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Introduction: Animals need vitamins A, Ds, and E to improve their performance and health. Vitamin A has an
active role in maintaining all epithelial cells in the body and plays an important role in bone growth. Vitamin D;
plays an important role in increasing the absorption of calcium and phosphorus, in addition to the formation and
calcification of the bones in animals. Vitamin E is a fat soluble vitamin which is both a growth-promoting vitamin
and is considered an antioxidant. These vitamins also play an important role in improving the immune system in
ruminants. Ruminants cannot produce vitamins A, D3, and E in their body; therefore, to meet physiological
requirements and maintain high production performance, they need to be provided with an exogenous regular
intake of vitamins A, D3, and E in their diet. Several studies have been carried out on the effects of dietary or
injectable vitamin AD3E supplements on fattening lambs. This study aimed to determine the effects of various
forms of ADsE supplementation on growth performance, rumen fermentation, protozoa population, and blood
parameters in Mehraban lambs by in vivo and in vitro experiments.

Materials and methods: The project comprised two in vitro and in vivo experiments. In this experiment, the in
vivo growth parameters such as final body weight, total weight gain, average daily gain, average daily gain, dry
matter intake, feed conversion ratio, the ruminal fermentation parameters such as pH, ammonia nitrogen, total
volatile fatty acids, blood biochemical metabolites [blood urea nitrogen (BUN), cholesterol, triglyceride, glucose,
albumin, HDL, LDL, and malondialdehyde (MAD)], protozoa count, and in vitro gas production, organic matter
digestibility, methane gas production, metabolizable energy, and short-chain fatty acids were studied. This
experiment consisted of a 14-day adaptation period and a 60-day experiment. Twenty Mehraban lambs (body
weight of 41.3+0.5 kg) were divided into four groups with five replicates in each group using a completely
randomized design. The treatments included 1) the control group received a base diet without vitamin
supplements, 2) injectable vitamin ADsE, 3) rumen-protected vitamin AD3E as a part of concentrate, and 4) AD;E
vitamin in drinking water. Feed intake and body weight of lambs were recorded weekly during the fattening
period. The samples of blood and rumen liquid were collected from the lambs on the 30" and 60% days of the
experiment.

Results and discussion: The results indicated that the gas production, digestible organic matter, metabolizable
energy, and short-chain fatty acids were reduced due to vitamin ADsE supplementation compared with the control
group (P<0.05). Growth performance was not different when supplemented with ADsE, but for the rumen-
protected vitamin, the average daily increase was 48 g more than that in the control group. The feed conversion
ratio showed a significant decrease in AD3E water-soluble vitamins compared with the control group (P<0.05).
The pH was not influenced by experimental treatments. The ammonia concentration was higher in treatments 3
and 4 (P<0.05), and the protozoa count was reduced due to vitamin ADsE supplementation (P<0.05). The BUN
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serum concentration was lower in treatments 2 and 3 compared with other treatments (P=0.008). Vitamin
supplementation with AD;E administered in water or its injection made a significant increase in cholesterol
concentration (P=0.002). Blood concentration of triglyceride showed a significant increase in treatment 4
(P=0.007). Plasma concentration of HDL was lower in lambs who received rumen-protected AD3;E compared to
the control group (P<0.05). Experimental treatments did not affect plasma glucose, total protein, albumin, LDL,
and MAD concentrations of fattening lambs (P>0.05). Plasma concentration of BUN on day 60 was higher
compared to the 30" day in all treatments (P<0.05). However, plasma concentrations of triglyceride and glucose
were lower on day 60 compared to the 30" day of the experiment in all groups.

Conclusions: Results showed that vitamin AD3E had no significant effect on growth performance; however, it
was greater in the vitamin group treated with rumen protection than in the control group. Gas production, protozoa
population, and ammonia nitrogen decreased compared to control. Higher doses of vitamins, especially the rumen-
protected vitamin AD3E, are recommended in larger sample sizes and for longer periods.
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Table 1. Ingredients and nutrient composition of

basal diet
Ingredient Value (%)
Straw 30
Barley Grain 23
Corn Grain 20
Meat Meal 15
Vinas 8.2
Sodium Bicarbonate 1.3
Min mixture without 2
Vit
DCP 0.3
Salt 0.2
Chemical composition
Dry Matter (%) 93.0
Organic Matter (%) 93.65
Ash 6.35
Crude Protein (% DM) 14.2
Ether Extract (% DM) 5.73
Metabolizable energy 9.96
MlJ/kg)
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Table 2. Effect of different methods of vitamin AD3E consumption on growth performance and feed intake
of fattening lambs

Treatments (different vitamin consumption

Growth parameters — methods)
Control Injection Rumen- Water SEM P-value
protected soluble

Initial body weight (kg) 41.55 41.94 41.76 41.23 1.00 0.955
Final body weight (kg) 52.30 54.28 51.72 55.67 1.22 0.962
Total weight gain (Kg) 10.75 12.34 12.68 13.61 0.540 0.522
Average daily gain (g/day) 191.96 220.35 226.56 243.08 9.65 0.355
Estimated average daily gain (g/day)” 198.80  242.00 247.60 232.60 10.64 0.393
Dry matter intake (kg/day) 2.05 2.15 2.20 2.21 0.019 1.00
Feed conversion ratio 10.44*  9.75% 9.70% 9.09° 0.674 0.963

*Estimated by regression method
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Table 3. Effect of different methods of vitamin AD3E consumption on fermentation parameters of fattening lambs

Treatments (different vitamin administration Sampling time P-value
Fermentation parameters methods) (day)
Control Injection Rumen- Water 30 60 SEM Tr Time Tr*Time
protected soluble
In vivo
pH 6.41 6.35 6.26 6.26 6.57 6.62 0.043 0.449 0.003  0.341
NH3-N (mg/L) 179.43¢  197.02% 218.69% 230.95° 186.37 200.5 6.13 0.003 0240 0.014
Total volatile fatty acids (mmol/L) 86.70 85.80 88.20 85.20 84.90 88.50 1.73 0.931 0342 0972
In vitro
Total gas production (mL) 52.40°  39.80° 48.80° 29.40¢ - - 2.06 0.001 - -
Methane production (MJ/day)’ 5.127 5.126 5.127 5.125 0.010 1.00 - -
Methane production (MJ/day)? 4.203 4.203 4.203 4.201 - - 0.022 1.00 - -
Digestible organic matter (%) 61.46*  50.26° 58.26° 41.01¢ - - 1.83 0.001 - -
Metabolizable energy (MJ/kg DM) 9.36 7.64° 8.87° 6.23¢ - - 0.281 0.001 - -
Short chain fatty acids (Mmol/L)? 115.90°  87.93¢ 107.91° 64.844 - - 4.58 0.001 - -

a¢ Means within the same row with different superscript letters had a significant difference (P<0.05).
SEM: Standard error of the means; Tr: Treatment

! CHs= 3.96(£1.18) + 0.561(%0.130) x DMI; DMI: Dry matter intake

2 CH4=2.70(%1.38) + 1.16(x0.271) x DMI — 15.8(+6.86) x EE; EE: Ether extract

3 SCFA=I (0.222xGP)-0.00425]x100; GP: Gas production
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Table 4. Effect of different methods of vitamin AD3E consumption on fermentation parameters at 30 and 60 days of

fattening lambs

Treatments (different vitamin administration

) o methods)
Fermentation Sampling time Control  Injection Rumen- Water SEM  P-value
parameters (day) protected soluble
pH 30 6.57 6.54 6.41 6.26 0.05 0.189
60 6.26 6.15 6.12 6.25 0.05 0.761
P-value! 0.238 0.022 0.044 0.973
NH;-N (mg/L) 30 186.37° 184.11° 251.29* 227.55% 9.53 0.016
60 172.50°  209.94% 186.09° 234.36" 7.73 0.011
P-value 0.401 0.395 0.002 0.579
Total volatile fatty 30 85.20 82.80 87.60 84.00 2.54 0.935
acids (Mmol/L) 60 90.00 88.80 88.80 86.40 2.33 0.965
P-value 0.315 0.402 0.158 0.140

&b Means within the same row with different superscript letters had a significant difference (P<0.05).

! For comparing sampling days 30 and 60.
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Table 5. Effect of different methods of vitamin AD3E consumption and sampling time on ruminal protozoa population

(Nx10°%) of fattening lambs

Treatments (different vitamin Sampling P-value

Protozoa administration methods) time (day)

Control Injection Rumen-  Water 30 60 SEM Tr Time Tr*Time

protected soluble

103.10*  74.10¢ 81.00b°  86.60° 86.40 83.50 2.19 0.001 0.893 0.591
Total protoza
Entodininnae 100.40*  71.60¢ 78.60%  84.70° 83.80 86.00 2.20 0.001 0.934  0.658
Ophryoscolecine 0.400 0.700 0.600 0.600 0.750  0.400 0.118 0.858 0.871 0.989
Diplodininane 0.400 0.300 0.600 0.400 0.450 0.400 0.100 0.773 0.810  0.287
Isotrichidae 0.700 0.400 1.00 0.300 0.650 0.55 0.155 0.432 0.761 0.934
Dasitrichidae 1.200 1.100 0.800 0.600 0.750 1.100 0.153 0.526 0.277  0.736

-d Means within the same row with different superscript letters had a significant difference (P<0.05).

SEM: Standard error of the means; Tr: Treatment

G lan oy 5> claazinld 6 Saises oy g ADSE (yaliyy By cilizs sla g, il - £ Jsoxr

Table 6. Effect of different methods of vitamin ADsE consumption on blood parameters of fattening lambs

Treatments (different vitamin Sampling P-value
. administration methods) time (day)
Blood metabolites Control Injection  Rumen- Water 30 60 SEM Tr Time  Tr*Time
protected  soluble
BUN (mg/dL) 26.72* 20.94° 23.01° 24.07% 22.17  25.22 1.432  0.008 0.010 0.487
Cholesterol (mg/dL) 46.26° 57.93 49.37° 56.74* 5422 5293 0.271 0.002 0.016 0.124
Triglyceride (mg/dL) 93.22% 90.60° 95.70% 96.04* 96.57 91.20 0.899 0.007 0.002 0.0312
Glucose (mg/dL) 88.88 84.53 86.17 84.35 88.64 83.33 1.207 0.501 0.03 0.328
Total protein (g/dL) 7.27 6.90 7.02 6.92 7.08  6.97 0.105 0.609 0.581 0.003
Albumin (g/dL) 2.70 2.97 2.99 2.80 275 298 0.071 0386 0.096 0.059
HDL (mg/dL) 33.26 30.65% 29.90° 32.04% 31.49 3143 0.459 0.080 0.952 0.006
LDL (mg/dL) 15.89 17.15 15.13 14..68 15.63 15.79 0.524 0.388 0.880 0.610
MAD (nm/L) 2.63 2.90 2.78 2.82 284 272 0.078  0.688 0.490 0.330

> Means within the same row with different superscript letters had a significant difference (P<0.05).

SEM: Standard error of the means; Tr: Treatment
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Table 7. Effect of different methods of vitamin AD3;E consumption on blood parameters of fattening lambs at 30 and 60
days of experiment

Treatments (different vitamin administration

. methods)
Blood metabolites Samphng Control  Injection Rumen-  Water SEM  P-value

time (day) protected  soluble

30 25.73* 20.12° 19.96° 23.03% 1.878  0.051

BUN (mg/dL) 60 27.96 21.75° 26.06% 25.10% 1.933  0.080
P-value 0.019 0.540 0.070 0.385

30 45.07° 58.11% 52.58%® 53.13%» 1.613  0.023

Cholesterol (mg/dL) 60 47.46° 57.76 46.17° 60.35° 2.005  0.009
P-value 0.712 0.949 0.103 0.009

30 95.83 94.90 96.51 99.06 0.948  0.481

Triglyceride (mg/dL) 60 90.602° 86.30° 94.89* 93.022 1.28 0.089
P-value 0.000 0.011 0.535 0.018

30 88.64 85.51 88.62 90.66 1.464  0.656

Glucose (mg/dL) 60 83.33 83.55 83.73 78.04 1.759  0.269
P-value 0.002 0.387 0.007 0.013

30 7.05% 7.50° 7.34% 6.45° 0.160  0.089

Total protein (g/dL) 60 7.48° 6.30° 6.70° 6.45° 0.160  0.089
P-value 0.632 0.004 0.237 0.054

30 2.88 2.68 2.84 2.58 0.087  0.621

Albumin (g/dL) 60 2.51° 3.27% 3.13 3.02% 0.109 0.062
P-value 0.109 0.138 0.275 0.140

30 31.35 30.65 32.39 31.58 0.548  0.766

HDL (mg/dL) 60 35.16* 30.65° 27.41¢ 32.50% 0.841 0.002

P-value 0.954 0.998 0.048 0.538

30 15.64 16.47 16.29 14.13 0.635  0.590

LDL (mg/dL) 60 16.14 17.84 13.97 15.23 0.851  0.464
P-value 0.864 0.490 0.296 0.665

30 2.46 2.92 2.93 3.04 0.107  0.235

MDA (nm/L) 60 2.81 2.88 2.62 2.59 0.115 0.810
P-value 0.393 0.807 0.369 0.0108

b Means within the same row with different superscript letters had a significant difference (P<0.05).
SEM: Standard error of the means; Tr: Treatment
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