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Introduction: The future of any dairy farm depends on the success of its calf and heifer-raising programs.
Regarding the risk of gastrointestinal diseases and the prevalence of diarrhea, suckling calves are among the most
sensitive animals in dairy herds. Gastrointestinal diseases are most prevalent in the first two weeks of calves' life
and are the reason for 32% of deaths. In addition to short-term economic losses, diarrhea in female calves will
delay sexual maturity and reduce milk production performance in the first lactation period. The use of antibiotics
to prevent and treat diarrhea in suckling calves is always limited due to antibiotic resistance and some side effects.
Research shows that between different anti-diarrhea feed additives, prebiotics and probiotics have the most
positive effects in the first weeks of suckling calves' lives. In addition, it has been demonstrated that
immunoglobulin Y can be effectively used to inhibit calves' gastrointestinal pathogens such as Escherichia coli
and Salmonella species. Also, the use of electrolytes during diarrhea to prevent dehydration in young animals has
been known to be positive. However, the synergistic effects of the simultaneous use of the mentioned additives
are not clearly defined. Therefore, the present study was conducted to investigate a combination of
immunoglobulin Y, probiotics, and electrolytes' effect on growth performance, feed intake, fecal consistency,
health status, and blood parameters of Holstein suckling calves.

Materials and methods: In this study, 24 suckling Holstein calves from birth to 28 days old were divided into
two experimental groups (12 replications in each group) in a completely randomized design. The experimental
groups included: 1) the control group (without additive) and 2) the group that received 10 grams per day of an
anti-diarrheal feed additive contained 1.2 grams of probiotics with 5x10% cfu/g, 1 g IgY, and 7.8 g electrolytes.
All animals had free access to clean water and the ad libitum basal starter feed. The anti-diarrheal additive was
dissolved in the calves' morning meal colostrum or milk. Feed intake, growth performance, and Escherichia coli
fecal count were measured weekly. Rectal temperature and calves' fecal scores were evaluated daily (according
to the method provided by Wisconsin University). Also, at birth, 14 and 28 days, blood samples were taken from
the jugular vein. The repeated measurement data were analyzed by the MIXED procedure of the SAS version 9.4
statistical software. The means were reported as LSMEANS, and the significance level was considered as P<0.05.
Also, for the statistical analysis of the fecal scores data, the days of each score were counted.

Results and discussion: The results showed that the average daily weight gain in the third week in the anti-
diarrhea group was significantly higher than the control group (P<0.05). As a result, the live weight of the third
and fourth weeks in the anti-diarrhea group was significantly higher than the control group (P<0.05). The starter
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intake in the anti-diarrhea group was 25% higher in the third week and 12% higher in the whole period than in the
control group (P<0.05). Also, the feed conversion rate in the anti-diarrhea group in the second and third weeks
was significantly lower than the control group (P<0.05). No significant difference was observed in the blood urea
nitrogen, glucose, albumin, cholesterol, and triglyceride concentrations. Also, the anti-diarrheal additive had no
significant effect on the count of white blood cells and the percentages of lymphocytes, neutrophils, monocytes,
and eosinophils. According to the results, the anti-diarrhea additive had no significant effect on the calves' rectal
temperature. The count of fecal Escherichia coli in the anti-diarrhea group was significantly lower than the control
group in the first week, the first two weeks, and the whole period (P<0.05). The anti-diarrhea additive led to a
significant increase in the number of days with zero scores (improvement of feces consistency) and a significant
decrease in scores two and three (reduction of diarrhea prevalence) in calves (P<0.05). The results showed that in
the first, second, and third weeks, the number of days with diarrhea significantly decreased in the anti-diarrhea
group (P<0.05). In addition, the anti-diarrheal additive led to a significant decrease (58%) in the diarrhea length
period. According to the period length and hardness of diarrhea, the cost of treating diarrhea in 28 days was
estimated to be 830000 Rials and 470000 Rials in the control and anti-diarrhea groups, respectively. Therefore,
the anti-diarrhea additive resulted in a 43% reduction in treatment costs.

Conclusions: The results of the present study showed that the supply of an anti-diarrheal additive containing
probiotics, immunoglobulin Y, and electrolytes to suckling calves led to a significant increase in growth
performance, starter intake, improvement in feed conversion rate, reduction in the count of fecal Escherichia coli,
and shortening of the diarrhea duration period. However, this additive did not affect rectal temperature, white
blood cell status, and blood parameters such as glucose, cholesterol, triglyceride, albumin, total protein, and blood
urea nitrogen. Therefore, the anti-diarrheal additive can reduce the prevalence, duration, and grade of diarrhea
and its harmful effects and improve suckling calves' growth performance and health status.
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Table 1. Ingredients and chemical composition of basal diet (DM basis)

Ingredients % in DM Energy and nutrients Value
Corn grain 56.00 DM (%) 90.00
Barley grain 1.20 ME, Mcal/kg 3.00
Soybean Meal 29.50 CP (%) 19.50
Rumen-protected Fat 3.00 EE (%) 6.00
Corn Gluten Meal 5.00 CF (%) 4.20
Sodium bicarbonate 1.00 NDF (%) 16.50
Magnesium oxide 0.30 ADF (%) 8.40
Calcium carbonate 1.00 Ca (%) 1.00
Mineral and vitamin premix! 2.00 P (%) 0.50
Bentonite 0.50

Salt 0.30

Mycotoxin binder 0.20

! Mineral and vitamin premix per Kilogram included: 625000 IU vitamin A; 3000 IU vitamin E; 150000 IU vitamin D3; 10000
mg Calcium; 20000 mg Phosphorus; 20000 mg Magnesium; 25000 mg Sodium; 2500 mg Iron; 3000 mg Manganese; 3000
mg Zinc; 1250 mg Copper; 50 mg lodine; 20 mg Selenium; 25 mg Cobalt; 1000 mg antioxidant.
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Table 2. Average body weight, growth, starter intake and feed conversion ratio in experimental groups

Item Treatment SEM P-value
Control Anti-diarrhea Treatment Time Interaction
Body Weight (kg)
7d 37.56 37.76 0.171 0.2536 - -
14d 39.44 40.02 0.413 0.1845 - -
21d 42.06° 43.502 0.591 0.0218 - -
28d 46.40° 48.012 0.580 0.0480 - -
0-14d 38.50 38.89 0.193 0.1627 0.0001 0.2435
0-28d 41.37 42.32 0.350 0.0642 0.0001 0.0226
Average daily gain (g/d)
0-7d 194.08 223.83 23.259 0.2127 - -
7-14d 273.08 322.00 43.541 0.2681 - -
14-21d 374.40P 496.332 41.943 0.0083 - -
21-28d 619.64 644.67 43.122 0.5754 - -
0-14d 233.58 272.92 20.381 0.1796 0.0002 0.6339
0-28d 365.48 421.73 22.475 0.0690 0.0001 0.1113
Starter intake (g/d)
0-7d 65.42 63.67 5.901 0.7734 - -
7-14d 156.92 185.25 16.592 0.1037 - -
14-21d 237.83% 297.422 8.604 <.0001 - -
21-28d 431.08 452.67 14.163 0.1396 - -
0-14d 111.17 124.46 6.383 0.1502 <.0001 0.0867
0-28 d 222.81° 249.752 7.093 0.0053 <.0001 0.0006
Feed conversion ratio

0-7d 3.01 2.8 0.334 0.5221 - -
7-14d 2.732 2.34b 0.181 0.0445 - -
14-21d 2.252 1.63° 0.285 0.0397 - -
21-28d 1.54 1.51 0.112 0.7926 - -
0-14d 2.87 2.57 0.163 0.1927 0.01 0.5681
0-28 d 241 2.07 0.185 0.0760 <.0001 0.3125

1 Based on the dry matter intake.
b Means with different superscripts within the same row differ significantly (P<0.05).

ialejl sloog )T 50 allusS s slaJolS 5 So5 (slaazinlp Y Joue
Table 3. Blood parameters and white blood cells of calves in experimental groups

I Treatment SEM P-value

tem Control Anti-diarrhea Treat Time Interaction
Blood parameters

Glucose (mmol/L) 4.55 4.51 0.134 0.8371 0.4121 0.7567

Triglyceride 0.279 0.277 0.017 0.8912 0.2935 0.0062

(mmol/L)

Cholesterol (mmol/L) 3.16 3.12 0.134 0.7752 0.9609 0.4737

BUN (mmol/L) 4.51 4.64 0.164 0.4459 0.7293 0.8409

Total protein (g/L) 51.12 55.12 2.991 0.2213 0.0051 0.0237

Albumin (g/L) 26.32 26.28 1.207 0.9752 0.8226 0.9917
White blood cell

WBC (count/pL) 10930 10625 724.037 0.7154 0.1216 0.0748

Lymphocyte (%) 58.99 55.81 2.905 0.3099 0.0445 0.4173

Neutrophil (%) 36.91 39.96 2.953 0.3218 0.0516 0.4062

Monocyte (%) 3.11 3.05 0.535 0.9201 0.7320 0.9361

Eosinophil (%) 1.27 0.97 0.192 0.1477 0.3326 0.4234
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Fig. 1. The average number of days with diarrhea
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Table 5. Rectal temperature and the number of E.coli count in feces of calves in experimental groups

Treatment P-value
Item — SEM i .
Control Anti-diarrhea Treat Time Interaction
Rectal Temperature (C°)
0-7d 38.83 38.9 0.130 0.5549 - -
7-14d 39.14 38.93 0.145 0.1421 - -
14-21d 39.15 39.04 0.156 0.4804 - -
21-28d 39.06 38.94 0.118 0.3035 - -
0-14d 38.99 38.91 0.069 0.4879 0.0641 0.1043
0-28d 39.05 38.95 0.095 0.3219 0.0817 0.3849
E.coli (logjo cfu/g)
3d 8.79 8.72 0.263 0.7904 - -
7d 8.47° 8.04° 0.194 0.0334 - -
14d 8.55 8.1 0.265 0.0928 - -
21d 8.13 7.55 0.313 0.0712 - -
28d 7.54 7.30 0.474 0.6546 - -
0-14d 8.6° 8.29° 0.133 0.0241 0.0240 0.5421
0-28d 8.04° 7.88" 0.211 0.0216 0.0002 0.6736
&b Means with different superscripts within the same row differ significantly (P<0.05).
@;iu}'l Sog 3 ol dllugS 480 jloal -7 Jgax
Table 6. Calves fecal scores in experimental groups
Treatment
1 .

Total days of fecal scores Control Anti-diarthea SEM P-value
Score 0 14.42° 18.83% 0.812 0.0011
Score 1 7.17 5.42 0.639 0.0667
Score 2 5.332 3.5 0.535 0.0225
Score 3 1.082 0.25° 0.194 0.0044
Diarrhea? 6.42° 3.75% 0.533 0.0012

! Fecal scores were established as 0) normal, 1) semi-formed and/or pasty, 2) loose but stays on top of bedding, and 3) watery

and/or sifts through bedding.
2 Fecal score >2 = diarrhea.

b Means with different superscripts within the same row differ significantly (P<0.05).
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