. 

Backfat thickness was measured using a Renco ultrasonic scanner, which provides a rapid, non-invasive, and reliable 

estimation of subcutaneous fat depth. These data enabled an objective evaluation of sow condition and facilitated 

adjustments to feeding or housing management when necessary to maintain optimal physiological status throughout the 

reproductive cycle (Ladyka and Khmelnychiy, 2023). 

 

Table 2 – The scheme of the experiment researching reproductive traits of sows 

Group 

1 

n = 48 

2 

n = 48 

3 

n = 48 

4 

n = 48 

Breeding 

♀(LWa × Lb) × ♂Maxterc ♀(LW × L) × ♂РІС 337d ♀(LW × L) × ♂Maxter ♀(LW × L) × ♂РІС 337 

Housing idle and gestation sows of group pens 

keeping on the farrowing unit 

Traditional pen of fixation of the sow during the suckling 

period 

Improved pen for free-range sows from 7 days after 

farrowing until weaning 
a – Large White breed; b – Landrace breed; c – terminal line of boars «Maxter»; d – terminal line of boars PIC 337. 

 

Statistical analysis 

Experimental data were processed using standard biometrical methods (Kramarenko et al., 2019) and analyzed 

using Statistica 12.0 (StatSoft Inc., 2014; www.statsoft.com) and Microsoft Excel 2019. Performances that met the 

assumptions of parametric analysis were evaluated using two-way analysis of variance (ANOVA). The fixed effects 

included: A: type of farrowing pen (traditional vs. improved), B: boar line (Maxter vs. PIC 337), and A × B: the interaction 

between pen design and boar line. When significant main or interaction effects were detected identified, pairwise 

comparisons among group means were performed using Tukey’s multiple comparison test implemented in Statistica. 

Quantitative data are presented as means ± standard error (M ± SE). Categorical variables, including piglet survival, were 

analyzed using Pearson’s chi-square (χ²) test. Statistical significance was accepted at P < 0.05, with P < 0.01 and P < 

0.001 considered highly significant.  

 

Ethical regulation 

All experimental procedures complied with European legislation governing the protection and welfare of farm 

animals, including Council Directive 95/58/EC on the protection of animals kept for farming purposes (as amended by 

Regulation No. 806/2003) and Council Directive 91/630/EEC on minimum standards for the protection of pigs. The 

study was also conducted in accordance with Ukrainian legislation on animal welfare during farming practices (Law of 

Ukraine “On Veterinary Medicine”, 2021; Order of the Ministry for Development of Economy, 2021). The experimental 

protocol was reviewed and approved by the Bioethics Commission of the National University of Life and Environmental 

Sciences of Ukraine (June 26, 2025; Protocol No. 039). 

 

RESULTS   

 

Table 3 presents the results of the two-way analysis of variance assessing the effects of farrowing pen type, boar line, and 

their interaction on sow reproductive performance at farrowing. 

A significant effect of boar line was observed for the total number of piglets born (TNB; F = 19.95; P < 0.001). For the 

number of piglets born alive (NBA), significant effects were identified for both boar line (F = 12.46; P < 0.001) and 

farrowing pen type (F = 12.46; P < 0.001). The highest TNB values (14.1 piglets) were recorded in sows from Groups 2 and 

4 inseminated with semen from PIC 337 boars, irrespective of pen type. In contrast, sows inseminated with Maxter boar 

semen (Groups 1 and 3) produced 0.5–1.1 fewer piglets (Figure 4). 

The highest NBA values were observed in groups 1, 2 and 4, whereas sows in group 3 exhibited significantly lower 

values by 0.9–1.1 piglets. A similar pattern was noted for litter weight at birth (LWB), with Group 3 sows (improved pens × 

Maxter boars) exhibiting the lowest values. Sows in the remaining groups exceeded these values by 0.7–1.1 kg. 
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The proportion of stillborn piglets (PSB) was significantly influenced by pen type (F = 4.11; P = 0.044). The lowest PSB 

(5.1%) was observed in Group 1, while the highest value (8.4%) occurred in Group 4 (P < 0.05). Group 2 and 3 showed 

intermediate values. No significant effects of pen type or boar line were detected for average piglet weight at birth 

(AWPB). Although piglets in Groups 2 and 4 exhibited slightly lower AWPB values, these differences were not statistically 

significant (Figure 5). 

Litter uniformity was significantly affected by both pen type (F = 17.50; P < 0.001) and boar line (F = 4.82; P = 

0.029). The highest uniformity index was recorded in Group 2 (71.9 points), while the lowest was observed in Group 3 

(61.1 points) (Figure 6). Although improved pens enhance piglet safety by reducing crushing risk, unrestricted sow 

movement on fully slatted floors may increase injury risk and negatively affect piglet growth uniformity, emphasizing the 

need for careful management and technological optimization.  

Table 4 summarizes the effects of pen type, boar line, and their interaction on reproductive traits at weaning and 

piglet growth performance. For most traits, pen type exerted a significant influence, whereas for NW28d only a tendency 

was observed. Significant interaction effects were detected for milk performance and piglet survival to weaning. 

The highest litter uniformity index and milk performance values were observed in Group 2 (44.1 points and 73.8 kg, 

respectively), while the lowest values were recorded in Groups 3 and 4. Sows in Group 1 showed intermediate values but 

differed significantly from the other groups, particularly in milk performance (Figure 7). 

A similar pattern was observed for the number of piglets at weaning (NW28d), with a significant difference between 

Groups 2 and 3, while Groups 1 and 4 occupied intermediate positions. Litter weight at weaning (LWW) was strongly 

influenced by pen type (F = 20.34; P < 0.001), with sows housed in traditional pens (Groups 1 and 2) outperforming those 

housed in improved pens, regardless of boar line. 

The highest average piglet weight at weaning (APWW) was recorded in Group 1 (7.34 kg), while the lowest value was 

observed in Group 4 (6.81 kg). Piglets from Groups 2 and 3 showed intermediate values. A similar trend was observed for 

average daily gain (ADG), with the highest gains recorded in Groups 1 and 2 and the lowest in Groups 3 and 4 (Figure 8). 

Piglet survival to weaning was highest in Group 3 (97.3%), whereas significantly lower survival rates were observed in 

the remaining groups (Figure 9). Analysis of piglet mortality at the sow level revealed significant differences among all 

groups (χ² = 29.05; P < 0.001). The probability of at least one piglet death before weaning was 6.36 times higher in 

Groups 1, 2, and 4 compared with Group 3 (P < 0.001).  

Table 5 presents the effects of pen type, boar line, and their interaction on sow backfat thickness. Backfat thickness 

before farrowing was significantly influenced by pen type (F = 24.81; P < 0.001), with sows housed in traditional pens 

(Groups 1 and 2) exhibiting higher values than those in improved pens. At weaning, backfat thickness remained 

significantly affected by pen type (F = 33.18; P < 0.001) and, to a lesser extent, by boar line (F = 4.05; P = 0.046). 

The highest backfat thickness at weaning was observed in Group 1 (14.1 mm), while the lowest values (12.4–12.6 

mm) were recorded in sows housed in improved pens. Significant differences were also detected between Groups 1 and 2 

(P < 0.05). The greatest backfat losses during lactation were observed in Groups 2, 3, and 4 (4.92–5.27 mm), significantly 

exceeding losses in Group 1 (Figure 10). Although backfat loss remained within acceptable physiological limits across all 

groups, sows housed in improved pens exhibited greater energy depletion, likely due to increased physical activity 

associated with free movement. 

 

Table 3 - Variability indicators (M ± SE) and results of two-factor analysis of variance (F; P) of the influence of the type of 

pens (farrowing) (A), breed of boars (B) and their combined effect (A×B) on the reproductive traits of sows during 

farrowing 

Parameter 

Group Factor 

1 2 3 4 
Type of pen 

(farrowing) (А) 

Boar`s 

breed (В) 
A  B 

TNB, head 13.6b±0.18 14.1a±0.22 13.0c±0.14 14.1a±0.18 
2.95 

(ns) 

19.95 

(< 0.001) 

2.22 

(ns) 

NBA, head 12.9±0.16 13.1±0.16 12.0±0.14 12.9±0.15 
12.46 

(< 0.001) 

12.46 

(< 0.001) 

3.49 

(0.063) 

PSB, head 5.1b±0.87 6.8ab±0.97 7.2ab±0.83 8.4a±1.00 
4.11 

(0.044) 

2.33 

(ns) 

0.07 

(ns) 

LWB, kg 18.7a±0.29 18.6a±0.22 17.6b±0.25 18.3a±0.20 
7.10 

(0.008) 

1.72 

(ns) 

2.92 

(ns) 

AWPB, kg 1.45±0.016 1.42±0.015 1.46±0.014 1.43±0.015 
0.41 

(ns) 

4.56 

(ns) 

0.01 

(ns) 

Litter uniformity, 

points 
66.5b±1.42 71.9a±1.76 62.1c±1.61 63.4bc±1.29 

17.50 

(< 0.001) 

4.82 

(0.029) 

1.77 

(ns) 
n = number of records; M ± SE = estimate of the arithmetic means and statistical error; F = estimate of the Fisher-Snedecor test; P = 

significant level; ns = P > 0.05. Significance differences between the means of individual groups (P < 0.05) based on Fisher’s LSD multiple 

comparison test are indicated by different letters; TNB = total number of piglets at born; NBA = number born alive; PSB = proportion of 

stillborn piglets; LWB = litter weight at birth; AWPB = a live weight of piglet at birth. 
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Table 4 - Variability indicators (M ± SE) and results of two-factor analysis of variance (F; P) of the influence of the type 

of pens (farrowing) (A), breed of boars (B) and their combined effect (A×B) on the reproductive traits of sows at 

weaning and the growth of piglets 

Parameter 

Group Factor 

1 2 3 4 

Type of pen 

(farrowing) 

(А) 

Boar`s 

breed (В) 
A  B 

Index, points 43.5ab±0.39 44.1a±0.41 42.0c±0.41 42.7bc±0.35 
13.94 

(< 0.001) 

3.15 

(ns) 

0.03 

(ns) 

Milk performance, 

kg 
70.7b±0.79 73.8a±1.01 67.6c±1.03 65.5c±0.78 

39.14 

(< 0.001) 

0.31 

(ns) 

8.26 

(0.004) 

NW28d, head 11.9ab±0.14 12.1a±0.12 11.7b±0.13 11.8ab±0.12 
3.56 

(0.060) 

1.51 

(ns) 

0.33 

(ns) 

LWW, kg 87.0a±0.99 87.6a±1.68 82.3b±1.61 80.2b±0.91 
20.34 

(< 0.001) 

0.28 

(ns) 

1.04 

(ns) 

APWW, kg 7.34a±0.074 7.24ab±0.115 7.03bc±0.113 6.81c±0.057 
15.83 

(< 0.001) 

3.05 

(ns) 

0.36 

(ns) 

ADG, g 196.4a±2.49 193.9ab±3.80 185.5bc±3.82 179.3c±1.81 
16.75 

(< 0.001) 

1.97 

(ns) 

0.37 

(ns) 

Piglet survival, % 92.6b±0.81 92.6b±0.78 97.3a±0.60 91.9b±0.76 
7.46 

(0.007) 

13.05 

(< 0.001) 

13.29 

(< 0.001) 

n = number of records; M ± SE = estimate of the arithmetic means and statistical error; F = estimate of the Fisher-Snedecor test; P = 

significant level; ns= P > 0.05. Significance differences between the means of individual groups (P < 0.05) based on Fisher’s LSD multiple 

comparison test are indicated by different letters; NW28d = number of piglets at weaning (28 days); LWW = litter weight at weaning (28 days); 

APWW = a live weight of piglet at weaning (28 days); ADG =average daily gain. 

 

 

Table 5 - Variability indicators (M ± SE) and results of two-factor analysis of variance (F; P) of the influence of the type of 

pens (farrowing) (A), breed of boars (B) and their combined effect (A×B) on the thickness of the fat of sows 

Parameter 

Group Factor 

1 2 3 4 
Type of pen 

(farrowing) (А) 

Boar`s 

breed (В) 
A  B 

Fat thickness before 

farrowing, mm 
18.3a±0.19 18.8a±0.20 17.6b±0.22 17.3b±0.26 

24.81 

(< 0.001) 

0.06 

(ns) 

2.76 

(ns) 

Fat thickness at 

weaning, mm 
14.1a±0.17 13.5b±0.19 12.6c±0.30 12.4c±0.23 

33.18 

(< 0.001) 

4.05 

(0.046) 

0.84 

(ns) 

Fat thickness losses 

per lactation, mm 
4.19b±0.212 5.27a±0.214 4.98a±0.243 4.92a±0.254 

0.89 

(ns) 

4.86 

(0.029) 

6.13 

(0.014) 

n = number of records; M ± SE = estimate of the arithmetic means and statistical error; F = estimate of the Fisher-Snedecor test; P = 

significant level; ns = P > 0.05. Significance differences between the means of individual groups (P < 0.05) based on Fisher’s LSD multiple 

comparison test are indicated by different letters. 

 

 
Figure 4 - Estimates of arithmetic means (± 95% CI) of 

the total number of piglets at birth (TNB) depending on 

the type of pen (farrowing) and breed of boar 

 

 
Figure 5 - Estimates of arithmetic mean (± 95% CI) a 

live weight of piglet at birth (AWPB) depending on the 

type of pen (farrowing) and breed of boar 
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Figure 6 - Estimates of arithmetic mean (± 95% CI) a 

litter uniformity depending on the type of pen 

(farrowing) and breed of boar 

 

 

 
Figure 7 - Estimates of arithmetic mean (± 95% CI) a 

milk performance depending on the type of pen 

(farrowing) and breed of boar 

 

 
Figure 8 - Estimates of arithmetic mean (± 95% CI) an 

average daily gain of piglets depending on the type of 

pen (farrowing) and breed of boar 

 

 

 
Figure 9 - Estimates of arithmetic mean (± 95% CI) a 

piglet survival depending on the type of pen 

(farrowing) and breed of boar 

 

 

 
Figure 10 - Estimates of arithmetic mean (± 95% CI) a loss of backfat thickness in sows during the lactation period 

depending on the type of pen (farrowing) and breed of boar 
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DISCUSSION 

 

In modern pig breeding, which aims to improve a reproductive efficiency and piglet survival, it is essential to consider a 

complex set of factors that shape sow reproductive performance and piglet viability. The results of the present study are 

consistent with findings recorded by Ukrainian and international researchers who emphasize the interaction between the 

genetic characteristics of boars and sow housing conditions in determining reproductive traits (King et al., 2020; 

Shvachka et al., 2022). The present research demonstrated that the total number of piglets born is significantly 

influenced by boar breed, highlighting the important genetic contribution of the paternal component. These findings are 

consistent with findings reported by Knap et al. (2023). 

In particular, Sá et al. (2025) reported that trait transformation significantly affects the assessment of sperm trait 

repeatability, indicating that boar breed has a substantial influence on both quantitative and qualitative traits of offspring, 

including litter size, litter weight, and piglet uniformity. 

At the same time, the present experiments showed that litter size was significantly affected not only by boar breed, 

but also by the type of farrowing pens in which sows and suckling piglets were housed. This confirms the need for a 

comprehensive approach to pig housing and insemination management. Similar results were reported by Pacheco et al. 

(2024), who demonstrated that farrowing pen design influences piglet performance, taking into account seasonal effects 

and parity number. These findings underscore the importance of appropriate housing management in pig production 

systems. 

Regarding technological factors, particularly pen design, there is consensus among researchers that the design 

features of individual and group farrowing pens determine not only sow comfort but also piglet survival and the proportion 

of piglets weaned. Baxter and Edwards (2020), in «Optimizing sow and piglet welfare during farrowing and lactation», 

reported that improved pen designs reduce piglet injuries, enhance thermoregulation, and improve access to teats, 

thereby increasing piglet survival to weaning, and improving overall welfare.  

Roy et al. (2022) also indicated that pen type, especially the degree of movement restriction, as well as the 

availability of environmental enrichment, affects stress levels in sows. These stress responses may influence milk 

production, farrowing behavior, and litter uniformity. Furthermore, Kinane et al. (2022) demonstrated that free-lactation 

pens improve sow welfare by increasing locomotor activity and reducing tear-stain scores, with lower stress levels 

compared to conventional farrowing crates. 

The present experiments further showed that total litter weight at birth was influenced by the combined effects of 

boar breed and pen type, suggesting an interaction between genotype and housing conditions. Wiechers et al. (2022) 

reported that unrestricted sows spent more time nursing piglets, resulting in higher litter weights compared with sows 

housed in fixed systems. This can be considered a valuable technological strategy for improving piglet growth and weight 

uniformity at weaning. 

In contrast, no significant effects of boar breed or pen type were observed for piglet fertility, likely due to greater 

individual variability in the expression of sow reproductive potential. Alexopoulos et al. (2018) noted that optimal 

reproductive outcomes are achieved through a specific combination of boar genotype and sow housing conditions. This 

observation aligns with the present findings on the combined effects of boar breed and pen design on litter weight at 

birth, milk performance, and piglet survival. At the same time, Kremez et al. (2022) suggested that large litter size is less 

sensitive to environmental factors than traits such as total number born or litter uniformity. 

Both boar breed and farrowing pen design significantly influence litter uniformity, emphasizing the importance of 

uniform intrauterine development for providing newborn piglets with an equal start. Milk performance and piglet survival 

to weaning were affected by the combined action of genetic and technological factors, highlighting the need to consider 

both when optimizing farrowing management. Total litter weight at weaning was primarily influenced by pen type, 

irrespective of boar breed, underscoring the dominant role of housing conditions in piglet survival and growth. Conversely, 

piglet live weight at weaning was significantly affected by boar breed, confirming its decisive role in the realization of 

growth potential. Earnhardt-San et al. (2023) demonstrated genetic relationships between sow milk performance and the 

number of piglets weaned and emphasized the importance of incorporating these traits into breeding programs to 

enhance piglet survival and sustainable pork production. Accordingly, genetic selection programs should consider sow 

milk yield and the number of functional teats at farrowing to improve both productivity and animal welfare. In addition, 

the backfat thickness in sows before farrowing was significantly influenced by pen type, suggesting that this parameter 

may serve as an indicator of adaptive responses to housing conditions. Similar findings were reported by Farmer and 

Edwards (2021), who demonstrated that appropriate sow body condition and targeted feeding strategies enhance piglet 

survival and support effective litter size management. 

The results indicate a complex interaction between genetic factors (boar breed) and technological factors (pen 

design) that jointly shape reproductive traits, growth performance, and productivity in pigs. The rational integration of 

these factors represents a key strategy for improving modern pig production systems and emphasizes the necessity for an 

integrated approach to reproductive planning that combines genetic selection with optimized housing conditions. 
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CONCLUSION  

 

This study clearly demonstrates a trade-off between sow productivity and welfare when transitioning from traditional fixed 

farrowing pens to welfare-improved loose-housing systems. Sows housed in traditional fixed pens consistently showed 

superior reproductive performance, whereas improved pens allowed greater freedom of movement and enhanced welfare 

outcomes. 

Boars breed of boars was a determining factor influencing reproductive output. Sows inseminated with PIC 337 boars 

achieved the highest total number of piglets born (TNB = 14.1), regardless of housing system, whereas sows inseminated 

with Maxter boars produced 0.5–1.1 fewer piglets. Pen design exerted a strong and statistically significant effect on litter 

uniformity, stillbirth proportion, litter weight at weaning (LWW), milk performance, and the composite reproductive index. 

Traditional pens resulted in lower stillbirth rates (5.1%) compared with improved pens (8.4%) and yielded higher values for 

number born alive, litter weight at birth, litter uniformity, and milk yield. The lowest overall performance was observed in 

Group III (improved pen + Maxter boar). 

Litter weight at weaning and average piglet live weight at weaning (APWW) were significantly higher in traditional 

pens, independent of boar line. The highest APWW (7.34 kg) was recorded in Group 1, whereas the lowest value (6.81 kg) 

occurred in Group 4. Similarly, piglet daily gain and weaning weight followed similar trends.  

Piglet survival to weaning reached its highest level in Group 3 (97.3%), indicating that despite lower maternal 

productivity, provide measurable welfare benefits that enhance piglet safety. The probability of losing at least one piglet 

before weaning was 6.36 times higher in Groups 1, 2, and 4 compared with Group 3 (χ² = 29.05; P < 0.001), confirming 

the welfare advantage of partially loose-housing systems. Backfat thickness before farrowing and at weaning was 

significantly influenced by both pen type and boar line. Sows housed in traditional pens (Group 1) maintained the highest 

backfat levels (14.1 mm) and experienced lower mobilization during lactation, whereas sows in improved pens exhibited 

thinner backfat and greater body reserve depletion. 

The combined effects of pen design and boar breed were particularly pronounced for milk performance, litter 

uniformity, and piglet survival, confirming the importance of integrating genetic and housing decisions in farrowing 

management. 

 

Suggestion  

Further research should focus on elucidating the behavioral mechanisms of sows and piglets in loose-housing 

systems and on evaluating the cost-effectiveness economic feasibility and cost-effectiveness of implementing improved 

farrowing technologies under commercial production conditions. 
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ABSTRACT: The purpose of this study was to determine the best composition of sugarcane bagasse and 

Indigofera (legume plant) as main ingredients for wafer formulation for ruminant feed based on physical 

properties, nutritional quality and palatability. The research was conducted using a complete randomized 

design (CRD) consisting of 3 treatments with 5 replicates. The treatment was a ration formulation consisting 

of 6 feed ingredients arranged by the trials and error method with estimated crude protein content (CP) of 

12.1-14.2%. The use of Indigofera from 30% to 40% was significantly (P<0.05) improved wafer color score. 

The use of 35% and 40% Indigofera was significantly (P<0.05) increased the wafer texture score from 3.06 to 

3.35. An increase in Indigofera used from 30% to 40% was significantly (P<0.05) improved wafer odor 

scores. It was found that the difference in the composition of bagasse and Indigofera in wafer formulation 

gave a significant (P<0.05) difference to the value of wafer density. The difference in the percentage of 

bagasse and Indigofera in the formulation was not significantly (P>0.05) affecting the water absorption of 

wafers. The increase in the percentage of Indigofera was significantly (P<0.05) increased the CP and ash 

content and decreased crude fibre (CF) content of wafer. The increasing in the percentage of Indigofera from 

30% to 35% and 40% was significantly (P<0.05) increased in vitro dry matter digestibility (IVDMD), in vitro 

organic matter digestibility (IVOMD), ammonia nitrogen (NH3-N) and volatile fatty acid (VFA) total of wafer. 

The increase in the use of Indigofera from 30% to 35% and 40% in wafer formulations was significantly 

(P<0.05) lowering wafer palatability in goats. Based on data from physical properties, nutrient content, and in 

vitro digestibility, it can be concluded that the best wafer formulation was 25% bagasse + 40% Indigofera.   

Keywords: Legume, Nutritional quality, Physical treatment, Physical quality, Sugarcane by-product, Wafer 

formulation. 
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INTRODUCTION   
 

Sugarcane bagasse (bagasse) is one of energy source for ruminant that is relatively inexpensive (Kaewhom, 2020; Zafeer 

et al., 2023). Bagasse is a by-product of the sugarcane milling (extraction) proses that contains high crude fibre. Paroha et 

al. (2020) reported that bagasse’s crude fiber and lignin content was 57.55% and 27.22%, respectively. So that bagasse 

is categorized as roughage feed ingredients. Nevertheless, it is a rich source of cellulose (32–45%) and hemicellulose 

(20–32%) (Kumar et al., 2021). 

Bagasse can be a rich supply of nutritional fibre but its most crucial problem is its low digestibility that is due to 

association of lignin with cellulose and hemicellulose (lignocellulose). Lignin reduces the digestibility of cellulose and 

hemicellulose. This limits its use and inhibits its conversion into a source of ruminant animal feed by means of physically 

protective them against enzyme degradation. Lignocellulose needs to be treated to stretch or break its bond with lignin 

(delignification). There are several treatments that can be given including physical, chemical and biological treatment. 

Suryaningrum and Samsudin (2021) found that the use of crude enzyme extract from B. subtilis increase protein, 

dissolved protein, reducing sugars and decrease ash, crude fibre and lignin content in bagasse. Flouring, wafering and 

fermentation treatments are expected to reduce the crude fibre content of bagasse.  

Bagasse cannot be stored for long periods of time nor can it be given directly to beef cattle.  Therefore, it is necessary 

to have feed processing and preservation technology so that bagasse is durable, easy to store, and easy to fed to 

livestock. One of the feed processing and preservation technologies that can be applied is physical treatment in the form 

of flour and processed into wafers. Wafer is a form of processed feed that is made in such a way through a pressing 

process using a felting machine through heating with high temperatures, so that this wafer can be stored for a long time, 

and is used to overcome the scarcity of forage for ruminant livestock such as goats, sheep and cattle. The advantages of 

pressed dry feed such as wafer are long shelf life under normal conditions, easy to carry on the way and easily stored 

(Retnani et al., 2009). 
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Improving the quality of complete feed can be conducted by adding protein source feed ingredients to the 

formulation. Feed ingredients for protein sources that are easily available and cheap are Indigofera zollingeriana 

(indigofera).  Indigofera is one type of legume plant that has high protein quality and leaf production. Indigofera biomass 

contains 20.47-21.39% of crude protein (CP) (Abdullah, 2010) and in vitro digestibility of dry matter and organic matter of 

Indigofera silage pellet was 70.90% and 70,20%, respectively (Ali et al., 2023). Barokah et al. (2017) reported that the 

addition of Indigofera biomass to the ensilage process by up to 60% can reduce the crude fibre (CF) content of oil palm 

fronds silage by 4.67% (from 32.60% to 27.93%). Meanwhile Ali et al. (2023) found that increasing of Indigofera biomass 

percentage in the formulation can increase the digestibility value and fermentation characteristics of pellets made from 

palm frond silage and Indigofera biomass. The effect of adding Indigofera on the nutritional quality of bagasse has also 

been reported by several researchers. Rodiallah et al. (2023) reported that the addition of Indigofera to the complete 

ration silage made from sugarcane bagasse up to 50% can increase the CP content from 4.27% to 20.85% and decrease 

CF content from 33.40% to 15.30%. Meanwhile, different results were reported by Ali et al. (2019) the addition of 

Indigofera biomass by up to 45% did not decrease the fiber fraction (NDF and ADF) content of bagasse silage flour.  

The purpose of this study was to determine the best composition of bagasse and Indigofera as main ingredients for 

wafer formulation for ruminant feed based on physical properties, nutritional quality and palatability. 

 

MATERIALS AND METHODS 

 

Research places 

Wafer manufacturing process, physical properties tests, and palatability tests of the wafer were carried out at the 

Laboratory of Nutrition and chemistry, Faculty of Agriculture and Animal Science, Universitas Islam Negeri Sultan Syarif 

Kasim Riau (UIN Suska Riau). Proximate analysis and In vitro digestibility tests were carried out at the PAU Laboratory and 

Dairy Nutrition Laboratory, IPB University.  

 

Materials 

The material used was sugarcane bagasse, which was obtained from sugarcane juice traders around Tampan 

Pekanbaru sub-district of Indonesia. According to Ali et al. (2019), each sugarcane juice trader will produce 3-5 kg/day of 

bagasse, so that in 100 traders, 300-500 kg of bagasse per day will be produced. Indigofera biomass comes from the 

experimental field of the Laboratory of Agronomy and Agrostology UIN Suska Riau (Indonesia). Rice bran as a component 

of rations was obtained from animal feed traders in Pekanbaru City of Indonesia. The tools used for the wafer 

manufacturing process are choppers, flour machines, squeezing machines, plastics, scales, basins, stirring spoons and 

wafer machine (Figure 1). 

 

     

Figure 1 - Wafer machines 

 
Livestock 

The livestock used for the palatability test were 3 goats weighing 18-20 kg and ± 2 years old. The goats were 

intensively raised in the stage cage of the Faculty of Agriculture and Animal Science, Universitas Islam Negeri Sultan 

Syarif Kasim Riau.  

 

Research methods 

The research was conducted using a complete randomized design (CRD) consisting of 3 treatments with 5 replicates. 

The treatment was a ration formulation consisting of 6 feed ingredients arranged by the trial and errors method with an 

estimated CP of 12.1-14.2%. The composition of the ration which is the treatment is presented in Table 1. 
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Table 1 - Ingredient of wafer treatment formulation 

                                                                                       Treatment 

Feed Ingredients (%) 
1 2 3 

Bagasse 35 30 25 

Concentrate 9 9 9 

Rice bran 20 20 20 

Indigofera 30 35 40 

Molasses 5 5 5 

CaCO3 1 1 1 

Sum 100 100 100 

Estimated CP (%) 12.1 13.15 14.2 

 

Table 2 - Physical properties score of wafers 

Physical Properties   Characteristic Score Description 

Color 

Dark brown 3-3.9 Very good 

Light brown 2-2.9 Good 

Brownish yellow 1-1.9 Fair 

Texture 

Has a firm, dense texture (not easily broken)  3-3.9 Very good 

Has a firm texture, easy to break  2-2.9 Good 

Has a wet texture, easily broken and slimy  1-1.9 Fair 

Odor 

Smells 3-3.9 Very good 

Odourless 2-2.9 Good 

Rancid 1-1.9 Fair 

Source: Solihin and Sutrisna (2015)     

 

Parameters measured 

Physical properties  

The physical properties measured consisted of the general state of the wafer. The Odor, color and texture of wafer 

were measured using scores based on Solihin and Sutrisna (2015) (Table 2). Testing of these parameters was carried out 

by 25 untrained panelists who had an even level of sensitivity and did not receive formal training. Score of density and 

water absorption of wafer were measured according to Retnani et al. (2010).  

The wafer density was calculated by the formula: D = W/(L x Wi xT)            (1) 

Where, D = Density (g cm-3); W = Weight of test sample (g); L = Length of test sample (cm); Wi = Widt of test sample 

(cm); T = Thickness of test sample (cm).  

The water absorption of wafer was calculated by the formula: WA = ((W2-W1)/W1) x 100%                  (2) 

Where, WA = Water absorption; W1=weight before immersion; W2 = weight after immersion 

 

Nutritional content 

The nutrient content in the form of crude protein (CP), crude fiber (CF), ether extract (EE) and ash was measured 

according to the method of AOAC (2016).  

 

In vitro digestibility and rumen characteristics 

In vitro dry matter digestibility (IVDMD) and in vitro organic matter digestibility (IVOMD) were measured according to 

Ali et al. (2023). Supernatants from in vitro digestibility tests were collected for the analysis of volatile fatty acid (VFA) 

total and ammonia-nitrogen (NH3-N) based according to Ali et al. (2023). 

 

Palatability 

The palatability test of the three wafer feed treatments was carried out by looking at the level of feed consumption 

from 3 goats. The palatability test was carried out by giving each treatment wafer to each goat for one hour of observation 

every day, namely at 08.00 - 09.00 AM. This observation was carried out for 6 days. The level of palatability of wafers was 

obtained from how many wafers (g) were consumed by the goats per day. 

 

Wafer manufacturing procedure 

Wafer manufacturing was carried out by processing as follows: 1) Collection of bagasse and Indigofera which will be 

used as raw materials for wafers; 2) Bagasse and Indigofera were cut using forage chopper machine with a size of 2-3 cm. 

It was then dried until its weight is constant; 4) Bagasse and Indigofera were finely ground using a flour mill; 5) Then the 
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two ingredients are weighed and mixed with other feed ingredients (according to the treatment formulation) until they 

were smooth (homogeneous); 6) The feed material that has been mixed was then molded into a wafer shape using an 

extrusion machine (wafer machine) which had a wafer printer size of 5 x 5 x 2 cm. Pressing was carried out for 10 

minutes at a temperature of 120 ºC (Figure 1); 7) Wafer conditioning was carried out by leaving it in the open air (room 

temperature) until the moisture content and weight of wafer constant.  

 

Statistical analysis 

The data from the study results were analyzed using analysis of variance (ANOVA) based on a CRD. Duncan's Multiple 

Range Test (DMRT) at 5% level was used to determine the difference between treatments.  

 

RESULTS AND DISCUSSION 

 

Physical properties of wafer 

The general overview of the wafer results of the study was the weight of one piece of wafer 33 g, with a length of 5 

The texture score of the wafer was affected by the level of Indigofera. The use of 35% and 40% Indigofera was 

significantly (P<0.05) increased the wafer texture score from 3.06 to 3.35 (Table 3). The more portions of Indigofera flour, 

the smoother the texture of the wafer produced. This was due to the fact that Indigofera flour particles are finer compared 

to bagasse flour particles. The increase in the use of Indigofera flour in wafer formulation will have an impact on 

improving the quality of wafers. The fine particles will improve the retention and release of nutrients during digestion due 

to their larger surface area, which allows for more efficient enzymatic action and better absorption of nutrients (Jima et 

al., 2025). The texture description based on treatment was illustrated in Figure 3.  

The wafer odor produced in this study was in the typical description of wafer smell, with a score range of 3.16-3.35 

(Table 3). Good pressure and heating will cause a Maillard reaction so that the resulting wafer was fragrant (typical wafer). 

An increase in Indigofera used from 30% to 40% was significantly (P<0.05) improved wafer odor scores. This shows that 

the aroma of wafers was also influenced by the type of ingredients it makes up.   

Wafer Density is one important factor in the physical characteristic of wafers that determine wafer strength (Retnani 

et al., 2010). In this study, it was found that the difference in the composition of bagasse and Indigofera in wafer 

formulation gave a significant difference (P<0.05) to the value of wafer density (Table 4). The highest density was found in 

wafer contained of 30% bagasse + 35% Indigofera. This finding indicates that wafer density was not only affected by the 

particle size of the material but was also affected by the suitability percentage of the material. Meanwhile, Retnani et al. 

(2009) stated that the density of wafers was also influenced by the density of the constituent materials.  

Water absorption is used to gauge the wafer feed's capacity to draw in ambient water (air humidity), which adheres to 

the material particles or is retained in the pores between the material particles (Sukaryana et al., 2023). The results of 

study showed that the difference in the percentage of bagasse and Indigofera in the formulation was not significantly 

(P>0.05) affecting the water absorption of wafers (Table 4). However, the percentage of water absorption tends to 

decrease with an increase in the percentage of Indigofera. This was due to the lower percentage of Indigofera, resulting in 

higher wafer fiber content. Retnani et al. (2010) reported that materials with more fibre content that have more air cavity 

to absorb more water. 

 

Table 3 - Color, Texture, and odor score of wafer 

                                         Score 

Wafer treatments  
Color Texture Odor Description 

T1 (35% B + 30% I) 3.04a±0.37 3.06a±0.33 3.16a±0.33 Very good 

T2 (30% B + 35% I)  3.20ab±0.40  3.35b±0.30 3.32ab±0.30 Very good 

T3 (25% B + 40% I) 3.25b±0.34 3.35b±0.43 3.35b±0.33 Very good 

Note: Means in the same column with different superscripts differ significantly at 5% level; T1=Treatment 1; T2= Treatment 2; T3= Treatment 

3; B= bagasse; I= Indigofera 
 

cm, a width of 5 cm, and a thickness of 1.5 (5 cm x 5 cm x 1 cm) so that the volume of 1 piece of wafer is 25 cm3. With 

the size of this wafer piece, it was very efficient because it can reduce storage space, make it easier to handle and serve 

feed. The height of the wafer was lower than the size of the printer. This was because the materials that make up the 

wafer have particles that can be pressed well. The wafer color score was in the range of 3.04 - 3.25 with very good 

description (Table 3). The use of Indigofera from 30% to 40% was significantly (P<0.05) improved wafer color score. As 

illustrated in Figure 2, it can be seen that the composition and percentage of Indigofera affect the color of bagasse 

wafers.These findings indicate that legume flour can increase the rate of color development. The reason seems to be an 

increase in the Maillard reaction with an increase in the amino acid content of legume flour (Tufan et al., 2020). 
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Table 4 - Value of density and water absorption of wafer 

Wafer treatments Density (g/cm3) Water absorption (%) 

T1 (35% B + 30% I) 0.39±0.03a 156.42±8.69 

T2 (30% B + 35% I) 0.44±0.04b 154.11±7.42 

T3 (25% B + 40% I) 0.38±0.03a 144.89±10.99 

Note: Means in the same column with different superscripts differ significantly at 5% level; T1=Treatment 1; T2= Treatment 2; T3= Treatment 

3; B=bagasse; I=Indigofera 

 
 

    
Figure 2 - Color of wafer treatments: (a) T1; (b) T2; (c) T3 

 

     
Figure 3 - Texture of wafer treatments: a) T1; b) T2; c) T3 

 
 

Nutritional Content 

The nutritional content of the main constituent ingredients of wafers and treatment wafers is presented in Table 5. 

Based on Table 5, it can be seen that the moisture content of the wafer in each treatment was less than 11%. This 

indicated that the process of drying the wafer has been performed effectively. Drying process is a method that effectively 

reduces the moisture content and play a role in maintaining the stability of product quality (Boateng, 2023; Xu et al., 

2024; Zhao et al., 2025). The moisture content of animal feed ingredients that was less than 15% will be able to maintain 

the quality of the wafer and be safe to store for a long period of time. Low moisture content will limit the reach of 

microorganisms in the process of spoilage of feed materials (Zambrano et al., 2019; Katu et al., 2025).  

Crude protein is a very important nutrient for ruminant livestock, where it supports rumen microbes in degrading feed 

and that is needed in the growth of livestock body tissues (Ramaiyulis et al., 2019; Sari et al., 2022; Dai et al., 2023; Riaz 

et al., 2025). The data in Table 5 shows that the increase in the percentage of Indigofera from 30 to 35 and 40% 

significantly (P<0.05) increased the CP content of the wafer from 10.41% to 12.20% and 13.52%. These results show that 

every 5% increase in Indigofera can increase the CP content of 1.79% and 1.32%. And the increased use of 10% 

Indigofera will be able to increase the CP content of wafers by 3.11%. This increase was due to Indigofera containing 

much higher CP than bagasse. This study corroborates previous research, that to increase the CP content of rouhage and 

forage low CP content can be added or mixed with forage from protein sources such as legume (Hawu et al., 2022; 

Castro-montoya et al., 2023; Ebro et al., 2024).   

The increasing in the percentage of Indigofera used also significantly (P<0.05) reduced the content of CF Wafer 

(Table 5). The increasing the percentage of Indigofera from 30 to 35 and 40% can reduce the CF content of treatment 

wafers from 18.47% to 16.63% and 15.52%. The decrease in CF wafer content for every 5% increase in Indigofera was 

1.84% and 1.11% or decreased by 9.96% and 6.67%. The decrease in the percentage of CF wafers with the use of 

Indigofera from 30 to 40 was 2.95% or significantly (P<0.05) decreased by 15.97%. This shows that the use of bagasse in 

wafer formulations must be balanced with feed ingredients that have a low CF content such as biomass legume 

(Indigofera). The low CF content and high CP content of Indigofera make it an excellent material for improving the 

(a)  (b)  (c)  

(a)  (b)  (c)  
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nutritional quality of animal feed, especially those from agricultural by-products (Ali et al., 2023; Antari et al., 2022; 

Termizi et al., 2024). The variation in the use of Indigofera in formulations (30%, 35% and 40%) did not have a significant 

effect on the ether extract content of the wafer, which was in the range of 2.39%-2.62% (Table 5). However, this increase 

in variation also provides a significant increased (P<0.05) in wafer ash content. This increase was strongly influenced by 

the mineral content of Indigofera. Ernawati et al., (2021) stated that Indigofera zollingeriana could serve as a local 

legume that provides protein and minerals for livestock. 

 

Table 5 - Nutrient content of bagasse, Indigofera and treatment wafer (%)  

                                                       Nutrient content  

Wafer ingredient and treatment 
Moisture CP CF EE Ash 

Wafer main ingredient formulation  

Bagase 7.96 4.32 23.67 1.51 4.59 

Indigofera 10.5 19.76 11.38 4.3 8.83 

Treatments 

T1 (35% B + 30% I) 8.69±1.15 10.41a±0.67 18.47b±1.22 2.40±0.13 6.32a±0.22 

T2 (30% B + 35% I) 8.22±0.48 12.20b±0.24 16.63ab±0.77 2.39±0.46 6.73b±0.16 

T3 (25% B + 40% I) 8.18±0.29 13.52c±0.75 15.52a±0.47 2.62±0.39 7.23c±0.06 

Not:  Means in the same column with different superscripts on treatments differ significantly at 5% level; T1=Treatment 1; T2= Treatment 2; 

T3= Treatment 3; B=bagasse; I=Indigofera; CP=crude protein; CF=crude fibre; EE=ether extract 
 

 

In vitro digestibility  

In vitro dry matter digestibility (IVDMD) and in vitro organic matter digestibility (IVOMD) of bagasse and indigofera 

wafer and treatment wafer are presented in Table 6. When reviewed from the main materials that make up wafers, 

Indigofera wafers have higher IVDDM and IVDOM than Bagasse wafers. These results proved that the digestibility of 

legume was higher than fibre source feed materials such as grass and agricultural industry by-products. Castro-montoya 

et al. (2023) reported generally, legumes have a higher organic matter (OM) digestibility than grasses. The results of this 

study showed that the increase in the percentage of Indigofera from 30% to 35% and 40% significantly increased 

(P<0.05) IVDMD wafer treatment from 67.83% to 70.03% and 72.04%, respectively. The increase in IVDMD wafers at 

every 5% increase in Indigofera was 2.20% and 2.01% or increased by 3.24% and 2.87%. The increase in the percentage 

of IVDMD wafers in the use of Indigofera from 30 to 40 was 4.21% or an increase of 6.21%.   

Meanwhile, the increase in IVOMD wafers at every 5% increase of Indigofera was 2.23% and 2.00% or an increase of 

3.32% and 2.88%, respectively. The increase in the percentage of IVOMD wafer in the use of Indigofera from 30 to 40 is 

4.23% or an increase of 6.30%. These results were in line with the reported by Ratnawati et al. (2018), Roca-fernández et 

al. (2020) and Herliatika et al. (2025) that the use of legumes in the diet can improve the digestibility. 

 

Table 6 - The in vitro digestibility of wafer and characteristics of rumen fluid  

Main Ingredient and 

treatments 

In vitro digestibility In vitro characteristics of rumen fluid  

DM (%) OM (%) pH NH3-N (mM/L) VFA (mM/L) 

Wafer main ingredient formulation          

Bagase 54.83 53.62 6.88 5.87 74.78 

Indigofera 76.11 75.47 6.78 9.39 115.12 

Treatments           

T1 (35% B + 30% I) 67.83a±0.48 67.17a±0.60 6.87±0.008 6.13a±0.14 69.45a±9.86 

T2 (30% B + 35% I) 70.03b±0.53 69.40b±0.66 6.80±0.016 7.11b±0.17 94.53b±4.53 

T3 (25% B + 40% I) 72.04c±0.32 71.40c±0.54 6.75±0.012 8.35c±0.32 114.65c±10.41 

Note:  Means in the same column with different superscripts on treatments differ significantly at 5% level. 1=treatment 1; T2= treatment 2; 

t3= treatment 3; B=bagasse; I=Indigofera; DM=dry matter; OM=organik matter; pH= potential of hydrogen; NH3-N=ammonia nitrogen; 

VFA=volatile fatty acid 

 

Characteristics of rumen fermentation 

One factor that determines whether the rumen conditions are appropriate for the fermentation process is the pH of 

the rumen fluid (Zain et al., 2023). The pH value on incubation of all wafer treatments in the present study was in the 

normal range, namely 6.75-6.88 (Table 6). Mao and Wang (2025) reported that in the rumen, microbial populations 

flourish within an ideal pH range, usually between 6.0 and 7.0, maintaining a stable and balanced ecology. Therefore, all 

of wafer treatments provide a balanced pH during the fermentation process thus supporting the ecosystem of 

microorganisms in the rumen. The pH range should be kept within the normal range. When the pH of the rumen falls 
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below 6, it will result in changes in the environment for rumen microorganisms. This results in a decrease in the growth of 

fiber-degrading bacteria (Mao and Wang, 2025). When the pH of the rumen rises above 7.5 is referred to ruminal 

alkalosis, there is decrease in the number of ruminal microflora (Kumbhar et al., 2018). 

The total concentrations of NH3-N and VFA total of bagasse and Indigofera wafers, and treatment wafers are 

presented in Table 6. The data in Table 6 show that Indigofera wafers have higher concentrations of NH3-N and VFA total 

than bagasse wafers. This result was thought to be related to the CP content and carbohydrate structure, where Indigofera 

has a higher CP content and a lower ADF content than bagasse. Tolera and Sundstùl (2000), and Hristov and Ropp (2003) 

explained that the high concentration of NH3-N in the rumen is a consequence of the high protein content in the ration. 

Meanwhile, the higher ADF content of the cell wall causes carbohydrates to be not digested optimally, which has an 

impact on the lower concentration of VFA total produced in the carbohydrate overhaul process.  

The VFA total of bagasse and Indigofera wafers ranges from 74.78-115.12 mM/L (Table 6) was comparable to the 

range of VFA total production in the rumen which can reach concentrations of 70-150 mM/L (McDonald et al., 2010). The 

results also showed that for every 5% increase of Indigofera in wafer formulation was significantly (P<0.05) increased the 

concentration of NH3-N and VFA total. The percentage increase of NH3-N concentration in Indigofera used from 30% to 

35% and from 35% to 40% was 0.98% and 1.24%, respectively or increased by 15.99% and 17.44%, respectively. And the 

cumulative increase in the percentage of NH3-N on the use of Indigofera in ration formulations from 30% to 40% was 

36.22%. Meanwhile, the increase in the VFA total concentration at each 5% increase of Indigofera was 25.08% and 

20.12% or significant (P<0.05) increased by 36.11% and 21.28%. The cumulative increase in the total VFA concentration 

of wafers on the use of Indigofera in rations from 30% to 40% was 45.20%. Increased use of Indigofera will Increase the 

protein content of the wafer, which leads to increased protein degradation, thereby increasing the concentration of NH3-N 

(Zain et al., 2023). 

 

Palatability of wafer 

The palatability test in this study was carried out to find out how much the goats liked wafers made of bagasse with 

the addition of Indigofera as a protein source. The results of this study showed that increasing the use of Indigofera in 

wafer formulations from 30% to 35% and 40% was significantly (P<0.05) decreased wafer palatability in goats (Table 7).  

The decrease in the level of palatability reached 30.66 g/day. This may be related to the particle size and texture of the 

wafer. The higher the percentage of Indigofera, the finer the particle size and texture of the wafer. The study results of 

(Pujaningsih et al., 2016) indicated that goats prefer forage with larger sizes, especially particle sizes similar to their basal 

feed. However, goats are one of the livestock that have a high selective nature to feed.  

 

Table 7 - The value of wafer palatability 

Wafer treatments The palatability value 

T1 (35% B + 30% I) 54.83b±6.82 

T2 (30% B + 35% I) 24.17a±1.62 

T3 (25% B + 40% I) 24.17a±7.49 

Note: Means in the same column with different superscripts differ significantly at 5% level; T1=Treatment 1; T2= Treatment 2; T3= Treatment 

3; B=bagasse; I=Indigofera 

 
CONCLUSION  

 

Based on data from physical properties, nutrient content, and in vitro digestibility, it can be concluded that the best wafer 

formulation was 25% sugarcane bagasse + 40% Indigofera. The recommendation for further research is to determine the 

effect of the use of wafers made from bagasse and Indigofera as feed on the intake and weight of goats. 
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Supporting Information 

ABSTRACT: Many plant protein leaf meals (LM) remain unassessed for their rumen bypass potential following 

heat treatment. This study aimed to evaluate whether heat treatment could reduce ruminal degradability and 

improve bypass protein availability in five LMs—ipil-ipil (ILM), kakawate (KaLM), moringa (MLM), kudzu 

(KuLM), and gumamela (GLM). A total of 60 nylon bags (3 replicates per treatment) containing untreated or 

heat-treated LMs were incubated for 24 h in a rumen-fistulated Brahman bull using a completely randomized 

design. Heat treatment reduced mean crude protein degradability (CPD) by 7.6% (81.41% untreated vs. 

73.77% treated; P = 0.006), with the largest reductions recorded in ILM (−23.9%), KuLM (−14.7%), and GLM 

(−6.8%). In contrast, dry matter degradability (DMD: 69.76% vs. 68.65%) and organic matter degradability 

(OMD: 74.44% vs. 70.56%) were not significantly affected. Among the LMs, moringa consistently exhibited 

the highest degradability (CPD = 98.27%, DMD = 94.98%, OMD = 97.00%), whereas kudzu had the lowest 

(CPD = 68.69%, DMD = 48.52%, OMD = 54.21%). Degradability trends were influenced by drought-resistance, 

botanical classification (legume vs. non-legume), and growth form (tree, shrub, creeping). Legume LMs were 

16% less digestible in protein content than non-legumes, and creeping types were 19% less digestible than 

non-creeping types. Heat treatment further lowered CPD in both categories, indicating its capacity to enhance 

bypass protein potential. These findings suggest that targeted application of heat treatment, especially for 

ipil-ipil, kudzu, and gumamela, offers a practical strategy to improve protein utilization efficiency in ruminant 

feeding systems by increasing post-ruminal protein supply. 

Keywords: Brahman cattle, Heat treatment, In situ degradation, Leaf meal, Rumen. 
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INTRODUCTION  
 

The rumen is a complex environment inhabited by different microbial species having different nutrient requirements and 

fermentative processes. In the process of fermentation, the majority of the dietary protein that the rumen microorganisms 

consume must be transformed into peptides that release amino acids and ammonia (NH3) required for microbial protein 

synthesis (Owens and Basalan 2016). Protozoal species, which require 100% amino acids (Niepes et al., 2023) and 

bacteria, which require both amino acids (approximately 25%) and ammonia (approximately 75%), both use amino acids 

to synthesize microbial cells (Patiga et al., 2020b). As digesta flows down, these microbes will eventually give their lives to 

the host animal as a source of amino acids through enzymatic digestion in the abomasum and intestines. Stern et al., 

(2006) reported that microbial protein synthesized in the rumen accounts for 50 to 80 % of the total absorbable proteins 

supplied in the small intestine of the ruminants. As protozoa and bacteria are being digested in the abomasum, the 

amino acids produced are absorbed through the intestinal wall and carried by the blood to the different body cells, which 

are then synthesized into new proteins in the body (e.g., muscles, hormones, and others). 

Microbial cells become the source of amino acids digested and absorbed in the abomasum and intestines, but this 

may be inadequate when dealing with highly productive animals such as growers, fatteners, and dairy. High-yielding 

animals require a higher proportion of nutrients in the diet that bypass the rumen without degradation to supply the 20 

different amino acids at the intestinal level (Singh et al., 2019). Some methods of protecting the dietary protein to escape 

rumen fermentation have been tested to reduce the microbial degradation of protein supplements in the rumen, such as 

chemical treatment with tannic acid, chemical treatment with formaldehyde and heat treatment (Arisya et al., 2019; 

Thakur et al., 2024). In addition, the use of spent sulphite liquor and pelleting with calcium lignosulfonate has been found 
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by others to be effective (Atole, 2011). However, the most common and safest way is heat treatment in the light of 

practical application among farmers in the humid tropics.   

The high cost of protein supplements necessitates treatment methods that increase the amount of protein (Patiga et 

al., 2020b and 2024) undegraded in the rumen and, therefore, increase the amount of protein of high post-ruminal 

degradability. However, many protein sources of plant-origin grains have not been tested for their bypass potential and 

whether heat treatment is effective enough to protect their protein from rumen degradation. Hence, this study will assess 

the effectiveness of heat treatment in reducing protein degradation in the rumen of plant protein concentrates and leaf 

meals as a basis for extrapolating their potential as bypass protein sources using rumen-fistulated Brahman cattle. 

 

MATERIALS AND METHODS 

 

Preparation of the experimental animal and area 

A Brahman bull fitted with a rumen cannula (Bar Diamond Lane, Parma, ID, U.S.A.) from the Beef Cattle Project of the 

Department of Animal Science (DAS) was used in this experiment. The experimental animal was confined and observed 

for its health condition, appetite, behavior and live weight prior to the experiment. The experimental animal was injected 

with Ivermectin at 1 mL/50 kg BW subcutaneously to prevent internal and external parasites. The experimental area was 

thoroughly cleaned and disinfected a week prior to the conduct of the experiment. Likewise, the feed bin and water 

troughs were checked, repaired, and disinfected to secure the animal's cleanliness, comfort, health, and safety. 

 

Preparation of the basal diet and test leaf meals 

The basal diet for the experimental animal was fresh Napier grass that was chopped at about 3-4 inches (7.62 – 

10.16 cm) long before feeding (Patiga et al., 2020a and Patiga et al., 2024). The test plant protein leaf meals consisted 

of ipil-ipil leaf meal, kakawate leaf meal, moringa leaf meal, kudzu leaf meal, and gumamela leaf meal and were 

collected fresh at Brgy. Canila Biliran, Biliran, sun-dried until it became crispy and was processed into leaf meal using the 

hammer milled at the Department of Animal Science, Visayas State University, Visca, Baybay City, Leyte. The experiment 

followed a completely randomized design (CRD) with three replicates and a one-way analysis of variance treatment design 

in one uniform rumen environment of a rumen-fistulated Brahman bull for 24 hours as shown in Table 1.  

 

Table 1 - Treatment design for the basal diet and test leaf meals. 

T1 Without heat treatment, Ipil-ipil (Leucaena leucocephala Lam.) leaf meal 

T2 Without heat treatment, Kakawate (Gliricidia sepium Jacq.) leaf meal 

T3 Without heat treatment, Moringa (Moringa oleifera L.) leaf meal 

T4 Without heat treatment, Kudzu (Pueraria phaseoloides Roxb.) leaf meal 

T5 Without heat treatment, Gumamela (Hibiscus sp.) leaf meal 

T6 Heat-treated Ipil-ipil (Leucaena leucocephala Lam.) leaf meal  

T7 Heat-treated Kakawate (Gliricidia sepium Jacq.) leaf meal 

T8 Heat-treated Moringa (Moringa oleifera L) leaf meal 

T9 Heat-treated Kudzu (Pueraria phaseoloides Roxb.) leaf meal 

T10 Heat-treated Gumamela (Hibiscus sp.) leaf meal 

 

Heat treatment of plant protein concentrates 

Heat treatment of plant protein concentrates was accomplished by spreading samples in a tray at about 1-inch-thick 

and was placed in a forced-draft oven set at 149 oC for four hours (Glimp et al., 1967). The concentrates were then cooled 

down and consequently placed in the nylon bags.  

 

Feeding of experimental cattle 

The experimental animal was fed twice a day (8:00 AM and 4:00 PM) of a ration comprising 70% basal diet of Napier 

grass (Pennisetum purpureum) and 30% of the test protein concentrates in equal proportion (6% each) based on DM 

requirement of the cattle. Feeding was done ad libitum. Drinking water was also offered free choice. 

 

Rumen incubation of unheated and heat-treated protein concentrates 

The nylon bag technique estimates ruminal degradation of the plant protein concentrates. The nylon bags measuring 

5 x 10 cm each were oven-dried at 65 oC for 30 minutes and their empty weights were measured immediately (Osuji et 

al., 1993). The nylon bags used had a pore size of ±53 microns, enough for rumen microbes to enter but small enough for 
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After 24 hours of incubation, all the nylon bags were harvested and washed immediately under running water with 

gentle rubbing of the thumb and fingers until the water runs clear. Washed nylon bags were oven-dried at 60 oC for 48 

hours and then weighed immediately using a digital weighing scale (Atole, 2011). The dry matter (DM) content of the 

residue was determined by subtracting the weight of the nylon bag from the gross weight of the oven-dried residue plus 

the nylon. The DM degradation was calculated by using this formula: 

DMD % =  (W1 –W2)  X 100 

                        W1 

Where W1 = weight of dried sample before incubation, g; W2 = weight of dried sample after incubation, g 

 

In situ degradation trial 

Day 1 – 8 adjustment period 

Feeding the cattle with a 70:30 ratio diet of basal and test leaf meals was done at an amount equivalent to about 

2 % body weight dry matter (DM) intake. Feeding was done twice a day with access to clean drinking water at all times. 

Day 9 – 10 feed reduction period 

Two days before incubation of the test diets, the amount of feed offered was reduced by half to provide space to 

accommodate the nylon bags with the test concentrates without adversely affecting the normal rumen function and make 

the recovery of bags easier (Bestil et al., 2014).  

Day 11 incubation period 

The bags containing feed samples of approximately 5 grams, with three samples per bag, were incubated for 24 

hours. A total of 30 bags were placed inside the rumen for this study. 

Day 12 recovery period 

After incubation of feed samples, harvesting of the nylon bags was done. The nylon bags with feed samples were then 

washed under running tap water with gentle rubbing with the thumb and fingers until the water runs clear. 

 

Data gathered 

1. Percent dry matter degradation (DMD)  

DMD (%) = (DM1 – DM2)    

                    DM1 

Where DM1 = Dry matter weight of dried sample before incubation, g; DM2 = Dry matter weight of dried sample after 

incubation, g. 

2. Percent organic matter degradation (OMD)  

OMD (%) = (OM1 – OM2)       

                 (OM2) 

Where OM1 = Organic matter weight of feed sample before incubation, g; OM2 = Organic matter weight of the 

residue (after incubation), g. 

3. Percent crude protein degradation (CPD)  

CPD (%) = (CP1 – CP2)    

                 (CP1) 

Where CP1 = CP of feed sample before incubation (g); CP2 = CP of feed sample after incubation (g) 

 
Statistical analysis 

Data were analyzed using one-way Analysis of Variance (ANOVA) using the PROC MIXED procedures of Statistical 

Analysis System (SAS) Version 9. Differences among treatment means were compared using group comparisons and 

declared significant when P<0.05 using adjusted Tukey’s Honest Significant Difference (HSD).  

 

RESULTS AND DISCUSSION 
 

Nutrient analysis of plant protein leaf meals 

Plant protein leaf meals untreated or heat-treated were measured to assess their potential as a bypass protein 

source by assessing the extent of protection from rumen degradation in fistulated cattle. Contents of dry matter (DM), 

organic matter, ash (minerals), and crude protein in leaf meals tested were analyzed and the results are presented in 

Table 2. Dry matter content among feedstuffs shows that ipil-ipil leaf meal has a high percentage of DM at 93%, and the 

lowest was gumamela leaf meals at 87%. For percent organic matter, ipil-ipil leaf meals at 91 % and has reverse results 

in ash, showing that ipil-ipil leaf meals have the lowest value of 9%. Moreover, Table 2 presents high CP in kudzu leaf 

X 100 

X 100 

X 100 

feed samples to escape from the inside (Ørskov et al., 1979; Wirayudha et al., 2022). Approximately 5g of dry weight for 

each dietary treatment (untreated and heat-treated concentrates) was placed inside the nylon bags and heat-sealed. 

These were then placed inside a lingerie bag with stainless steel pieces to prevent the nylon bags from floating on top of 

the rumen fluid once placed as presented in Figure 1, which may give variable degradation rates (Preston, 1986; Patiga et 

al., 2020). 
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meal 27% and lowest CP in gumamela leaf meal at 12%. While the difference in crude protein content between untreated 

treatment and heat treatment may not be significant, there seemed to be a pattern of a slight reduction in crude protein 

content among the heat treatment than those untreated. 

 

Table 2 - Nutrient analysis of the test leaf meal diets before incubation. 

                                                     Nutrient analysis 

Treatment 
%DM %OM % ASH %CP 

T1 93.01 85.32 14.68 24.84 

T2 89.30 87.82 12.18 20.98 

T3 89.86 89.09 10.91 26.43 

T4 88.36 86.59 13.41 27.39 

T5 87.44 83.98 16.02 14.00 

T6 92.13 91.19 8.81 23.22 

T7 90.37 89.58 10.42 20.78 

T8 91.97 88.82 11.18 26.07 

T9 90.66 89.94 10.06 27.18 

T10 91.02 85.05 14.95 12.30 

 

In situ degradation of plant protein leaf meals 

The degradation of dry matter, organic matter and crude protein of leaf meals are presented in Table 3. Analysis of 

variance across the plant protein leaf meals untreated or heat-treated showed significant differences in dry matter 

degradation (DMD), organic matter degradation (OMD) and crude protein degradation (CPD). Moringa leaf meal is highest 

in DMD and the lowest is ipil-ipil leaf meal and kudzu leaf meal significant at P<0.0001. Organic matter degradation 

(OMD) has the highest result in moringa leaf meal and lowest in kudzu leaf meal significant at P<0.0001. Crude protein 

degradation (CPD) has the highest result in moringa leaf meal, lowest in ipil-ipil leaf meal and kudzu leaf meal significant 

at P<0.0001. Among plant protein leaf meals tested, heat treatment appeared to be effective in protecting the protein in 

ipil-ipil leaf meal, kudzu leaf meal and gumamela leaf meal. Other mechanisms, such as a Browning reaction in the 

presence of reducing sugars in the leaf material, may also be in play. Further, heat application might increasingly protect 

forage leaf meals as apparently occurs when some meal is dehydrated at a temperature increasing from 65°C to 160°C 

(Zahari et al., 2006). 

 

Table 3 - In situ degradation of dry matter, organic matter and crude protein of leaf meals. 

                                                            Chemical analysis 

Treatment 
DMD,% OMD,% CPD,% 

T1 53.25f 57.40g 75.30e 

T2 63.76e 68.38e 70.51f 

T3 94.98a 97.00a 98.27a 

T4 48.52g 54.21h 68.69g 

T5 88.55c 95.23c 94.28bc 

T6 52.68f 54.90h 57.35i 

T7 63.36ef 65.01f 70.18f 

T8 93.88b 96.61b 94.80b 

T9 46.31h 51.96i 58.60h 

T10 87.04d 84.34d 87.91d 

SEM 1.7880 2.7631 2.6194 

P-Value 0.0001*** 0.0001*** 0.0001*** 

Legend: DMD = Dry Matter Degradation; OMD = Organic Matter Degradation; CPD = Crude Protein Degradation 

 

Comparison of protein leaf meals on dry matter degradation  

Group comparison of protein leaf meals on DMD is presented in Table 4. Dry matter degradation was significantly 

different across groupings for leaf meal samples except for L1 (untreated leaf meal vs heat treated leaf meal). For L2 and 

L3 groupings on non-drought resistant leaf meal (ipil-ipil, moringa, kudzu and gumamela) shows a higher percentage of 

dry matter degradation (DMD) than drought-resistant leaf meal (kakawate) in both untreated and heat-treated leaf meals 

samples ranging 70% to 71% resulting for drought-resistant leaf meal as a potential in reducing degradability in the 

rumen at 63 % -64%. On the other hand, L4 and L5 legume leaf meal (ipil-ipil, kakawate, moringa and kudzu) for both 
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unheated and heated leaf meal samples have a lower percent DMD ranging from 64% - 65% had, reduce the outflow of 

dry matter from the rumen compared to non-legume leaf meal (gumamela) ranging at 87% - 89% DMD. Furthermore, L6 

and L7 groupings for both untreated and treated leaf meals shown that shrub type leaf meal (moringa and gumamela) has 

a higher DMD at 90% - 92%, while tree type leaf meal (ipil-ipil and kakawate) a lower DMD ranging at 58% - 59% and 

therefore could bypass the dry matter at ruminal level. Lastly L8 and L9 for both untreated and treated leaf meals non-

creeping type of leaf meal (ipil-ipil, kakawate, moringa, and gumamela) has higher DMD ranging at 74%-75% compared 

to creeping type of leaf meal (kudzu) at 46% - 48% DMD. Therefore, results with lower DMD could be a potential source of 

bypass. 

 

Table 4 - Group comparison of plant protein leaf meals on in situ dry matter degradability. 

Contrast Group 1 Mean % Group 2 Mean % p-value SEM 

L1 - UT Vs HT T1, T2, T3, T4, T5 69.76 T6, T7, T8, T9, T10 68.65 0.6619ns 0.68 

L2 - UT Drought Resistant Leaf Meal VS UT 

Non Drought Resistant Leaf Meals 
T2 63.76 T1, T3, T4, T5 71.26 0.0001*** 0.74 

L3 - HT Drought Resistant Leaf Meal VS HT 

Non-Drought Resistant Leaf Meal 
T7 63.36 T6, T8, T9, T10 69.98 0.0001*** 1.23 

L4 - UT Legume Leaf Meal VS UT Non 

Legume Leaf Meal 
T1, T2, T3, T4 65.06 T5 88.55 0.0001*** 0.58 

L5 – HT Legume Leaf Meal VS HT Non 

Legume Leaf Meal 
T6, T7, T8, T9 64.06 T10 87.04 0.0001*** 0.73 

L6 - UT Tree Type Leaf Meal VS UT Shrub 

Type Leaf Meal 
T1, T2 58.51 T3, T5 91.77 0.0001*** 1.23 

L7 - HT Tree Type Leaf Meal VS HT Shrub 

Type Leaf Meal 
T6, T7 58.02 T8, T10 90.46 0.0001*** 0.59 

L8 - UT Creeping Type Leaf Meal VS UT Non-

Creeping Type Leaf Meal 
T4 48.25 T1, T2, T3, T5 75.14 0.0001*** 0.74 

L9 - HT Creeping Type Leaf Meal VS HT Non-

Creeping Type Leaf Meal 
T9 46.31 T6, T7, T8, T10 74.24 0.0001*** 1.23 

UT = Untreated; HT = Heat treated 

 

Group comparison of protein leaf meals on organic matter degradation  

Group comparison of protein leaf meals on OMD is presented in Table 5. Organic matter degradation (OMD) is 

significantly different across groupings for leaf meal samples except for L1 (untreated leaf meal vs heat treated leaf 

meal). For L2 and L3 groupings on non-drought resistant leaf meal (ipil-ipil, moringa, kudzu and gumamela) showing high 

percentage of OMD than drought-resistant leaf meal (kakawate) in both untreated and heat-treated leaf meals samples 

ranging 72% to 76% resulting for drought-resistant leaf meal as a potential in reducing organic matter degradability in the 

rumen at 65% - 68%. L4 untreated legume leaf meal (ipil-ipil, kakawate, moringa and kudzu) samples have a lower 

percent OMD at 69% had reduced organic matter's outflow from the rumen compared to untreated non-legume leaf meal 

(gumamela) at 95% OMD. Also, L5 groupings for treated legume leaf meal (ipil-ipil, kakawate, moringa and kudzu) 

samples still have a lower percent OMD at 67% had, reduced the outflow of samples from the rumen compared to treated 

non- legume leaf meal (gumamela) at 84% OMD. Furthermore, L6 and L7 groupings for both untreated and treated leaf 

meals shown that shrub type leaf meal (moringa and gumamela) has a higher OMD resulting 90% - 96% while tree type 

leaf meal (ipil-ipil and kakawate) a lower OMD ranging at 60% - 63% and therefore could be a good bypass of organic 

matter at the ruminal level. Moreover, L8 and L9 for both untreated and treated leaf meals non-creeping type of leaf meal 

(ipil-ipil, kakawate, moringa, and gumamela) has higher OMD ranging at 75%-80% compared to creeping type of leaf 

meal (kudzu) at 52% - 54% OMD. Therefore, OMD with a lower value could be a potential source of the bypass from the 

ruminal level and may increase the organic matter to the intestinal level. 

 

Group comparison of protein leaf meals on crude protein degradation  

Group comparison of protein leaf meals on CPD is presented in Table 6. The table presented that CPD was 

significantly different across all groupings for leaf meal samples. L1 group for untreated leaf meals had high CPD at 81% 

compared to heat-treated leaf meals at 74%. This confirms the report of Aguilera et al. (1992) that heating decreases 

protein solubility and renders it more resistant to ruminal degradation. For L2 and L3 groupings on non-drought resistant 

leaf meals (ipil-ipil, moringa, kudzu and gumamela) showing high percentage of CPD in both untreated and heat-treated 

leaf meals samples ranging 75% to 84% than drought-resistant leaf meal (kakawate) ranging at 70% - 71% CPD this 

result shows potential in reducing protein degradability in the rumen. Some range plants, which are drought-tolerant 

environmental, can be used as protein supplements to straws for ruminants (Al-masri, 2007). L4 untreated legume leaf 

meal samples (ipil-ipil, kakawate, moringa and kudzu) have a lower percent CPD at 78% reduced organic matter's outflow 
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from the rumen compared to untreated non-legume leaf meal (gumamela) at 94% CPD. Also, L5 groupings for treated 

legume leaf meal (ipil-ipil, kakawate, moringa and kudzu) samples still have a lower percent CPD at 70% had reduce the 

outflow of samples in the ruminal level compared to treated non- legume leaf meal (gumamela) at 88% CPD. 

Furthermore, L6 and L7 groupings for both untreated and treated leaf meals showed that shrub type leaf meal (moringa 

and gumamela) has a higher CPD resulting in 91% - 96%, while tree type leaf meal (ipil-ipil and kakawate) a lower CPD 

ranging at 64% - 73% and therefore could be a good bypass of crude protein at the ruminal level. Moreover, L8 and L9 for 

both untreated and treated leaf meals non-creeping type of leaf meal (ipil-ipil, kakawate, moringa, and gumamela) have 

higher CPD ranging at 78%-85% compared to creeping type of leaf meal (kudzu) at 59% - 69% CPD. Therefore, CPD with 

lower value could be a potential source of the bypass from the ruminal level and may increase the crude protein to the 

intestinal level. 

 

Table 5 - Group comparison of plant protein leaf meals on in situ organic matter degradability. 

Contrast 
Group  

1 

Mean 

% 

Group  

2 

Mean 

% 
P-value SEM 

L1 - UT Vs HT T1, T2, T3, T4, T5 74.44 T6, T7, T8, T9, T10 70.56 0.7881ns 0.07 

L2 - UT Drought Resistant Leaf Meal Vs UT 

Non Drought Resistant Leaf Meals 
T2 68.38 T1, T3, T4, T5 75.96 0.0001*** 0.68 

L3 - HT Drought Resistant Leaf Meal Vs HT 

Non-Drought Resistant Leaf Meal 
T7 65.01 T6, T8, T9, T10 71.95 0.0001*** 0.74 

L4 - UT Legume Leaf Meal Vs UT Non 

Legume Leaf Meal 
T1, T2, T3, T4 69.25 T5 95.23 0.0001*** 1.23 

L5 – HT Legume Leaf Meal Vs HT Non 

Legume Leaf Meal 
T6, T7, T8, T9 67.12 T10 84.34 0.0001*** 0.58 

L6 - UT Tree Type Leaf Meal Vs UT Shrub 

Type Leaf Meal 
T1, T2 62.89 T3, T5 96.12 0.0024** 0.73 

L7 - HT Tree Type Leaf Meal Vs HT Shrub 

Type Leaf Meal 
T6, T7 59.96 T8, T10 90.48 0.0001*** 1.23 

L8 - UT Creeping Type Leaf Meal Vs UT Non-

Creeping Type Leaf Meal 
T4 54.21 T1, T2, T3, T5 79.50 0.0001*** 0.59 

L9 - HT Creeping Type Leaf Meal Vs HT Non-

Creeping Type Leaf Meal 
T9 51.96 T6, T7, T8, T10 75.22 0.0001*** 0.74 

UT = Untreated; HT = Heat treated 

 

Table 6 - Group comparison of plant protein leaf meals on in situ crude protein degradability. 

Contrast 
Group  

1 

Mean 

% 

Group  

2 

Mean 

% 
P-value SEM 

L1 - UT Vs HT T1, T2, T3, T4, T5 81.41 T6, T7, T8, T9, T10 73.77 0.0060ns 0.45 

L2 – UT Drought Resistant Leaf Meal Vs UT 

Non Drought Resistant Leaf Meals 
T2 70.51 T1, T3, T4, T5 84.14 0.0034** 1.02 

L3 - HT Drought Resistant Leaf Meal Vs HT 

Non-Drought Resistant Leaf Meal 
T7 70.18 T6, T8, T9, T10 74.67 0.0001*** 2.05 

L4 - UT Legume Leaf Meal Vs UT Non 

Legume Leaf Meal 
T1, T2, T3, T4 78.19 T5 94.28 0.0001*** 3.86 

L5 - HT Legume Leaf Meal Vs HT Non 

Legume Leaf Meal 
T6, T7, T8, T9 70.23 T10 87.91 0.0001*** 2.24 

L6 - UT Tree Type Leaf Meal Vs UT Shrub 

Type Leaf Meal 
T1, T2 72.91 T3, T5 96.28 0.0002*** 1.20 

L7 - HT Tree Type Leaf Meal Vs HT Shrub 

Type Leaf Meal 
T6, T7 63.77 T8, T10 91.36 0.0003*** 1.01 

L8 - UT Creeping Type Leaf Meal Vs UT Non-

Creeping Type Leaf Meal 
T4 68.69 T1, T2, T3, T5 84.59 0.0001*** 0.69 

L9 - HT Creeping Type Leaf Meal Vs HT Non-

Creeping Type Leaf Meal 
T9 58.60 T6, T7, T8, T10 77.56 0.0001*** 1.13 

UT = Untreated; HT = Heat treated 
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CONCLUSION AND RECOMMENDATION 

 

While heat treatment had no effect on dry matter and organic matter degradability, it did considerably lower crude protein 

degradability—by up to 24% in ipil-ipil and 15% in kudzu—implying increased potential for post-ruminal protein supply. The 

inherent poorer digestibility of legume and creeping-type leaf meals suggests a structural or chemical resistance to rumen 

decomposition, which heat treatment accentuates. These studies demonstrate the combined effect of botanical kind and 

processing method on optimizing bypass protein sources for bovine diets. 

Among protein-rich leaf meals, heat treatment has been observed to reduce protein digestibility, particularly in ipil-ipil 

(Leucaena leucocephala), kudzu, and gumamela leaf meals. Therefore, further studies on the potential of these plant-

based protein sources as bypass protein are recommended. Specifically, different categories of leaf meals such as 

drought-resistant species, legumes, and those classified as tree, shrub, or creeping types should be thoroughly 

investigated. Evaluating these factors in relation to rumen bypass characteristics and their effects on cattle performance 

will contribute valuable knowledge to the scientific community and support the development of more efficient feeding 

strategies. 
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ABSTRACT: This study evaluated the effects of replacing grass meal with different inclusion levels of dried 

rumen content on the growth performance of Kazakh fine-wool sheep. Twenty five-month-old intact male 

sheep (initial body weight 32.1 ± 0.20 kg) were randomly allocated to four dietary treatment groups for 60 

days following a fifteen-day adaptation period. The control diet contained no rumen content, while 

experimental diets included 10%, 20%, and 30% dried rumen content (a mixture of cattle and sheep rumen 

content at a ratio of 60:40). Inclusion of rumen content at 10–20% significantly improved average daily gain 

and feed conversion ratio compared to the control diet (P < 0.05), whereas a 30% inclusion level reduced 

feed palatability and productive performance. No adverse effects on animal health were observed during the 

experiment. The results indicate that dried rumen content can be safely used as a partial replacement for 

grass meal in sheep diets at inclusion levels up to 20%. 

Keywords: Alternative feedstuffs; Feed palatability; Sheep; Rumen content; Ruminant nutrition 
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INTRODUCTION   
 

Global demand for meat and livestock products has increased in recent decades, driving a rapid expansion of animal 

production. Global meat output now exceeds 340 million tonnes per year, and abattoirs generate vast quantities of 

byproducts. Roughly half of a slaughtered animal’s weight remains as offal and inedible by-products (blood, organs, 

rumen contents, etc.). Efficient valorization of these by-products is critical: by-product reuse can alleviate feed shortages, 

decrease production costs, and reduce environmental pollution (Alibekov et al., 2024). Rumen content is readily available 

in slaughterhouses and is rich in nutrients: it typically contains crude protein along with microbial biomass, volatile fatty 

acids, minerals and B vitamins (Alao et al., 2017; Cherdthong, 2020, Soressa et al., 2025). 

Experimental evidence supports the potential of rumen content as a feed ingredient (Cherdthong, 2020; Lazarus et 

al., 2025). In various trials, animals fed diets containing moderate levels of dried rumen content indicated no reduction in 

productive performance. Previous studies indicated that dried rumen content can be incorporated into poultry diets 

without adverse effects on growth performance or feed efficiency (Okorie, 2006; Yitbarek et al., 2020, Mishra et al., 2015, 

Adeniji et al., 2021). According to T. F. Mbahi, cane can be included in the diet of weaned rabbits in quantities of up to 

40% without negative effects on growth rates, blood composition, carcass characteristics and internal organs (Mbahi et 

al., 2020).  

Despite these promising results, research on the use of rumen contents in sheep diets remains limited, particularly 

regarding the conditions of Central Asia. Only a small number of studies have investigated the application of the slaughter 

by-product in ruminant feeding; therefore, data regarding the use of such by-products in Kazakh fine-wool sheep are 

virtually rare. This gap is especially relevant to the scale and ongoing growth of sheep production in Kazakhstan. Currently, 

the country produces approximately 1.0 million tons of meat annually (Bureau of National Statistics of Kazakhstan, 2025) 

while a considerable proportion of slaughter by-products, including rumen contents, remains underutilized (Alibekov et al., 

2024). With the continuing increase in livestock numbers and the corresponding rise in slaughter waste volumes, the 

evaluation of feed applications for such by-products demands a timely and practically important research direction. 

The aim of the present study was to evaluate the effects of using different levels of cattle rumen contents in 

compound feeds on the productive performance of Kazakh fine-wool sheep. Determining optimal inclusion levels and 

their effects on growth and production parameters may contribute to the existing literature and provide practical 

recommendations to reduce feed costs and promote the rational utilization of waste products in the meat-processing 

industry. 
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MATERIALS AND METHODS 

 

Ethical approval 

All animal procedures were conducted in accordance with the Law of the Republic of Kazakhstan “On Responsible 

Treatment of Animals” (2021) and international guidelines for the welfare of farm animals. The experimental protocol 

was approved by the Ethics Committee of the Kazakh Research Institute of Processing and Food Industry LLP. 

 

Preparation of ingredients 

Rumen contents from clinically healthy cattle and sheep were collected at the slaughterhouse of LLP “Rural Industrial 

Complex DALA FOOD” following veterinary inspection. In total, approximately 100 kg of cattle rumen content and 50 kg of 

sheep rumen content were collected, pooled, and transported to the feed mill of the Kazakh Research Institute of 

Processing and Food Industry LLP. Animals were raised under typical local production systems: the cattle received a 

roughage-based fattening diet with concentrates, while the sheep were fed pasture grass and hay. The rumen contents 

were dried at 48°C to a moisture content of 9.8% and ground into grits. Other feed ingredients (triticale, wheat bran, 

brewer’s grain, grass meal, and fillers) were purchased locally (Almaty, Kazakhstan) and subjected to standard quality 

control procedures. Table 1 shows the chemical composition of the main components of the diet (triticale, wheat 

bran, brewer's grain, and grass meal (alfalfa). 

 

Table 1 - Chemical composition of the main components of the diet,% 

Variable Triticale Wheat bran Brewer's grain Grass meal 

Dry matter (DM, %) 89.89 88.90 91.33 88.86 

Crude protein (CP, %) 16.81 14.88 23.44 14.13 

Fat (%) 1.32 3.16 7.75 3.85 

Crude fiber (CF, %) 2.99 8.76 14.3 29.09 

Nitrogen-free extract (NFE, %) 66.79 57.57 43.44 33.67 

Sugar (%) 1.63 2.06 - - 

Starch (%) 51.51 12.69 - - 

Ash (%) 1.97 4.53 2.5 8.11 

Calcium (Ca, %) 0.09 0.22 0.37 1.59 

Phosphorus (P, %) 0.30 0.71 0.5 0.18 

 

Feed formulation and production 

Four groups of compound feeds were formulated: a control diet group without rumen content (A) and three 

experimental diet groups containing 10% (B), 20% (C), and 30% (D) rumen content. The three levels experimental diet 

were selected to represent low, moderate, and high replacement rates to determine the optimal diet level for Kazakh fine-

wool sheep. Grass meal accounted for 30% in the control diet was progressively replaced by rumen content in the 

experimental diets; in the 30% rumen diet, grass meal was completely excluded. A mixture of cattle and sheep rumen 

contents (60:40) was used in all experimental feeds. Table 2 shows the formula for combined feed for sheep with the 

addition of rumen content. Feed production contained mixing rumen content with fillers and zeolite (adsorbent), 

moistening to ~20% moisture, granulation, and subsequent cooling and drying. 

 

Animals and experimental design 

Twenty healthy Kazakh fine-wool sheep (intact males), five-months old, with an initial body weight of 32.10 ± 0.09 kg, 

were randomly allocated to four groups (n = 5) using a completely randomized design balanced by body weight. Animals 

were housed individually under identical zoo-hygienic conditions with free access to water. 

 

Feeding regimen and data collection 

Sheep were fed once daily at 08:00 h for 75 days: a fifteen-day adaptation period and a sixty-day experimental period. 

Experimental diets were introduced gradually during adaptation. Daily feed intake was recorded by weighing feed offered 

and refusals. Feed palatability was expressed as the percentage of feed was consumed. Animals were weighed weekly 

before feeding to determine total and average daily weight gain. Feed conversion ratio (FCR) was calculated as total dry 

matter intake divided by live weight gain. Animal health was monitored daily during the experiment. Feed palatability 

(acceptability) was measured as the percentage of feed consumed based on the amount offered, following the formula: 

Palatability (%) = (Feed intake / Feed offered) × 100. Animal health was monitored daily during the experiment. Health 

status was evaluated daily by visual observation and clinical examination. The health indicators monitored during the 

experiment were appetite, general behavior, locomotor activity, and fecal consistency. Fecal consistency was scored using 

a five-point scale as: 1 = watery diarrhea, 2 = loose feces, 3 = normal well-formed feces, 4 = firm feces, and 5 = very dry 
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feces. During the experimental period, none of the animals showed clinical signs of digestive disturbances (diarrhea, 

bloating, lethargy, or reduced feed intake), and no clinically relevant abnormalities were detected. 

 

Table 2 - Formula for combined feed for sheep with the addition of rumen content, % 

Variable А В С D 

Rumen content mix (60% cattle + 40% sheep) 0 10 20 30 

Triticale 27 27 27 27 

Wheat bran 19 19 19 19 

Brewer's grains 19 19 19 19 

Grass meal 30 20 10 - 

Premix* 1 1 1 1 

Salt 1 1 1 1 

Zeolite 3 3 3 3 

Dry matter (DM, %)  91.60 91.00 91.10 94.20 

Crude protein (CP, %) 14.07 14.38 14.74 14.54 

Fat (%) 2.33 2.42 2.64 1.82 

Crude fiber (CF, %) 12.19 12.67 13.55 14.75 

Nitrogen-free extract (NFE, %) 55.85 53.76 51.48 55.66 

Sugar (%) 1.17 1.23 1.32 1.92 

Starch (%) 20.63 19.71 20.89 22.86 

Ash (%) 7.16 7.76 8.68 7.42 
A: diet without the addition of rumen content; B: diet with 10% of rumen content; C: diet with 20% of  rumen content; D: diet with 30% of 

rumen content. The premix contains the following per kilogram of diet: calcium 90 g/kg, phosphorus 10 g/kg, sodium 17 g/kg, cobalt 12 

mg/kg, iron 250 mg/kg, copper 215 mg/kg, zinc 1100 mg/kg, manganese 900 mg/kg, iodine 15 mg/kg, selenium 1.50 mg/kg, Vitamin A 

54,000 IU/kg, vitamin B 3,000 IU/kg. 

 

Chemical and physicochemical analysis 

Sample preparation and weighing 

Prior to the analysis, feed ingredients were ground using an electronic grain mill (IKA A 11, Germany) designed for 

cereals, legumes, and forage crops with a moisture content ≤18%. Weighing of samples, reagents, and materials was 

performed using Shimadzu laboratory electronic scales (Japan) with high precision. 

Nutrient composition analysis 

Crude fiber, fat, protein, sugar, and starch contents were determined using the NIR DS 2500 feed analyzer (Sweden). 

The instrument performs near-infrared (IR) analysis of crushed, uncrushed, and granulated feed samples over a spectral 

range of 850–2500 nm that provides high analytical accuracy for nutrient determination. 

Quality control procedures 

To ensure the reliability of analytical results, all measurements were performed in triplicate. Instruments were 

calibrated according to the manufacturers’ specifications prior to analysis. The MX-50 Moisture Analyzer  (Japan)  and 

Shimadzu electronic scales (Japan) were calibrated daily before usage. Ash content was measured in accordance with 

GOST 13979.6–69 using a SNOL muffle electric furnace (Lithuania). Samples were turned to ash at 650°C until a 

constant mass was achieved.The NIR DS 2500 (Sweden) analyzer was validated against certified reference samples to 

guarantee spectral accuracy across the full wavelength range. For ash determination, the muffle furnace temperature was 

cross-checked using a certified thermometer prior to experimental series. Macro- and microelement concentrations were 

determined in accordance with GOST 32343–2013. Vitamin content was determined using chromatographic methods 

specified in GOST 31483–2012. Organoleptic properties of the finished compound feed containing different levels of 

rumen content (color, odor, and structure) were assessed based on standard sensory evaluation practices. 

 

Statistical analysis 

Data were analyzed using one-way ANOVA with dietary treatment as the main factor. Individual animals served as 

experimental samples (n = 5). Differences among means were assessed using Tukey’s HSD test, with significance level of 

P < 0.05. Statistical analyses were performed using OriginLab PRO. 

 

RESULTS AND DISCUSSION 

 

Physico-chemical parameters of cattle and sheep rumen content 

The physico-chemical composition of the cattle and the sheep rumen content is presented in Table 3. No significant 

differences were observed in dry matter (DM) content between the cattle and the sheep rumen samples (92.10% vs. 

92.19%, NS) that indicate a comparable overall solids content in both species. In contrast, crude protein (CP) content was 

significantly higher in the sheep rumen content than in the cattle (9.37% vs. 3.59%, P < 0.05). A similar trend was 

observed for the fat content, which was markedly greater in the sheep rumen content (2.21%) compared to the cattle 

(0.10%, P < 0.01).  
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Table 3 - Physico-chemical parameters of cattle and sheep rumen content  

Variable Cattle rumen content Sheep rumen content P-value 

Dry matter (DM, %) 92.10 92.19 NS 

Crude protein (CP, %) 3.59b 9.37a <0.05 

Fat (%) 0.10b 2.21a <0.01 

Crude fiber (CF, %) 36.93b 37.75a <0.05 

Nitrogen-free extract (NFE, %) 42.22a 33.67b <0.05 

Sugar (%) 0.67 - - 

Starch (%) - - - 

Ash (%) 9.26a 9.19b <0.05 

Calcium (Ca, %) - 0.53 - 

Phosphorus (P, %)  - 0.23 - 

Amino acid composition  

Arginine  0.262b 0.347a <0.05 

Lysine 0.375b 0.596a <0.05 

Tyrosine  0.194b 0.244a <0.05 

Phenylalanine 0.300b 0.439a <0.05 

Histidine  0.094 0.087 NS 

Leucine + isoleucine  0.387b 0.596a <0.05 

Methionine  0.081b 0.146a <0.05 

Valine + Proline 0.456b 0.596a <0.05 

Threonine  0.362b 0.509a <0.05 

Serine  0.350b 0.504a <0.05 

Alanine  0.293b 0.482a <0.05 

Glycine 0.368b 0.542a <0.05 

Vitamins  

A, mg/100g - - - 

E, mg/100g 22.13b 212.0a <0.05 

B1, mg/100g  0.024a 0.010b <0.05 

B2, mg/100g 0.030a 0.013b <0.05 

B3, mg/100g  0.094a 0.057b <0.05 

B5, mg/100g  0.051 0.044 NS 

B6, mg/100g 0.017a 0.009b <0.05 

Mineral elements  

Ca, mg/100g  103.25 96.42 NS 

P, mg/100g  118.61 115.63 NS 

Fe, mg/100g  8.79a 5.06b <0.05 

Zn, mg/100g  3.16 3.22 NS 

Mg, mg/100g  24.18a 21.5b <0.05 

Na, mg/100g  132.44a 109.74b <0.05 

K, mg/100g  208.96b 213.16a <0.05 

Cu, mg/100g  3.71a 1.95b <0.05 

Values within a row with different superscript letters (a, b) differ significantly at P < 0.05.. NS — not significant; “–” — not determined. 

 

Crude fiber (CF), nitrogen-free extract (NFE), and ash content differed significantly between species (P < 0.05). Sugar 

and starch were not determined in either sample. The sheep rumen content was characterized by higher crude fiber 

levels, whereas the cattle rumen content contained a significantly higher proportion of nitrogen-free extract that suggests 

a greater amount of residual soluble carbohydrates. The analysis of the amino acid profile showed that most essential 

and non-essential amino acids (arginine, lysine, tyrosine, phenylalanine, leucine + isoleucine, methionine, valine + proline, 

threonine, serine, alanine, and glycine) were present in significantly higher concentrations in the sheep rumen content 

compared to the cattle (P < 0.05). Histidine content did not differ significantly between the two species (P > 0.05). For 

instance, lysine content was 0.596% in the sheep versus 0.375% in the cattle, while leucine + isoleucine accounted for 

0.596% and 0.387%, respectively.  

In case of vitamin composition, vitamin E and all analyzed B-group vitamins, except B5, were significantly higher in the 

sheep rumen content (P < 0.05). The evaluation of pantothenic acid (vitamin B5) showed that there is no significant 

difference between species. Among mineral elements, iron (Fe), magnesium (Mg), sodium (Na), potassium (K), and copper 

(Cu) differed significantly (P < 0.05), whereas calcium (Ca), phosphorus (P), and zinc (Zn) exhibited no significant variation. 

Overall, the physico-chemical characteristics of the cattle and the sheep rumen content indicate their potential value 

as unconventional feed resources, which are consistent with earlier studies (Esonu et al., 2006; Agbabiaka et al., 2012; 
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Elfaki and Abdelatti, 2015; Mamudu et al., 2020). The higher crude protein and fat contents observed in the sheep rumen 

content are mainly attributed to the differences in feeding regimes, rumen microbial activity, and digesta retention time 

between small and large ruminants, as previously reported by Mamudu et al. (2020). 

The high crude fiber content observed in both cattle and sheep rumen contents (36.93–37.75%) confirms that rumen 

digesta is a rich source of structural carbohydrates that supports earlier findings by Sakaba et al. (2017). Furthermore, the 

increased concentrations of important amino acids nutrition such as lysine, methionine, and threonine in the sheep 

rumen content suggest a higher contribution of microbial protein synthesized in the rumen, which has also been noted in 

previous reviews on rumen content utilization (Feedipedia, 2010). 

 

The inclusion of rumen content 

The inclusion of rumen content in the compound feed affected its organoleptic properties (Figure 1). The control diet 

(A, 0%) and the diet containing 10% of rumen content (B) showed a uniform color, homogeneous structure, and neutral 

odor. At 20% inclusion (C), a slight darkening of color and a minor increase in moisture were observed, while the feed 

remained organoleptically acceptable. However, the diet containing 30% of rumen content (D) exhibited a darker 

burgundy-brown color, reduced homogeneity with the appearance of small lumps, and a more pronounced odor. 

Similar changes in odor and physical appearance of feeds containing rumen content have been reported in previous 

studies. Esonu et al. (2006) in their study on poultry, noted that dried rumen digesta imparts a characteristic odor to 

compound feeds, which may influence feed acceptance at higher inclusion levels. In addition, Okorie (2006) reported that 

increasing levels of rumen content in animal diets can affect sensory properties, particularly odor intensity that potentially 

reduces palatability. Furthermore, Yitbarek et al. (2020) found that moderate inclusion levels of rumen content can be 

used without adverse effects on feed quality, whereas excessive inclusion may negatively affect feed structure and 

acceptance. Organoleptic properties such as color, texture, and odor play a crucial role in determining feed palatability 

and voluntary intake in ruminants (Forbes, 2007). 

 

 
Figure 1 - Comparative analysis of external characteristics of the feed mixture with different percentages of rumen 

content (Author’s own illustration). A — diet without the addition of rumen content; B — diet with 10% rumen content; C — 

diet with 20% rumen content; D — diet with 30% rumen content.  

 

Growth performance 

Table 4 presents the growth performance of young Kazakh fine-wool sheep fed diets containing different levels of 

rumen content. Incorporation of rumen content into livestock diets allows recycling of valuable microbial protein and 

fermentation products; however, the high moisture content and unpleasant odor of such diets are recognized limitations. 

Rumen content contains microbial protein, volatile fatty acids, amino acids, and non-protein nitrogen, which can positively 

influence rumen fermentation and nutrient utilization. 
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Table 4 - Effect of different levels of rumen content in the diet on growth performance of Kazakh fine-wool sheep. 

Variable А В С D SEM P-value 

IBW (kg) 32.0 31.9 32.2 32.3 0.15 0.617 

FBW (kg) 39.3b 39.6b 41.0a 39.0b 0.30 <0.001 

TWG (kg) 7.3b 7.7b 8.8a 6.7c 0.20 <0.001 

DWG (g/day) 122b 128b 147a 112c 4.1 <0.001 

DFI (g) 680 690 670 650 20 0.094 

FCR (F/G) 5.58b 5.37b 4.56c 5.80a 0.29 <0.001 

A: diet without the addition of rumen content; B: diet with 10% rumen content; C: diet with 20% rumen content; D: diet with 30% rumen 

content. IBW: Initial body weight, FBW: Final body weight, TWG: Total weight gain, DWG: Daily weight gain, DFI: Daily feed intake, FCR: feed 

conversion ratio (kg of feed consumed per 1 kg of body weight gain). a-c: Means with different superscripts within a row differ (P < 0.05). SEM: 

Standard error of means. 

 

In the present study, the inclusion of rumen content at 20% of the diet (Group C) resulted in the highest final body 

weight, total weight gain, and average daily gain, as well as the most favorable feed conversion ratio. In contrast, 

increasing the inclusion level to 30% (Group D) had a negative effect on growth performance. 

Initial body weight did not differ significantly among treatments (P = 0.617) that indicates uniform starting conditions. 

Final body weight, total weight gain, and daily weight gain were significantly influenced by dietary treatment (P < 0.001). 

Sheep in Group C achieved the highest final body weight (41.0 kg), total gain (8.8 kg), and daily gain (147 g/day), whereas 

the lowest values were observed in Group D. These results suggest a nonlinear response of growth performance to 

increasing rumen content inclusion. 

The superior performance of sheep fed in the 20% rumen content diet agrees with previous studies. Sadeghi et al. 

(2024) reported that inclusion of 20% biologically treated rumen content in calf diets significantly improved dry-matter 

and organic-matter digestibility, average daily gain, and feed efficiency. Similar positive responses to moderate rumen 

content inclusion (10–20%) are reported in lambs and cattle, suggesting that the microbial protein and fermentation 

products present in rumen content can support animal growth. 

In contrast, the reduced performance observed in sheep fed of the 30% rumen content diet is consistent with earlier 

findings. Al-Wazeer (2016) reported that while 10–20% dried rumen content had no adverse effects on growth in Awassi 

lambs, a 30% inclusion level significantly reduced weight gain and feed efficiency. Similarly, higher inclusion levels were 

associated with reduced digestibility and increased fiber intake, which may limit nutrient availability. Collectively, the 

results indicate that rumen content inclusion above approximately 20% can impair growth performance in sheep. 

 

CONCLUSIONS 

 

In summary, findings of the study suggest that fine-wool sheep can consist up to ~20% slaughterhouse rumen content in 

the diet, the extent that is without negative effects and even gains slightly more weight to the sheep due to the extra 

microbial nutrients. However, inclusion above this level (30% in the present study) reduces feed intake and growth. The 

sensory issue (unfavorable sensory characteristics) and high fiber of rumen content likely caused the decline in Group D 

with 30% of rumen content. For future studies, it is recommended to optimize processing methods of rumen content to 

improve its palatability, as well as to evaluate its effects on other animal species. 
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ABSTRACT: Solid-state fermentation (SSF) offers a promising approach to enhance the nutritional value of 

abundant but underutilized agro-industrial by-products in sub-Saharan Africa. The study investigated the 

effect of SSF using Pleurotus ostreatus on rice bran (RB), rice husk (RH) and maize cob (MC). The design used 

was a 3 × 3 factorial arrangement of treatments in a completely randomized design (CRD). The factors were 

three substrates (RB: rice bran, RH: rice husk, and MC: maize cob) and three fermentation periods (0, 30, 45 

days). Unfermented and fermented samples were analysed for dry matter (DM), crude protein (CP), ether 

extract (EE), ash, crude fibre (CF), neutral detergent fibre (NDF), acid detergent fibre (ADF), and acid detergent 

lignin (ADL). In vitro gas production (3-96 h) was measured using rumen liquor. In vitro organic matter 

digestibility (IVOMD), metabolizable energy (ME), net energy (NE), short-chain fatty acids (SCFAs), and 

microbial protein (MP) were estimated using established models. Significant differences (P < 0.05) in CP and 

EE contents were observed among RB, RH, and MC within fermentation periods. The CP contents at days 30 

and 45 were 9.44%, 8.10% for RB, 3.07%, 4.69% for RH, and 5.32%, 12.19% for MC, respectively. Fibre 

fractions varied among substrates at each fermentation period, with NDF differing among RB, RH, and MC, 

and ADL showing significant differences among substrates at day 30. Potential gas production (b) rose in MC 

(52.7 ml) and RH (53.9 ml) after 45 days. The rate of gas production (c) ranged from 0.03-0.08 h⁻¹ at day 0 

and 30, but after 45 days, RH reached 0.08 h⁻¹, while RB and MC slowed to 0.01 h⁻¹. IVOMD, ME, NE, SCFA 

and MP were all higher in fermented RH and MC, with peak improvements at day 30. The study results 

indicated that SSF for 30-45 days could improve the nutritional value of agro-industrial by-products. 

Keywords: Chemical composition, In vitro gas production, Maize cob, Rice bran, Rice husk, Oyster mushroom, 

Solid-state fermentation. 
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INTRODUCTION   
 

The rise in global demand for sustainable livestock production has made researchers focus on developing nutritional feed 

resources from agricultural by-products. Multiple agricultural by-products, including rice bran, rice husk and maize cob, 

are abundant feed resources, but their use in ruminant diets is limited by low nutritional value and high lignocellulosic 

content (Omarini et al., 2019; Fidriyanto et al., 2020). The high fibre and lignin content of these by-products limits nutrient 

absorption and reduces digestibility, posing a challenge to ruminant production, particularly in regions where feed is 

scarce and conventional ingredients are expensive (Sufyan et al., 2021). 

Rice bran, due to its fat and protein content, is prone to rancidity, whereas rice husk and maize cob are rich in 

cellulose, hemicellulose and lignin, resulting in low protein and energy availability (Omarini et al., 2019; Fidriyanto et al., 

2020). The high crude protein content of rice bran makes it optimum for use, whereas the fibrous nature reduces the 

overall feed value of these by-products (Wang et al., 2012; Liu et al., 2023). In developing countries, limited resources 

constrain ruminant production, creating a need for cost-effective technologies to convert agricultural residues into high-

quality animal feeds (Wang et al., 2023). To address this need, enhancing the nutritional value of agro-industrial wastes 

through microbial bioconversion has emerged as a promising approach, particularly via the biotechnological process of 

solid-state fermentation (SSF). 

White-rot fungi, specifically Pleurotus species, exhibit high potential in biological transformations due to their 

filamentous growth (Eliopoulos et al., 2022). Their lignocellulolytic enzymes selectively degrade lignin, thereby releasing 

cellulose and hemicellulose for improved digestibility (Eliopoulos et al., 2022). Additionally, these fungi reduce anti-

nutritional factors in raw substrates while contributing enzymes, mycelial biomass and bioactive compounds that 

enhance rumen fermentation (Wang et al., 2023). 
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Previous research has demonstrated that solid-state fermentation (SSF) using Pleurotus species can significantly 

enhance the nutritional value of agricultural by-products. Fermentation of rice bran with Pleurotus sapidus significantly 

increased protein and reduced fiber fractions, enhancing ruminal digestibility (Omarini et al., 2019). Sufyan et al. (2021) 

demonstrated that applying solid-state fermentation (SSF) to cereal straws and corn by-products significantly enhanced 

crude protein concentration and improved in vitro digestibility characteristics. Solid-state fermentation (SSF) using 

Pleurotus species has been shown to degrade lignin and enhance protein content, improving digestibility and energy 

availability of agro-industrial residues (Eliopoulos et al., 2022). Although SSF has been applied to various cereal and corn 

by-products, limited information exists regarding its effects on rice bran, rice husk, and maize cob, particularly using 

Pleurotus ostreatus. Therefore, this study aims to evaluate the effect of SSF using Pleurotus ostreatus mycelia on the 

chemical composition and in vitro fermentation characteristics of these by-products. 

 

MATERIALS AND METHODS 

 

Location and climate of the experimental site 

The study was carried out at the Nutrition and Pathology Laboratories of the Departments of Animal Science and Crop 

and Soil Sciences, Kwame Nkrumah University of Science and Technology (KNUST), Kumasi, Ghana. The site lies in South 

Eastern Kumasi at 6°43′N latitude, 1°36′W longitude and an elevation of 261 m above sea level. The area experiences 

bimodal rainfall, with an annual mean of 1194 mm and average temperatures ranging from 22.3°C to 31.9°C.  

 

Source of materials 

The samples were obtained and randomly collected from vendors at the Zongo local market within the Ejisu 

community. The oyster mushroom for the solid-state fermentation was purchased from the Fresh Logistic Greenhouse, 

Mango Road, Kwame Nkrumah University of Science and Technology (KNUST). 

 

Preparation of materials 

Rice bran, rice husk and maize cob were air-dried under shade for two weeks to reduce moisture content and prevent 

nutrient loss. The rice bran, which had the 2mm particle size was packed after drying. The rice husk and maize cob after 

drying were milled to 2 mm sieve sizes using a laboratory Hammer Mill. Fresh oyster mushrooms (Pleurotus ostreatus) 

were surface sterilized with cotton wool moistened in 70% ethanol. The gills were gently opened to expose internal tissue, 

and a small piece of pileus was aseptically transferred to sterile potato dextrose agar (PDA) plates using sterile forceps. 

The plates were incubated at room temperature (25–28 °C) for 14 days until full mycelial growth was observed. This 

procedure ensured the establishment of a pure culture for subsequent solid-state fermentation experiments. Figures 1 

and 2 show the experimental image used in the study. 

 

 
Figure 1 - Oyster mushroom culture   

 
Figure 2 - Oyster mushroom 

 

Experimental design 

A 3×3 factorial arrangement in a completely randomised design (CRD) was used. The factors were three fermentation 

periods 0, 30 and 45 days and three by-products Rice husk, maize cob and rice bran. There were 9 treatments with three 

replications each. The treatments were Rice bran at day zero, day 30 and day 45 after fermentation; Rice husk at day 

zero, days 30 and 45 after fermentation and Maize cob at day zero, day 30 and day 45 after fermentation.   

 

Chemical analyses  

The samples underwent proximate analyses using the procedures of AOAC (1990) to determine dry matter (DM), 

crude protein (CP), ash, CF and ether extract (EE). The NDF, ADF and ADL contents were determined using the Sulfite 

method of Van Soest et al. (1991).  
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In vitro gas production 

Rumen liquor was collected from three ewes (Ovis aries) slaughtered at the Kumasi Abattoir, Ghana. The animals 

were maintained on a grass diet and starved for 12 hours before slaughter. Ten minutes after slaughter and removal of 

the visceral organs, rumen liquor was collected into pre-warmed flasks, tightly sealed and promptly transported to the 

laboratory for analysis. In vitro gas production measurements were carried out using the method of Menke and Steingass 

(1988) in which 200 mg dried samples were incubated three times in a water bath at a temperature of 39°C, with 20 ml 

of artificial saliva, bicarbonate buffer, macro- and micro- minerals, resazurin, a reducing solution and 10 ml of rumen 

liquor. The volume of the gas was measured as the displacement of the syringe plunger at 0, 3, 6, 12, 24, 48, 72, and 96 

h of incubation. SigmaPlot for Windows (version 15.0) software (Systat Software Inc., 2017) was used to fit each gas 

reading into the model 𝑌= 𝑏 (1−𝑒−𝑐𝑡).  

Y =volume of gas produced at time t(ml); b = the potential possible gas produced from the insoluble fraction (ml/200 

mg DM); c = rate at which gas was produced from insoluble fibres (ml/hr), and t = incubation time.  

In vitro organic matter digestibility (%), metabolisable (ME MJ/kg DM), net energy (NE, MJ/kg DM), short-chain fatty 

acids (SCFA), and microbial protein (MP) were also calculated using the stoichiometric equations presented by Menke and 

Steingass (1988) and Close and Menke (1986): 

ME (MJ/kg DM) = (0.136 IVGP24) + 0.057 X CP + 2.20, .                                                  ……………. (1) 

NE (MJ/kg DM) =[(0.149×EE) +(0.057×CP) + (0.0272×IVGP24) +2.20] ÷14.64,                    …….. (2)  

MP = IVOMD×1.93 ÷10,                                                                                                        ……………… (3) 

SCFA = [-0.0222xIVGP24 (ml/0.5g DM) X 100],                                                       ……………………… (4) 

IVOMD (%) = [0.889 IVGP24 +0.0651 Ash+0.45CP (%DM) +14.88],                               ……………… (5)  

Note: IVGP24 is the volume of gas produced after 24 hours of incubation. 

 

Statistical analyses  

The data were analyzed using a completely randomized design and subjected to analysis of variance (ANOVA). The 

Statistical Package for Social Scientists (SPSS), version 20 (IBM Corp., 2011), was used, and mean separation was 

performed using Tukey Pairwise comparison at a 5% threshold for declaring significance. SigmaPlot for Windows (version 

15.0) software (Systat Software Inc., 2017) was used to fit each gas reading into the model 𝑌= 𝑏 (1−𝑒−𝑐𝑡). gas kinetics 

were fitted to an exponential model to estimate potential gas production (b) and rate (c). Graphs were generated using 

Microsoft Excel 2021 (Microsoft Corporation, Redmond, WA, USA). 

Although the experimental design followed a 3 × 3 factorial arrangement (feed type × fermentation period), the data 

were analyzed separately for each fermentation time using one-way analysis of variance (ANOVA). This analytical 

approach was adopted to assess the effect of feed type within each fermentation period independently. Therefore, 

interactions between feed type and fermentation period were not statistically evaluated, and the results should be 

interpreted accordingly. 

 

RESULTS AND DISCUSSION 

 

Proximate and fibre composition of the three feed substrates before and after fermentation 

Table 1 shows the proximate and fibre composition of rice bran, rice husk, and maize cob at different fermentation 

periods. 

Significant differences (P < 0.05) in chemical composition were observed among substrates within fermentation 

periods, except for acid detergent lignin (ADL) at day 0, crude fibre (CF) at day 30, and ADL at day 45, where differences 

were not significant. Crude protein (CP) and ether extract (EE) contents differed significantly among substrates at days 30 

and 45. Dry matter (DM), ash, CF, neutral detergent fibre (NDF), acid detergent fibre (ADF), and ADL also showed 

significant variation (P < 0.05) among substrates within fermentation periods, indicating differential modification of these 

components among RB, RH, and MC during fermentation. 

The CP content of RB increased from 7.07% at day 0 to 9.44% at day 30, before slightly declining to 8.10% at day 45. 

This aligns with Christ-Ribeiro et al. (2017), who reported increased CP in rice bran after fermentation with Rhizopus 

oryzae, though differences in fungal strains and fermentation duration may explain variations. Maize cob showed a 

significant decrease in CF after fermentation, consistent with findings of Akinfemi (2010), Abdel-Aziz et al. (2015), and 

Ibhaze et al. (2022). The CP content of Rice husk increased from 2.25% to 4.69% by day 45, with concomitant decreases 

in CF, NDF, ADF and ADL, reflecting trends reported by Dairo et al. (2017) and Sjofjan et al. (2020). Maize cob CP content 

increased from 4.45% at day 0 to 12.19% at day 45, in agreement with Ibhaze et al. (2022). Variations in literature are 

attributed to differences in fermentation period, microbial strains, and initial substrate composition (Zaid and Oyedokun 

Ganiyat, 2009; Oliveira et al., 2010; Omarini et al., 2019). Overall, the fermentation process enhanced the nutritional 

quality of all three substrates, particularly rice husk and maize cob, by increasing CP and EE and reducing fiber fractions. 

These changes suggest improved digestibility and potential suitability as ruminant feed, consistent with previous studies 

(Belewu & Babalola, 2009; Adamafio et al., 2010; Akinfemi, 2010; Yafetto et al., 2023). 
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Table 1 - Proximate and fibre composition of the three feed substrates at different fermentation periods. 

PARAMETERS 
DAY 0 

SEM P-value 
DAY 30 

SEM P-value 
DAY 45 SEM 

 

P-value 

 CRB CRH CMC RB:30 RH:30 MC:30 RB:45 RH:45 MC:45 

DM (%) 85.30ab 90.06a 80.76b 1.82 0.01 81.81a 80.98a 71.25b 2.19 0.01 78.94a 73.55b 67.47c 2.01 <0.001 

EE (%) 6.90ab 8.39a 5.21b 0.62 0.02 8.55b 11.25a 8.70b 0.59 0.04 15.39a 13.76a 7.65b 1.47 <0.001 

ASH (%) 12.82b 18.39a 2.11c 3.01 0.00 11.74b 16.29a 1.81c 2.71 0.00 12.25b 17.14a 1.16c 3.02 <0.001 

CF (%) 25.26a 27.04a 30.78b 1.07 0.01 20.51 21.25 20.21 0.35 0.60 9.06c 10.08b 12.66a 0.67 <0.001 

CP (%) 7.07a 2.25c 4.45b 0.89 0.01 9.44a 3.07c 5.32b 1.18 0 8.10b 4.69c 12.19a 1.01 <0.001 

NDF (%) 48.07b 49.49b 84.72a 7.57 0 38.26b 41.40b 61.53a 4.61 0 46.26a 30.74b 26.30c 3.87 <0.001 

ADF (%) 32.01b 31.43b 42.55a 2.32 0 20.23b 21.84b 39.81a 4.01 0 32.00b 41.76a 22.28c 3.55 <0.001 

ADL (%) 4.63 4.28 4.00 0.23 0.61 2.38b 2.22b 3.60a 0.28 0.01 1.40 1.60 1.80 0.14 0.62 

abcd: Means in the same row with different superscripts are significantly different (P<0.05); NDF = Neutral Detergent Fiber; ADF = Acid Detergent Fiber; ADL = Acid Detergent Lignin, CRB: Rice bran at day zero; CRH: 

Rice husk at day zero; CMC: Maize cob at day zero; 30RB: Rice bran at 30 days fermentation; 30RH: Rice husk at 30 days fermentation; 30MC: Maize cob at 30 days fermentation; 45RB: Rice bran at 45 days 

fermentation ; 45RH: Rice husk at 45 days fermentation; 45MC:  Maize cob at 45 fermentation  
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Effects of fermentation periods on the gas production profile of the substrates 

Figure 1 illustrates the cumulative gas production for the substrates at 0, 30, and 45 days of fermentation. Rice bran 

consistently produced the highest gas volumes at 0 days, indicating higher digestibility of unfermented material. Rice 

husk showed the lowest gas production, reflecting its high lignin and silica content. Maize cob demonstrated intermediate 

values. 

After 30 days of fermentation, gas production patterns shifted: maize cob and rice husk showed improved cumulative 

gas production, while rice bran decreased slightly, likely due to depletion of fermentable carbohydrates by fungal activity.  

The high rate of gas production within 60 to 96 hours, from 4.75 ml to 17.5 ml, indicates that the structure of rice husk 

might have changed during SSF treatment with enhanced accessibility to the microbes present in the rumen. This 

improvement corresponded with the results of Tuyen et al. (2013), who established that fungal treatment of rice by-

products enhances the ability to cleave lignocellulosic bonds, thereby increasing fermentable carbohydrate yield. The 

improvements in the cumulative gas production of maize cob are consistent with the work done by Akinfemi et al. (2010), 

who reported enhanced in vitro digestibility of maize cob after fungal pre-treatment. By 45 days, maize cob exhibited the 

largest increase in gas production (up to 53.03%), suggesting substantial lignocellulosic breakdown and improved 

fermentability. Rice husk showed moderate improvement (16.10%), and rice bran a smaller increase (21.45%). 

Compared with the 30-day fermentation, the 45-day fermentation of rice husk exhibited a completely different 

pattern. The gas production started slowly at the beginning, but gradually increased over the 96 hours. The increase in gas 

production from 12 hours to 24 hours ranged from 2.75 ml to 5.25 ml, and this indicates that the longer fermentation 

time has produced a substrate that is highly fermentable and the rumen microbes have adapted to. The sustained high 

rate of gas production up to 96 hours suggests that the 45 days of fermentation have converted rice husk into a slowly 

degradable yet sustained fermentable substrate, which is in support of the findings by Tuyen et al. (2013), who stated that 

increased fungal treatment of rice straw resulted in enhanced degradation of cell wall components.  

The results clearly indicate that a 45-day fermentation period enhanced the digestibility of maize cob, as evidenced 

by higher gas production compared to both the control and the 30-day fermentation. Gas production at 6 hours (3.25 ml) 

was equivalent to that of the control at 12 hours, suggesting that fermentation made nutrients more readily available for 

rapid microbial utilization. This observation is consistent with Akinfemi et al. (2010), who reported higher soluble 

carbohydrate content in fungal-treated maize cob.  

 

 
Figure 3 - In vitro gas production of the rice bran, rice husk and maize cob at 0, 30 and 45 days of fermentation. Data 

points represent mean volumes (ml) of triplicate samples per 0.2 g DM. CRB: Rice bran at day zero; 30RB: Rice bran at 30 days 

fermentation; 45RB: Rice bran at 45 days fermentation, CRH: Rice husk at day zero; 30RH: Rice husk at 30 days fermentation); 45RH: Rice husk 

at 45 days fermentation; CMC: Maize cob at day zero; 30MC: Maize cob at 30 days fermentation; 45MC:  Maize cob at 45 days fermentation. 

 

 

Gas production kinetics of the substrates at different fermentation periods 

Results of gas production kinetics of the feed types over the fermentation days are shown in Table 2. Kinetics of gas 

production describe the amount of gas that a material produces (b), and ‘c’ is the rate at which these gases are 

produced. These parameters show how digestible a feeding material is and how long it would remain in the gut (Osafo et 

al., 2023). The results indicate that at day 0, Maize cob (MC) had the highest gas production (19.55%), suggesting it 

contains a higher proportion of fermentable carbohydrates. Rice husk (RH) had the lowest (6.44%), likely due to its high 
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lignin and silica content, which limits microbial degradability. After the 30 days of fermentation, maize cob recorded 

17.81%, and rice husk value was 16.21%, showing significant improvement in gas production, likely due to the 

breakdown of lignocellulosic structures by fungi. After 45 days of fermentation, the Maize cob recorded a value of 

53.03%, which had an extremely high increase, indicating enhanced delignification and availability of fermentable 

substrates. Rice husk also recorded 16.10%, showing improvement, but remained lower, probably due to persistent high 

fiber content. Thus, gas production potential (b) significantly increased (P<0.05) for all substrates after 45 days of 

fermentation, particularly for maize cob, which showed a marked increase from 19.55% to 53.03%. Such an 

enhancement suggests that the fermentative treatment substantially improves the availability of fermentable 

carbohydrates and overall substrate digestibility.  

This observation is consistent with reports demonstrating improved substrate breakdown through microbial action 

during extended fermentation periods (Asiegbu et al., 1994). In the case of rice bran, a moderate improvement from 

17.68% to 21.44% in gas potential was observed, which aligns with studies showing that fermentation can enhance the 

nutritional quality and digestibility of rice bran by modifying its carbohydrate profile and reducing anti-nutritional factors 

(Widiyastuti et al., 2019). Conversely, rice husk, which initially had a lower gas production potential (6.44%), exhibited 

an increase to 16.10% following longer fermentation. This improvement is attributable to the microbial degradation of 

lignocellulosic components, rendering the substrate more accessible to ruminal microbes (Fapohunda et al., 2013) 

The rate of gas production (c hr⁻¹) showed no significant differences among most treatments, indicating that the 

fungal fermentation primarily influenced the extent rather than the speed of fermentation. From Table 2, it can be 

observed that rice bran’s rate decreased from 0.03 hr⁻¹ to 0.01 hr⁻¹ after extended fermentation. This reduction likely 

reflects a shift from rapid fermentation of readily available carbohydrates to a slower fermentation phase as the easily 

fermentable components are depleted, a phenomenon noted in kinetic studies of ruminal fermentation (Widiyastuti et 

al., 2019). For rice husk, an increase in the rate from 0.03 hr⁻¹ to 0.08 hr⁻¹ was observed, indicating that fermentation 

may have enhanced the accessibility of fiber constituents, thereby accelerating initial microbial action (Fapohunda et al., 

2013). In contrast, maize cob’s rate decreased significantly from 0.08 hr⁻¹ to 0.01 hr⁻¹, suggesting that while the overall 

extent of fermentation was improved (as shown by the increased gas production potential), the fermentation kinetics 

shifted toward a slower phase once the rapidly fermentable fractions were utilized (Asiegbu et al., 1994).  

 

Estimated digestibility and energy parameters of the substrates at different fermentation periods 

Table 3 shows the results of the in vitro organic matter digestibility (IVOMD), metabolizable energy (ME), net energy 

(NE), short-chain fatty acids (SCFA) and microbial protein (MP) values for the substrates. Rice bran (RB) at day zero had 

the highest digestibility and metabolizable energy values (IVOMD, ME) as well as SCFA and MP yield. Rice husk (RH) and 

maize cob (MC) had similar values for IVOMD, ME, NE and MP. After solid-state fermentation (SSF) with Pleurotus 

ostreatus, maize cob showed the largest gains: IVOMD significantly increased from 21.01 at day zero to 34.74 g/kg DM by 

day 45 and the energy values (ME and NE) also showed a substantial improvement. In contrast, RB’s digestibility and 

energy slightly decline with SSF, while RH shows modest improvement over longer fermentation.  

A study by Espinosa-Páez et al. (2017) confirms that SSF using Pleurotus ostreatus tends to increase crude protein 

and metabolizable energy but can reduce fiber and even lower digestibility if excessive. The present study was consistent 

with the study by Nasehi et al. (2016), which found that SSF of crop by-products (including rice husk) raised CP, ash, ME, 

and NEL in all substrates;however, IVOMD and SCFA gains were lower for rice husk (there was no significant change in 

husk digestibility or SCFA). Conversely, according to Ikwunze et al. (2024) Pleurotus-treated maize cob significantly 

improved OMD and SCFA, with OMD and fermentable fraction increasing as the number of days increased. These findings 

align with the present study, which showed that the digestibility (IVOMD) and energy contents of MC improved significantly 

after SSF using Pleurotus ostreatus. The MP values increased from 4.15 at day zero to 6.79 at day 45. 

Rice bran at day zero showed the highest IVOMD and ME values of 27.82 g/kg and 3.98 MJ/kg, respectively, but 

these declined to 24.4 g/kg and 3.57 MJ/kg at day 45. This reduction aligns with the study of Sánchez et al. (2002) who 

explained that prolonged fermentation periods can result in a reduction of fat and fiber fractions, alongside notable 

increases in protein and ash content. Thus, the RB fermented in the current study had more fungal protein but lost some 

soluble nutrients, lowering its IVOMD and ME (Ibarruri et al., 2021). Rice bran had the lowest IVOMD value of 20.74 % at 

day zero due to the presence of lignin and silica. The IVOMD value increased to 22.89 at day 45. The SCFA content also 

followed the same trend. Studies by Nasehi et al. (2016) using Pleurotus. florida for solid-state fermentation on rice husk 

led to similar, results with no substantial improvement in rice husk digestibility and SCFA production. The total metabolic 

energy of rice husk increased slightly from 2.91 to 3.32 MJ/kg during the fermentation process.  

The ME content 2.99 MJ/kg of MC at day zero increased to 5.03 MJ/kg at day 45. Sufyan et al. (2021) screened P. 

ostreatus, Pleurotus eryngii and Pleurotus florida using corn cob and found that Pleurotus florida gave the largest lignin 

degradation and digestibility. Ikwunze et al. (2024) in their research found that Pleurotus tuber-regium-treated maize cob 

significantly increased in vitro digestibility, gas production, SCFA and metabolizable energy as fungal content increased. 

Akinfemi (2010) similarly reported Pleurotus ostreatus raised maize cob CP (3.89 to 10.11%) and OMD (control 48.32% 

to 60.75%), with ME up to 8.59 MJ/kg.   
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Table 2a - Gas production kinetics of the substrates at different fermentation periods. 

Parameters 
Feed substrate (Day 0)  

SEM P-values 
30 days fermentation  

SEM P-Values 
CRB CRH CMC RB:30 RH:30 MC:30 

b (%) 17.68a 6.44b 19.55a 2.60 <0.001 6.87b 16.21a 17.81a 2.16 <0.001 

c (hr-1) 0.03 0.03 0.08 0.029 0.07 0.05 0.07 0.06 0.01 0.78 

abcd Means found in the same row with different superscripts are significantly different (P<0.05); CRB: Rice bran at day zero; 30RB: Rice bran at 30 days fermentation; 45RB: Rice bran at 45 days fermentation, CRH: 

Rice husk at day zero; 30RH: Rice husk at 30 days fermentation); 45RH: Rice husk at 45 days fermentation; CMC: Maize cob at day zero; 30MC: Maize cob at 30 days fermentation; 45MC:  Maize cob at 45 days 

fermentation. 

 

 

 

 

 

Table 2b - Gas production kinetics of the substrates at different fermentation periods. 

Variables 
45 days fermentation 

SEM P-Values 
30 and 45 fermentations (Interaction) 

SEM P-Values 

RB:45 RH:45 MC:45 RB:30 RH:30 MC:30 RB:45 RH:45 MC:45 

b (%) 21.45b 16.10b 53.03a 7.38 0.004 6.87c 16.21b 17.81b 21.45b 16.10b 53.03a 4.43 <0.001 

c (hr-1) 0.01b 0.08a 0.01b 0.01 0.001 0.05 0.07 0.06 0.01 0.08 0.01 0.01 0.07 

abcd Means found in the same row with different superscripts are significantly different (P<0.05); CRB: Rice bran at day zero; 30RB: Rice bran at 30 days fermentation; 45RB: Rice bran at 45 days fermentation, CRH: 

Rice husk at day zero; 30RH: Rice husk at 30 days fermentation); 45RH: Rice husk at 45 days fermentation; CMC: Maize cob at day zero; 30MC: Maize cob at 30 days fermentation; 45MC:  Maize cob at 45 days 

fermentation. 
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Table 3a - Estimated digestibility and energy parameters of the substrates at different fermentation periods. 

Parameters 
Feed substrate (Day 0) 

SEM P-values 
30 days fermentation 

SEM P-Values 
CRB CRH CMC RB:30 RH:30 MC:30 

IVOMD- (%)  27.82a 20.74b 21.01b 1.47 <0.001 25.15a 20.94c 22.98b 0.77 <0.001 

ME (MJ/kg DM)  3.98a 2.91b 2.99b 0.22 0.001 3.61 2.99 3.51 0.13 0.055 

NE (MJ/kg DM)  3.00a 2.62a 2.57a 0.09 0.047 3.05 2.70 2.83 0.07 1.117 

SCFA  21.85a 8.55b 9.79b 2.68 <0.001 12.38a 8.59b 13.60a 0.96 <0.001 

MP 5.49a 4.10b 4.15b 0.29 0.004 4.92a 4.13ab 4.58a 0.15 0.035 

abcd Means found in the same row with different superscripts are significantly different (P<0.05); IVOMD: In vitro organic matter digestibility, MP: Microbial protein, ME: metabolizable energy, SCFA: Short chain fatty 

acids, NE: Net energy; CRB: Rice bran at day zero; 30RB: Rice bran at 30 days fermentation; 45RB: Rice bran at 45 days fermentation, CRH: Rice husk at day zero; 30RH: Rice husk at 30 days fermentation); 45RH: 

Rice husk at 45 days fermentation; CMC: Maize cob at day zero; 30MC: Maize cob at 30 days fermentation; 45MC:  Maize cob at 45 days fermentation. 

 

 

 

 

Table 3b - Estimated digestibility and energy parameters of the substrates at different fermentation periods. 

Variables 
45 days fermentation 

SEM P-Values 
30 and 45 fermentations (Interaction) 

SEM P-Values 
RB:45 RH:45 MC:45 RB:30 RH:30 MC:30 RB:45 RH:45 MC:45 

IVOMD (g/kg DM) 24.34b 22.89b 34.74a 2.36 <0.001 25.15b 20.9e 22.98d 24.3c 22.89d 34.74a 1.35 <0.001 

ME (MJ/kg DM) 3.57b 3.32b 5.03a 0.34 0.004 3.61b 2.99b 3.51b 3.57 3.32b 5.03a 0.19 <0.001 

NE (MJ/kg DM) 3.15 2.84 3.60 0.16 0.091 3.05a 2.70b 2.83b 3.15a 2.84b 3.60a 0.09 0.019 

SCFA 11.87b 11.37b 35.25a 4.98 <0.001 12.38c 8.59e 13.60b 11.87cd 11.37d 35.25a 2.70 <0.001 

MP 4.77b 4.55b 6.79a 0.45 0.002 4.92b 4.13c 4.58b 4.77b 4.55b 6.79a 0.26 <0.001 

abcd Means found in the same row with different superscripts are significantly different (P<0.05); IVOMD: In vitro organic matter digestibility, MP: Microbial protein, ME: metabolizable energy, SCFA: Short chain fatty 

acids, NE: Net energy; CRB: Rice bran at day zero; 30RB: Rice bran at 30 days fermentation; 45RB: Rice bran at 45 days fermentation, CRH: Rice husk at day zero; 30RH: Rice husk at 30 days fermentation); 45RH: 

Rice husk at 45 days fermentation; CMC: Maize cob at day zero; 30MC: Maize cob at 30 days fermentation; 45MC:  Maize cob at 45 days fermentation. 
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CONCLUSION AND RECOMMENDATION 

 

Solid-state fermentation (SSF) using Pleurotus ostreatus improved the nutritional quality and in vitro fermentation 

characteristics of rice bran, rice husk, and maize cob. The process improved crude protein content and reduced the 

content of the detergent fibre fractions, resulting in enhanced fermentability and in vitro digestibility, especially in maize 

cob and rice husk. Upon treatment, In vitro organic matter digestibility, metabolizable energy, short-chain fatty acids, Net 

energy, and Microbial protein were also improved. The study confirms that SSF using Pleurotus ostreatus is a promising 

technique for upgrading low-quality agro-by-products into more digestible and nutritionally valuable ruminant feed 

resources. 

The findings of this study should be interpreted considering the analytical limitations. Improvements observed in 

nutritional and fermentation characteristics should be specified according to the particular substrate and fermentation 

period in which they occurred. Future research should employ a factorial analysis to investigate potential interactions 

between feed type and fermentation duration, which would provide a more comprehensive understanding of their 

combined effects. In addition, in vivo trials with ruminant animals are recommended to validate the in vitro results and to 

evaluate animal performance indicators such as feed intake, weight gain, milk yield, and feed conversion efficiency. 
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ABSTRACT: This study investigated the effects of Nigella sativa oil (NSO) on the metabolism of three rabbit 

breeds: Albino, Brown, and Local. A total of 48 rabbits were assigned to six groups and fed either a control 

diet or an NSO-supplemented diet (5 g/kg DM). Diets were alternated between groups every 15 days. Blood 

samples were analyzed for liver enzymes, kidney function parameters, lipid profile, thyroid hormones, and 

blood proteins. The results showed that NSO had no significant effect (P>0.05) on blood glucose, liver 

enzymes, or lipid profile. However, numerical differences were observed among breeds. Albino rabbits 

showed higher total cholesterol 83.6% and low-density lipoprotein (LDL) cholesterol (177.6%) compared with 

the Local breed (P≤0.01). Brown rabbits exhibited higher aspartate aminotransferase (AST) activity (60-64%) 

than Albino rabbits (P≤0.02). Additionally, brown rabbits showed higher (51.2%) creatinine levels compared 

with Albinos (P≤0.0001). Uric acid levels slightly increased (15-18%) during the second treatment period. 

Protein levels remained relatively constant among groups; however, the brown breed had higher (P≤0.02) 

albumin levels (9%) than other breeds. In conclusion, rabbit breed had a greater influence on the measured 

parameters than dietary treatments which indicates that breed-specific genetic variations play an important 

role in such studies. 

Keywords: Breeds, Liver function, Lipid profile, Neglia sativa, Rabbits. 
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INTRODUCTION   
 

In recent years, there has been growing interest worldwide in the use of black seed oil (N. sativa) as a therapeutic agent 

due to its reported health benefits. These effects are attributed to its bioactive compounds, particularly thymoquinone 

and nigellone. These compounds may possess anti-inflammatory properties, reduce cellular oxidative damage, and 

support immune system function (Adam et al., 2022).  

Researchers have investigated the effects of Nigella Sativa (NS) on various organs, especially the liver heart (Mat et 

al., 2011 and Safithri et al., 2023). Evidence suggests that dietary supplementation with N. Sativa can lower blood 

glucose levels in animals, possibly by enhancing insulin secretion and improving pancreatic function (Tiwari et al., 2022 

and Shaukat et al., 2023). The liver is a vital organ responsible for metabolism, detoxification of harmful substances, and 

synthesis of essential proteins (Ozougwu, 2017). Liver damage caused by exposure to chemicals or infections typically 

results in elevated levels of specific enzymes in the blood, which serve as indicators of hepatic injury (Guo et al., 2025). 

Enzymes such as AST, and alkaline phosphatase (ALP) are commonly used biomarkers of liver dysfunction (Al-Razzuqi et 

al., 2011). 

Several studies have reported that dietary supplemented with NSO reduces AST and ALP levels in rats with fatty liver 

disease or chemically induced liver damage caused by carbon tetrachloride (Hashim et al., 2025). These findings suggest 

that NSO may help protect liver cells and improve overall liver function (Rounagh et al., 2024; Derosa et al., 2024). 

Elevated cholesterol and triglyceride levels are well-known risk factors for cardiovascular disease. NSO has been reported 

to reduce these risks (Alu'datt et al., 2024). Studies in humans and animals have shown that N. sativa can decrease low-

density lipoprotein (LDL) and triglyceride levels while increasing high-density lipoprotein (HDL), possibly by enhancing lipid 

metabolism and fat breakdown in the body (Zhang et al., 2021). Different rabbit breeds, such as albino, brown, and local, 

exhibit distinct physiological characteristics that may influence their response to dietary supplementation with NS (Ye et 

al., 2021). Breed-specific growth responses have been reported with N. Sativa was used as a feed additive in rabbit diets 

(Al-Shaar, 2020). In addition to its anti-inflammatory and immunomodulatory properties, N. Sativa also exhibits strong 
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antioxidant activity (Alberts et al., 2024), which may help protect the body against conditions such as liver inflammation 

and cardiovascular complications (Bhavikatti et al., 2024).  

Antioxidant enzymes, including superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx), have 

been shown to increase in activity following NS supplementation (Hannan et al., 2021; Aslani et al., 2024). Evidence also 

suggests that NSO may protect kidney function, as reduced levels of creatinine, urea, and uric acid have been reported in 

animals receiving diets supplemented with different levels of NS (Algheshairy et al., 2025). In rats with kidney injury, NS 

oil improved both circulating biochemical parameters and renal tissue structure, likely due to its antioxidant properties 

(Naderi et al., 2022; Al-Hamdany and Raoof, 2023). In rabbit diets, NS supplementation has been associated with 

increased total protein, albumin, and globulin levels, indicating improved liver function and enhanced immune support. 

These changes occurred without evidence of liver or kidney damage, suggesting its safety as a dietary supplement (Al-

Asadi et al., 2025). Several studies have also examined the effects of NS oil on thyroid hormones. In rats with thyroid 

dysfunction, NSO increased triiodothyronine (T3) and thyroxine (T4) levels while reducing thyroid-stimulating hormone 

(TSH), suggesting that NSO may help regulate thyroid hormone balance in both hypothyroid and hyperthyroid conditions, 

indicating a modulatory rather than stimulatory effect (Elghareeb et al., 2024). 

Therefore, the present study aimed to evaluate the potential protective effects of NSO on liver enzyme activity and 

selected blood biochemical parameters in three rabbit breeds. Additionally, the effects of NSO on kidney function 

markers (creatinine, urea, and uric acid) and thyroid hormones (T3 and T4) were investigated. 

 

MATERIALS AND METHODS 

 

Experimental Design: A total of 48 rabbits (16 Albino, 16 Brown, and 16 Local) with an initial body weight ranging from 4 

to 8 kg were used in the present study. The rabbits were acclimatized for one week in cages located at the Animal 

Production Department, College of Agricultural Engineering Sciences, University of Duhok prior to the start of the 

experiment. Each breed was equally divided into two dietary groups (n = 8 per group): Control group, fed basal diet, and 

Treatment group, fed basal diet supplemented with 5 g NSO/kg dry matter (DM). The experimental period lasted five 

weeks including a five-day dietary adaptation period (basal diet only) followed by two experimental phases of 15 days 

each.  

Housing Conditions: All rabbit groups were housed in clean dry cages bedded with soil and maintained under 

identical environmental conditions. Animals were provided with free access to water source and adequate lighting 

throughout the experimental period (Trocino and Tolini 2024; Wang et al., 2025).  

Feeding Routine: Each young rabbit fed 30 g/d standardized feed mixture. Feed ingredients and the chemical 

composition of the diets are given in Table 1. Feed samples were chemically analyzed according to the methods described 

by AOAC (2000). Rabbits were fed twice a daily. Adult rabbits received 15 - 20 g of diet per kg of body weight per day. 

Feeding times and quantities were kept consistent throughout the study to prevent digestive disturbances and nutritional 

disorders.  

 

Table 1 - Feed ingredients and the chemical composition of the diets. 

Feed Ingredients, g/kg Basal diet 
Basal diet +  

5 g NSO 

Chemical composition 

of the diets 
Basal diet 

Basal diet +  

5 g NSO 

Barley 400 400 Moisture (%) 4.07 6.26 

Wheat bran 200 200 Ash (g/kg) 61.1 59.1 

Soybean meal 200 200 CP (g/kg) 130.4 130.9 

Corn 150 150 EE (g/kg) 54.2 60.1 

Vitamins-minerals premix 20 20 CF (g/kg) 35.6 36.6 

Lysine 10 10 NFE (g/kg) 678.0 650.7 

Methionine 10 10 - - - 

Iodized salt 10 10 - - - 

Nigella sativa oil (g/kg DM) -- 5 - - - 

NSO: Nigella sativa oil 

 

Blood sample collection 

Blood samples were collected from the jugular vein into plain glass tubes without anticoagulants three times during 

the study period (days 0, 15, and 30) following the second round. Blood samples were allowed to clot at room 

temperature for approximately 30- 60 minutes and were then centrifuged at 3000 rpm for 15 minutes. The serum was 

subsequently separated into a 2-mL Eppendorf tubes and sorted at -20C until further analysis. Blood sampling and 

processing procedures were conducted in accordance with standard rabbit blood collection and serum preparation 

techniques described by Nelson et al. (2010). 
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Biochemical analysis 

Biochemical parameters were measured using Biolabo standard kits (France) through colorimetric methods. The 

evaluated parameters included liver enzymes (ALT, AST), creatine kinase (CK), lipid profile markers (total cholesterol, LDL, 

HDL, and triglycerides), kidney function markers (creatinine, urea, and uric acid), protein profile indicators (total protein, 

albumin, and globulin), and thyroid hormones (T3 and T4).  

 

Statistical analysis  

Data were analyzed as a change-over design procedure using SAS software (SAS Institute Inc., 2016) to assess the 

effects of treatment, breed, and round on the measured blood parameters. Least squares means were compared using 

the Tukey–Kramer test, and statistical significance was set at P≤0.05. 

 

RESULTS  

 

A comprehensive evaluation of NSO supplementation at a dose 5gm/kg DM across three rabbit breeds (Albino, Brown, 

and Local) revealed distinct patterns in biochemical parameters over two experimental rounds. Effect of NS Oil on Blood 

Glucose: Blood glucose levels remained stable across all breeds and treatments throughout the period of the study. No 

significant differences were observed due to dietary treatment, breed, or experimental round (P>0.05). In all groups, blood 

glucose concentrations fluctuated by less than 5% from baseline, with Albino rabbits showing particularly stable levels 

(variation < 3% between rounds) (Table 2). 

 

Effect of NS Oil on lipid profile 

The lipid profile of the rabbit breeds included in the present study varied considerably (Table 3). Albino rabbits 

consistently exhibited the highest total cholesterol levels compared with the other breeds. In the first round, cholesterol 

levels in Albino rabbits were approximately 35% higher than those of Brown rabbits (P≤0.05) and 84% higher than those 

of local rabbits (P≤0.007). The same pattern persisted in the second round with cholesterol concentrations remaining 

42% and 45% higher than those of Local and Brown rabbits, respectively. Albino rabbits also showed markedly higher LDL 

cholesterol levels than the other two breeds. In round 1, LDL levels were 70% higher than those of Brown rabbits (P≤0.05) 

and approximately 178% higher than those of the Local rabbits (P≤0.005). Elevated LDL concentration in Albino rabbits 

remained persisted across rounds, remaining 60% and 65% higher than those of local rabbits and 21% and 69% higher 

than those of brown rabbit, respectively. However, neither breeds nor treatments produced statistically significant 

differences in HDL or triglyceride levels. Although a modest increase in HDL levels (P≤0.08) and a slight reduction in 

triglycerides (P≤0.07) were observed in the treatment group, these changes did not reach statistical significance. 

Furthermore, no significant interaction effects were detected overall. 

 

Effect of NS Oil on liver enzymes 

As shown in Table 4, Brown rabbits exhibited 60% higher AST activity in round 1 and 64% higher activity in round 2 

compared with Albino rabbits (P≤0.02). Additionally, AST activity in Brown rabbits was 70.67% higher than those of local 

rabbits in round 1 (P≤0.05). A consistent pattern was observed across rounds, with local rabbits exhibiting AST values 

50% higher in round 2 and 40% higher in round 2 compared with Albino rabbits (P≤0.05). When data from both rounds 

were combined, AST levels in Brown rabbits were 174.07% higher than those in Albino rabbits. A round effect was also 

observed, with AST values in round 1 being 24.38% higher than those in round 2 (P=0.045). Although ALT showed no 

significant breed effect (P=0.06) and no treatment or interaction effects, creatine kinase (CK) and LDH activities varied 

among breeds by up to 59%. However, no statistically significant differences attributable to treatment or breed were 

detected (P>0.05). 

 

Effect of NS Oil on kidney function 

Analysis of renal parameters revealed clear breed differences (Table 5). In round 1, the creatinine levels in brown 

rabbits were approximately 51.16% higher than those of albino rabbits (P≤0.0001). Although the difference was not 

statistically significant, Brown rabbits also appeared to have higher creatinine levels than Local rabbits during round 1. In 

round 2, Brown rabbits exhibited significantly higher creatinine concentrations (P≤0.05) than both Albino and Local 

rabbits, exceeding their levels by 41.57% and 57.36%, respectively. Local rabbits also showed significantly higher 

creatinine levels than Albino rabbits in both rounds (25.33% in round 1 and 21.56% in round 2; P≤0.05), indicating a 

consistent inter-breed trend in creatinine clearance. A continuous inter-breed trend in creatinine clearance was observed 

when local rabbit’s creatinine was significantly higher (P≤0.05) than those of Albino rabbits in both rounds (25.33% and 

21.56% in round 1 and 2, respectively). Urea concentrations in Local rabbits were significantly higher than those in Albino 

rabbits during round 1 by 15.6% (P≤0.05). In round 2, both Brown and Local rabbits showed higher urea levels compared 

with Albino rabbits (25.37% and 14.73%, respectively; P≤0.05). No significant differences were observed between Brown 

and Local rabbits in either round. Uric acid levels demonstrated a significant round effect, with values in round 2 being 

46.43% higher than those in round 1 (P≤0.042). However, no treatment- or breed-related differences were detected for 

this parameter. 
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Table 2 - Effect of NSO on blood glucose (mg/dl) in different rabbit breeds 

Breeds 
Round 1 Round 2 

Control Treatment Control Treatment 

Albino 113.75 ± 11.69 111 ± 12.86 102.75 ± 2.39 109 ± 7.78 

Brown 115 ± 10.54 107.33 ± 7.88 109 ± 3.71 101 ± 4.73 

Local 92.50 ± 6.12 109.33 ± 6.17 116.50 ± 2.36 92 ± 6 

Data are presented as mean ± standard error (SE). Significant differences between groups are indicated by P (P ≤0.05). 

 

 

Table 3 - Effect of NSO on lipid profile (mg/dl) in different rabbit breeds  

Breeds 
Round 1 Round 2 

Control Treatment Control Treatment 

Total 

Cholesterol 

Albino 105.25 ± 9.78ᵃ 110.25 ± 10.50ᵃ 128.50 ±12.8ᵃ 101.25 ± 15.35ᵃ 

Brown 97 ± 13.97ᵇ 77.33 ± 17.70ᵇ 74 ± 9.29ᵇ 89 ± 23.43ᵇ 

Local 88 ± 30.35ᵇ 69.67 ± 12.03ᵇ 70 ± 6ᵇ 65.67 ± 13.30ᵇ 

HDL 

Albino 20.75 ± 1.25 23 ± 1.15 27.25 ± 1.97 25.75 ± 2.46 

Brown 22.25 ± 4.61 20 ± 2 21 ± 2.52 26  ± 6.08 

Local 15.50 ± 1.55 22.33 ± 2.19 26.33 ± 0.88 21.67 ± 2.40 

LDL 

Albino 78.50 ± 10.74ᵃ 81.75 ± 9.57ᵃ 105.50 ± 9.53ᵃ 79.50 ± 18.54ᵃ 

Brown 65.50 ± 13.57ᵇ 47.33 ± 22.82ᵇ 39 ± 12.00ᵇ 47 ± 14.53ᵇ 

Local 67 ± 35.77ᵇ 39 ± 12.42ᵇ 38 ± 6.56ᵇ 39.33 ± 16.18ᵇ 

Triglycerides 

Albino 94.25 ± 7.66 100.25 ± 22.97 82.25 ± 20.03 70.75 ± 5.59 

Brown 103.75 ± 10.42 103.33 ± 4.48 123 ± 19.08 86.67 ± 15.01 

Local 82.25 ± 17.99 79 ± 5.03 81.33 ± 6.69 68.67 ± 2.60 

*Data are Mean ± SE. Superscript letters (ᵃ, ᵇ) indicate significant breed differences for that parameter are indicated by (P≤0.05). Significant 

breed effect was found in Total Cholesterol (P≤0.007) and LDL (P≤0.005).  

 
 

Table 4 - Effect of NSO on liver enzymes (IU/L) in different rabbit breeds 

Breeds 
Round 1 Round 2 

Control Treatment Control Treatment 

AST (IU/L) 

Albino 22.50 ± 4.73ᵇ 26.50 ± 3.52ᵇ 13.50 ± 1.85ᵇ 17.25 ± 1.55ᵇ 

Brown 32.75 ± 5.78ᵃ 34 ± 160.1ᵃ 37 ± 11.00ᵃ 26.33 ± 9.84ᵃ 

Local 38.25 ± 8.93ᵃ 44.33 ± 9.33ᵃ 26.67 ± 4.91ᵃ 21 ± 4.16ᵃ 

ALT (IU/L) 

Albino 41.25 ± 9.51 60 ± 8.53 55.75 ± 10.24 56.50 ± 3.97 

Brown 54.50 ± 8.70 60.33 ± 6.12 52.50 ± 15.50 39.67 ± 14.89 

Local 57 ± 14.91 79.33 ± 10.84 92.33 ± 13.04 59.67 ± 18.70 

CK (IU/L) 

Albino 1934.50 ± 763 1101 ± 82.12 875.50 ± 162.73 1129.50 ± 197 

Brown 941.75 ± 121 704.33 ± 96.44 2302 ± 87 2338.33 ± 364 

Local 3605.50 ± 175 1712.33 ± 139 1403.50 ± 43.28 1615 ± 210 

LDH (IU/L) 

Albino 461.25 ± 158.39 429.50 ± 21.30 257.25 ± 38.21 279.50 ± 49.16 

Brown 485 ± 153.57 237.67 ± 50.85 682.67 ± 108.51 1047.67 ± 74.16 

Local 710.75 ± 178.32 579 ± 29.54 467.25 ± 43.91 471.33 ± 99.78 

*Data are Mean ± Standard Error (SE). Superscript letters (ᵃ, ᵇ) denote significant differences between breeds (P≤ 0.05). Significant breed 

effect was detected for AST (P≤ 0.02). 
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Table 5 - Effect of NSO on kidney function parameters in different rabbit breeds 

Breeds 
Round 1 Round 2 

Control Treatment Control Treatment 

Creatinine 

(mg/dl) 

Albino 0.86 ± 0.02ᶜ 0.80 ± 0.07ᶜ 0.76 ± 0.07ᶜ 0.82 ± 0.09ᶜ 

Brown 1.30 ± 0.03ᵃ 1.04 ± 0.02ᵃᵇ 1.25 ± 0.04ᵃ 1.21 ± 0.03ᵃ 

Local 0.96 ± 0.08ᵇ 1.08 ± 0.02ᵇ 1.07 ± 0.01ᵇ 0.89 ± 0.08ᵇ 

Urea 

(mg/dl) 

Albino 45.00 ± 4.88ᵇ 40.50 ± 2.18ᵇ 46.25 ± 2.56ᵇ 47.25 ± 5.48ᵇ 

Brown 59.00 ± 2.86ᵃ 42.67 ± 4.84ᵃᵇ 56.00 ± 1.73ᵃ 53.33 ± 1.33ᵃ 

Local 51.75 ± 5.02ᵃ 51.67 ± 3.18ᵃ 46.50 ± 3.20ᵇ 55.00 ± 3.46ᵃ 

Uric Acid 

(mg/dl) 

Albino 0.28 ± 0.07 0.31 ± 0.04 0.32 ± 0.04 0.33 ± 0.04 

Brown 0.35 ± 0.07 0.15 ± 0.02 0.58 ± 0.18 0.41 ± 0.18 

Local 0.36 ± 0.07 0.21 ± 0.02 0.41 ± 0.03 0.36 ± 0.06 

Data are Mean ± SE. Superscript letters (ᵃ, ᵇ, ᶜ) indicate significant breed differences (P≤0.05). Significant differences found in Creatinine 

(P≤0.0001) and Urea (P≤0.01). Uric acid showed a significant round effect only (P≤0.042), but no breed/treatment significance. 

 
 

Effect of NS Oil on protein profile  

Protein metabolism remained generally stable across all groups, with albumin being the most responsive parameter 

(Table 6). During round 1, albumin levels of Brown rabbits were 4.85% and 7.27% higher than those in Albino and local 

rabbits, respectively (P≤0.05). This pattern persisted in round 2, with Brown rabbits maintaining significantly higher 

albumin concentrations than Albino and Local rabbits by 6.65% and 0.66%, respectively (P≤0.05). 

The consistently higher albumin levels observed in Brown rabbits may indicate breed-related variation in protein 

synthesis or absorption capacity. Across both rounds, albumin concentrations in Brown rabbits were approximately 8–9% 

higher than those in Albino rabbits. Breed and dietary treatment did not significantly affect total protein or globulin 

concentrations throughout the experimental period (P>0.05). Although mild breed-related variation in globulin levels was 

observed (P≤0.047), this difference did not reach statistical significance. Total protein concentrations fluctuated within 

3% of baseline values, suggesting maintained protein homeostasis across all groups. 

 

Effect of NS Oil on thyroid hormones  

Endocrine assessment revealed no significant differences (P>0.05) in T3 or T4 concentrations attributed to 

treatment, breed, or experimental round (Table 7). Thyroid hormone levels remained stable, with T3 and T4 varying by less 

than 22% across all groups. T4 concentration in Brown rabbits remained particularly stable, deviating by less than 5% 

from baseline values. 
 

 

Table 6 - Effect of NSO on serum protein profile (g/dl) in different rabbit breeds 

Breeds 
Round 1 Round 2 

Control Treatment Control Treatment 

Total 

Protein 

Albino 6.25 ± 0.07 6.20 ± 0.16 6.29 ± 0.19 6.19 ± 0.07 

Brown 6.96 ± 0.22 6.73 ± 0.29 6.59 ± 0.41 6.71 ± 0.48 

Local 6.93 ± 0.64 6.47 ± 0.23 6.62 ± 0.17 6.19 ± 0.18 

Albumin 

Albino 5.77 ± 0.09ᵇ 5.71 ± 0.13ᵇ 5.71 ± 0.11ᵇ 5.74 ± 0.04ᵇ 

Brown 6.05 ± 0.22ᵃ 6.28 ± 0.29ᵃ 6.09 ± 0.01ᵃ 5.76 ± 0.18ᵃ 

Local 5.64 ± 0.23ᵇ 5.90 ± 0.23ᵇ 6.05 ± 0.11ᵇ 5.62 ± 0.16ᵇ 

Globulin 

Albino 0.48 ± 0.14 0.49 ± 0.12 0.58 ± 0.27 0.44 ± 0.07 

Brown 0.91 ± 0.20 0.75 ± 0.66 0.50 ± 0.40 0.95 ± 0.32 

Local 1.30 ± 0.46 0.56 ± 0.04 0.57 ± 0.14 0.57 ± 0.16 

Data are presented as mean ± standard error (SE). Superscript letters (ᵃ, ᵇ) indicate significant breed differences (P≤0.05). Breed effect was 

significant for Albumin (P≤0.02).  
 



Online J. Anim. Feed Res., 16(2): 109-117. 

 

 

114 

Table 7 - Effect of NSO on thyroid hormones (nmol/L) in different rabbit breeds 

Breeds 
Round 1 Round 2 

Control Treatment Control Treatment 

T3 

Albino 2.74 ± 1.83 0.91 ± 0.04 0.79 ± 0.01 1.27 ± 0.34 

Brown 0.74 ± 0.06 0.78 ± 0.04 0.81 ± 0.07 0.84 ± 0.16 

Local 1.21 ± 0.17 1.00 ± 0.07 0.71 ± 0.10 0.99 ± 0.12 

T4 

Albino 38.52 ± 7.53 34.39 ± 5.35 36.49 ± 3.02 39.27 ± 2.46 

Brown 31.80 ± 1.70 30.97 ± 4.96 32.11 ± 3.20 33.33 ± 6.19 

Local 40.74 ± 4.15 41.36 ± 0.75 32.18 ± 4.72 32.69 ± 1.75 

Data are presented as mean ± standard error (SE). Significant differences between groups are indicated by P (P ≤ 0.05). 

 
DISCUSSION 
 

This study investigated the effect of dietary NSO supplementation on selected biochemical markers in three rabbit breeds: 

Albino, Brown, and Local. The findings indicate that several observed differences were primarily breed-dependent, 

reflecting inherent metabolic variation rather than treatment effects. Overall, NSO supplementation did not produce large 

or consistent alterations across the measured biochemical parameters. 

Blood glucose concentrations remained stable across breeds and dietary treatments. These findings are consistent 

with Mahomoodally et al. (2022), who found that NS reduces blood glucose primarily in diabetic animals rather than in 

healthy individuals with normal insulin regulation. Similarly, Wang et al. (2023) suggested that metabolic differences 

among rabbit breeds do not necessarily affect glucose homeostasis in healthy animals. 

Significant breed-related variation was observed in total cholesterol and LDL cholesterol levels, with Albino rabbits 

exhibiting higher concentrations than Brown and Local breeds. These findings are consistent with the study of Funes et al. 

(2024), who attributed elevated lipid profiles in Albino rabbits to differences in hepatic cholesterol synthesis and 

lipoprotein metabolism. Although NSO has been widely reported to exert hypolipidemic effects largely attributed to 

thymoquinone-mediated inhibition of HMG-CoA reductase (Kareem et al., 2022) no significant treatment-related lipid 

changes were detected in the present study. This may be explained by the absence of experimentally induced 

hyperlipidemia, a condition under which NSO effects are typically more pronounced. Comparable improvements in lipid 

and antioxidant status have been reported primarily under oxidative or metabolic stress conditions (Ahmed and Abdul-

Rahman, 2023; Fatima et al., 2024). Nevertheless, a slight reduction in triglycerides and a modest round-related increase 

in HDL were observed, suggesting minor improvements in lipid turnover over time, consistent with previous experimental 

observations (Atufe et al., 2022).  

Breed-related differences were also evident in liver enzyme activity. Specifically, AST levels were significantly elevated 

in Brown rabbits, whereas ALT exhibited a borderline trend among breeds. Abdel-Hamid and Dawod (2020) documented 

natural inter-breed variations in baseline liver enzyme activity, supporting the interpretation that the observed differences 

likely reflect physiological characteristics rather than dietary effects. Previous studies have demonstrated 

hepatoprotective properties of Nigella sativa under toxic stress conditions (Hassan et al., 2012; Hatipoğlu et al., 2023). 

The generally normal liver enzyme profiles observed here may therefore indicate limited scope for antioxidant intervention 

under physiologically stable conditions (Abdelsalam and Fathi, 2023).  

Higher creatinine and urea concentrations observed in Brown rabbits may reflect breed-related differences in renal 

clearance efficiency or muscle mass. Similar baseline variation among breeds has been reported by Sze-Yu et al. (2025), 

who noted that inherent physiological differences may obscure treatment effects in healthy animals. Conversely, Dollah et 

al. (2013) demonstrated nephroprotective effects of Nigella sativa through reductions in serum creatinine without 

evidence of nephrotoxicity. The round-related increase in uric acid observed in the present study, particularly during round 

2, may reflect time-dependent metabolic or handling stress, as previously suggested by De la Fuente et al. (2004). 

Albumin concentrations were consistently higher in Brown rabbits, potentially reflecting enhanced hepatic synthetic 

protein synthesis or improved protein assimilation. Differences in total protein and globulin among breeds were minimal, 

consistent with findings by Umar et al. (2018) and Cimrin et al. (2023), who reported improved protein status in rabbits 

receiving Nigella sativa supplementation, possibly due to enhanced nitrogen utilization and liver function. These findings 

suggest a potential protein-sparing or anabolic role of NSO, particularly during prolonged supplementation or nutritional 

stress (El-Gindy et al., 2020). Similar improvements in protein metabolism have been observed with antioxidant-rich 

supplements such as coenzyme Q10 and wheat germ oil in stressed rabbits (Al-Samarai and Al-Janabi, 2021). 

Thyroid hormones (T3 and T4) remained unaffected by treatment, breed, or experimental round, supporting findings 

by Elfaki and Elkhair (2023), who reported minimal endocrine disruption following phytogenic supplementation. Avci et al. 

(2021) further suggested that Nigella sativa may act as a hormonal modulator primarily under pathological thyroid 

conditions rather than altering euthyroid physiological states. 
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Biological variability should also be considered when interpreting the findings. High standard errors were observed for 

several parameters, particularly liver enzymes, lipid fractions, and thyroid hormones. Such variability is common in rabbit 

models and may arise from genetic diversity, limited sample size, or stress responses related to handling and 

environmental factors. Previous studies have similarly documented fluctuations in enzymes such as AST, ALT, CK, and 

LDH associated with breed and stress exposure (Washington and Van Hoosier, 2012). Hormonal and metabolic markers 

are likewise influenced by circadian rhythms, feed intake, and adaptive physiological responses (Liang et al., 2022). 

Despite this variability, statistically significant differences were detected in key parameters such as creatinine, 

cholesterol, and albumin, suggesting that the observed effects are biologically meaningful. Future studies incorporating 

larger sample sizes and refined sampling protocols may help reduce variability and strengthen these findings. 

 

CONCLUSION  

 

Dietary supplementation with N.S oil (5 g/kg DM) produced breed-dependent biochemical responses among the three 

rabbit breeds studied. Albino rabbits exhibited higher cholesterol and LDL concentrations, whereas Brown rabbits showed 

elevated creatinine and urea levels. AST activity decreased more markedly in Albino and Local rabbits compared with the 

Brown breed. Overall, NSO supplementation appeared to support liver stability while maintaining normal kidney function 

without inducing adverse biochemical effects. Future research should investigate the effects of different inclusion levels of 

Nigella sativa oil to determine the optimal dosage for each rabbit breed, particularly in relation to lipid profile and kidney 

function parameters. 
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Supporting Information 

ABSTRACT: This study aims to evaluate the effect of emulsified high-PUFA oils enriched with natural 

antioxidants derived from jackfruit leaf extract on in vitro goat rumen fermentability and degradability. The 

study used a completely randomized design with two treatments and 5 replications. The treatments were 

supplementation with high-PUFA oils + natural antioxidants (P1, as the control), and supplementation with 

emulsified high-PUFA oils + natural antioxidants (P2). The parameters observed were rumen pH, total volatile 

fatty acid (VFA) concentration, NH₃ concentration, bacterial population, protozoa population, dry matter 

digestibility (DMD), and organic matter digestibility (OMD). The results showed that supplementing goat feed 

ration with emulsified high-PUFA oils enriched with natural antioxidants did not alter (P>0.05) rumen pH, 

total VFA, NH3 concentration, bacterial and protozoal population, DMD, or OMD. Overall, emulsified high-PUFA 

oils with natural antioxidants did not alter the examined rumen fermentation parameters and degradability. 

Thus, emulsified high-PUFA oils with natural antioxidants can be potentially used as an effective feed 

supplement to support goats' performance. 

Keywords: Emulsification, Feed supplement, Fermentation characteristics, Jackfruit leaves, Polyunsaturated 

fatty acid. 
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INTRODUCTION   
 

Previous studies have shown that polyunsaturated fatty acids (PUFA), particularly n-3 and n-6, have a positive effect on 

the reproductive function, health, and performance of goats (Almeida et al., 2019; Geng et al., 2020). However, ruminants 

cannot synthesize n-3 and n-6 PUFAs de novo, so the fatty acids must be supplied through their diet (Roque-Jiménez et al., 

2021). Flaxseed and sunflower oils are notable sources of essential n-3 and n-6 PUFAs. Flaxseed oil is rich in n-3 fatty 

acids, contains about 50% α-linoleic acid (ALA), which can be metabolized into eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA), and has anti-inflammatory and antiatherosclerosis effects (Liao et al., 2021; Romanić et al., 

2021). Sunflower seed oil is predominantly composed of n-6 PUFAs, particularly linoleic acid (LA), which reaches 60%-

75% (Akkaya, 2018). However, high-PUFA oil supplementation in ruminant diets may negatively affect rumen 

fermentation by inhibiting microbial activity, particularly fiber-degrading bacteria, thereby reducing fermentation 

efficiency when supplied at inappropriate levels or in unprotected forms (Mirzaei-Alamouti et al., 2021). A previous study 

has also reported that dietary lipid supplementation exceeding 4-6% of dry matter may negatively affect rumen 

fermentation (Ribeiro et al., 2025).  

In addition, PUFA metabolism may induce oxidative stress in livestock, leading to increased reactive oxygen species 

(ROS) and altering PUFAs' biological functions. Exogenous antioxidants can be used to prevent the side effects of PUFA 

metabolism (Fassah and Khotijah, 2016). A natural antioxidant derived from Jackfruit leaf extract, containing 0.34% 

antioxidant compounds, has been proposed as a strategy to mitigate oxidative stress (Pujiawati et al., 2023). Ojwang et 

al. (2017) reported that jackfruit leaves contain various bioactive compounds, including flavonoids (5.02-6.70 mg/g), 

tannins (1.97-2.56 mg/g), and phenolic compounds (30.92 - 37.39 mg/g). Nevertheless, directly mixing PUFA oils with 

jackfruit leaf extract may pose problems, as differences in polarity between hydrophilic antioxidants and lipophilic PUFA 

oils result in poor mixing efficiency, ineffective stabilization, and limited protective effects (Roschel et al., 2019).  

Emulsification has emerged as a promising approach to improve the physical stability and dispersion of PUFA oils 

and antioxidants. Emulsification allows for a more homogeneous mixture of PUFA oils and antioxidants by adding 

surfactants that reduce interfacial tension between two liquid phases (Saxena and Mandal, 2022). Tween 80 is a non-

ionic surfactant commonly used in emulsions that generally do not alter the pH since it does not dissociate into ions that 

could affect pH levels (López-Martínez and Rocha-Uribe, 2018; Pernin et al., 2019). Therefore, emulsifying high-PUFA oils 

with natural antioxidants may improve ruminal fermentation efficiency by stabilizing high-PUFA oils and natural 
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antioxidants without impairing nutrient degradability. However, studies on the impact of emulsified high-PUFA oils-

antioxidants combinations on rumen fermentation remain limited. Therefore, this study aims to evaluate the effect of 

emulsified high-PUFA oils enriched with natural antioxidants on in vitro rumen fermentation and degradability in goats. 

 

MATERIALS AND METHODS 
 

The research was conducted from October to December 2024 at the Meat and Draught Animal Nutrition Laboratory, IPB 

University, Indonesia. The in vitro analysis using goat rumen fluid was approved by the Animal Ethics Committee of the 

Directorate of Research and Innovation Licensing Governance and Scientific Authority (No. 123/KE.02/SK/06/2023). 

 

Antioxidant extraction  

The antioxidant compounds were extracted from jackfruit leaves using a maceration method in 70% ethanol (Najini 

and Wahdaningsih, 2024). The jackfruit leaves were briefly oven-dried at 60oC, then ground into a fine powder. A total of 1 

kg of jackfruit leaves powder was macerated in 70% ethanol, then kept at room temperature for 24 hours. The mixture 

was then filtered using filter paper and concentrated using a rotary evaporator to form a viscous extract.  

 

Feed supplement preparation  

The feed supplement was prepared in oil-in-water (O/W) emulsion containing 15% high-PUFA oils (flaxseed oil and 

sunflower oil), 10% Tween 80, and 75% distilled water with 15 mg of antioxidant compounds derived from jackfruit leaf 

extracts. The oil phase consisted of 62% sunflower oil and 38% flaxseed oil (w/w), chosen to balance n-6/n-3 PUFA 

profile. Then, the mixture was homogenized using a sonicator (Lab Ultrasonic Homogenizer, Tefic Biotech Co.,China) at 60 
oC, power 100W, and 30 minutes of sonication to ensure a uniform distribution of the oil phase in the water phase (oil -in-

water) (Chen et al., 2023). For both treatments, the total amount of high-PUFA oils and antioxidant compounds was 

standardized to deliver 150 mg of total oil and 15 mg of antioxidant per 100 mL emulsion.  

 

In vitro ruminal fermentation characteristics  

A Completely Randomized Design with 2 treatments and 5 replications per treatment was applied in this study. The 

treatments consisted of adding high-PUFA oil and natural antioxidant compounds separately to rumen fluid (P1; the 

control), or adding an emulsified high-PUFA oil enriched with natural antioxidant compounds to rumen fluid (P2). The 

treatments were evaluated using the in vitro two-stage method described by Tilley and Terry (1963). The formula and 

nutrient composition of the basal diet, as well as the composition of the supplement, are provided in Table 1.  

 

Table 1 - Formula and nutrient compositions of the treatment feed rations 

                                                                                               Composition (%) 

Feedstuff  
P1 P2 

Pennisetum purpureum 30.00 30.00 

Cassava waste 15.51 15.51 

Copra meal 20.68 20.68 

Soybean meal 10.34 10.34 

Pollard 17.17 17.17 

CaCO3 0.72 0.72 

Premix 0.72 0.72 

Salt  0.72 0.72 

Molasses  4.14 4.14 

Total 100 100 

Supplement   

High-PUFA oils and natural antioxidants 2.31 - 

Emulsified high-PUFA oils and natural antioxidants - 2.31 

Nutrient composition (%DM)   

Dry matter (DM)1 89.22 89.22 

Ash1 7.48 7.48 

Crude protein (CP)1 15.02 15.02 

Ether extract (EE)1 2.01 2.01 

Crude fiber (CF)1 15.13 15.13 

Nitrogen-free extract (NFE)1 60.38 60.38 

Total digestible nutrient (TDN)2 69.14 69.14 

P1: High-PUFA oils and natural antioxidants supplementation; P2: Emulsified High-PUFA oils and natural antioxidants supplementation; 
1Analyzed using Near infrared spectroscopy (NIRS); 2TDN = 40.265 – 1.379 (CF) + 1.1903 (EE) + 1.363 (NFE) + 0.1969 (CP) (Wardeh, 1981) 
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Rumen fluid was collected from three healthy donor goats using a stomach tube method before morning feeding 

(Shen et al., 2012). The animals were fed a basal diet consisting of 70% concentrate and 30% elephant grass (Crude 

protein = 9.52%, TDN = 66.45%). Rumen fluid was filtered through six-layer gauze, pooled into a single homogenized 

sample to reduce individual variation, and placed in an insulated bottle at 39 oC. A total of 0.5 g of the sample was 

incubated under anaerobic conditions at 39 oC with 10 mL of rumen fluid and 40 mL of McDougall buffer solution. Both 

supplements were added at a concentration of 23 mg/g sample. After 48 hours of incubation, 2-3 drops of HgCl2 were 

added, followed by centrifugation at 3000 rpm for 15 minutes. The samples were filtered and separated into residue and 

liquid samples. The residue sample was collected, dried at 105 °C for 24 hours, and combusted in a muffle furnace for 4 

hours (AOAC, 2019) to determine dry matter (DMD) and organic matter degradability (OMD). Meanwhile, the liquid sample 

was collected to analyze rumen pH, total volatile fatty acid (VFA), ammonia (NH3), and microbial population. Although the 

method primarily assessed nutrient degradability, the rumen fermentation parameters were also determined at the end 

of incubation as endpoint indicators of rumen fermentation conditions.  

The liquid samples were tested for rumen pH using a pH meter. The concentration of ammonia (NH3) was calculated 

using the method by Chaney and Marbach (1962) using UV-Vis spectrophotometry at 630 nm. The total VFA was 

measured using a steam distillation method (Despal et al., 2022). The total culturable bacterial population in the rumen 

was determined using the spread plate method with Brain Heart Infusion (BHI) medium, as described by Oliveira et al. 

(2021). The rumen protozoa population was analyzed following Ogimoto and Imai (1981). Briefly, 2 drops of the rumen 

fluid sample were mixed with a trypan blue formalin saline solution in a 1:1 ratio, and the mixture was observed under a 

microscope.  

 

Data analysis  

The data obtained were analyzed using an independent sample t-test in the statistical software SPSS 25.0. Data was 

considered significantly different between treatments at P<0.05.  

 

RESULTS AND DISCUSSION 

 

Ruminal fermentation characteristics 

The results showed that adding emulsified high-PUFA oils enriched with natural antioxidants to the ration did not 

significantly affect (P>0.05) pH value, total VFA, ammonia concentration, and bacterial and protozoal population (Table 

2), indicating the emulsion's lack of adverse effect on rumen fermentation. In this study, the emulsion containing high-

PUFA oils and natural antioxidants was stabilized with Tween 80, which has been shown to remain stable during digestion 

(Lamothe et al., 2019). Therefore, Tween 80 may have contributed to maintaining stable rumen pH. The ruminal pH 

values in this study were within the normal range of 6-7 (McDonald et al., 2022), which supports the growth and activity of 

rumen microbes required for optimal feed degradation. Therefore, the emulsion of high-PUFA oils-enriched with 

antioxidants did not interfere with the rumen's buffering capacity. 

 

Table 2 – Rumen fermentation characteristics due to Emulsified high-PUFA oil with natural antioxidant 

supplementation 

                                                                                                     Treatments 

Parameters 
P1 P2 P-value 

pH 7.10 ± 0.24 6.95 ± 0.30 0.523 

Bacteria population (log cfu/mL) 6.25 ± 0.85 6.95 ± 0.20 0.446 

Protozoa population (log cell/mL) 6.21 ± 0.12 6.19 ± 0.03 0.767 

NH3 (mM) 8.07 ± 1.91 8.12 ± 0.69 0.971 

Total VFA (mM) 100.04 ± 4.23 111.76 ± 6.41 0.057 

P1 = high-PUFA oils and natural antioxidants supplementation, P2 = emulsified high-PUFA oils and natural antioxidants supplementation. VFA 

= volatile fatty acid, NH3 = ammonia 

 

Furthermore, the emulsified high-PUFA oils with natural antioxidants had no significant effect (P>0.05) on both the 

total ruminal bacteria and protozoa population. The lack of significant changes in the rumen microbial population may be 

due to the protective role of emulsifiers, which prevent oils and antioxidants from directly interacting with bacteria and 

protozoa. Previous study has reported that nano-emulsified oils modulate the proportions of volatile fatty acids in ruminal 

cultures, but do not affect total bacterial counts (El-Sherbiny et al., 2016). In addition, caffeic acid, a phenolic antioxidant, 

did not significantly affect bacterial counts when administered in emulsified form (Sørensen et al., 2008). In this study, 

the bacterial population findings align with those of Suharti et al. (2019), who reported that the total ruminal bacterial 

population with the addition of canola and flaxseed oil calcium soap ranged from 6.00 to 6.68 log cfu/mL. Meanwhile, 

the protozoa population in this study aligns with Zahera et al. (2024), who reported that the proportion of unprotected to 

protected fat supplementation in dairy rations ranged from 5.96 to 6.27 log cells/mL. 
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Next, the emulsified high-PUFA oils enriched with natural antioxidants did not change (P>0.05) NH3 concentration. 

This finding indicates that protein degradation and microbial nitrogen assimilation remained unaffected by the 

supplementation form. In this study, the overall rumen microbial population remained unchanged with the addition of 

emulsified high-PUFA oils enriched with natural antioxidants, which may have maintained the ammonia concentration. 

Rumen-ammonia-producing bacteria, such as Clostridium aminophilum, are primarily responsible for producing ammonia 

from protein degradation (Adeniyi et al., 2023; Chanu et al., 2024). Additionally, protozoa such as Entodinium caudatum 

engulf bacteria and release oligopeptides and amino acids, which are fermented to ammonia by amino acid-fermenting 

bacteria (Park and Yu, 2023). The NH3 concentration in this study aligns with that reported by Riestanti et al. (2024), who 

found that unsaturated fat supplementation in the form of calcium soap and prill fat resulted in NH3 concentrations 

ranging from 7.73 to 9.73 mM. Therefore, our research indicates that supplementing goat feed rations with emulsified 

high-PUFA oils enriched with natural antioxidants can maintain normal NH3 concentrations, supporting a well-functioning 

rumen. 

Moreover, the total VFA was not altered by the supplementation of high-PUFA oils enriched with natural antioxidants 

(Table 2). Emulsification reduces the tension between oil and water, allowing better dispersion of oil droplets (Losada -

Barreiro et al., 2020). In addition, the antioxidants at the oil-water interface effectively enhance the oxidative stability of 

emulsions (Li et al., 2022). The absence of significant changes in total VFA concentration suggests that the emulsified 

high-PUFA oils enriched with natural antioxidants neither stimulated nor suppressed overall fermentation activity. This 

result also indicates that emulsification may have played a protective role, maintaining PUFA and antioxidant function 

without affecting microbial fermentation. The total VFA levels in this study were comparable with those reported by 

Muktiani et al. (2024), ranging from 87.52 to 164.38 mM. Thus, emulsified high-PUFA oils with natural antioxidants may 

enhance supplementation efficiency in goats. However, further in vivo studies are required to confirm the protective effect 

of emulsification.  

 

Ruminal in vitro degradability 

Adding emulsified high-PUFA oils enriched with natural antioxidants did not influence (P>0.05) DMD and OMD (Table 

3). The lack of a significant difference in DMD and OMD levels with supplementation in the emulsified form may be 

caused by the content of active compounds within the emulsion that did not interfere with the rumen microbial population 

and rumen pH value. The microbial population and pH conditions in the rumen may facilitate the fermentation and feed 

degradation process (Mickdam et al., 2016). In our study, the DMD and OMD remain unchanged as the emulsified 

substrates may not be fully utilized by rumen microbes (Eftaxias et al., 2021). Additionally, the antioxidant components in 

the emulsion may have created a barrier that limits the nutrient degradability (Obando et al., 2015). The digestibility of 

DM and OM in this study aligns with those reported by Reproto (2025), which ranged from 42.01% to 76.90% and from 

65.1% to 88.36%, respectively. Thus, adding emulsified high-PUFA oils enriched with natural antioxidants to the goat 

ration results in consistent DMD and OMD levels, reflecting its potency as a feed supplement without altering rumen 

fermentation or degradability. 

 

Table 3 - Ruminal dry matter and organic matter degradability 

                                                                                                     Treatments 

Parameters 
P1 P2 P-value 

Dry matter degradability (DMD) 76.58 ± 4.73 74.97 ± 2.98 0.643 

Organic matter degradability (OMD) 77.28 ± 6.26 74.80 ± 2.65 0.562 

P1 = high-PUFA oils and natural antioxidants supplementation, P2 = emulsified high-PUFA oils and natural antioxidants supplementation 

 
CONCLUSION  

 

This study found that emulsified high-PUFA oils enriched with natural antioxidants does not alter rumen pH, microbial 

population, total VFA, ammonia concentration, and the degradability of dry matter and organic matter. Thus, emulsified 

high-PUFA oils enriched with natural antioxidants may be used as an efficient and safe feed supplement for goats. 

Nevertheless, further in vivo studies are strongly required to assess the long-term effects of supplementation on rumen 

fermentation and animal performance. 
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