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Extended Abstract

Background: Milk contains a relatively small amount of iron, and one of the most important
negative aspects of milk nutrition is the occurrence of digestive diseases, such as diarrhea. Its iron
concentration is in the range of 0.3-0.6 mg/kg. Calves are prone to iron deficiency. Iron is an
essential component of hemoglobin, myoglobin, and several enzymes such as catalase,
peroxidase, and cytochrome oxidase. In the early stages of life, calves do not have a functional
rumen, and it seems that they are more like monogastric animals that must obtain the nutrients
they need. They also suffer from a lack of immune systems. Therefore, this condition exposes
them to critical challenges, mainly the risk of disease and death. Iron requirements of animals
vary depending on their age, sex, and physiological stages. The iron requirement for calves is
estimated to be around 100 ppm, and it is generally believed that young cows need more iron than
mature animals. In most dairy farms, iron supplements are added to the diet from an inorganic
source, which can undergo oxidation and react with other substances, thereby decreasing
solubility. For the purposes of animal nutrition and increasing bioavailability, this research
focuses on the use of chelates or preparations of protein iron. By using additives containing iron
compounds, bioavailability can be increased by chelation, which consists of a double covalent
bond of the metal with amino acids. To solve this problem, the desired elements should be added
to the diets of livestock in the form of chelated supplements. This research was designed to
investigate the effect of a chelated iron supplement containing organic acids and amino acids on
the performance, digestibility of nutrients, feeding behaviors, and blood parameters of weanling
calves.

Methods: Thirty-six newborn male calves (with an average weight of 35.1 + 2.7 kg) were
randomly divided into three groups with 12 replications. Experimental treatments were a control
group (without iron supplementation), diets supplemented with 50 mg of chelated iron based on
organic acids per calf per day, and diets supplemented with 50 mg of chelated iron based on amino
acids per head of calf per day. First, all the calves were carefully examined to ensure their health
and performance. The duration of the experiment was 63 days. Calves were weighed every 21
days, and the amount of consumed feed was recorded daily after 16 hours of starvation after
feeding using a digital scale. The feed consumption of each animal was also calculated from the
difference in the given diets and the remaining manger of each animal. The increase in the amount
of feed given to the animals was determined based on the feed of each animal on the following
day. The feed of the animal would increase if the animal left less than 10% feed on three
consecutive days. Diets were adjusted based on NRC (NRC, 2001) completely mixed, and
provided to the calves two times: 8 in the morning and 4 in the evening. Animals had free access
to water. Calves were also milked twice in the morning and in the evening (at the rate of 10% of
body weight). For the samples of digestibility, the samples of feed, residues, and feces were first
collected from each animal on days 58 to 63 for 5 days. To measure blood metabolites, blood was
sampled from the calf's jugular vein on day 63. Blood samples were transferred into anticoagulant-
containing tubes. To prepare plasma, blood samples were centrifuged at 3000 rpm for 10 min,
and plasma samples were transferred to -20 °C until analysis. During days 61 to 63 of the
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experimental period, nutritional behaviors, including eating, resting, chewing, standing, and
ruminating activities, were measured visually for all animals every 5 min for 48 hours.

Results: The calves receiving chelated iron supplements containing amino acids showed
increases in final weight (P = 0.0496), total period weight (P = 0.0198), and daily weight (P =
0.0212) and a decrease in feed conversion ratio (P = 0.0413) compared to the control group and
the treatment receiving chelated iron supplements containing the organic acids. There were no
significant differences in dry matter and milk consumption among different treatments. Nutrient
digestibility and feeding behaviors were not affected by experimental treatments. The
consumption of iron supplements by calves in both chelated forms containing organic acids and
amino acids increased the amount of blood iron (P = 0.0379), ferritin (P=0.0011), unsaturated
iron binding capacity (P=0.0428), transferrin (P = 0.0331), red blood cells (P = 0.0333),
hemoglobin (P = 0.0290), and hematocrit (P = 0.0001). Receiving chelated iron supplements
decreased the total antioxidant index (P = 0.0001) and total iron binding capacity (P = 0.0001)
compared to the control group.

Conclusion: According to the results of this research, it is recommended to provide chelated iron
containing amino acids due to improving the performance of suckling calves.
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Table 2. The effect of organic iron supplement on the performance of suckling calves

LSBL> umi J‘S\A

Jlis! o SEM _lron supplement with Sl 3)Sdes
P-Value Aol sl Sl Control Performance

Amino acid Organic acid
0.9896 0.470 35.66 35.66 35.75 (p55k5) ey9 szl (5
Initial body weight (Kg)
0.7082 0.719 40.63 40.11 39.79 (PS9S) VY 395 0ig
Body weight on day 21 (kg)
0.4237 0.976 54.80 54.20 53.23 (pS5S) ¥ 5, 03
Body weight on day 42 (kg)
0.0462 0.898 74.872 69.41° 68.54° (p55k5) Y 59, g
Body weight on day 63 (kg)
0.0198 1.007 39210 3375 32.79° (pS9kS) JS 09 LI
Total weight gain (1-63 day, kg)
0.0212 30.212 622.38 535.71° 520.47° (p5) 219 JS &g, 9 I
Total daily gain (1-63 day, g/d)
0.4192 29.204 461.99 453.73 472.30 (p5) 029> J5 lig) St o3l Bpo Kiie
Dry matter intake (1-63 day, g/d)
0.8418 0.748 6.70 6.67 6.56 (p5) li9) (Bpan b (pSibeo
Milk of‘fereq (1-63d, g/d)
0.0413 0.198 2,03 2,342 241 0393 J5 liE s ol

Feed conversion rate (1-63 day)
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SEM: Standard error of means, means in column with different superscripts differ significantly (p<0/05): b-a
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Table 3. The effect of organic iron supplementation on nutrients digestibility of suckling calves

b ol JoSo

Jlois! o SEM __Iron supplement with Jals (Ao ) (s330 dlgo puin B

P-Value Aol Suw Sl Control Nutrients Digestibility (%)
Amino acid Organic acid

0.4188 4.289 70.15 69.22 66.41 (223) Suis 830

Dry matter (%)

0.8780 5,552 72.20 72.89 70.24 (05) Sl 52Le

Organic matter (%)

0.6693 3.347 63.30 62.92 64.25 (12 )pls cxBay

Crude protein (%)

SEM: Standard Error of Means

ol ey S aoyd YEIZ 4 S0 ) iS5 oo
Ol 3 e (R bl gy s ples )3 oSl bl
Canl 0l ()5S i Sy lwy & Cwl e
Van Putten & Elshof, 1982; Webster & Saville, )
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Table 4. The effect of organic iron supplementation on feeding behaviors of suckling calves

&5 ool Jose

Jhis] mdaw SEM __Iron supplement with Sl (590 »° 4idd) gl i glo s,
p-Value Aol snn S sl Control Feeding behaviors (min/day)

Amino acid Organic acid
0.6960 28.462 304.60 295.60 285.20 009>
Eating
0.5611 21.020 284.80 282.20 268.00 s
Rumination
0.4201 1.007 589.40 577.80 553.20 O
Chewing
0.4862 27.555 350.20 361.40 394.40 ol
Resting
0.7496 2.556 33.20 40.00 36.40 ot
Drinking water
0.5241 22.332 467.20 460.80 456.00 ol
Standing

SEM: Standard Error of Means
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Table 5. The effect of organic iron supplementation on blood parameters of suckling calves

&5 ool Jose

Jlis! o SEM ron supplement with ol P ol
p-Value Aol bl Sl Control Blood parameters
Amino acid QOrganic acid _
0.0379 14.647 122.012 108.092 57.16° o2l
Iron (ug/dL)
0011 122 4,912 4,99 4.66° )
0.00 0 o 9 66 Ferritin (mol/L)
0.0428 18.556 249.01° 219.22¢ 156.51° gl el Jlail cud b
Unsaturated iron binding capacity (mol/L)
0.0001 23.433 228.42° 218.66° 308.00° o orl il el
Total iron binding capacity (mol/L)
0331 602 012 4820 140 Oty s
0033 060 50 8 3 Transferrin (mg/mL)
0.0001 0.132 053" 0.57° 0.65? S s Bl jasl
Total antioxidant status (mmol/L)
Algsyslle

0.3523 0.062 2.00 2.23 2.03 22130
Malondialdehyde (nmol/mL)
il 5

0.7711 0.077 1.02 1.10 1.05 o
Creatinine (u/L)
0.6242 41.410 1010.98 1067.82 1059.66 335 em> LS
Lactate dehydrogenase (u/L)
0.4695 2.001 49.27 46.82 52.16 il igial S
Aspartate aminotransferase (u/L)
0.6403 0.024 10.99 11.66 11.84 o Shaedlsiel o]
Alanine aminotransferase (u/L)
0.3331 20.113 692.12 716.55 721.26 Jlénd O"JL{JI

Alkaline phosphatase (u/L)
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SEM: Standard Error of Means, means in column with different superscripts differ significantly (p<0/05): b-a
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Table 6. The effect of organic iron supplementation on hematology of suckling calves

. ol oyl JoSa
J::\j;léut‘” SEM Iron supplement with Jals ol 9> 3)lse
Aol S sl Control Hematology cases
Amino acid Organic acid

0.0333 0.424 10.14° 9.96° 8.250 o8 o
Red blood cells (T/L)
.02 622 11.36° 10.86° .05° G290 902
0.0290 06 36 086 905 Hemoglobin (mmol/L)
0.0001 1.982 39.112 37.922 31.65° w;ym
Hematocrit (L/L)
S
0.7474 70.792 598.82 602.50 627.66 *
Platelet count test (G/L)
0.8441 1.454 35.38 35.33 3431 5058 JorlS Lawgie o>
Mean cell volume (fl)
0.6792 0.382 11.31 11.28 10.88 ko OS50 (nSke
Mean corpuscular hemoglobin (fmol)
0.9002 0.361 31.98 31.88 31.75 5058 SadsdlS (mglSgen clld (e
Mean corpuscular hemoglobin concentration (mmol/L)
.0807 71 94 10.1 04 Lt sl sulS
0.080 0.715 8.9 0.13 90 White blood cells (G/L)
0.1731 0.507 3.12 3.41 3.26 Je29 59
Neutrophils (%)
0.1704 0.425 4.89 5.01 4.80 o]
Lymphocyte (%)
0.0988 1.007 29.92 33.03 28.31 Cumgige
Monocytes (%)
05914 1.552 21.82 22.50 20.66 TSI

Eosinophils (%)
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SEM: Standard Error of Means, means in column with different superscripts differ significantly (p<0/05): b-a
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