Animal Production Research

Vol. 12, No. 4, 2023 (63-78) T
doi: 10.22124/AR.2023.24395.1764

SRR AR eISSN: 2538-6107 pISSN: 2252-0872 University of Cuifan
RESEARCH PAPER OPEN ACCESS

Effect of non-protein nitrogen source in high-protein diet and
feeding frequency on growth performance, rumen fermentation
parameters, and the activity of microbial enzymes in fattening
lambs

S. Varezardi', A. Azizi*", A. Kiani?, A. Fadayifar?, A. Sharifi*

1. Ph.D. Student, Department of Animal Science, Faculty of Agriculture, Lorestan University, Khorramabad, Iran

2. Associate Professor, Department of Animal Science, Faculty of Agriculture, Lorestan University, Khorramabad, Iran

3. Assistant Professor, Department of Animal Science, Faculty of Agriculture, Lorestan University, Khorramabad, Iran

4. Assistant Professor, Animal Science Research Department, Khuzestan Agricultural and Natural Resources Research and
Education Center, AREEO, Ahvaz, Iran

(Received: 26-04-2023 — Revised: 31-10-2023 — Accepted: 04-11-2023)

Introduction: The lack of animal feed resources and the increase in animal feed costs relative to the total
production costs have created challenges in supplying society with animal protein. Therefore, correctly estimating
the nutritional value of feed, especially protein sources, can be an important step in meeting the needs of livestock
and reducing production costs. Protein is the most important and expensive nutrient used in ruminant diets. Using
non-protein nitrogen (NPN) sources such as urea or its products can be considered a cheap alternative source in
animal feeding. Iran is one of the most important urea-producing countries in the world; therefore, using urea or
its slow-release products as a feed additive in animal nutrition can be beneficial. In the past years, various sources
of slow-release urea have been produced and used in animal feeding. Biuret (heated urea) is one of the slow-
release urea compounds, and its production cost is lower than other slow-release urea sources. Compared to urea,
it has less solubility in water and is converted to ammonia in the rumen at a much slower rate. It is also less toxic
than urea and has a lower negative effect on feed palatability, so it can be used to a greater extent than urea in the
diet of ruminants. Biuret is very safe and it can be included in the diet of animals in an amount of 20 times higher
than the toxic dose of urea. Biuret usually contains 248.5% crude protein (39.8% nitrogen content), which is a
little less than urea. On the other hand, increasing the daily feeding frequency is one of the management methods
that may improve the productive performance of livestock, as well as the quantity and quality of the carcass.
Increasing the feed frequency may improve nitrogen retention and reduce body fat. It is believed that increasing
the frequency of daily feeding will keep the feed fresh, reduce the amount of feed waste, and improve livestock
performance. Therefore, this study aimed to investigate the effect of NPN source, in high-protein diets, and
feeding frequency on growth performance, rumen parameters, and the activity of rumen microbial enzymes of
fattening lambs.

Materials and methods: Twenty-eight male Lori-Bakhtiari fattening lambs (age: four to five months; live weight:
36.1+3 kg) were assessed for 60 days using a 2x2 factorial experiment in a completely randomized design with
four treatments and seven replications. The experimental high-protein diets (16% of DM) contained urea or biuret,
which were given to the lambs in the form of a total mixed ration two or three times a day. The lambs were kept
in 1x1.5 m? individual stalls. Nutrient intake, growth performance, and ruminal parameters [on day 45 of the
experiment at fasting (before morning feeding), three, and six h after feeding] including pH, ammonia and volatile
fatty acid concentrations, and microbial enzyme activity were measured.
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Results and discussion: Results showed that intakes of dry matter, organic matter, crude protein, neutral detergent
fiber and ether extract, final weight, and total weight gain were not affected by NPN type or feeding frequency
(P<0.05). Compared to urea, lambs consuming biuret had higher average daily gain and better feed conversion
ratio (P<0.05). The ruminal pH was not affected by the NPN source, feeding frequency, and their interaction
(P<0.05). Rumen ammonia nitrogen concentration at three and six hours after morning feeding was significantly
higher in lambs fed the diet containing urea than in biuret (P<0.05). The effect of NPN source, feeding frequency,
and their interaction was not significant at 0 and six h after feeding on the ruminal concentration of total volatile
fatty acids (VFA), acetate, propionate, butyrate, valerate, iso-valerate, and acetate to propionate ratio (P<0.05).
However, feeding a diet containing biuret and given three times a day increased total VFA and acetate
concentration at three hours post-feeding (P<0.05). The ruminal activity of carboxymethyl cellulase at 0, three,
and six hours after feeding increased in animals fed biuret-containing diet compared to urea (P<0.05). However,
rumen protease activity significantly increased in lambs fed a urea-containing diet than biuret-containing diet
(P<0.05). Feeding three times a day increased the activity of carboxymethyl cellulase at three hours post-feeding
(P<0.05). Filter paper degrading activity at three and six hours after feeding in lambs fed biuret was significantly
higher than those fed urea (P<0.05). The activity of microcrystalline cellulase and a-amylase was not affected by
the NPN source, feeding frequency, and their interaction (P<0.05).

Conclusions: Using biuret compared to the urea, in high-protein diets, and feeding diets three times a day,
compared to two times a day, improved rumen fermentation parameters and performance of fattening lambs.
Keywords: Fattening lamb, Feeding frequency, Rumen fermentation parameters, Enzyme activity, Non-protein
nitrogen
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Table 1. Ingredients and chemical composition of experimental diets containing different non-protein nitrogen
sources (based on % of dietary DM)

Experimental diets

Ingredients Containing urea Containing biuret
Alfalfa hay (dried) 25.0 25.0
Wheat straw 5.0 5.0
Barley grain, ground 30.0 30.0
Corn grain, ground 22.5 22.35
Soybean meal 6.0 6.0
Wheat bran 7.0 7.0
Premix! 3.5 3.5
Urea 1.0 -
Biuret - 1.15
Chemical composition
Dry matter 91.0 91.0
Organic matter 92.1 92.1
Crude protein 16.0 16.0
Neutral detergent fiber (NDF) 30.0 29.9
Ether extract 2.68 2.67
Ca 0.86 0.86
P 0.37 0.37
ME (Mcal/’kg DM) 2.62 2.62

1. The mineral and vitamin premix contained (1 kg premix): 25000 IU vitamin A, 5000 IU vitamin D3, 1000 IU vitamin E,
1250 mg Mn, 375 mg Cu, 25 mg Se, 140000 mg Ca, 2500 mg P, 20 mg Co, 25mg lodine, 25000 mg Mg, 25000 mg Na (NaCl),

25000 mg Na (NaHCOs), 1000 mg Antioxidant.
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Table 2. Effect of non-protein nitrogen source (NPN) and feeding frequency on the growth performance and
nutrient intake of fattening lambs

NPN source Urea Bioret P-value

Feeding Twice  Three Twice Three SEM  NPN Feeding NPN source

frequency aday  times a day times a source frequency x Feeding
a day day frequency

Growth

performance

Initial body 35.8 36.3 36.5 353 1.47 0.93 0.79 0.52

weight (kg)

Final body 50.5 50.4 50.4 51.3 2.09 0.83 0.88 0.82

weight (kg)

Total weight 15.3 16.1 16.1 16.9 1.46 0.39 0.37 0.97

gain (kg)

Average daily 255 268 278 285 22.9 0.04 0.27 0.56

gain (g)

Feed conversion 7.84 7.68 7.23 6.98 0.863 0.04 0.23 0.76

ratio

Nutrient intake

(g/d)

Dry matter 1932 1937 1945 2001 77.1 0.59 0.68 0.73

Organic matter 1777 1782 1790 1842 67.1 0.58 0.67 0.73

Crude protein 309 310 311 320 11.7 0.57 0.68 0.72

Neutral 573 575 578 594 21.6 0.55 0.63 0.71

detergent fiber

Ether extract 51.9 51.7 51.9 53.4 1.941 0.54 0.59 0.70
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Table 3. Effect of NPN source and feeding frequency on rumen fermentation parameters of fattening lambs
NPN source Urea Bioret P-value
Feeding frequency = Twice  Three Twice Three SEM  NPN Feeding  NPN source
aday  times aday  times source frequency  x Feeding
a day a day frequency

Before morning feeding

pH 7.4 7.22 7.18 742  0.188  0.67 0.79 0.44

Ammonia-N 16.7 16.2 16.1 159 0551 042 0.47 0.73

(mg/dl)

Total VFA 923 93.4 94.4 96.1 2.41 0.34 0.59 0.88

(mmol/L)

Acetate (mmol/L) 58.9 59.8 59.6 60.8 2.08 0.69 0.63 0.94

Propionate 19.2 18.9 194 209 0.768  0.18 0.47 0.35

(mmol/L)

Butyrate (mmol/L) 10.5 10.7 114 11.3  0.849 0.38 0.97 0.84

Valerate (mmol/L) 1.43 1.48 1.39 145 0.084 0.67 0.55 0.86

Iso-valerate 1.16 1.11 1.12 1.22  0.050 0.52 0.59 0.25

(mmol/L)

Acetate:propionate  3.07 3.19 3.08 292  0.136 032 0.90 0.33

Three hours after morning

feeding

pH 6.42 6.45 6.65 6.81 0.143 0.13 0.26 0.42

Ammonia-N 18.7 18.1 16.9 164 0.686 0.03 0.43 0.92

(mg/dL)

Total VFA 97.1 103 102 108 2.35 0.04 0.02 0.96

(mmol/L)

Acetate (mmol/L) 61.9 64.1 63.9 68.1 2.03 0.04 0.04 0.62

Propionate 20.7 20.6 21.1 22.1 1.42 0.52 0.72 0.71

(mmol/L)

Butyrate (mmol/L) 11.2 11.7 12.1 12.3 1.06 0.48 0.79 0.87

Valerate (mmol/L) 1.46 1.55 1.46 1.58 0.104  0.88 0.34 0.90

Iso-valerate 1.26 1.16 1.16 1.29  0.061 0.78 0.75 0.14

(mmol/L)

Acetate:propionate  3.05 3.15 3.08 3.09 0218 0.60 0.82 0.71

Six hours after morning

feeding

pH 6.88 7.05 6.95 7.10 0.153  0.70 0.32 0.93

Ammonia-N 18.1 17.7 16.7 16.2  0.550  0.02 0.42 0.83

(mg/dL)

Total VFA 98.1 98.5 99.6 102 3.46 0.51 0.72 0.82

(mmol/L)

Acetate (mmol/L) 62.6 63.3 63.1 64.3 2.63 0.74 0.72 0.82

Propionate 20.4 20.4 20.8 21.9 1.16 0.44 0.66 0.65

(mmol/L)

Butyrate (mmol/L) 11.2 11.1 11.9 11.8 0918 049 0.85 0.88

Valerate (mmol/L) 1.51 1.48 1.58 1.50 0.076  0.55 0.47 0.71

Iso-valerate 1.16 1.11 1.09 1.17  0.056 0.94 0.66 0.27

(mmol/L)

Acetate:propionate  3.09 3.15 3.07 294 0213  0.61 0.86 0.67
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Table 4. Effect of NPN source and feeding frequency on activity of rumen microbial hydrolytic enzymes (units
per hour per mL of rumen fluid) of fattening lambs

NPN source Urea Bioret P-value
Feeding frequency Twice Three Twice Three SEM  NPN Feeding NPN
aday times aday times source frequency X source
a day a day Feeding
frequency
Before morning feeding
Carboxymethylcellulase  41.1 43.3 45.2 49.7 1.54 0.01 0.09 0.54
Microcrystalline 10.9 10.6 10.9 11.1 0551 0.79 0.82 0.62
cellulase
Filter paper degrading 32.7 33.9 34.1 344  2.09 0.66 0.73 0.82
activity
Alpha amylase 61.1 61.6 61.9 61.8 1.73 0.77 0.88 0.82
Protease (ug/mL/h) 112 110 108 106 1.86  0.04 0.40 0.77
Three hours after morning
feeding
Carboxymethylcellulase  45.2 47.1 49.1 56.3 1.34 0.01 0.02 0.16
Microcrystalline 12.9 13.1 13.2 13.5 1.01 0.74 0.76 0.97
cellulase
Filter paper degrading 34.5 36.2 38.9 42.3 1.97 0.03 0.31 0.52
activity
Alpha amylase 67.9 68.8 71.3 73.2 243 0.13 0.56 0.82
Protease (ng/mL/h) 120 117 111 109 2.53 0.01 0.34 0.92
Six hours after morning feeding
Carboxymethylcellulase  44.2 45.8 46.9 48.8 0.745 0.01 0.19 0.15
Microcrystalline 12.3 12.1 12.7 12.5 0.860 0.74 0.76 0.93
cellulase
Filter paper degrading 33.9 34.5 36.9 37.3 1.40 0.03 0.30 0.52
activity
Alpha amylase 65.9 66.8 68.8 69.1 1.90 0.13 0.56 0.72
Protease (ug/mL/h) 116 115 111 107 2.59 0.02 0.34 0.92
&l o 4
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