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Introduction

Metabolic enhancers, such as anabolic steroids, somatotropin, beta-agonists, vitamins, and minerals,
when provided to livestock at supra-nutritional levels, can increase growth rate, improve feed
efficiency, enhance meat and milk production, reduce carcass fat, and improve reproductive
performance. Among these compounds, minerals are considered important metabolic enhancers.
Zinc, an essential micronutrient for livestock, can be used as a metabolic enhancer (Dominguez-Vara
et al., 2009).Zinc is an essential trace element that, despite its limited storage capacity in the body,
plays an important role in growth, development, and the maintenance of various physiological
functions in ewes, including digestion, immunity, and reproduction (Suttle, 2010). Zinc is involved
in the activity of numerous enzyme systems, including carbonic anhydrase, lactate dehydrogenase,
glutamate dehydrogenase, alkaline phosphatase, and thymidine kinase. It also plays an important role
in the metabolism of carbohydrates, proteins, and lipids, as well as in the synthesis and function of
nucleic acids (Jia et al., 2008). Zinc is a key component of numerous metalloenzymes and
transcription factors involved in nutrient metabolism in ruminants (Hara et al., 2017). Dietary zinc
deficiency has been associated with decreased appetite, reduced growth performance (Bellotti et al.,
2021), impaired feed efficiency (Garg et al., 2008), and weakened antioxidant defense mechanisms
(Kannan et al., 2022).

Materials and Methods

Fifty lactating Afshari ewes, with an average body weight of 50 = 2.7 kg, aged 4-5 years and in the
second month of lactation, were assigned to five treatments with 10 animals per treatment based on
a completely randomized design. Following initial health assessments and routine hygienic
procedures, the ewes were randomly allocated to the experimental groups. The experiment lasted 60
days.The experimental treatments were: 1.Control, with no supplemental zinc; 2.Inorganic zinc
supplementation at the NRC 2007-recommended level; 3.0rganic zinc supplementation at the NRC
2007-recommended level; 4.Inorganic zinc supplementation at twice the NRC 2007-recommended
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level; and 5.0rganic zinc supplementation at twice the NRC 2007-recommended level. According to
NRC 2007 recommendations, lactating ewes require 25 mg of zinc per day (National Research
Council, 2007). To determine changes in body weight, the ewes were weighed weekly after a 16-h
fasting period using a digital scale. Average daily gain (ADG) was calculated by dividing total body
weight gain during the experimental period by the number of experimental days.Feed and fecal
samples were collected from days 45 to 50 to determine nutrient digestibility. Average milk
production was recorded throughout the experimental period. Milking was performed manually, and
milk yield was recorded over a 24-h period to determine daily milk production. For the determination
of milk composition, 15-20 mL milk samples were collected from each ewe once a week and
analyzed for dry matter, fat, protein, lactose, ash, and non-fat solids using a MilkoScan analyzer.On
the final day of the experiment, blood samples were collected from the jugular vein 3 h after the
morning feeding for the determination of blood biochemical parameters.

Results and Discussion: Ewes receiving zinc supplementation had greater total body weight gain,
final body weight, and average daily gain than the control ewes (P < 0.05). The highest final body
weight, total body weight gain, and average daily gain were observed in ewes receiving organic zinc
at twice the NRC 2007-recommended level (P<0.05).Ewes receiving organic zinc at the NRC 2007
-recommended level, inorganic zinc at twice the NRC 2007-recommended level, and organic zinc at
twice the NRC 2007-recommended level produced more milk than ewes receiving inorganic zinc at
the NRC 2007-recommended level (P < 0.05). The highest milk fat percentage and the lowest milk
protein and milk solids contents were observed in ewes receiving organic zinc at twice the NRC 2007
-recommended level (P <0.05).Zinc supplementation had no significant effect on dry matter, lactose,
or ash contents of milk among the experimental groups. Supplementation with either organic or
inorganic zinc at the NRC 2007-recommended level or at twice the NRC 2007-recommended level
had no significant effect on the digestibility of dry matter, organic matter, ether extract, crude protein,
neutral detergent fiber, or acid detergent fiber.The highest blood glucose concentration was observed
in ewes receiving organic zinc at twice the NRC 2007-recommended level, followed by those
receiving inorganic and organic zinc at the NRC 2007-recommended level.

Conclusion: Supplementation with different levels and sources of zinc, in both organic and inorganic
forms, improved body weight changes, milk production and composition, and blood glucose and zinc
concentrations in lactating ewes. Ewes receiving organic zinc at the NRC 2007-recommended level,
inorganic zinc at twice the NRC 2007-recommended level, and organic zinc at twice the NRC 2007
-recommended level had greater milk production than the other treatment groups. Overall,
supplementation with organic zinc at twice the NRC 2007-recommended level may be considered a
potential strategy for improving productive performance in lactating ewes.
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Table 1. The effect of zinc supplementation on weight changes in ewes

Item Treatment SEM P-

Control Recommended NRC Twice Recommended value
(2007) NRC (2007)
Mineral Organic Mineral Zn ~ Organic
/n /n
Initial weight (kg) 46.41 47.00 47.20 46.78 0.968  0.798
Final weight (kg) 56.08°¢ 58.01° 58.47° 59.66° 1.124  0.011
Total weight gain 9.67° 11.01° 11.27° 12.88? 0.267  0.001
(kg)

Daily weight gain (g) 153.49° 174.76° 194.12° 178.88° 204.44*  29.556 0.001

SEM: Standard error of the means.

a¢ Means with different superscripts in the same row differ significantly (P < 0.05).
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Table 2. The effect of zinc supplementation on the milk composition of ewes

Item Treatment SEM P-
Control Recommended NRC Twice Recommended value
(2007) NRC (2007)
Mineral  Organic Mineral Organic
/n /n /n /n
Milk yield (kg) 1.47¢ 1.60° 1.70° 1.79° 1.722 0.024 0.021
Dry matter (%) 16.06 15.85 16.74 16.10 15.84 1.841 0.051
Fat (g/dL) 3.98° 3.94° 3.79° 3.75° 4.622 0.219 0.001
Protein (g/dL) 5.54° 5.70% 5.80% 5.92° 5.22¢ 0.076 0.008
Lactose (g/dL) 5.41 5.92 5.59 5.64 5.52 0.098 0.451
Ash (g/dL) 0.82 0.80 0.81 0.87 0.84 0.014 0.277
Milk solids-non-fat 11.72¢°  11.90° 12.51° 12.512 11.35¢ 0.088 0.001
(g/dL)

SEM: Standard error of the means.

a¢ Means with different superscripts in the same row differ significantly (P < 0.05).
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Table 3. The effect of zinc supplementation on the digestibility of ewes

Item Treatment SEM P-
Control Recommended Twice Recommended value
NRC (2007) NRC (2007)
Mineral  Organic Mineral Organic
/n /n /n /n

Dry matter (%) 63.10 57.20 63.33 57.60 61.00 3.978 0.536
Organic matter (%) 66.94 70.33 59.36 61.70 69.06 4.160 0.343
Ether extract (%) 53.17 54.41 53.20 52.47 51.98 4.125 0.702
Crude Protein (%) 66.97 67.48 68.02 68.11 66.97 5.021 0.691
Neutral detergent fibers 54.47 48.04 50.28 49.20 48.85 3.860 0.164
(%)
Acid detergent fibers (%) 39.15 38.20 39.10 39.14 41.50 1.592 0.089

SEM: Standard error of the means.
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Table 4. The effect of zinc supplementation on blood parameters of ewes

Item Treatment SEM P-value

Control Recommended NRC Twice Recommended

(2007) NRC (2007)
Mineral ~ Organic Mineral Organic
Zn Zn Zn Zn

Cholesterol (Mg/dl) 60.73 59.60 58.65 58.10 57.47 3.095 0.231
Triglyceride (Mg/dl) 18.62 19.25 23.93 24.00 18.96 2.001 0.092
Glucose (Mg/dl) 51.67°¢  53.40° 53.00° 52.51% 64.22° 2.035 0.001
Urea (Mg/dl) 10.10 9.45 10.00 8.95 11.02 1.014 0.681
Total protein (Gr/dl) 7.04 7.09 7.06 7.19 7.18 0.112 0.492
Albumin (Gr/dl) 4.11 4.17 4.15 4.21 4.19 0.099 0.617
Globulin (Gr/dl) 2.93 2.92 291 2.98 2.99 0.074 0.811
Albumin: Globulin 1.40 1.43 1.42 1.41 1.40 0.019 0.824
Zinc (pg/dl) 140.66° 152.61°  161.00° 154.95° 162.40* 11.022  0.001
Copper (pg/dl) 88.20°  100.05° 100.21% 100.80° 94.40 8.499 0.028
Calcium (Mg/dl) 6.40 6.40 6.14 5.65 6.50 0.046 0.768
Iron (pg/dl) 172.50  169.00 168.50 172.00 170.00 6.847 0.214
Phosphorus (Mg/dl) 51.33 57.50 49.16 54.50 56.70 1.059 0.394

SEM: Standard error of the means.

a¢ Means with different superscripts in the same row differ significantly (P < 0.05).
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