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Abstract

Introduction: Soybean meal is one of the main sources of protein in animal nutrition; however, its high price and
limited production have constrained its widespread use. As global demand for animal products continues to rise,
identifying alternative protein sources that can effectively replace soybean meal is crucial for sustainable animal
nutrition and production. Soybean meal undergoes extensive protein degradation in the rumen, which is often
undesirable for ruminant nutrition. In recent years, cotton cultivation has expanded in Golestan province, Iran,
increasing the availability of cottonseed meal as a potential alternative protein source. Utilizing agricultural by-
products like cottonseed meal in livestock diets can help reduce reliance on soybean meal while promoting
sustainable feed formulations. Cottonseed meal contains lower energy and protein levels than soybean meal but
has a higher proportion of rumen-undegradable protein (RUP). Incorporating bypass protein in ruminant diets
enhances the availability of essential amino acids, supporting growth and productivity. Since microbial protein
alone cannot fully meet the protein requirements for optimal production, ruminants benefit from dietary sources
of RUP to ensure sufficient nutrient supply. The commercial mixed concentrate supplement is a formulated blend
containing poultry meat by-products, cotton waste, rice bran, wheat bran, corn meal, pistachio powder, and corn
steep liquor. This mixture is processed under steam and high pressure in a conditioner, making it a viable protein
source for animal diets. Its significance lies in providing a combination of both plant- and animal-derived proteins,
which may offer superior nutritional benefits compared to solely plant-based protein sources. This study aimed to
evaluate the effects of replacing soybean meal and cottonseed meal with a commercial mixed concentrate
supplement on feed intake, hydrolytic enzyme activity, rumen fermentation parameters, and liver enzyme activity
in lactating Dalagh ewes.

Materials and methods: Twenty-one lactating Dalagh ewes in their sixth week of lactation (38+2.6 kg) were
randomly assigned to three dietary treatments, with seven ewes per group. The treatments included: (1) A basal
diet supplemented with soybean meal, (2) A basal diet supplemented with cottonseed meal, and (3) A basal diet
supplemented with a mixed concentrate. The experiment lasted for 42 days. Ewes were weighed at the beginning
and end of the experimental period. Feed refusals were weighed daily, and daily feed intake was calculated by
subtracting refusals from the feed offered. Rumen fluid sampling was conducted on day 42, three hours post-
feeding, using an esophageal tube. The rumen pH was immediately measured and recorded using a mobile digital
pH meter (Metrohm Laboratory pH Meter-691), which was calibrated on-site before use. The ammonia nitrogen
concentrations were measured in the samples using standard methods. In addition, the Dehority and Males method
was used to count protozoa. The rumen fluid was filtered with a cloth in a test tube wrapped in foil, then 4 mL of
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rumen fluid was poured. After that, 1 mL of 18.5% formalin, 5 drops of methylene blue dye, and 3 mL of glycerol
were added. Counting of protozoa was done by a microscope and a lens with 40X magnification by a Neobar
slide. To determine the concentration of volatile fatty acids, 5 mL rumen fluid samples were collected, and 1 mL
of 25% metaphosphoric acid was added to each sample to preserve them. The samples were then stored at -20 °C
until analysis. The extraction of ruminal hydrolytic enzymes, including carboxymethyl-cellulase and
microcrystalline-cellulase, was performed following the method described by Hristov.

Results and discussion: The results indicated that dry matter intake (DMI) was significantly higher in the group
receiving the mixed concentrate compared to the other treatments (P<0.05). Additionally, calves in the mixed
concentrate group exhibited a significant increase in daily milk production compared to those receiving soybean
meal or cottonseed meal (P<0.05). Addition of mixed concentrate to the diet of ewes caused a significant decrease
in rumen pH and a significant increase in ammonia nitrogen and rumen protozoa population compared to other
treatments (P<0.05). Also, rumen acetate concentration decreased under the influence of mixed concentrate
consumption, while rumen propionate concentration increased in the rumen of ewes receiving mixed concentrate
(P<0.05). But the concentration of butyrate, isobutyrate, valerate, isovalerate, and total rumen volatile fatty acids
was not affected by the experimental treatments. The activity of carboxymethyl cellulose and microcrystalline
cellulose enzymes in the cell section, extracellular section, solid part, and total rumen parts in the treatments
receiving soybean meal and cottonseed meal was higher than in the treatment receiving mixed concentrate
(P<0.05). There were no significant differences among the experimental treatments in serum concentrations of
aspartate aminotransferase, alanine aminotransferase, and alkaline phosphatase (P>0.05).

Conclusions: The results obtained showed that soybean meal and cottonseed meal can be completely replaced in
the diet of ewes without affecting feed intake or rumen health.
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Table 1. Ingredients and chemical composition of the experimantal diets (% DM or as stated)

Ingredient

Diets containing different protein sources

Soybean meal

Cottonseed meal

Mixed concentrate

Alfalfa hay 20.00
wheat straw 20.00
Barley grain 15.00
Corn grain 14.00
Soybean meal 15.00
Cottonseed meal 0.00

Mixed concentrate 0.00

Wheat bran 6.76

Sugar beet pulp 6.00

Slow release urea 0.24

Salt 0.50

Calcium carbonate 1.00

Sodium Bicarbonate 0.50

Mineral-vitamin supplement* 1.00

Chemical composition

Metabolizable energy (Mcal/kg DM) 2.33

Crude protein (%) 13.24
RDP (%) 7.98

RUP** (%) 5.26

Ash (%) 6.66

Crude fat (%) 1.78

NDF (%) 34.62
ADF (%) 17.28
Calcium (%) 0.86

Phosphorus (%) 0.38

20.00 20.00
20.00 20.00
15.00 15.00
14.00 14.00
0.00 0.00
15.00 0.00
0.00 15.00
6.59 6.62
6.00 6.00
0.41 0.38
0.50 0.50
1.00 1.00
0.50 0.50
1.00 1.00
2.32 2.31
13.28 13.30
7.94 7.60
5.34 5.70
6.54 6.61
1.74 1.82
36.89 38.02
16.89 16.01
0.89 0.92
0.39 0.41

*Vitamin-trace mineral pre-mix provides per kg of mixed ration: 1000000 IU Vitamin A; 75000 IU Vitamin D3; 3000 mg
Antioxidants; 150000 mg Ca; 60000 mg P; 300009 mg Mg; 2000 mg Mn; 3000 mg Fe; 500 mg Cu; 2500 mg Zn; 10 mg Co;

20 mg I. ** The RUP was calculated from tabular values.
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Table 2. Chemical composition of mixed concentrate, soybean meal, and cottonseed meal

Chemical composition

Mixed concentrate

Soybean meal Cottonseed meal

Dry matter (%) 88.42 88.10 90.00
Metabolizable energy (Mcal/kg DM) 1.94 1.29 1.24
Crude protein (%) 35.47 46.14 37.70
Crude fat (%) 4.92 3.86 3.42
Ash (%) 3.96 422 5.16
NDF (%) 35.92 16.11 36.20
ADF (%) 11.64 8.07 22.00
Calcium (%) 0.57 0.33 0.27
Phosphorus (%) 0.74 0.67 0.94
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Fig. 1. Effect of different protein sources on dry matter intake of ewes
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Table 3. Effect of different protein sources on rumen fermentation parameters of ewes

Protein sources

Rumen parameters Soybean Cottonseed Mixed SEM P-value
meal meal concentrate

pH 6.24* 6.33* 5.64° 0.108 <0.01

NH3-N (mg/dL) 18.81° 18.77° 20.84* 1.099 <0.01

Protozoa number (10° /mL) 7.52° 7.47° 8.66° 0.323 0.02

*b Different superscript letters in the same row represent a significant difference (P<0.05). SEM: Standard error of the means
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Table 4. Effect of different protein sources on concentration of volatile fatty acids in the rumen of ewes

Protein sources

Rumen VFA (mmol/L) Soybean Cottonseed Mixed SEM P-value
meal meal concentrate
Acetate 64.98* 68.54* 56.22° 2.428 <0.01
Propionate 26.77° 25.28° 31.022 1.077 <0.01
Butyrate 7.44 7.61 7.56 0.621 0.58
Iso butyrate 1.42 1.41 1.49 0.098 0.74
Valerate 1.94 1.82 1.88 0.411 0.62
Iso valerate 1.27 1.22 1.29 0.124 0.72
Total VFA 103.84 102.88 99.46 4.119 0.76
Acetate:Propionate 2432 2.71% 1.82° 0.049 <0.01

*b Different superscript letters in the same row represent a significant difference (P<0.05). SEM: Standard error of the means
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Table 5. Effect of different protein sources on activity of hydrolytic enzymes in the rumen of ewes

Protein sources

Hydrolytic enzymes Soybean Cottonseed Mixed SEM P-value

meal meal concentrate
Carboxymethyl cellulose (Micro-molar glucose released per hour per mL of ruminal fluid)
Cell section 87.64* 92.592 61.02° 6.544 <0.01
Extracellular section 186.522 190.60* 129.17° 8.550 <0.01
Solid part 252.94* 249.62° 200.04° 2.479 <0.01
Total 549.88* 562.27* 427.19° 19.914 <0.01
Microcrystalline cellulose (Micro-molar glucose released per hour per mL of ruminal fluid)
Cell section 149.20° 160.01* 117.98° 8.621 <0.01
Extracellular section 111.54° 124.81¢ 92.06° 9.969 <0.01
Solid part 261.48° 255.69° 202.86° 9.478 <0.01
Total 491.00° 478.51* 331.32° 13.535 <0.01

b Different superscript letters in the same row represent a significant difference (P<0.05). SEM: Standard error of the means
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Table 6. Effect of different protein sources on activity of liver enzymes in the blood of ewes

Different protein sources

Liver enzymes Soybean Cottonseed Mixed SEM P-value
meal meal concentrate

Aspartate aminotransferase (U/L) 82.46 79.50 78.61 8.342 0.42

Alanine aminotransferase (U/L) 18.24 19.38 20.02 1.247 0.64

Alkaline phosphatase (U/L) 162.66 156.07 160.14 11.248 0.47

SEM: Standard error of the means
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