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Introduction: During the time around parturition, animals make many metabolic adjustments to support the
transition from pregnancy to lactation. Before giving birth, animals are subjected to a lot of metabolic effects, to
prepare the physiological conditions of the body in the time after giving birth and during lactation. In addition,
dairy cattle produce milk more than their ability to consume energy, as a result, they are in a negative energy
balance at the beginning of lactation, which may reduce the longevity of the cattle in the herd and increase the
rate of elimination of dairy cattle. Heat stress in late pregnancy is aggravated by energy restriction. In such
conditions, the use of management and nutritional methods will reduce the problems during the transfer period
and heat stress. One of the ways to optimize the productive and reproductive conditions of livestock, through
improving the metabolism of nutrients and eliminating or reducing stress conditions, is to use chromium as a
metabolic improver. According to scientific sources, the chromium requirement for sheep is three to five mg per
day, and for dairy cows is 15 to 50 mg per day. Inorganic chromium has a bioavailability of about 0.5%. Organic
chromium has more than 25% intestinal absorption, and therefore, consumption of inorganic chromium is not
recommended due to its low bioavailability and toxic effects. Among the sources of organic chromium,
chromium-methionine has been recognized by important global food and drug organizations as a compound with
high bioavailability, impressive metabolic responses, and no toxicity complications. This experiment was
conducted to investigate the effect of using different forms of chromium around calving on feed consumption,
nutrient digestibility, nutritional behavior of Afshari ewes, and the performance of their lambs under the influence
of heat stress.

Materials and methods: Forty pregnant Afshari ewes were assigned to four experimental treatments with 10
replicates from 42+5 days before the expected birth in a completely randomized design. Experimental treatments
include 1) a basic diet without chromium supplementation (control), 2) a basic diet containing three mg of
chromium in mineral form per kg of dry matter, 3) a basic diet containing three mg of chromium in the form of
chromium-methionine per kg of dry matter, and 4) a basic diet contained three mg of chromium in the form of
chromium nanoparticles per kilogram of dry matter. The length of the test period was 84 days. Weighing of ewes
was done at the beginning, at the time of calving, and the end of the period. The rest of the feed is weighed every
day and the daily feed consumption was calculated by deducting from the provided feed. Sampling of the rumen
fluid was done on the 14" day after birth. The rumen fluid was taken before feeding in the morning (zero hour),
and at three and six hours after feeding by esophageal tube, then the pH amount of rumen contents was measured
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and recorded immediately after extraction by a mobile digital pH meter (Metrohm laboratory pH meter-691) which
was calibrated at the same place. To measure rumen liquid ammonia nitrogen, samples were used three hours after
morning feeding. To measure the concentration of volatile fatty acids, five mL of rumen fluid samples were
prepared and 1 mL of metaphosphoric acid 25% was added to them and kept at -20°C until the experiment. On the
10" day after birth, blood samples were taken from the jugular vein of ewes and lambs three hours after morning
feeding. To measure blood metabolites including glucose, insulin, cholesterol, triglyceride, urea, creatinine, total
protein, albumin, and globulin, Pars Azmoun chemical kits and auto-analyzer (Spain BT 3500) were used.
Results and discussion: The results showed that, from the third to the sixth weeks after birth, dry matter
consumption in ewes receiving chromium-methionine and chromium nanoparticles had an upward trend compared
to the other two treatments (P<0.05). The addition of chromium to the diet of ewes had no significant effect on
rumen pH, volatile fatty acids, and rumen ammonia nitrogen concentration. The addition of chromium supplement
to the diet of ewes caused a significant decrease in the rumen protozoa population compared to the control group
(P<0.05). Adding different forms of chromium to the diet of sheep caused a decrease in glucose concentration,
and an increase in chromium, insulin, total protein, albumin, and serum globulin compared to the control group
(P<0.05). No significant difference was observed between experimental treatments on blood cholesterol,
triglyceride, urea, and creatinine concentrations. Also, different forms of chromium did not have a significant
effect on the blood parameters of the born lambs.

Conclusions: In general, the use of chromium, especially in the form of chromium-methionine and chromium
nanoparticles, is recommended during the transfer phase of sheep under the influence of heat stress.
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Table 1. Ingredients and chemical composition of experimantal diet

Ingredient (%) DM basis-Pre-partum

Ingredient (%) DM basis-Post-partum

Wheat straw 5.70 Corn silage 34.0
Alfalfa hay 32.00 Alfalfa hay 30.0
Corn silage 30.00 Corn grain 19.75
Corn grain 18.50 Soybean meal 7.75
Soybean meal 7.20 Sugar beet pulp 2.00
Sugar beet pulp 1.00 Wheat bran 2.70
Wheat bran 2.90 Fat powder 2.80
Fat powder 1.50 Calcium carbonate 0.42
Calcium carbonate 0.70 Salt 0.33
Salt 0.30 Mineral-vitamin supplement 0.25
Mineral-vitamin supplement* 0.20

Chemical composition Chemical composition
Nutrients Amount Nutrients Amount
Metabolizable energy (Mcal/kg Metabolizable energy (Mcal/kg
DM) 2.44 DM) 2.54
Crude protein (%) 14.40 Crude protein (%) 14.40
Crude fat (%) 4.10 Crude fat (%) 5.20
Non-fiber carbohydrates (%) 32.80 Non-fiber carbohydrates (%) 32.10
NDF (%) 44.20 NDF (%) 40.90
Starch (%) 21.60 Starch (%) 25.00
Ash (%) 7.88 Ash (%) 8.40
Calcium (%) 1.42 Calcium (%) 0.89
Phosphorus (%) 0.71 Phosphorus (%) 0.52
Cr (mg/kgDM) 0.79 Cr (mg/kgDM) 0.82

*Vitamin-trace mineral pre-mix provides per kg of mixed ration:100000oo IU Vitamin A; 75000 IU Vitamin D3; 3000
(mg)Antioxidants; 150000 (mg)ca; 60000 (mg) P; 300009(mg)Mg; 2000 (mg)Mn; 3000(mg) k500 (mg) Gr2500 (mg)Zn;

10 (mg) @20 (mg) 1.
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Table 2. Effect of different forms of chromium on rumen parameters of ewes

Item Control Different forms of chromium SEM P-value
Rumen parameters Inorganic  Cr-Met  Nano- Cr

pH

Before feeding 6.62 6.54 6.68 6.44 0.071 0.8722
3 h after feeding 5.45 5.56 5.41 5.64 0.055 0.6645
6 h after feeding 5.71 5.64 5.61 5.77 0.049 0.1501
NH;3-N (mg/dL)

Before feeding 12.92 13.29 12.66 13.41 1.025 0.2265
3 h after feeding 22.05 21.57 21.68 21.61 1.261 0.8710
6 h after feeding 15.78 16.04 16.22 15.79 1.564 0.1968
Protozoa population (10° /mL)

Before feeding 5.04° 4.85° 4.01° 4.04° 0.119 0.0447
3 h after feeding 8.928 8.728 7.55P 7.41° 0.908 0.0227
6 h after feeding 6.21* 6.07* 5.01° 4.98° 0.604 0.0088

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 3. Effect of different forms of chromium on concentration of volatile fatty acids in the rumen of

ewes

Item Control Different forms of chromium SEM P-value
Rumen VFA (mmol/L) Inorganic Cr-Met Nano- Cr

Acetate 57.09 58.88 58.41 59.01 2.012 0.6287
Propionate 23.35 23.69 24.17 23.36 1.498 0.3201
Butyrate 9.01 8.76 8.81 8.89 0.874 0.4101
Iso butyrate 1.37 1.47 1.46 1.51 0.142 0.3552
Valerate 1.84 1.91 1.79 1.82 0.267 0.2849
Iso valerate 1.32 1.29 1.36 1.41 0.335 0.7475
Total VFA 98.05 97.57 96.12 97.61 3.684 0.6876
Acetate : Propionate 2.44 2.48 241 2.52 0.063 0.5454

SEM: Standard error of the means.
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Table 4. Effect of different forms of chromium on the concentration of blood parameters in ewes and
their born lambs

Item Control Different forms of chromium SEM P-value
Ewes Inorganic Cr-Met Nano- Cr

Cholesterol (mg/dL) 59.67 60.75 60.25 61.24 3.041 0.1428
Triglyceride (mg/dL) 20.12 19.84 19.24 20.87 1.774 0.6784
Glucose (mmol/L) 8.46* 7.43b 6.26° 6.41°¢ 0.033 0.0077
Insulin (ng/mL) 0.44¢ 0.52° 0.69? 0.72° 0.081 0.0001
Creatinine (mg/dL) 0.89 0.91 0.84 0.84 0.047 0.4781
Urea (mg/dL) 36.48 35.09 34.55 35.32 2.004 0.4178
Total protein (g/dL) 6.07° 7.442 7.35° 7.68* 0.075 0.0001
Albumin (g/dL) 3.81 4.42 4.34 4.57 0.228 0.0819
Globulin (g/dL) 2.26° 3.02° 3.012 3.11° 0.105 0.0104
Albumin:Globulin 1.68 1.46 1.44 1.47 4.487 0.4181
Lambs

Cholesterol (mg/dL) 58.04 57.71 56.95 58.12 2.998 0.0941
Triglyceride (mg/dL) 25.20 25.47 24.56 24.28 2.521 0.4914
Glucose (mmol/L) 8.41 8.83 8.26 8.55 0.164 0.5501
Insulin (ng/mL) 0.68 0.65 0.67 0.71 0.017 0.7841
Creatinine (mg/dL) 0.77 0.81 0.74 0.76 0.022 0.6681
Urea (mg/dL) 31.94 32.75 31.88 30.88 2.097 0.6478
Total protein (g/dL) 6.45 6.54 6.63 6.74 0.064 0.0745
Albumin (g/dL) 4.04 4.05 4.01 4.24 0.119 0.1448
Globulin (g/dL) 2.41 2.49 2.62 2.50 0.116 0.2208
Albumin:Globulin 1.68 1.62 1.54 1.69 0.064 0.0875

@< Different superscript letters in the same row represent a significant difference (P£<0.05).

SEM: Standard error of the means.
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< Different letters on chart indicate significant difference (P<0.05).
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