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Introduction: Starch, as a major energy source in dairy cattle diets, plays a crucial role in meeting
metabolic requirements, enhancing milk yield, and supporting overall animal health. Common starch
sources—including corn silage, corn grain, barley, and wheat—differ in their chemical composition,
ruminal degradation kinetics, and digestibility, leading to variable impacts on productivity and herd
health. In West Azerbaijan Province, a key region of Iran’s dairy industry, locally available starch
sources such as barley and corn are widely utilized. However, limited data exist on their suitability
for farms of different sizes (small, medium, and large) and their associations with key health issues
such as dystocia, mastitis, and lameness. This study was designed to address this gap by assessing
starch source digestibility in relation to production, reproduction, and health outcomes, with the
ultimate goal of providing practical guidance for optimizing feeding strategies. The specific
objectives were: (1) to evaluate the chemical composition and digestibility of common starch sources
(corn silage, corn grain, barley, and wheat); (2) to determine their associations with milk production,
reproductive performance, and metabolic health; and (3) to develop herd-capacity—specific nutritional
recommendations for improved productivity and animal welfare in West Azerbaijan’s dairy farms.
Materials and Methods: The study was conducted on 31 industrial dairy farms in West Azerbaijan
Province, categorized by herd size into small (15-30 cows, n=5), medium (31-60 cows, n=20), and
large (61-150 cows, n=6). Data collection employed a multi-method approach: (i) structured
questionnaires captured farm management practices, feed formulations, and health records; (ii)
monthly feed (corn silage, corn grain, barley, wheat) and milk samples were collected during June,
July, and August; and (iii) laboratory analyses were performed to determine dry matter (DM), crude
protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), and ether extract (EE),
following AOAC (2003) protocols. Digestibility was estimated using acid-insoluble ash as an internal
marker, while milk composition (protein, fat, and lactose) was measured with Milkoscan technology.
Statistical analyses were performed using SAS 9.4, with mixed models applied to continuous
variables and logistic regression for health incidence data, setting significance at P<0.05.

Results and Discussion: Clear differences in starch source utilization were observed across farm
sizes. Smaller farms showed greater dependence on commercial concentrates (75%), while larger
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farms relied more on barley (55.6%) and corn grain (75%). Wheat utilization declined with herd size,
ranging from 50% in small farms to 33.3% in large farms. Corn silage dominated dietary formulations
(75-88.9%), with medium-sized farms showing significantly higher DM content (32.3%) compared
to large farms (26.0%, P<0.05). Larger farms achieved higher milk yields (P<0.05), although milk fat
(3.50-3.63%) and protein (3.13-3.19%) did not differ significantly between groups. Notably, lactose
content peaked in small farms during August (4.72%, P<0.05), likely reflecting less effective heat
stress management. Health data indicated higher dystocia rates in smaller herds (4.43%), whereas
metabolic disorders such as acidosis (1.20%) and mastitis (1.60%) were more common in larger
herds. Reproductive indicators showed an average of 68.95 days to first estrus and 1.65 services per
conception, pointing to generally suboptimal fertility management. Digestibility parameters were
significantly higher in larger herds, including DM (56.02% vs. 46.98%), organic matter (57.58% vs.
51.01%), and CP (61.60% vs. 53.47%) (P<0.05), underscoring the influence of advanced feed
management practices in larger operations.

Conclusion: The findings highlight the critical influence of farm capacity on starch utilization and
health in dairy herds. While smaller farms, constrained by technical resources, showed nutritionally
imbalanced rations and higher dystocia rates, larger farms achieved greater milk yields and starch
digestibility—confirming the advantage of corn over barley—but faced a higher incidence of
metabolic disorders from intensive feeding. These results should be interpreted with caution due to
the group imbalance in the study design. Consequently, strategic, capacity-specific approaches are
essential. We recommend: (a) diversifying diets in small farms to reduce reliance on concentrates;
(b) optimizing starch-to-fiber ratios and adopting precision feeding in large farms to mitigate
metabolic risks; and (c) implementing supportive policies, such as regional feed databases and forage
subsidies, to enhance smallholder sustainability. Collectively, these measures can boost productivity,
improve animal welfare, reduce costs, and guide evidence-based policy in Iran's dairy sector.
Keywords: Starch digestibility, dairy cattle, metabolic disorders, milk composition, farm capacity,
West Azerbaijan.
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Table 1. Number and frequency of studied dairy cattle farms in West Azerbaijan Province based on

capacity class

Row Capacity Class Number of Farms Frequency (%)
1 15-30 5 16.13

2 30-60 20 64.52

3 61-150 6 19.35
Total 31 100
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Table 2. Evaluation of the percentage of starch source usage in the surveyed dairy farms of West Azerbaijan

Classification

15-30 31-61 61-150 P value
Prepared concentrate 75.1+0.35 50.1+0.35 33.1+33.00 0.36
Barley 25.1+0.34 50.1+0.33 55.0+£55.97 0.57
Corn 66.1+66.01 62.1+50.35 75.1+0.36 0.90
Wheat 50.1+0.23 37.1+0.22 33.1+£33.01 0.85
Corn silage 75.1+0.41 76.1+0.46 88.85+88.33 0.71
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Table 3. Chemical composition of rations in the surveyed dairy farms (percentage basis)

Classification

15-30 31-61 61-150 P value
Dry matter 59.2+89.44  62.1%55.79 58.2+30.44 0.13
Crude protein 14.0+48.79 14.0+61.59 16. 0+80.79 0.12
Neutral detergent fiber (NDF) 36.1+49.48 37.1+61.08 35.1+56.48 0.68
Acid detergent fiber (ADF) 19.04¢93.86  21.0+22.63 20.0+11.81 0.46
Crude fat 2.0+87.19 2.0+73.14 3.0+03.18 0.71
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Table 4. Comparison of the chemical composition of corn silage, corn, barley, and wheat used in the surveyed

dairy farms
Feedstuff Nutrient Classification SEM P value
15-30 31-61 61-150
Dry matter 90.57 89.78 91.29 0.48 0.14
Wheat Crude P_rotein 12.04 10.68 11.83 0.65 0.37
Crude fiber 4.14 4.16 4.07 0.10 0.83
Ether extract 1.05 1.29 1.21 0.14 0.50
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NFE 79.94 80.32 79.53 0.50 0.56
Dry matter 90.44 89.74 89.13 1.23 0.89
Crude Protein 11.09 11.46 10.97 0.18 0.21
Barley Crude fiber 7.60 7.94 7.49 0.38 0.69
Ether extract 1.23 1.24 1.15 0.13 0.86
NFE 72.25 75.72 74.73 0.94 0.76
Dry matter 89.58 88.87 86.89 0.44 0.54
Crude Protein 9.12 9.27 8.29 0.23 0.85
Corn Crude fiber 4.16 3.80 3.50 0.24 0.21
Ether extract 3.72 3.44 2.88 0.20 0.43
NFE 80.93 78.71 79.34 0.98 0.50
Dry matter 27.29 32.28° 25.99v 1.59 0.05
Crude Protein 8.29 7.24 6.68 0.56 0.82
Corn silage Crude fiber 27.78 24.95 25.54 1.58 0.43
Ether extract 1.78 1.62 1.80 0.28 0.58
NFE 50.08 47.73 46.57 0.30 0.54
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Table 5 - Milk composition in the studied dairy farms

b Sl 3 e
Bl s 59l LSS danlis 4 bgs e slasals
=B cl sud B0 Jaaa Lo LagolaylE alins
ol ¥e 5l 5ieS endh U glagla & Lo oS ula olas
TN 854 558 5 (on (S we s 0Ske
Ol olpual dals woal su s ways F/YO g Y/EY

(3em 53 VI¥P=Y/AA) (5508 sloe @855 4 Lagadls

Milk Composition ~ Mean SD Min Max
<30 Protein 3.19 0.15 2.98 3.46
Fat 3.63 0.41 3.08 4.60
Lactose 4.35 0.22 411 4.72
Solids-not-fat 8.72 0.32 8.21 9.43
Total solids 12.33 0.67 11.66 13.89
31-60 Protein 3.16 0.19 2.53 3.52
Fat 3.47 0.37 2.54 4.67
Lactose 4.32 0.20 3.92 4.80
Solids-not-fat 8.64 0.51 7.07 9.80
Total solids 12.07 0.64 10.12 14.30
>60 Protein 3.13 0.19 2.66 3.50
Fat 3.50 0.29 3.02 4.14
Lactose 4.24 0.13 4.06 4.62
Solids-not-fat 8.45 0.54 7.45 9.71
Total solids 11.96 0.64 10.68 12.90
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Table 6. Correlation coefficients between milk components and chemical composition of diets used in the studied

farms
Farm DM cP NDF ADF EE
Capacity

Milk Protein ~0.0005"™ ~0.290" 0.050™ ~0.120™ ~0.196™ ~0.144™
Milk Fat 0.069™ 0.170™ 0.175™ 0217 —0.355™ 0.120™
Milk Lactose 0.012" 0.196™ 0.103™ 10223 —0.334™ 0.175™
Total Solids ~0.010" ~0.390" 0.174™ ~0.105™ ~0.159™ —0.112
Solids-not-fat 0.023" ~0.426™ 0.225" ~0.186™  -0.203" 0.185™
Average Yield ~0.014" ~0.086™ ~0.029"  -0.010" 0.124m ~0.092"

ns=not significant, *=P<0.05, **=P<0.01, ***=P<0.001
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Table 7. Data on reproductive performance indicators in the surveyed dairy farms of West Azerbaijan

Mean Minimum Maximum Standard

Deviation
First estrus (days) 68.95 45 90 9.24
Services per conception 1.65 1.0 2.6 0.45
Days open 108 90 150 20.46
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Table 8. Incidence of Dystocia and Some Diseases in the Studied Dairy Farms of West Azerbaijan

Classification P value
15-30 31-60 61-150

Dystocia 4.0+£43.59 2.24 £ 0.52 1.0 £ 60.57 0.15

Acidosis 0.1+6.22 0.0+8.71 1.0 £20.41 0.79

Ketosis 0.1+63.22 0.1+89.15 0.0 £60.91 0.90

Lameness 10+40.73 2.0+24.69 2.0+40.59 0.71

Mastitis 0.1 +63.15 1.1 +34.06 1.0 + 60.68 0.61
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Table 9. Evaluation of diet digestibility used in the surveyed dairy farms of West Azerbaijan

Farm Capacity

1530 3161 61-150 SEM P Value
Dry matter 46.98 58.42 56.02 1.20 0.04
Organic matter 51.01 60.32 57.58 0.90 0.05
Crude protein 53.47 59.60 61.60 1.83 0.01
Crude fat 80.65 83.82 86.20 0.62 0.06
NDF 38.54 43.42 43.44 1.81 0.01
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