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Introduction: The physiological transition of dairy cows from late pregnancy 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.

Method and Material: 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 1U 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 ug of vitamin B12, 6 mg of di-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.
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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.



(ST 5T g Ao GBS LSy JUT 8,90 50 Fure g (shwaling (Sl JeSe 32,5 5
Sy Sagls

VI ol sl 53U 9 U JloS Lo, MU E il oo

VEY/NY/40 13 55 b
VECR/ VY s S5k s
VEOF/ NS 2 b

Oll (b5 (lindS il (b @alo 9 (6559l Gliiioni 35 50 cpld 4035 (6,550 -)

20l OB S5 plidS L] (orb @b 9 (55 )9Lis Gl 35 po ()b sl Y

Ol @S gS (ol pole Ui dunmwgo gub 9 p10 (859 oy Sl sy, Lulils Y

Mohammadasadiseyed1994@yahoo.com
https://doi.org/10.22067/ijasr.2025. 92312.1239

HXV LS

(o gl ST 5l g ool slapadls p Jl 5)93 )3 Sare g (sling (sloeSe B0y ST ) sebateds (imgdy cxl
10l 09,8 (V 2ol (aaiolo] sllass i ploul 3ol JalS o s 33 1,85 A 5 sloss ¥ L (it ,3lg) 13 68 ol YY) 3liol L
095 (¥ 9 ()p (Gime JoSo 018 C8L)d 095 (Vo5 (dnoling JoSo 048l > 09,5 (V o (Gne 9 (usling JoSo (3255 pic)
G &b ol @l A pbol gl j g Gl 8 59y YA 13 B2y 09wl ()5 (Sdee 5 uelng oS saiSedl
35 glS 8 deglS SRl g daslSi sl Cuid g rogd] SEaKST s ol laisliyg g dne dlse g Ingyaling uxe dlge
g sl ogle STy 09UslS JyiansS GVUE JS Ganslil conds 5 QR dgudl bdoSe )5 b peizan
dge 8> g bagpsling g (Samedlge Gloje 0SBl )3 09,5 (gl STy (sUslS sl (508 g Wbl (EAIS [Bgeu S5
A ssgal i S 925 D ey QR 5 cresdigly s 9y A aslal (omglgale clile (il o lagyaliyg 5 (Sine
sloloss 586 cos liud (I o1 Cllad g lojon g0t agmalizg g no dlge 01Tl 09,8 (sl (rmndligly s g oo
Syl Fgial V1 g el il )bl (gl 5150055 @l cal €l (2l o npaling g (Sno Slgo 9 28,5 8 ol
Ashel Sy (1995 ccmosdl 2 aisaling g Sdme SNgo ol (35 s S 41 g5 b i8S )15 alefl slajles b cow
25 0 drog gt Bl Sagls 4 by o Jaxedlge (lojed 5)F @aiS il led (1B rewMiglg e 5 s A

Sl 5l Cunsg o Sdme g meling (sl JoSo ¢ gy 95 ¢ olodl (slajadls (JWsl 5)e0 1 g0S  glaojlg

EPRTSY
docysing S 3l oslitul )3 sdas Sl b (230d blsl & ool SNsl 5| et SagS (Seelseid S
d9uS s gunly j> &S (Horst et al., 2021) ol ol yor Sl dlae § S ¢ oy> Cél g lasd 9 aiel (claswl
&) S ol 0550 Sl STys3 B pmn 53 o oy s b sl e s bl o (s Bl )3 (55
&y Jsl )9 3 Sglie SYME] 5 g5l o gl coled! ialsdl ¢ 8,k 51 (McGuckin et al., 2023) sa
9 £ 50 (5l e ilg caw Sygd Brae Cdl 5 (sde dlge (sYL sl (Coleman et al., 2021) vy o
Ghasemi et al., ) 5930 (525 slodshs sl (5551 (otl el aiyiolyd o cladsl JRIE1 G Jlise,


mailto:Mohammadasadiseyed1994@yahoo.com
https://orcid.org/0000-0001-8199-3953
https://orcid.org/0009-0002-2879-7720
https://orcid.org/0000-0002-8176-6918

oledlj 5 " (BHB) iy (uSgpamly 5 olaaly j) i (NEFA) aiy il yd op ol (ial81 (2019
SO l53l 39 Mnlss olyam Sy yragil a5 el ol S8 (slosiBign il b s 3,Shas )3 JMES) (e
Sl Jlb (dieS sl e Mo 4 e Gleali ogelim > Ll oS s 9 Slugcd e a5
o5 conilienS s cud b b e LT (ROS) (y5uemS] Jled sladisS oy5les pac (Allen & Bradford., 2009) >4 o0
Gl 5y glagl led] (slaguly § Sdplie glacglmial el oyl Jole o8 5 JLis 4 1) glins]
9 So5lo b sl 3 5l oyl slodie; oS canl JLolSS ouslass gl G Ol (Giuliodori et al., 2013)
Sl el g 03,8 SNy (mdgusly oal (gl (Bl ol g Cigie L lasye (slacS pome 4 gl 53 sl S35k
5005 ks sllasl S e L b aiS o Ko oy 4 el (Jlony] <l 3 (Medzhitov., 2008) wss e
s3lodlil pgyiis dbul col wlg o oledl sloadli ySade (il ST ale o] jlugen bk Banl
5 o3 Sl &1 85 3950 ] sloebanly cigis Gl sl sl o el 9 (Bl el (> 5 S
cabawly glodlil g olo ¢ ol clacS e 4 by (Han et al., 2020) 1S’ o K8 @b 5 Shas 53 059 i
(Newton & Dixit., 2012) il o 3lis] s 3 db (slo s g 5 1idsil;sSal dblS sa8” db S sipes alos | g
sl Glosho 1 JUb g S8 odgll il 4 s ol Gl el ) Slosm arla slaeSed o JsSUse ol
ol 2 als yo roly sl 4 culS 455 sl Ky (NelSON et al., 2022) kimd oSSl Syoampus ggeusl 5
A s55kel caudiglyp mglSgle | Bl le G50 15 A8 by o oyt > 45 ol B (slacyy
oSl Hlade 4y IS ysbay ols B Fwl o S sl s, (Bradford et al., 2015) C 5 yiiSly gy 5 p oy
Oley glop ) bbee Gl 3L5 Glire 4 Siatass Clol Jsbo )3 ol cbale bl g oo 8L (g3 by
dsisa SBy) (A ol wl e (Rl Wsdie by A8 5| Yseno oS sl i lauisy ple clile
g ouilaanST i dgun ol ials sl 5l (Ceciliani et al., 2012) wgis o aidlids ko s> 58 sniad i8]y
Abuelo et al., 2016) wsb o pls & byl 5,5 b swal 315l clagls oy 53 (cdio dlgo ;I odliunl ¢ oy piammes
(Asadi et al., 2024d
0358 1 logag Cosanl Sl iyl (SlnS| Bl (185 oS I preling g ne dlse Sl B (908 slasdiags) o ]
2 g9l Bb oyl el piuww §3 coke i &S e pais ke 1y ((Panahi dorche et al., 2018) aws
oAS s o5ty g A5 oSS oo 5 Inighe L oj)lo 4y ST Bl w3 a2 5 bB (Bion caiiz
Gropper) .33 3939 5B geummd 2uwSlprgm 9 ppouwMoglg ys (g )3y e (WEISS., 2010) wisb g0  olel a5
ol b e alS pleali Sl Sl )93 2 D ey clale (608 (slagls )3 cnl 2 09Me (et al,, 2005
Solow ply > Bagls a8 Jlal 095 )3 s ialj8l ) gt oyial g (ool (2STy Cosl (800 D (ppoling cdale
Al 413> 18 Cundy cpl 2 Wlg e py D reling tlS g itn gl gliasS] oyl 5 Sdplie sl
SaS (b slgls S 093 Jsbo 3 g5lan] (5l 5510S] Condg g ol ozl s 2 D3 eling 32,5
xS ola Ol by jlasesp b1y ROS (5" 25 bl E el (HassanAbadi et al., 2021) a5

" Non-esterified fatty acids
2 Beta-hydroxybutyrate
3 Reactive oxygen species



JoSo b oo LialS 138 0y93 Job 0 E ey (olewdl clale o5 losll (Bernabucci et al., 2005) aus’
opeling oS 4 A el (Bertoni et al., 2015) wiso o 390 |y (SliwnST 5] cunsg ol 5l Jd E ool
E el coslio gl bis p mulitunsyé 50 ((Splie sloslon g Sliny slacigie Sials’ p opdle C
(Erbetal., 2004) x¢5 o soul slosbo gunl douge cacly g azilis 5

15 gl o Jgyuls Saals g S8 (il el il Bl sloj 4 B (slacpelig 09,8 52,5 (ohingl 5
5 omesd] clale zals cel bl Juad (> (opi sloglS & ADSE (clapmelig 30,5 [(Asadi et al., 2025)
[(Sharokhian Rezaee et al., 2015) cusls (o1 95 Lol (o ool clld g ai )] o3 pgp iol33)
15 o JoiesS o Gl 4 e eyl cov lagie 4 C by s oS> el
U gound S|y gw cdale (iolidl el da g o s )d e caliee (sla JS5 5l eolazwl (Abolghasemi et al., 2023)
(Shenetal., 2021) wi lap aadl (o> ool clale jials g JS Slas] ol cunsg ¢ 5B lawsly 5648
site 5l Jols Sals 4 ot cpilinns] ol GERSTL IS 090 Jobo )3 oy 4 (uSlieS B slaiyialiyg 52,5
5 gamny dSTprgm Cadlad y2al331 b S 0,95 (60 (sloglS 4y e 32,5 (ONGAN & Yuksel, 2017) a5 s 5
~0adls p Jl 5)93 3 (dae g bty sl JoSe 32,5 1L st (g pls oMl g 3 )Slae o] s
1 bl gy glS iS5l o el gla

L %9, 9 3190
sokate (pdy (L85 Sy IS Gl 53 &Bly gy Bges pld Sygneld dsie 3 VYT 50l 3 pSl (yingh
VIO YD 5 Candg oy g (pgd o5B) 5 oS5 Az p Sk VA E IV o 55 0 Sikeo b cplitla ol8” L, ¥
09,5 (V 1ol alojl (slolags 25 s Bolas JolS il B 10 )5 A 5 e ¥ 4y il 0)93 35l 3
JoSo 0SBy 09,5 (Ve )55 (siwolg JoSio 0S8l )3 09,5 (V Sdne 5 (swolig JoSo 52)35 pis) aald
Gl 8 59y YA 3 B eSe 32)55 dg b () (Shne g (el JoSo 0S8l 095 (Vg (o) (e
(Hellop 231y YO+ Olbolb) A pppelng (Jalloyn oy 800 (ol oy JoSo ol plosil (gl 5 &0
Be (yoling p)S ke & B2 colivg p)5 e ¥ B peling )5 e £ (lil) B ppsling p)5 e VY D3 elig
35 C ouoling S o ¥ 5 J5il (63 25 ke & Bz msbig 555500 ¥ faseliiyS) Ba elirg p5 e VY0
Foo gl o e b 48 Sdne JoSo g 292 g5 oy o slil 0y Y okl S8 Aoy ik o 205
S x5 oy 5o o] B3 5 5 039 o pS o 99 5 Cuidguan o juio )5 eo VY eigS S g1 S 5 o
npls 4ulS 505 ) ligliain 5 oMl a3 (cab0g,S | g LaglS 2290 915" ol yo (il 42y s Ve 03l
Gl odal V' Jodo 53 byl (gdne dlge o LaglS yioly 51 s o Linls 51 i eolaiwls g0 8y didg |5 68T 5 Wl
JS5 4 Bpas Slyss 5l gy )3 0deg 95 5 0ad (M (295 ssbar Shmg b o eulejl (slag S slagls

Al g yiand Slygd g Ol 4 ol3] jebas Gialesl Jobo 13 9 Bad 0 4355 TMR



bord S5 g 03 il -V Jga
Table 1- Diet components and chemical compositions

oAl 5l ans gl 0 (g152] oAl5 51 Jud gl oy (5152
(Sid o3k wwoyd) (S 23ko wwo )
iy o131 PP 47.50
(Corn silage) ' (Corn silage) '
s 1704 5% 12.75
(Alfalfa) ' (Alfalfa) '
w8y Ao o7q T 10,03
(Sugar beet pulp) ' (Barley grain) '
JolS” abbas, 8.86 &y Al 11.49
(Whole cottonseed) ' (Corn grain) '
5 aly Ly oS’
(Barley grain) 11.76 (Soybean meal) 3.04
<y Al olo yo9
(Corn grain) 14.34 (Fish powder) 1.5
@3 FglS Al LS dlws
(Corn gluten meal) 1.58 (Canola meal) 542
Lgws dllous’ &y els Albus
(Soybean meal) 8.21 (Corn gluten meal) 1.5
2l g JolS” e,
(Fish powder) 173 (Whole cottonseed) 2.39
St e Oldlges
(Bentonite) 0.52 (Magnesium sulphate) 0.71
S Sy 8 S Sl S
Calcium carbonate) 08 Calcium carbonate) 1.36
S el 2,18
(Salt) 0..50 (Calcium chloride) 0.61
(Monensin) 0% (Monensin) 0.25
east) 0.25 yeast) 0.25
el JoXs 164 ol Jss 121
(Mineral-Vitamin supplement * ' (Mineral-Vitamin supplement * )
s o oS 53 s o oS 53
J‘yo
8y (5o 3lgo Jlade slade RN
e
(Suid o3le pSokiST 6 JS) (23,08 (6551 (Suid o3le p)SolST 6 JE) (23,05 (65 5]
Cow lactation energy (Mcal/kg DM) 172 Cow lactation energy (Mcal/kg 1.61
DM)
(225) pB (552 (2253) pB 055
Crude protein (%) 16.10 Crude protein (%) 13.67
(J“D)J) L_s—"‘> °J"’9—‘:’ ) J?’l"“’b )“"3 32 20 (’\‘D)‘!) Ls—"‘> °’\"3?—“’ ) J9l>mb )"“'e 34 60
Neutral detergent fiber (%) ' Neutral detergent fiber (%) '
(123) 551 0ylas (Ao ) yuwSs
1.94  Ash (%) 7.92

Ethereal extract (%)



(40y3) yuss gog (o) e 1.34

Ash (%) ' Calcium (%)

(22 )3) S’ (10)) yud

Calcium (%) 0.94 Phosphorus (%) 0-39
(12 )2) s (40)) 2 st

Phosphorus (%) 044 Magnesium (%) 068
DCAD (meq kg?) 288  DCAD (meq kg?) -57

S5 2S5 ¥ @S 25 ¥ e p)5 V0 phuad o5 Vo alS £)5 Ve i(pSoy )5 0SS 58) Sl sliogm( Sne (oSe
ol p)5 (oo V0 ol S oo oo ey p)S (o Ve LS S (o A cn S (o Ar e 59y p)S (oo Vet K0 S oo WY

E fpolig Mallope aslg Feor 5 D3 ppoliyg Mallogs dnly $ee v e A ualing Medloy dolg Y00 -0
The mineral and vitamin premix contained (1 kg premix): 140 g Ca, 20 g P, 35 g Mg, 40 g Cr,
40 g S, 1200 mg Mn, 1000 mg Zn, 800 mg Cu, 8 mg Co, 10 mg lodine, 400 mg Fe, 15 mg Se,
20000 mg vitamin NA, 350000 IU vitamin A, 60000 IU vitamin D3, 4000 IU vitamin E

2 slo o LS55 5l GlannS1 Bl Cuns g 5 ledl sl pasls (s alierd s slaCdglio (5Sojlul Can
ol sladg 31 4 (98 sladiges . plonil (K565 ()l om S9) VY 9 ol 9y el Sl Ot VY oy,
Voor IPM Ceypaw b aidd Vo Cdo 4y 05 sdiges dowdly dnd (gl 805 Jate (EDTA) slasil a5 0dle
JS oS 8] Cndg d Jitte ogpmadis 42> =Y+ 4 3BT loj b LoDl (gladigas ciyleg)d g 0 S il
il Gginol YT g 56l IS 5l gl (gl 3T cedled 5 GYBIS Bl (23 yallo ¢jBgommesdtnmes ] pyom
5 0995 Lol &8 b slaceS Sl oolit ol b (slS g agdl (IS (35591 s praedlS (65 0] (g S (S 5lS
A5 gyS0jl (Spect AA220, Variant) yosibg il oSz dluws gy 15:Y1 oS 5l odlizol b s D el
S iMenST Clled oo b ppesdlygly s g (trideNta) 1Y) oSl nglSsile 5 oy A agleel clale
(K0 csligige) Jo5,65 S b JgjysS cale b (g Sojlil (s ptogidy Sl o) 42 cyossMiglg o
RaNdoX ) (DRG) (slacus” ;) o3l ul b laasdly ydoail Ll 5 435505 (6lys oon 51 iomis 5 Ab (5,50l
A (g5 030l (RAL ¢Clima Plus) Slegsl yiogidg Sl S lawgs (Laboratories Ltd.
ol slaosls oo ey 5 bl oo LS5 A g jle ¥ b (ool SelS b B o (iolol ) Juols cledbl culesyd
s 15 LSD gl 1 o ySileo duaslio (clys g 8.5 &y90 GLM gy 5 U aseus SAS lsile s 5l oslizal L
A odlatnl Mo yd B gy xe
1 ool ;5 (oylel Jae jl leMbl Jdoiga 555 gl

Yijk = u + Ai + Eaik + Bj + ABij + Ebijk

K S5 55J oSl gloj g 1 slass & baape sdalie =Yijk
osnlio S (1Sle = Y
ol jleg g1 =A
ol slas =Eaik
Pl s pSejlul ploj 31 =Bj
JsSoil ploj g1 jlos (iiSon 2 =ABij
e b st = Ebijk



Cou g b

Y gt 2 g (f alesdon (slacominld p el Syl clagls 4 baopeling g Gixe dlge 55 55E
B0F S Syt 18,5 15 lofl slayloss b o gl mogd] Canms g lipglS cimagall el 0050155
sl Sl 5 deslS: el G g inmsd] IS s ol lopolig g (Sane Slge g o aliyg ¢ e Slgo
9 JS OSgn S (65 (o il 9IS slayiall p laipeling g (Sane dlge (3255 (P<0.05) 135 lagls” (155
ragll (JS B9 hoplS 55 JgyiadS SIS slayially p 35 oloj Bl 3l (P>0.05) cuils 6,8 ol
2 686 E pmeling (sol uSliaS 3205 ciotingy o (P<O.05) 292 18 18b (dgnglS simegd] s g sl
wolng WSS 2,5 ¢ owimen (Abdolmaleki et al., 2018) cuslys agls yrogall g b yanndlS ¢ 5 ¢ Jg yiandS ¢35 45
s b slas 5> (Movahednasab et al., 2023) cusly ballwsS mesdl 5 iSop «JoyiudS p 6,5t (AD3E)
Hassanabadi et al., ) cuslss gl 9 odelS 5 oyl Jisl 0,95 (sbaglS a4y Da cpusbing B2y55 eyl img
(Chandraetal., 2014) 15 -5 3Sol5 ol 38l Cum LglS 0y 3 (STyes E polisg il odlainl ¢ aimgly 53 .(2021
Dupplessis et al., ) cusls gyl Giolj 5 Gia 5o bpls 5568 5 6wl Bz Bo Be (slamoling oSheoS” 52,5
05 Ban 5 2 68 il Byl slagl 4 B 5 Bro slagalizy 5,5 0l Liagh ol b (38l5e (2022
Jl (Mousavi et al., 2022) cuslss (lj 5 g s G2l Joy ol J i slogles > JopdS s SpedlSis
Lol a5 Loyl S 65 9 JpindS 2 (680 il 315) (sl im0 (ADSE) (inolizg uShiaS” 325 ()b
& wolgm Jame WSS 3,55 (Shahbazi et al., 2023) Lo 5 b yive 55 IS g 5 565 Lialidl o
9 3595 SRl o Lol 2)5 sl ol Gl 51 e alianion sloeomil b 5> gyt el Bl lagls
35 1 Vgano 45 pmoadl s b oting ¢ Uil 053 3 (Asadi et al, 2021) 1 ;51 Loy glS 4 poudS s 5
owcen (Ceciliani et al., 2012) wloasad pdy aie sl 5B gla 1S9y o ol (s, SOl laisdy Bgud co e 5
oesdl Gl L 085wt plgice o Al o ol g o S (el eximd L lguslS sl s ialS
.(Movahednasab et al., 2023) 1g oo  oo] i guwls dguds 5 (il LialS el o5

09 lardon ladomil el Bl 3 uelg 5 (e dlge 3y 5 31-Y Jgan
Table 2- The effect of mineral and vitamin injections in late pregnancy on Biochemical parameters

ialofl sloloss sl Jlz>! o
stbosdon (slodoxinl b Exprimental treatments k] P-Value
ERAW

Biochemical Sald (e dlge oty bomlogrgaalse ooy Sl S ples ST plejles
parameters Control  Minerals  Vitamins Min+Vit
Lol o) 5555 7004 6958 7082 68.16 1097 0405 <0.001  0.006
Glucose (mg/dL)

(adlp s Joads g5 50 5190 5086 52.30 0575 0286 <0.001 0.748
Cholesterol (mg/dL)
LRamdlp o) ksds? 739 717 2815 27.97 0486 0549 <0.001  0.032
Triglyceride (mg/dL)

.- e 5 ]
Lismlpsfide) 09 29.64 3057 2797 30.84 0.614 0486 0749  0.848

Urea (mg/dL)



Ldsmdlp5) IS o3 7.52 7.59 7.57 7.55 0.055 0.841 <0.001 0535
Total Protein (gr/dL)

(3l p)5) sl

a b b c
Albumin (ardL) 457 4.35 434 4.28 0.029 <0.001 <0.001 <0.001
(3 owdlp)5) dgrsls b a a a
Clobulin (ar/dL) 2.94 3.23 3.23 3.26 0.050 0001 <0001 0.076
orels] ool
OglS] s 1.562 1.35b 1.35b 1.320 0.025 <0.001 0.008  0.001

Albumin:Globulin

rSibe 310,05kl sllas (SEM (P<-/+8) canl Jlo me caulinal CBgyn b cindy y 55 o6l coglis
SEM: Standard error of means, means in rows with different superscripts differ significantly (P<0/05): c-a

1l slopadls 5 (goygn slacminlp (il S5l Slagh 4 oty 5 Gidxe Slgo 325 b
Hgoued ] g0 sl 63 glle lapusy 155bIS J555)58 GBI cpdgud] ol 015 )1 T Jgaz 1o lagls
Slge g lagsealing o idna g 525 b &5 (g kot 085 8 olejl syl y5b s IS Sl il Cumsg
ole STy 58UglS Jo5ysS GYBE (S sl il comsg g Gl dgudl wal baoelig g (Sixe
Olojen 02528l 09,5 (sl ManSTy (gUslS ko (S g Al alS BgenydspnS] s o i
5 5 olej il cov ShaST l cla jasls ¢ Sgeysn (sl plos (P<0.05) 3g) s yolig g Sdmedlge
slogls 5> Lawdly Jo3i)sS (bl o baipmoling g (Sine Slge (a8 Sl (gl b gunor (P<0.05) 185
ol el Bl lag 4 WSheS B gelig 5,5 (oidgp ,» J(Khan et al, 2024) 55 (g
ol P 5> o350 Shals g S eS|l Cumsg (1alS g VLIS g STy ()8lslS Ugamdanns] yom
6556 (AD3E) weling wShoS 2,55 (Asadi et al., 2024a) cuily ol yor 45 1y 48L5 09,5 4 Conas 2l 5 o
JEsl o950 (slagls 4 D3 yeling 3,5 (Movahednasab et al., 2023) cuslys ndllwsS o Slans] sl cud b
slge 3,5 b [(Hassanabadi et al., 2021) cudlss byl g0 STy asbelS o jUsemsdinSTpgw » syl
o3alie LS 09)S" &y Cond JYBL 5 JBgoundipnSTygm (ial38l (JUl 0)95 (slagls & wal 93 p2 5 Lo yaling ¢ Sine
ol g el o glle ialS da el g sl il Bl claglS 5> (Somagond et al., 2023) ws
Gu5 b (Khan et al., 2024) skl 5 Ty 555658 o Bgamdimns] o GYBS (S lipms] 5 Cundg
Bates etal., ) ud ()15 ald 09,5 jl yides oy 5l up 0S8l ) o jlanasTyy 1556915 ¢ Sanedlge oSS
St 95 55 5V il ool 5 J55598 s 5 55T il lS (s B 5 A (plizg (55l Joo (2025
38l G il 35l el e 4 (AD3E) uelbig wSUeS 2,5 [(Alhussien et al., 2021) ws oyl 5 oo
Shahbazi et ) ws o ive aall (3 glle Lials g ISy 55belS ¢bgomndimnSTpow ¢ SlawsT 51 cud b
3xr 5 U5 55 ol gy s lS ul38l o il Sl SlaglS &y cpolis g idme oSkS 525 (al., 2023
Culled )3 (6 puss (s SBglS A Sdme dlge 5,55 (Asadi et al., 2021) wi sald 69,5 sagls 4 cans il
(Silva et al., 2022) 5,55 sl by] SlapmSly 5565 5 55s0mmddpmsTysgu
o IS5y i by ST T o 3T (el pmsilSio 0l o inl38l 55T o sl jlas izl 0,05 (glaglS
S 5 (58l ol 5] 15 3] oSole o o] 3] ol (055 S gae 5 (5enS] S (sloai
Culled 0dimddgup (sdne dlge ke 3l (TOghdory et al., 2023) g o b yis 9 Cledl blis ;o sl gl



o Joho (2Ulg5 d9u00 sl E opwoling (Asadi et al., 2024b) aizun o puolig 9 (Siwe dlge ¢ Slans] ol (sl 3]
.(Bernabucci et al., 2002) wS o (55 ol> Ol Cuows 4 € iy 1 o> 5 Canwl 020 ROS (087 s
S3y90 09 58I JWal sl uig (sl g (SamS1 BT b (65 5] gl 3 5,0 Slam 3l 5l (ol (sl o puaic
9 3)h Sbdhs cdld &S col e g9l slape 3]l Bgemsd auSTygw (Grzybowska et al., 2018) el
(Kegley et al., 2016) ans o LialS 1) jbg0msd 1Sl pgu (o w2 plellio cullsd ool guwl caumas ¢ Lials
il bwgi oadadsi (ig)e STy o)) cbils galS mie di Cwl (Ses s (IS 09
25 ill 53 0fugas (JUslo)93 13 p iy D (yelng cdale il jBgoned dpuSTyg0 dawly b ST iygw sl SIS0,
(Holcombe et al., 2018) b o ials wiid Sglie wyiwl § (s5low 4 Ml dxtus yidis (5 (slagls oS
L Slgs oo D caling «(Byb 1 and (al 38l 1) gt oyl 9 oledl (iSTy conl (S0 D ppaling clale (alS
cdale (Abdelnouretal., 2019) 556 o0 63 12pb sios] itansan (085S S yu Ylgicdy Jo 505,68 31 (Altken., 2009
s o35 g5 o AbCaugil] Cllad g 3l G208 (imon 5 acodb sl Mg 5 0 ,Shos Jloe b JpieipsS sV
Kafilzadeh) xs 5 Gledl 5 (i s &y (dos] Fusl 2900 9 J9555)55 Ll Caws Ailg oo b gdso sy 9 Cawl i)
Cannnd 455 J93u7585 o iS4 Wlgs o (g U o poling 9 (S lge ol clale &wly (et al., 2012
Sy By gdneny 5 00,8 Jos pudgrlio p dbate jsbay ouwsl g Jg5u,s8 (Khansari et al., 1990) s 03l
Sstc s W alizg 5 (n Slgo Lausgd () soges pudiplio jedl 5 Cund oSl pl g )05 1) (g s 20139
Asadi et al., ) 395 baoslow 33 o Canglin uimad 5 ol (slashe sluJl 5 S5 gy slasil 9

(2024c

anS1 5l cloasls 5 gerom (slasorinl® y (ttual Bl )3 (ioling 9 (Sase g 30,5 31T Jgo
Table 3- The effect of mineral and vitamin injections in late pregnancy on hormonal parameters and antioxidant

indices
ialofl slaloss sl Jlz! o
ldoeil 2 Exprimental treatments St P-Value
- RN ;
Parameters Jals (e dlge boelyy  osbigrgielse ooy e S ol A Glejiless
Control  Minerals  Vitamins Min+Vit
Lkl .5 50) (g 1303  1410°  14.56° 14.18° 0197 0002 0001  0.133
Insulin (ng/ml)
(#.5 kel 215) S0 21870  1646°  15.12° 14.15b 0295 <0.001 <0.001 <0.001
Catalase (U/mg)
Udidlp s 5] Jainss 068  6.42° 5.84 5.39° 0218 <0.001 <0.001 <0.001
Cortisol (mg/dl)
(5l sol) Sl 008Uy 990 a0 39260 37.35¢ 0394 <0001 <0001 <0.001
Gultation peroxidase (U/mg)
(ol Jgagsl) danall 6 (yolle b b b
) 6.672 6.16 5.98 5.89 0.050 <0.001 <0.001 <0.001
Malondialdehyde (nmol/ml)
$, Lalaslo) 56 1S
(oSl ) Sy sl 30.70°  25.83° 25.83 24.50° 0.345 <0.001 <0.001 <0.001

Superoxide dismutase (U/mg)



(2 Jseislio) JS Sapus ] cmds
Total antioxidant status 0.918 0.79° 0.78P 0.77° 0.014 <0.001 <0.001 0.001
(mmol/l)

xSobe 31 0,xkul slas (SEM (P<+/+0) canl jls e ctulinal Cgys b cindy y 55 o6l coglis
SEM: Standard error of means, means in rows with different superscripts differ significantly (P<0/05): c-a

sl 0255155 ¥ Jgiz 55 aglS el (slapaSls (il S5l (lagls 4 o ppaslizg g idno dlgo (3,5 5T
Syt 55 5 o] slaless 5l o5 D) ol 5 cmndlglsy < oy A dskol sl giln clale
935 D peling (I3l 5 GranMoglg s 5 pp A sishisl comslSsnle clale (ialS o Wageling 9 Sane dlge
292 Glojed g0ty Iapeling g (ne dlge 0aiSdl > 09,5 (sl oMy g pyo A aSglial ik o 5eS
o8 il ool pols imgh b guen (P<0.05) 13,5 )15 15 ooyl cow bl slaasls als (P<0.05)
Nasr Chaleshtori) as aals 09,5 4 coms bl wewMoglg o yial38l Cow b e JU5] 0,93 15 o ity diuuid]
33,5 gl ransMygl oo cle (I3l o (5l (looy oy > e JoSo jl edlitl iien (et al., 2021
owslSsnle gD cpeling p 6l Jasl 0,90 slagls 4 D3 cpaling 3,5 < Jbo oyl (Senthilkumar et al., 2009)
3 i Sdme dlgo wSluaS 5,5 pols imgh ol b e (Hassanabadi et al., 2021) cusls gl oyes
sl S als yo gusly byl 4 (23S 4yl Guoly Ky (Silva et al., 2022) 5,55 sl (g b claglS uslSsle
A siglel roudyglg o el gla ) Bl le isd o 15 Jubo pyidiy 3 A5 Ly &S sl B (slapig
g 3l g5 s > 68 o o 4y IS gt 3l 58 gnly 3 i3> slocBisn C 5 Sy By 5 p
lgo eledll g 425 39y 9 JEDl 0y93 1y b lio I (035 (30 4 Shotuns Sladll Jobo )3 o] cale Lo
Sy Mo Gl )3 oy g 90,5 (o0 Sl 5B (sl Tg W5 sl adgl dlge enl)d Ll o lapelug 5 (Saxe
o Ui (Bradford et al., 2015) 39 o odnlie aglS 95 55 CpewMglgpw 5 pyw A Lghol ¢ poglSonla |
oeen (Kegley et al., 2016) 5, okdlus clld g 5,5 o pldl pawMiglgw Gyl 5l (gilwyss 5o
Gl g ol el opglaen Gyl | il o 9 250 2 B (Sloydd iy 4 ool Jlas] i oy pans oy o
JGsl 0,93 D ey cdale ials L (Suttle., 2010) wob ansly Lis SlwwST 5T by ol ola JS501,
Sy xSsl o5 9 D el <l 51 o a5l oolizal b 5 o 13l gl oyl 5 ol s
.(Holcombe et al., 2018)

] o pasls (el Blol )3 (reling 5 Sane Slge 0,5 3 € Jgr
Table 4- The effect of mineral and vitamin injections in late pregnancy on hormonal parameters and inflammatory

indices
ialejl glojlog sl Jlazs ] rdaus
ol 8 Exprimental treatments st P-Value
: o Sl : :
Parameters ol e dlge oty lageligrgumadlye oo et S Gl A Gl les
Control  Minerals  Vitamins Min+Vit
" é . $onln
(lkalp,Sosfeo) oSl 09 9ga ggo7p g751b 84515 1213 <0001 <0.001  0.059
Haptoglobin (mg/ml)
e )3 A {
Lade Sk ppw Asadel g aga 3900 12480 11.91° 0177 <0.001 <0.001 <0.001

serum amyloid A (mg/l)



w e . %
(#sudle 5 )“ 259 4.13° 4,53° 4.96° 5.20° 0.116 <0.001 <0.001 <0.001
ceruloplasmin (mg/dl)

(’:?J“\"/.F’f’m)D Ols 88.54° 99.85% 109.29° 103.982 0.900 <0.001 <0.001 0.274
Vitamin D (ng/ml)

rSibe 31 0,5kl slas (SEM (P<-/+8) canl Jlo me caulital CBgyn b cindy y 53 o6l coglis
SEM: Standard error of means, means in rows with different superscripts differ significantly (P<0/05): c-a

ol 0B )15 D Jgio 3 glS (608 slam 3l 2 il Bl slagls & loaling g e dge )5 b
ol clad (ialS s loyraling g Sme dlge 5 <85 8 talojl (slajlos 58T 0w Bland (T o T clled
3 iubejl sla)loas w5l cov il ggnel VT g sbael il blewl slags il (P<0.05) x5135,5 o3l
5 oloj sl cov aslp o bl (P<0.05) cuily y5b 5blawd (ST w3l cdld ooy (P>0.05) aizd S5
YT 5 36lind IS el 5 Skl 1 (5,8 (ADSE) (uolisg S 31,55 (P0.05) 38,5 1,3
b ballugS 4 E g A yoling 32,5 ( osimg} , (Movahednasab et al., 2023) cuslss ballusS ;| yiusl ygisel
Lglsto g Sdne dlgo wSdueS I oolil (Moradian et al., 2016) cusly jluel (il byl o3l cdld 5
AT (Omur et al., 2016) cusls ugw cigly gl (515 lamil 2 b ar » Jslre slomslisg
oyl g Lid (60000085 55 e odimd Lt Sl b Jlivas ol o gl ol o lgllie S bl
e Shlke b g blawd (W ials (Nanev et al., 2020) wsb o oledl 5 i5 plKia 4 aplsl )3 oy
O (2yme y yiaS Pl ane dlge g Wiyaling 30y b &S L8l cul JSilo Wl e s 095 jBland IS i
el 2313 285 09,5 4y o oyl 5 Ol b dblie (gl (S a3l Clled 4y (6508 5ls g 48,513

38 slom 3l culled ol Byl > raling g Sdna dlge 2,5 51 -0 Jg
Table 5- The effect of mineral and vitamin injections in late pregnancy on liver enzymes activity

ialofl slalass sl Jlo>l s
&S sl 3] Exprimental treatments st P-Value
X o Sike : :
Liver enzymes sald (ne g Loslyy osbigrialse ooy e S Gley AT Glejiless
Control  Minerals  Vitamins Min+Vit
2 sols) blind ST
Ll aoly) SVt ) 127.75°  112.068°  112.69° 111.87° 0818 <0001 0006 <0001
Alkaline phosphatase (U/I)
2l al) el il i b yliuo]
Ll el ol 2B 36.60 34.76 39.42 34.66 1575 0155 0478  0.889

Aspartate trans aminase (U/I)

Ladlaoty) Syl izl oY 1267 1253 12.65 12.25 0497 0924 0316  0.145
Alanine aminotransferase (U/l)

xSobe 310,05kl slas (SEM (P<+/+0) canl jls mo caulinel Cgys b cidy y 50 o6l coglis
SEM: Standard error of means, means in rows with different superscripts differ significantly (P<0/05): b-a

(S 5 4ot
(95l5 cmosdl sladominl b 53 3 ine b G (b SloglS sl B3l 53 bagyseling 5 (Sdne Slge 2y
Condg ojbgomdipnSlpgw a6 Gollo GlusmsTy obislS JgiysS GYBI (gl (gslS pmogall Canns
018l ys gl g Bland (WIS g D pmeling cpyr A Aghial coppomsDoglg s comglS gl (S lapus] ol



ool Wb palig 5 Gaxe dge wal 80y yide S5 4 435 b 0D Mld 09,5 4 Cand I ueling g (Sdae dlge
4 pelig 5 (Sanedlge lojed B2)55 0SSOl ) Jlasi (g e Mygly g oy A kel sy (aslisls

References

Abdelnour, S. A., Abd El-Hack, M. E., Khafaga, A. F., Arif, M., Taha, A. E., & Noreldin, A. E.
(2019). Stress biomarkers and proteomics alteration to thermal stress in ruminants: A review.
Journal of Thermal Biology, 79, 120-134. https://doi.org/10.1016/].jtherbio.2018.12.013

Abdolmaleki, Z., Souri, M., Moeni, M., & Tohidi, A., & Chashnidel, Y. (2018). Effect of dietary
conjugated linoleic Acid (CLA) Supplementation with injectable Se and VE supplement on
productive performance and blood parameters of holstein dairy cows. Journal of Ruminant
Research, 5(4), 101-118. https://doi.org/10.22069/ejrr.2017.13635.1568

Abolghasemi, S., Bahrampour, J., Badakhshan, Y., Mirmahmoodi, R., & Barazandeh, A. (2023).
The effect of intraperitoneal injection of vitamin C on feed intake and blood metabolites of
Kermani sheep in severe heat stress. Veterinary Research & Biological Products, 36(3), 2-11.
https://doi.org/10.22092/vj.2022.360234.2017

Abuelo, A., Hernandez, J., Benedito, J. L., & Castillo, C. (2016). Association of oxidative status
and insulin sensitivity in periparturient dairy cattle: An observational study. Journal of Animal
Physiology and Animal Nutrition, 100, 279-286. https://doi.org/10.1111/jpn.12365

Alhussien, M. N., Tiwari, S., Panda, B. S. K., Pandey, Y., Lathwal, S. S., Dang, A. K. (2021).
Supplementation of antioxidant micronutrients reduces stress and improves immune
function/response in periparturient dairy cows and their calves. Journal of Trace Element and
Medicine Biology, 65, 126718. https://doi.org/10.1016/j.jtemb.2021.126718

Allen, M. S., & Bradford, B. J. (2009). Control of eating by hepatic oxidation of fatty acids. A note
of caution. Appetite, 53(2), 272-273. https://doi.org/10.1016/j.appet.2009.06.005

Asadi, M., Hatami, M., & Mohammadi Fard, H. (2025). The Impacts of Maternal B Complex
Vitamin Injection on Goats and Their Offspring during the Transition Period. Iranian Journal of
Applied Animal Science, 15(1), 87-95. https://doi.org/10.71798/ijas.2025.1202963

Asadi, M., Fard, H. M., Araee, K. A., & Hatami, M. (2024a). Studying the impacts of maternal B
complex vitamin injection on performance, metabolic diseases, hematological parameters, and
antioxidant status in pregnant Sannen goats and their newborn kids during the transition period.
Science of the Total Environment, 907, 167860. https://doi.org/10.1016/j.scitotenv.2023.167860

Asadi, M., Ghoorchi, T., & Toghdory, A. (2024b). The Effect of Injection of Different Levels of
Selenium and Vitamin E in Late Pregnancy of Cows on Performance, Thyroid Hormones, some
Blood Metabolites and Skeletal Growth Indices of Their Calves. Iranian Journal of Applied
Animal Science, 3(14), 371-379. https://doi.org/10.71798/ijas.2024.1184799

Asadi, M., Ghoorchi, T. & Toghdory, A. (2024c). The effect of using different forms of chromium
on hematological parameters and antioxidant status of Afshar ewes in the transition period and
their lambs under the influence of heat stress. Iranian Journal of animal Science, 55(3), 547-563.
https://doi.org/10.22059/ijas.2024.364592.653965


https://doi.org/10.1016/j.jtherbio.2018.12.013
https://doi.org/10.22069/ejrr.2017.13635.1568
https://doi.org/10.22092/vj.2022.360234.2017
https://doi.org/10.1111/jpn.12365
https://doi.org/10.1016/j.jtemb.2021.126718
https://doi.org/10.1016/j.appet.2009.06.005
https://doi.org/https:/doi.org/10.71798/ijas.2025.1202963
https://doi.org/10.1016/j.scitotenv.2023.167860
https://doi.org/10.71798/ijas.2024.1184799
https://doi.org/10.22059/ijas.2024.364592.653965

Asadi, M., Toghdory, A., Ghoorchi, T., & Hatami, M. (2024d). The effect of maternal organic
manganese supplementation on performance, immunological status, blood biochemical and
antioxidant status of Afshari ewes and their newborn lambs in transition period. Journal of Animal
Physiology and Animal Nutrition, 108, 493-499. https://doi.org/10.1111/jpn.13909

Asadi, M., Ghoorchi, T., Toghdory, A., & hoseini sabeghi, H. (2021). Effect of different levels of
selenium and vitamin E injection on thyroid hormones metabolism and biochemical parameters in
late pregnancy of Holstein cows and their calf performance. Iranian Journal of animal Science,
52(3), 189-201. https://doi.org/10.22059/ijas.2021.325212.653832

Bates, A. J., Wells, M., Fitzpatrick, C., & Laven, R. A. (2025) Effect of a pre-calving injectable
trace mineral supplement on white blood cell function in seasonally calving pastoral dairy cows.
New Zealand Veterinary Journal, 73(2), 87-99. https://doi.org/10.1080/00480169.2024.2417925

Bernabucci, U., Ronchi, B., Lacetera, N., & Nardone, A. (2002). Markers of oxidative status in
plasma and erythrocytes of transition dairy cows during hot season. Journal of Dairy Science, 85,
2173-2179. https://doi.org/10.3168/jds.s0022-0302(02)74296-3

Bernabucci, U., Ronchi, B., Lacetera, N., & Nardone, A. (2005). Influence of body condition score
on relationships between metabolic status and oxidative stress in periparturient dairy cows. Journal
of Dairy Science, 88, 2017—-2026. https://doi.org/10.3168/jds.S0022-0302(05)72878-2

Bertoni, G., Minuti, A., & Trevisi, E. (2015). Immune system, inflammation and nutrition in dairy
cattle. Animal Production Science, 55, 943-948. http://dx.doi.org/10.1071/AN14863

Bradford, B. J., Yuan, K., Farney, J. K., Mamedova, L. K., & Carpenter, A. J. (2015). Invited
review: Inflammation during the transition to lactation: New adventures with an old flame. Journal
of Dairy Science, 98, 6631-6650. doi:10.3168/jds.2015-9683. https://doi.org/10.3168/jds.2015-
9683

Ceciliani, F., Ceron, J. J., Eckersall, P. D., & Sauerwein, H. (2012). Acute phase proteins in
ruminants. Journal of Proteomics, 75, 4207-4231. https://doi.org/10.1016/j.jprot.2012.04.004

Chandra, G., Aggarwal, A., Singh, A., & Kumar, M. (2014). Effect of vitamin E and zinc
supplementation on liver enzymatic profile of pre-and post-partum Sahiwal cows. The Indian
Journal of Animal Sciences, 84(5): 507-510. https://doi.org/10.56093/ijans.v84i5.40650

Coleman, D. N., Alharthi, A. S., Liang, Y., Lopes, M. G., Lopreiato, V.,Vailati-Riboni, M., &
Loor, J. J. (2021). Multifaceted role of one-carbon metabolism on immunometabolic control and
growth during pregnancy, lactation and the neonatal period in dairy cattle. Journal of Animal
Science and Biotechnology, 12(1), 1-28. https://doi.org/10.1186/s40104-021-00547-5

Duplessis, M., Lapierre, H., Sauerwein, H., & Girard, C. L. (2022). Combined biotin, folic acid,
and vitamin B12 supplementation given during the transition period to dairy cows: Part I. Effects
on lactation performance, energy and protein metabolism, and hormones. Journal of Dairy
Science, 105(8), 7079-7096. https://doi.org/10.3168/jds.2021-21677

Erb, C., Staudt, N., Flammer, J., & Nau, W. (2004). Ascorbic acid as a free radical scavenger in
porcine and  bovine aqueous humour. Ophtalmic.  Research, 36, 38-42.
https://doi.org/10.1159/000076108

Ghasemi, E., Safari Foroshani, M. H., Alikhani, M., & Shirani-Shamsabadi, J. (2019). Metabolic
profile and antioxidative status, body weight, and performance of dairy cows in the periparturient


https://doi.org/10.1111/jpn.13909
https://doi.org/10.22059/ijas.2021.325212.653832
https://doi.org/10.1080/00480169.2024.2417925
https://doi.org/10.3168/jds.s0022-0302(02)74296-3
https://doi.org/10.3168/jds.S0022-0302(05)72878-2
http://dx.doi.org/10.1071/AN14863
https://doi.org/10.3168/jds.2015-9683
https://doi.org/10.3168/jds.2015-9683
https://doi.org/10.1016/j.jprot.2012.04.004
https://doi.org/10.56093/ijans.v84i5.40650
https://doi.org/10.1186/s40104-021-00547-5
https://doi.org/10.3168/jds.2021-21677
https://doi.org/10.1159/000076108

period. Iranian Journal of animal Science, 50(3), 171-184.
https://doi.org/10.22059/ijas.2019.282022.653709

Giuliodori, M., Magnasco, R. P., Becu-Villalobos, D., Lacau-Mengido, I. M., Risco, C. A., & de
la Sota, R. L. (2013). Clinical endometritis in an Argentinean herd of dairy cows: Risk factors and
reproductive efficiency. Journal of Dairy Science, 96, 210-218. https://doi.org/10.3168/jds.2012-
5682

Gropper, S. S., Smith, J., & Groff, J. (2005). Advanced Nutrition and Human Metabolism: Copper
transport and uptake. 4th ed. Wadsworth. Belmont, CA. 449-451.

Grzybowska, D., Sobiech, P., & Snarska, A. (2018). Copper — An essential micronutrient for calves
and adult cattle. Journal of Elementology, 24. https://doi.org/10.5601/jelem.2018.23.2.1645.

Han, M. S., White, A., Perry, R. J., Camporez, J. P., Hidalgo, J., Shulman, G. I., & Davis, R. J.
(2020). Regulation of adipose tissue inflammation by interleukin 6. Proceedings of the National
Academy of Sciences, 117, 2751-2760. https://doi.org/10.1073/pnas.1920004117

Hassanabadi, M., Mohri, M., & Seifi H. A. (2021). Effects of single injection of vitamin D3 on
some immune and oxidative stress characteristics in transition dairy cows. lranian Journal of
Veterinary Science and Technology, 12(2), 25-35. https://doi.org/M10.22067/ijvst.2020.39239

Holcombe, S. J., Wisnieski, L., Gandy, J., Norby, B., & Sordillo, L. M. (2018). Reduced serum
vitamin D concentrations in healthy early-lactation dairy cattle. International Journal of Dairy
Science, 3, 1-7. https://doi.org/10.3168/jds.2017-13547

Horst, E. A., Kvidera, S. K., & Baumgard, L. H. (2021). Invited review: The influence of immune
activation on transition cowhealth and performance—A critical evaluation of traditional dogmas.
Journal of Dairy Science, 104, 8380-8410. https://doi.org/10.3168/jds.2021-20330

Kafilzadeh, F., Shabankareh, H. K., & Targhibi, M. R. (2012). Effect of chromium
supplementation on productive and reproductive performances and some metabolic parameters in
late gestation and early lactation of dairy cows. Biological Trace Element Research, 149, 42-49.
https://doi.org/10.1007/s12011-012-9390-0

Kegley, E. B, Ball, J. J., & Beck, P. (2016). Impact of mineral and vitamin status on beef cattle
immune  function and - health. Journal of Animal Science, 94, 59-69.
https://doi.org/10.2527/jas.2016-0720

Khan, M. Z., Huang, B., Kou, X., Chen, Y., Liang, H., Ullah, Q., Khan, I. M., Khan, A., Chai, W.,
& Wang, C. (2024). Enhancing bovine immune, antioxidant and anti-inflammatory responses with
vitamins, rumen-protected amino acids, and trace minerals to prevent periparturient mastitis. Front
Immunology, 14, 1290044. https://doi.org/10.3389/fimmu.2023.1290044

Khansari, D. N., Murgo, A. J., & Faith, R. E. (1990). Effects of stress on the immune system.
Immunology Today, 11, 170-175. https://doi.org/10.1016/0167-5699(90)90069-I

McGuckin, M. M., Giesy, S. L., Overton, T. R., & Boisclair, Y. R. (2023). Inflammatory tone in
liver and adipose tissue in dairy cows experiencing a healthy transition from late pregnancy to
early lactation. Journal of Dairy Science, 106(11), 8122-8132. https://doi.org/10.3168/jds.2023-
23373

Medzhitov, R. (2008). Origin and physiological roles of inflammation. Nature, 454, 428-435.
https://doi.org/10.1038/nature07201


https://doi.org/10.22059/ijas.2019.282022.653709
https://doi.org/10.3168/jds.2012-5682
https://doi.org/10.3168/jds.2012-5682
https://doi.org/10.5601/jelem.2018.23.2.1645
https://doi.org/10.1073/pnas.1920004117
https://doi.org/M10.22067/ijvst.2020.39239
https://doi.org/10.3168/jds.2017-13547
https://doi.org/10.3168/jds.2021-20330
https://doi.org/10.1007/s12011-012-9390-0
https://doi.org/10.2527/jas.2016-0720
https://doi.org/10.3389/fimmu.2023.1290044
https://doi.org/10.1016/0167-5699(90)90069-l
https://doi.org/10.3168/jds.2023-23373
https://doi.org/10.3168/jds.2023-23373
https://doi.org/10.1038/nature07201

Moradian, M., Rahchmani, R., Banihasan, E., Gharebash, A.M., & Zeighamy, A., (2016). The
effect of injection of vitamins A and E on passive transfer of immunoglobulin G and some blood
parameters in calf. Journal of Ruminant Research, 4(2).
https://doi.org/10.22069/EJRR.2020.18054.1750 (In Persian)

Mousavi, S. R., Fatahnia, F., Taasoli, G., & Mohammadi. Y. (2022). Peripartum Injection of
Vitamins (E and B12) and Trace Minerals (Selenium and Iron) in Holstein Dairy Cows: Effect on
Milk Production and Composition, Body Condition Score and Serum Metabolites. Iranian Journal
of Applied Animal Science, 12(2), 255-269. https://dorl.net/dor/20.1001.1.2251628.2022.12.2.5.6

Movahednasab, M., Tahmasebi, A., Vakili, S.A., & Naserian, A.A. (2023). The Effect of Fat-
Soluble Vitamins (A, D, E) and Flaxseed Oil on Blood Parameters and Immune System of
Suckling Calves. Iranian Journal of Animal Science Research, 15(2), 137-150.
https://doi.org/10.22067/ijasr.2022.75288.1067

Nanev, V., Vladov, 1., & Kirazov, L. (2020). Serum trace elements and enzymes in lambs with
introduced haemonchosis. Acta Morphologica et Anthropologica, 27(3-4), 43-48.

Nasr Chaleshtori, P., Fadayifar, A., Azizi, A., & Azarfar, A. (2021). The effect of Slow-Release
Bolus of Copper on Performance and Some Blood Metabolites of Lori-Bakhtiari Pregnant Ewes
and Their Lambs. Iranian Journal of Animal Science Research, 13(2), 193-205.
https://doi.org/10.22067/ijasr.v13i2.86149

Nelson, T. M., Kerwin, A. L., Ferro, L. N., Ryan, C. M., Graef, G. M., Westhoff, T. A., Sipka, A.
S., Barbano, D. M., Stone, B., Yoon, I., & Overton, T. R. (2022). Relationships of blood-based
indices of liver health during the transition period with performance and health. Journal of Dairy
Science, 105(Suppl. 1), 266. (Abstr.)

Newton, K., & V. M. Dixit. (2012). Signaling in innate immunity and inflammation. Cold Spring
Harbor Perspectives in Biology, 4, a006049. https://doi.org/10.1101/cshperspect.a006049

Omur, A., Kirbas, A., Aksu, E., Kandemir, F., Dorman, E., Kaynar, O., & Ucar, O. (2016). Effects
of antioxidant vitamins (A, D, E) and trace elements (Cu, Mn, Se, Zn) on some metabolic and
reproductive profiles in dairy cows during transition period. Polish Journal of Veterinary Sciences,
19(4). https://doi.org/10.1515/pjvs-2016-0088

Ongan, D., & Yuksel, A. (2017). What to eat for a better sleep in haemodialysis patients: Potential
role of B vitamins intake and appetite. Pakistan Journal of Medical Sciences, 33(2), 417-424.
https://doi.org/10.12669/pjms.332.11838

Panahi Dorcheh, Z., Aliarabi, H., Farahavar, A., Maleki, M., & Yazdani, H. (2018). The Effect of
Selenium and Vitamin E Injection Times in Late Pregnant Ewes on Thyroid Hormones
Metabolism, Ewe's Blood Biochemical Parameters and Their Lambs Performance after Birth.
Iranian Journal of Animal Science Research, 9(4), 400-412.
https://doi.org/10.22067/ijasr.v1397i1.59749

Senthilkumar, P., D. Nagalakshmi, Y. R. Reddy and K. Sudhakar. 2009. Effect of different level
and source of copper supplementation on immune response and copper dependent enzyme activity
in lambs. Tropical Animal Health and Production, 41, 645-653. https://doi.org/10.1007/s11250-
008-9236-0

Shahbazi, F., Fatahnia, F., Shamsollahi, M., Jafari, H., & Mohammadi, Y. (2024). Effect of time
and amount of vitamin AD3E injection in late pregnancy on colostrum quality, concentration of


https://doi.org/10.22069/EJRR.2020.18054.1750
https://dorl.net/dor/20.1001.1.2251628.2022.12.2.5.6
https://doi.org/10.22067/ijasr.2022.75288.1067
https://doi.org/10.22067/ijasr.v13i2.86149
https://doi.org/10.1101/cshperspect.a006049
https://doi.org/10.1515/pjvs-2016-0088
https://doi.org/10.12669/pjms.332.11838
https://doi.org/10.22067/ijasr.v1397i1.59749
https://doi.org/10.1007/s11250-008-9236-0
https://doi.org/10.1007/s11250-008-9236-0

plasma parameters, and antioxidant status of Afshari ewes and their lambs. Animal Production
Research, 13(1), 49-67. https://doi.org/10.22124/ar.2024.26232.1807

Sharokhian Rezaee, M., Riasi, A., Ansari Mahyari, S., Khorvash, M., & Khorsandi, S. (2015).
effect gnrh, hcg and ad3e injection on reproductive performance and blood metabolites and
progesterone of high producing dairy cows in summer season. Animal Science Research, 25(2),
97-107.

Shen, X., Song, C., & Wu, T. (2021). Effects of nano-copper on antioxidant function in copper
deprived Guizhou black goats. Biological Trace Element Research, 199(6), 2201-2207.
https://doi.org/10.1007/s12011-020-02342

Silva, T. H., Guimaraes, I., Menta, P. R., Fernandes, L., Paiva, D., Ribeiro, T. L., Celestino, M.
L., Netto, A. S., Ballou, M. A., & Machado, V. S. (2022). Effect of injectable trace mineral
supplementation on peripheral polymorphonuclear leukocyte function, antioxidant enzymes,
health, and performance in dairy cows in semi-arid conditions. Journal of Dairy Science, 05(2),
1649-1660. https://doi.org/10.3168/jds.2021-20624

Somagond, Y. M., Alhussien, M. N., & Dang, A. K. (2023). Repeated injection of multivitamins
and multiminerals during the transition period enhances immune response by suppressing
inflammation and oxidative stress in cows and oxidative stress in cows and their calves. Frontiers
in Immunology, 14, 1059956. https://doi.org/10.3389/fimmu.2023.1059956

Sordillo, L. M., & Aitken, S. L. (2009). Impact of oxidative stress on the health and immune
function of dairy cattle. Veterinary Immunology and Immunopathology, 128(1-3), 104-109.
https://doi.org/10.1016/j.vetimm.2008.10.305

Suttle, N. (2010). Mineral Nutrition of Livestock, fourthed.,, CABInternational, Wallingford, UK,
p. 579

Toghdory, A., Asadi, M., Ghoorchi, T., & Hatami, M. (2023). Impacts of organic manganese
supplementation on blood mineral, biochemical, and hematology in Afshari Ewes and their
newborn lambs in the transition period. Journal of Trace Elements in Medicine and Biology, 79,
127215. https://doi.org/10.1016/j.jtemb.2023.127215

Weiss, W.P. (2010). Antioxidant nutrients and milk quality. Extension Americas Research based
learning network. July, 19.


https://doi.org/10.22124/ar.2024.26232.1807
https://doi.org/10.1007/s12011-020-02342
https://doi.org/10.3168/jds.2021-20624
https://doi.org/10.3389/fimmu.2023.1059956
https://doi.org/10.1016/j.vetimm.2008.10.305
https://doi.org/10.1016/j.jtemb.2023.127215

