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Introduction: The physiological transition of dairy cows from late pregnhancy to early lactation is accompanied
by major changes in the utilization of carbohydrates, amino acids, and lipids by adipose tissue, liver, and skeletal
muscle, which are in response to the energy deficit of early lactation, resulting from abundant milk production
without adequate compensation in feed intake. On the other hand, increased inflammation, oxidative stress, adipose
tissue mobilization, and metabolic disorders occur during the transition period. Inflammation is an evolutionarily
conserved response that underlies many physiological and pathological processes; in response to stimuli associated
with infection and tissue damage, immune components initiate a response and cause inflammation. Among the
essential micronutrients, antioxidant supplements such as minerals and vitamins are of particular importance.
Minerals and vitamins, which play an important role in the immune system, help fight infections and diseases, and
are in a way a modulator of the inflammatory process, play a role in the antioxidant system through their presence in
several significant proteins. Considering the importance of a successful transition from the transition period to the
lactation period and its effects on animal performance and health, a study was conducted to investigate the effect of
vitamin and mineral supplement injections during the transition period on inflammatory and antioxidant indices of
dairy cows.

Materials and Methods: For this purpose, 32 cows with an average milk production of 19 + 2.7 kg, multiple
calving (second calving) and a body condition score of 3.5 + 0.25 were divided into 4 treatments and 8 replications
in a completely randomized design at the end of the gestation period. The experimental treatments included: 1)
control group (no vitamin and mineral supplement injection), 2) treatment receiving injectable vitamin supplement,
3) treatment receiving injectable mineral supplement, and 4) treatment receiving both injectable vitamin and mineral
supplements. Supplements were injected subcutaneously 28 days before calving. The vitamin supplement contained
50,000 IU of vitamin A (palmitate), 25,000 IU of vitamin D3, 21 mg of vitamin E (acetate), 6 mg of vitamin B1, 2
mg of vitamin B2, 5 mg of vitamin B6, 12.5 mg of vitamin B3 (nicotinamide), 3 pg of vitamin B12, 6 mg of di-
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panthenol, and 2 mg of vitamin C, and its injection dose was 20 ml per cow as recommended by the manufacturer,
and the mineral supplement contained 400 mg of calcium bromide gluconate, 22 mg of magnesium hypophosphite,
and 2 mg of copper per ml, and its injection dose was 100 ml per cow as recommended by the manufacturer. The
cows were examined for health and multiple births before grouping; all animals were healthy and monogamous. To
measure blood biochemical metabolites, inflammatory markers, and antioxidant status, blood samples were
collected from 6 replicates of each treatment on days 21 before parturition, the day of parturition, and 21 days after
parturition.

Results and Discussion: Albumin, globulin and albumin:globulin ratio were affected by the experimental
treatments; so that the injection of minerals, vitamins and minerals and vitamins together caused a decrease in
albumin and albumin:globulin ratio and an increase in globulin in the blood of cows. The injection of minerals and
vitamins had no effect on the parameters of glucose, cholesterol, triglycerides, total protein and urea. On the other
hand, time also affected the parameters of glucose, cholesterol, triglycerides, total protein, albumin, globulin and
albumin:globulin ratio. Insulin, catalase, cortisol, glutathione peroxidase, malondialdehyde, superoxide dismutase
and total antioxidant status were affected by the experimental treatments; So that by injecting minerals, vitamins and
minerals and vitamins together, insulin increased and total antioxidant status, catalase, cortisol, glutathione
peroxidase, malondialdehyde and superoxide dismutase decreased, and the lowest amount of glutathione peroxidase
was for the group receiving minerals and vitamins simultaneously. All hormonal parameters and antioxidant indices
were also affected by time. Haptoglobin, serum amyloid A, ceruloplasmin and vitamin D concentrations were
affected by the experimental treatments, such that minerals and vitamins decreased the concentrations of
haptoglobin, serum amyloid A and ceruloplasmin and increased vitamin D, and the lowest serum amyloid A and
ceruloplasmin levels were for the group receiving minerals and vitamins simultaneously. All inflammatory indices
were also affected by time. Alkaline phosphatase enzyme activity was affected by the experimental treatments, and
minerals and vitamins decreased the activity of this enzyme. Aspartate transaminase and alanine aminotransferase
enzymes were not affected by the experimental treatments. Time affected alkaline phosphatase enzyme activity, but
other parameters were not affected by time.

Conclusion: Injection of minerals and vitamins in late pregnancy to dairy cows caused a significant effect on the
parameters of albumin, globulin, albumin:globulin ratio, insulin, catalase, cortisol, glutathione peroxidase,
malondialdehyde, superoxide dismutase, total antioxidant status, haptoglobin, ceruloplasmin, serum amyloid A,
vitamin D and alkaline phosphatase in the blood of cows receiving minerals and vitamins compared to the control
group. Considering the greater improvement of co-injection of minerals and vitamins on albumin, glutathione
peroxidase, serum amyloid A and ceruloplasmin in the blood of the treated cows, simultaneous injection of minerals
and vitamins is recommended for cows in late pregnancy.

Keywords: Antioxidant status, Dairy cows, Inflammatory indices, Transition period, Vitamin and mineral
supplements
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Globulin (g/dL)
e el 1.562 1.35P 1.35P 1.32b 0.025 <0.001 0.008 0.001

Albumin:globulin

3Sle 1y likiul sllas (SEM (P>+/+0) wil o dopd gy gdaw p o gime OS] ssimd (s Caydy jo 13 dilidie e Bgy sl sl ks
Means in rows with different superscripts differ significantly (P<0/05)
SEM: Standard error of means
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Table 3- The effect of mineral and vitamin injections in late pregnancy on hormonal parameters and antioxidant indices

ilojl sla)los s Jezs! s
i Exprimental treatments P-value
laascinl B 3 3,5kl o
Parameters Sold (Sxe dlgo o yrolis N l:,i - by ilee s ol Tlt;a;xm)er;tx
Control  Minerals  Vitamins ORI SEM Treatment  Time )
Min+vit. time
(’@J“’J?”/P’Syu) Oy 13.03° 14.102 14.562 14.182 0.197 0.002 0.001 0.133
Insulin (ng/ml)
(3 skl 3215) YUK 21.872 16.46° 15.12° 14.15° 0.295 <0.001 <0.001 <0.001
Catalase (U/mg)
(dleSosn) Do g gga 6.42° 5.84p 5.39P 0.218 <0.001  <0.001 <0.001
Cortisol (mg/dI)
STy 9515
(p.5 el 2>19) 44118 4002°  39.26b 37.35¢ 0.394 <0.001  <0.001  <0.001
Gultation peroxidase
(U/mg)
3540 glle
(5ol J5o5b) 6.67 6.16° 5.98P 5.89P 0.050 <0.001  <0.001 <0.001
Malondialdehyde
(nmol/ml)
Bgomnd 28Ty 000
)21 5 ol 30.70° 2583°  25.83° 24.50° 0.345 <0.001  <0.001  <0.001
Superoxide dismutase
(U/mg)
JS i) 51 cundg
(3l Jyocskes) 0912  0.79° 0.78" 0.77° 0.014 <0.001  <0.001 0.001
Total antioxidant status
(mmol/l)
(P>e/+0) asb oo doyd et gdans )3 5 xe NS suimd LS Cindy yo )3 wliiop gy gl sla ko
L)AiJLuQ )'l J)l.le:(ml s :SEM
Means in rows with different superscripts differ significantly (P<0/05).
SEM: Standard error of means
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Table 4- The effect of mineral and vitamin injections in late pregnancy on hormonal parameters and inflammatory indices

ilojl sla)las s Jlozs! s
. Exprimental treatments P-value
[EXESI 5 st
) slge Oolei%less
Parameters Al (e 3‘?4 Lnad...,otﬁ o ) Lbdgi-?‘.uc )la."..? UL") . *
Control Minerals Vitamins o297 SEM Treatment  Time reatmentx
Min+vit. time
(’kjéﬁ/?;?)sw) e 101.28%  89.27° 87.51° 84.51° 1.213 <0.001 <0.001 0.059
Haptoglobin (mg/ml)
st Ao Sbal e g5 g6 q3100 1248 11.91° 0.177 <0001 <0001  <0.001
Serum amyloid A (mg/l)
Lalsudlp s o) umdledspe g0 4.53b 4.96 5.20° 0.116 <0.001  <0.001 <0.001
Ceruloplasmin (mg/dl)
0wt D(al e 550) 88.54° 99.852 109.292 103.982 0.900 <0.001 <0.001 0.274

Vitamin D (ng/ml)

P>/ +0) asly oo o yd gty g )3 I3 ime BMES] odiad Lt (a3 o )3 Aoyt Bg > sy sl Sile
3Ske jl3,lkl sles :SEM
Means in rows with different superscripts differ significantly (P<0/05).
SEM: Standard error of means
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Table 5- The effect of mineral and vitamin injections in late pregnancy on liver enzymes activity
sinlo 1 sl ylos Jleis] o
. Exprimental treatments 3,5kl gllas P-value

S5 S + dno Slgo oo o lass
Liver enzymes b e dlge  lapyelig bt SIéM" Slos obes TU e

Control  Minerals  Vitamins il Treatment Time reatment

Min-+vit. time
(il aslg) 55lans oIS
Alkaline phosphatase 127,75  112.06° 112,690 111.87° 0.818 <0.001 0.006 <0.001
((S7D)
el eil5 Sled
(/215) 3660 3476  39.42 34.66 1.575 0155 0478 0.889
Aspartate trans aminase
un
(FENRSP eI
Alanine 12.67 12.53 12.65 12.25 0.497 0.924 0.316 0.145
aminotransferase (U/l)
(P>1+0) 85l oo Ao yd gty plams ) 5 sxe BB oaimd L5 Cisd)y o > wlie s gy s sla, Silo
US\:LA )'l >)|JJL';M] s :SEM
Means in rows with different superscripts differ significantly (P<0/05).
SEM: Standard error of means
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