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ABSTRACT

This study was carried out to evaluate the effects of supplementing corn steep liquor (CSL), as a nitrogen source, with
different dietary carbohydrate sources on in vitro gas production, fermentation parameters, digestibility and activity
of rumen microbial enzymes of male lamb's diets. The 8 experimental diets contained different energy sources
(including different levels of barley, corn and molasses), in which a constant level of CSL was used (13% of diet dry
matter (DM)), incubated in vitro. Experimental diets were 1) corn, 2) barley, 3) mixture of corn/barley and replacing
the former with4) 5, 5) 10, 6) 15, 7) 20 and 8) 25% molasses. The maximum and minimum gas production at 72 and
96 (h) of incubation, and potential of gas production (b) were obtained by incubation of diet containing15% molasses
and corn diets, respectively (P<0.05). However, the greatest and lowest values for fractional rate of gas production (c)
and microbial protein synthesiswere observed in the diets containing 10 and 25% molasses, respectively (P<0.05).
The concentration of NHz-N was greatest by supplementing CSL with 25% molasses, while it was lowest in the diet
containing 10% molasses (P<0.05). The addition 10% molasses along with CSL increased the activity of
carboxymethyle cellulase and microcrystalline cellulase compared with the other treatments (P<0.05). The highest
activity of filter paper-degrading (FDP) was obsereved with the diet in which CLS was supplemented with 5%
molasses, while supplementing CSL conating diet with 25% molasses led to the lowest FPD activity (P<0.05). In
conclusion, the results of present study showed that supplementing CSL containing diet with 10% of molasses
improved nutrient digestion, rumen fermentation and nitrogen metabolism in vitro.

Keywords: Corn steep liquor, digestibility, enzyme activity, fermentation, grains, molasses.
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1. Corn Steep Liqour
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Table 1. Chemical composition of corn steep
liguor (% of dry matter or as stated)

Chemical composition Amount (%)

Dry matter 52.5
Organic matter 92.5
Crude protein 425
Neutral detergent fibre 0

Acid detergent fibre 0

Lactic acid 15.5
Metabolizable energy (MJ/kg DM) 12.6

Al e diged oz uSle Jgaz J5Is slacl 5l plaS (o
Each value is average of four replicates.
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Table 2. Ingredients and chemical composition of experimental diets as substrates for in vitro incubation
(% of dry matter or as stated)

Experimental diets (containing differene energy sources)

Cereal grains Molasses

Barley (B) Corn (C) B+C 5 10 15 20 25
Ingredients
Wheat straw 10 10 10 10 10 10 10 10
Alfalfa hay (dried) 20 20 20 20 20 20 20 20
Wheat bran 10 10 9.0 9.0 9.0 8.0 8.0 8.0
Soybean meal 3.0 5.0 4.0 4.0 4.0 5.0 5.0 5.0
Corn steep liqur 13 13 13 13 13 13 13 13
Barley grain, ground 39.5 0 19.75 17.25 14.75 1225 9.75 7.25
Corn grain, ground 0 375 19.75 17.25 1475 1225 9.75 7.25
Molasses 0 0 0 5.0 10 15 20 25
Vitamin-mineral premix* 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Salt 0.5 0.5 0.5 05 0.5 0.5 0.5 05
Sodium bicarbonate 20 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Chemical composition
Dry matter 87.1 86.5 86.8 85.7 85.5 84.8 84.1 83.5
Organic matter 89.1 89.8 89.5 89.1 88.6 88.1 87.6 87.1
Crude protein 15.9 15.8 15.8 15.7 15.6 15.8 15.7 15.7
Neutral detergent fiber 30.9 27.4 289 27.8 26.6 25.2 24.1 229
Acid detergent fiber 15.6 16.1 15.8 15.4 15.1 14.7 14.3 13.9
Metabolizable energy (MJ/kg DM) 10.7 10.75 10.7 10.7 10.6 10.6 10.55 10.5
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1. Contained (per kg): 99.2 mg Mn, 50 mg Fe, 84.7 mg Zn, 1 mg Cu, 1 mg I, 0.2 mg Se2, 9000 IU vitamin A, 2000 IU vitamin D and 18 IU vitamin E

(Roshd-Daneh, Karaj, Iran).
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Table 3. Effect of supplementing corn steep liquor with different energy sources on in vitro gas production parameters

Treatments

In vitro gas production parameters
5

GP,," GP.s’ GP;;° TGP* b c® Lag’
Barley (B) 50.7 59.8 65.6 67.3" 62.6° 0.074® 0.07
Corn (C) 437 53.8 60.9° 63.2° 58.6° 0.061° 0.08
B+C 47.8 57.4 64.1% 66.7° 61.8° 0.071%° 0.08
Molasses 5% 52.5 64.1 69.5° 72.9°% 70.6° 0.073* 0.13
Molases10% 52.9 63.4 69.9° 732 71.6° 0.076° 0.04
Molases15% 50.6 62.8 71.6° 75.28 7170 0.059%% 0.01
Molases20 49.8 63.1 712 74.8 68.8° 0.052% 0.05
Molases25% 48.2 59.8 66.4% 69.7% 61.9° 0.047¢ 0.03
SEM® 0.94 1.02 1.03 1.09 0.96 0.01 0.018
P-value® 0.26 0.14 0.04 0.04 0.04 0.02 0.64
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1- In vitro gas production (IVGP) for 24 h (ml), 2- IVGP for 48 h (ml), 3- IVGP for 72 h (ml), 4- Total gas production for 96 h (ml), 5. Gas production
from the insoluble but fermentable fractions for 96 h (ml), 6- Rate constant of gas production during incubation (/h), 7- Lag time ,delay phase (h), 8-
Standard error of the means, 9- Means within a column with different superscript letters are different (P<0.05).
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Table 4. Effect of supplementing corn steep liquor with different energy sources on ruminal fermentation parameters

Fermentation parameters

Treatments

ME! IVDMD? IVOMD? SCFA* pH N -NH,® MPS®
Barley (B) 10.7 54.1% 55.9 0.97 6.21%° 123° 40.9%
Corn (C) 10.4 48.1° 50.2 0.82 6.36% 129° 37.5%
B+C 10.5 52.9 % 53.9 0.90 6.26%® 153%® 39.5%
Molasses 5% 11.1 53.1% 56.3 0.98 6.13™ 117° 43.4%°
Molases10% 11.2 59.2% 57.2 1.01 6.14 108° 47.1°
Molases15% 11.1 53.5%® 59.4 0.95 6.08" 110° 44.7®
Molases20 10.6 52.1%® 55.4 0.96 6.02% 125° 40.1%
Molases25% 10.4 51.3® 53.6 0.91 5.87¢ 182° 34.7¢
SEM’ 0.28 0.77 0.77 0.02 0.036 6.38 3.48
P-value® 0.26 <0.01 0.113 0.190 <0.01 0.020 0.01
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1- Estimated metabolizable energy (MJ/kg DM), 2- In vitro dry matter disappearance (%), 3- In vitro organic matter disappearance (%), 4- Short chain
fatty acids (mmol/200 mg DM), 5- Ammonia nitrogen (mg/l), 6- Microbial protein synthesis (mg/g DM), 7- Standard error of means, 8- Means within

a column with different superscript letters are different (P<0.05).
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Table 5. Effect of supplementing corn steep liquor with different energy sources on two-stage in vitro nutrient
digestibility (% of dry matter or as stated)

Digestibility

Treatments DM oM’ DOMD® NDF” ADF®
Barley (B) 74.3% 76.4% 681° 53.3° 47.4°
Corn (C) 69.2° 70.2° 650° 54.7% 50.5"
B+C 72.7%% 74, 7% 669™ 54.3° 50.1°
Molasses 5% 78.1%* 79.4%® 707 59.8% 55.8°
Molases10% 79.1° 81.8? 7252 62.1° 58.1°
Molases15% 78.7° 80.3%® 707%® 62.1° 59.7°
Molases20 76.1%% 77.1%® 675™ 61.3% 58.1%
Molases25% 74,3 76.1%® 663™ 57.8%¢ 54.5°
SEM® 0.653 0.864 9.76 2.49 1.062
P-value’ <0.01 <0.01 0.02 0.03 <0.01
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1- Dry matter (%), 2- Organic matter (%), 3- Digestibile organic matter in the dry matter (g/kg), 4- Neutral detergent fibre (%), 5- Acid detergent fibre
(%), 6- Standard error of means, 7- Means within a column with different superscript letters are different (P<0.05).
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Table 6. Effect of supplementing corn steep liquor with different energy sources on the activity of ruminal hydrolytic

enzymes of lambs (units per minute in ml of rumen content of sheep)

Treatments CMCase” MCCase” FPD? activity Alpha amylase
Barley 1.47% 1.38° 1547 9.48%
Corn 1.66 1.76° 1.77°¢ 8.51°
Barly + Corn 156 1.239 1.65% 7.69°
Molasses 5% 1.75° 1.26 2.06* 7.05°
Molases10% 2.55° 2.61° 1.92° 7.11°
Molases15% 221° 251° 1.51%* 6.89°
Molases20 1.75° 1.07° 1.43° 7.34%
Molases25% 1.31° 1.66° 1.30 6.83°
SEM* 0.012 0.013 0.031 0.067
P-value® <0.01 <0.01 <0.01 <0.01
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1- Carboxymethyl cellulase, 2- Microcrystalline cellulase. 3- Filter paper-degrading activity. 4- Standard error of means, 5. Means within a column
with different superscript letters are different (P<0.05).
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