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Introduction: During the time around parturition, animals make many metabolic adjustments to
support the transition from pregnancy to lactation (Mullins et al. 2012). In addition, dairy cattle
produce milk more than their ability to consume energy, as a result, they are in a negative energy
balance at the beginning of lactation, which may reduce the longevity of the cattle in the herd and
increase the rate of elimination of dairy cattle (Vallimont et al. 2001). Heat stress in late pregnancy
is aggravated by energy restriction. In such conditions, the use of management and nutritional
methods will reduce the problems during the transfer period and heat stress (Duffield et al. 2012).
One of the ways to optimize the productive and reproductive conditions of livestock, through
improving the metabolism of nutrients and eliminating or reducing stress conditions, is to use
chromium as a metabolic improver (Meyer et al. 2012). Scientific sources suggested the amount of
chromium needed for sheep 3 to 5 mg per day and for dairy cows 15 to 50 mg per day. Inorganic
chromium has a bioavailability of about 0.5 percent. While organic chromium has more than 25
percent intestinal absorption, and therefore, consumption of inorganic chromium is not
recommended due to its low bioavailability and toxic effects (Lashkari et al. 2018). Among the
sources of organic chromium, chromium-methionine has been recognized by important global food
and drug organizations as a compound with high bioavailability, impressive metabolic responses
and no toxicity complications (Mousaie et al. 2014).

Materials and Methods: This experiment was conducted to investigate the effect of using different
forms of chromium around calving on feed consumption, nutrient digestibility, nutritional behavior
of Afshar ewes and the performance of their lambs under the influence of heat stress. Forty
pregnant Afshari ewes were assigned to four experimental treatments with ten replications from 42
+ 5 days before the expected birth in a completely randomized design. Experimental treatments
include: 1) basic diet without chromium supplementation (control), 2) basic diet containing 3 mg of
chromium in mineral form per kg of dry matter, 3) basic diet containing 3 mg of chromium in the
form of chromium-methionine per kg Each kilogram of dry matter and 4) the basic diet contained 3
mg of chromium in the form of chromium nanoparticles per kilogram of dry matter. The length of
the test period was 84 days. Weighing of ewes was done at the beginning, at the time of calving and
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at the end of the period. The rest of the feed is weighed every day and the daily feed consumption
was calculated by deducting from the provided feed. In order to measure the digestibility of ewes,
stool and feed samples were collected for 5 days from 10 to 6 days before possible calving and 31
to 35 days after calving. To determine the chemical composition of food and feces samples (dry
matter, crude protein, crude fat, and organic matter), the methods of the official association of
analytical chemists were used. The insoluble fiber in neutral detergent (NDF) and the insoluble
fiber in acid detergent (ADF) were also determined by the Van Soest method. In relation to feed
consumption behavior during 28 to 30 days after birth, it was measured as a 24-hour activity record.
The time spent for the activities of eating, resting, standing and ruminating was recorded visually
every 5 minutes and assuming that the activity continued in the last 5 minutes for all the animals
during the day and night hours. After birth, the lambs were first dried and weighed after performing
the necessary hygiene operations, and then they received the first portion of colostrum. Diarrhea
status and duration of diarrhea and stool score were recorded daily. Stool scores were determined
based on 1_ hard and consistent, 2_ soft and loose, 3_ loose and watery, 4 watery with some blood
and 5_ watery with blood and mucus. A digital thermometer was used to measure the rectal
temperature. The thermometer was placed in the animal's rectum for 3 minutes and the temperature
was recorded immediately. Respiration rate was measured by visual observation of the number of
ups and downs of the animal's side in one minute. In order to measure the apparent digestibility of
dry matter in lambs, feed and feces samples were sampled on the 35th day after birth using acid-
insoluble ash (AlA) as an internal marker for six consecutive days.

Results and Discussion: The results showed that there was no significant difference in the weight
of the ewes before calving. But from the beginning of ewes giving birth (P=0.0466) to 6 weeks after
giving birth (P=0.0484), the treatments receiving different forms of chromium performed better
than the control group of ewes. Dry matter consumption of ewes also had an upward trend from the
third to the sixth week after giving birth in the ewes receiving chromium-methionine and chromium
nanoparticles (P < 0.05). The digestibility of dry matter and insoluble fibers in neutral detergent
increased during the period before and after the delivery of ewes under the influence of chromium
intake (P=0.0001). Addition of chromium supplement to the diet of ewes did not cause a significant
difference in the parameters of feed consumption behavior, but it caused a significant difference in
the resting behavior of the ewes, so that the lowest and longest resting time was related to the
treatment receiving chromium nanoparticles and the control, respectively (P=0.0411). Adding
chromium supplement to the diet of ewes improves the birth weight, daily weight gain, digestibility
and diarrhea condition of the born lambs (P<0.05).

Conclusion: In general, it is recommended to receive chromium, especially in the form of
chromium-methionine and chromium nanoparticles, during the transition period of ewes under the
influence of heat stress.

Keywords: Chromium, Ewe, Heat stress, Nutrients digestibility, Transition period



(o = &
ol ggj_c 2 WY BV Gloras NFY o /Y ojless YF alo [ old pole (sla jingls s i/ idg}y ole dllio

|||im jence Researc N
A IM{_/ h | DOI: 10.22034/as.2024.55492.1695

3 g0 pdallilS (S 9d S s g3 ) O 90l yaa 3 a9, Alias sla s i ouldiul il
lejS LA il caal gl slao ys o Slas g Ll (slayias (slaadad slalis y (sike

rgJaigﬁ ees:.lla..s:‘,'@‘,ﬁujsfﬂgwlm.o

EZAZARVARIEN IR gt VY el st

DS b e 5 535518 ke oKl als pshe 058 pls 405 (555
OB S b mlio 5 (55,5058 pske il el pske oS skl

OB 8 rk mlio 5 (55,55L5S p ke olSiils als p sk 05 8 SLslanl”
mohammadasadiseyed1994@yahoo.com 43K J sene®

oussa

9 ool o ad salie 8 sags Basb Ol alo (ol 5 5 il 5 bl sl (hldings slaslKal, 5 (S Aladlas diae)
sskie € Gale)T cpl ndua aal e (Sl palie slassiass s Glsiets a oS 5l suliil (15 bl b (2aS L o,
o2 oy Ooelom 59 (pooS SLIPSL 5 Gisiemp oS (Pare pS) assS Alide ladls 5 salinl 556 pas
O 550 cad gl slas s o Slae 5 5Ladl slagine sloias slaslis; (siie ol g puaaculll (S5 3 yas
ok B 5 LU s 5e Gaaly 5 G S5 £V 5 il oLl Gine Guls dea 118 Oligy - pladl ol S
JoSo s by ona (1 rdel piule)T slaslas il palaial 5SS a0 b cile)T Hlass Dl € ol DalS
0l esua (VaSaa sole a Sl 5o (I3 @ Pare S G as S a S ke ¥ osula ©l opun (Y (aald) ay S
©oasS o Se Yisola wly oo (£ Sad salo a SLS 5o (6l)) 4 G palema 9 S US4 a9 S a S eV (s gla
ala HLas ol tgalid ass 595 AL oinbesT a0 Job wiu g Saa sube a NS 5o Gl 4 as S wlhd Bl K
G (P=+/-£\1) Lagine Giul)y pord b Lol cndilis wgay il Ji3 o)y o Wagiue 05 5l 31 (s5lu Aae 3MEA) S
aald a5 S 0 o | s 0 Slae a5 S alins (la Sl suii€ wily yo slajlass (P=+/ EAE) Gl 5l Gy G881
Lt 5o hrms SR sule il Slom adid B e 558 31 s Lahee yeme K83 sube il La i
Lagioe ill ans 5 U8 Ole) 5o (P <o/ 0) culs gusro w5 Ko asS SlLIsl o Gusaiema s S saiSadly o
—aai (P=+ /e o) el (Rl a g8 ciloo Sl cal A sk g 5o Jslaal LI 5 SaL sl ks culls
s Laghne JEB) (8590 50 pasS SH3 B0 5 Gstema oS GLAUSE @ 85350 p oS @il S, sk 1 algs 5 a8
wabpe dro 55 BB ple S 15 580

L),:&:\A z‘sJJS ‘6;\5.0..\‘\9.0 ‘LA.AAC.\:\.‘?G UGI;\ LB L) ;Lﬁu; ﬁ 6..\:‘-‘5 Ogj‘j



V¥ Lo /Y 0)leds YF s / pald pole (cla yingl

leﬁo@s Sl VoY

A8 o) 5 oS Dl Cda Julads spa o
= Sblga asS 5L el 4 Lol oul
8505 4 eddy e Gial38 b cura s (ol 5 s
Wisls YL o cie s S plasl 5 LGS
raie S plseds Wb as S I sl e wals
—JeSe Gaob O Gusil bl 5o age 5 o2
5 YN Gl 5 Slase) o sd el (SIysa sla
oo 53 a8 5 saliiad (YAA olKas 5 g Sl
pSOLS Lo a ke /e Glhie 4 GIBAS I A
2 S cadesd WMol Slae sya S suls
Saa slagll Shsa (Sola pesial bl
— o sl Lagsslan S5 5 150005 slagls S, a
posS Olse (gale plie (YN8 Sen 5 Sila) ot
9580 08 p ke 0 BY 1w S (sl Sl u)5e
Slgidig Seo o9 aSe 00 B Vo (gl K 6l
OlEaa 5 SO XN Kaa 5 Jlase) WS
ne asS (YN ohlKan 5 Slage 5 YoNA
s es)) uls wm e /0 sgaa o caalyE
wmys Yoo 3l g (T as S el Hu (Yoo
—oel D (V¥ OllSan 1 50550) a)ls slossy wia
9 omby ool s Jalots (Sane a s S Bouas g,
ook wpds wes Ol e ol
are plie caald cow) € Wias o) S5y
slagshas 5 b ladss 5 A Y gare sualic
OLaa 5 o6 5 YNV K 5 Jaa) ol T
AT il 3 Yaal (e satlyd Judo & (Y-Y-
ool (S15a sl 32 (35,1 Gl3d) sl
OLlaa 5 SO ¥V GKaa 5 Guun) adiaal 2
Slge Gl s s de (Yerd LK 5 lslss YA
EXIP- SO PR YU PP v A IRV PRCA ] v FRp R
SBlaals Glis Jgane Sase mlie 5 A (glah o
9ol YoV ollKan 5 gsa FVA (IS 5 £l))

(YN OlLKan

doddo
Silplie olabs daals (laly gselon oled Ls
G oolob spse O JE Slaidy gl ol
VY OLKea 5 (uidse) diasee aladl o050l
(Sl galio 0L Sl @3l cad Gl 3 Ui Laals
oup Oled o8 O 55l bl olwsslel (sl
5 eisally) WS e HIE ausad Gled 5 Gl O
O Gl sond slaals gals s dle (Yoo ) Il
09 WS o aal §5 a5 5 Buae gl 9 a (2Ll
O3 58 e ¥l Ko A Bl) o e
Sl (Kae € (YT GKer 5 alidge) w8 e
Ol38) 5o g sk 4 Lo als BBk Gl s e
(YN OlSea 5 sule) wdl S3e goud als s
553 caagane b gl Al 5o ol S slagis
oluds bls @ 1He3B slaal Wad o wads
Sllaadl g3ae slse Cla 4 e wo el (Sl gl
— 090 SIS el il i so ol (oYL sl
8099 o8 SMSdie GEAIS s (5140335 5 (S e sla
Ooles 5 AES) ssde ol S glagis 5 Jlm
5 sals bl 3 lutig slaylal, 3 LS (Y- )
5 iioslse prad salie W Gob Sl ply esd 3
Olsieds a oS O soliial (5 bl b halS b a3,
olnd 5 so9S) il (S nlie slassians s
el (San 058 JaSo (Y0Y ololSan 5 ssble Y-V
G ] Dl JEBl slasl& o sulenl (malS sels
9 el (Shsa Gy 55 Gl O wsd A
YA OhlSea 5 SBl) sdds (oo wsee b s
(YN OLKea 5 ool FVA LKes 5 SHK
8 a4 poUS Hasodl oS wias o (Ll LA s 5
S solsla 5 Jlead 5 s wase sad ey
(Yool ohlan 5 wladeia) Gl 5 ass (55 hals
sodiee Wl wd, Gl Case Ladwl o
a5 4 wlaals HLad el SEES (Y+14 Gupseesl)

poS sula Pare plie b s LSHsa 5o s e



V-0 e g Bl elb e (clayiss (oloylid, giio Slgo pan ol « STy Gpas y1 Ll gl 93 oS Ciliee cla IS5 5l odlizul LU

Ol U8 555 €Y 51 Gube)T s auli 4 Giale 3T )
8058 aseladl Uk 555 AE S 4 5w g5
it aladl o0 sleml 5 (il oled dal L laghus
O oS Lo sad 055 Ss0 08 Lo Shsa swilaidly
cad elae €155, ST 0a Ciyane oudidilyl S1, A
gsise sladisas dajine pbacubls oS85l cuga
Ol OV ds8 5e0 VB YV slasss oo Shss
590 0 waeds Sluly Slow 55, Yo BYY 5 Jlaial
la €sa pliand (S5 Gl oy wd (555 pea
o pld OfSan (SaA sals) pelae 5 S
o oandl gla Gigs O (T sl ol
59 Jslaals s ks soliieal (Yo - +) auiad oLl pasdd
say ot 58 Jolaels ud 5 (NDF) s susy s
Omaas (VAAE) o gany s OBso 4 =5 (ADF) (guaal
YA Loy, b Shsa Boas JE8, L ddaly Ho ad
el VE cullad ol o) geas Glal) 5 Gy 555 70 B
slacullad gl sad Gy Gl ad (s Se 5l
Lol & Ho S Hlsads 5 Guliwl ccal Bl (a5
OF Sl (2,3 L 5 ada Sose © ASs 0 A
8l col Gl dely) 0 GBS dAds 0 o cullas
saol) s K e 5, sl clel (Lo 5o lagls sl
Saa il Gily 5 o e (YeoA oKaa
08 po¥ Galag cllee aladl 51 Guy g sna S
WS @db,e 1) ssel sy Gulyl e 5 wad
godae Sl 5 Sl 4 M) cae y Jlge) s
2V bl s psdan slas sl ad Gl @ s
ST (ST 5 Ja Y il s Y a8 by ol
5 05 Lol (ST o5 s (ol b ol sen
a5l glos (Vo) OILKaa o Lal) wd faad o S ge
ad sulii ) s miiles B (0 5555 sles (58
sals LIS Glos a S, Lo miwles MBS Y S
oo aalaab ol sles dolids 5 o e

GRsy omls o YU ulaad el saaliie L uds sluas

—tas 5 KA aal Ho ol bl S 38 S8
°3‘"..J ‘LLJ: ‘e‘d‘b’.m od US‘JJ.; J‘J.o JJ.}.SJ SEA
o olaal 1y (Sl plie lasaians g 5 suliiul
\S.aja‘l.oe.t K) A Ua‘j.s o9 A.\A.a.u; ui'.)ﬁ.)f, S
L ooks wose Shiod alge el &ua 51 ol
Gleasol luld ol s ekl eSa.
3 GosaS) cauloadi als Gl (Bead 5 5 sl 539 Slac
rala GEag3s 5l GBaa ol (Y V olad
o8 ‘&JJSJB.AA(SLAJSJ.:L :)| édm.‘.u‘ J_.s.::":; O
s paacubls (Shsa Bas 5o Gl Oselon
a Slae K bl (5Llsu=&;s.o 6‘4:‘4’:‘ slasBs,y (sdas

Lagag, 9 9lse
08 @l Frua golaniin £ aaly Ko o Jhagss o
s S aladl Ve Ll 5 SKoa L el
S Gty s £VE0 31 il ol Gine ol Jen
i o (Bolal MalS ok LB o SN 8, 50 (il
slasles il palaidl S5 a0 b pinle 3T Hlas
(9ald) asS JaSe G wl spa Jobd oinls)]
G Pare a6 asS s Sk ¥ osla Gl oo
—hie Yisola by o (S sole o SIS a6l
pSOLS 58 @ I)) 4 G saiema s S JSE 4 a S a S
US4 a8 o She Yissla aly ooy Saa suls
853 SEA sube a Sl 5o I 4 a g S @y S
oligas o ead) Jslaa el 5 4l e
5 Suloal Y Joan 5o 4S wd i (Y -V) wde £
Glal Gl oo € Sow cose & By, dese
S 51 (S lagine (YWA oKea 5 SHK) as
Sy ol usse Ghall Ll (00 Ot Wlaad (e
S ol Jlaal le)y 5 ew! cas wia g Julais
Jis Lagiae (GBS g e el (g5l lodes ook

1 - National Research Council



V¥ Lo /Y 0)leds YF s / pald pole (cla yingl

leﬁo@s Sl VeF

Yij = ptTi + g
@] 1S5 0 o T Slas sualie lge =Y
oSk 5=l
@ las 51 =Ti

S5 59l Sl 4 by oinle3T (slbd 31 =€)

]

D8 oS eIl s e B S sae Lo als ssle

S
o9 SEA sube soalls aaaculils (5, Se5lwl g
Shom Yo Suu o0 pedae 5 Sha ladisa Las
o AIAY sl 5o Jslaol Sl iy, o ol
s e Sus ohd ot Gl Sl ol
5 Shiss gladisas HuS Sda Hlany ol
L Lol w5 Jolasl SuSIA (5 5Selal 5 g gdus
dlae S22 subopian culilE 5 Jye 5 saliiad

K

L(\)J;‘-J:AIAM)A
(J,ap)i{:.icabhg}a\l:”..@t_,vl{\j: Verm (1o % —

):
faike 2 AIA L

Y(THD) gk - sles yad L
slasaly 51 Jisb - olbs peald wulas cya
W bduh‘ :)g‘)..\l:l QCM)M wm‘}& éJ‘J‘
Slasa) seelipn B ¥oa slasle (o susls (a3
slasals clsael V UK 5o oS wdi alasl (G sused
5 Lo oSle 5 Jilaa SSIan ol sue] o

Jseod oulesl s &S 0 Al e Cusby v
tao S las (Y00 Y) lal]

THIE =/ AX V-2 ) x (Log s —V€/8) + £/
Low oy + (e i sboy S
sobel Jadas g aa 523
ook I L Gkl ) Jeala cledl culgs o
5l e LSSV sl £ L dulas SIS
SAS (5Ll L5al a5 suliial Ly Lassls Julas
5 eobel Jae 288 mha (Yorg) AN Gl
cluwlis 5 9 5 coset bl olbus
&y ol o 5o (S5 oosesl b boSibe

adaladl as o

! Acid insoluble ash
2 Temperature-humidity Index



Vey e g Bl elb e (clayiss (oloylid, giio Slgo pan ol « STy Gpas y1 Ll gl 93 oS Ciliee cla IS5 5l odlizul LU

Table 1. The ingredients and chemical composition of dairy ewe diet

Ingredient (%) DM basis Pre-partum Post-partum
Wheat straw 5.7 -
Alfalfa 32.0 30.0
Corn silage 30.0 34.0
Corn grain 18.5 19.75
Soybean meal 7.2 7.75
Beet pulp sugar 1.0 2.0
Wheat bran 2.9 2.7
Fat powder 15 2.8
Calcium carbonate 0.7 0.42
Salt 0.3 0.33
Mineral-vitamin supplement* 0.2 0.25

Chemical composition Amount Amount
Metabolic energy (Kcal/kg) 2.44 2.54
Crude protein (%) 14.40 14.40
Crude fat (%) 4.10 5.20
Non-fibrous carbohydrates (%) 32.80 32.10
NDF (%) 44.20 40.90
Starch (%) 21.60 25.00
Ash (%) 7.88 8.40
Calcium (%) 1.42 0.89
Phosphorus (%) 0.71 0.52
Cr (mg/kg) 0.79 0.82

*Each kilogram contained: 140 g of Ca, 20 g of P, 35 g of Mg, 40 g of S, 1200 mg Mn, 1000 mg of Zn, 800 mg of Cu, 8 mg of Co,

10 mg of I, 400 mg of Fe, 10 mg of Se, 20000 mg of Niacin (B3) and 350000, 60000 and 4000 IU of A, D and E respectively and
650 g of Anionic salts.
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Figure 1. Temperature-humidity index of Bandargaz city
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Table 2. The effect of consumption of different forms of chromium on weight performance and dry matter intake

of ewes
Weight performance traits Experimental Treatments SEM  P-Value
(Ewes)
Control Inorganic- Cr  Cr-Met  Nano- Cr
Initial weight (kg) 54.54 54.22 55.22 54.95 1553  0.7237
Parturition weight (kg) 46.82° 47.25% 48.89° 49.10° 0.987  0.0466
Final weight (kg) 44.78° 45.,97% 46.79% 47.08% 1546  0.0484

Average of DMI before parturition (g) 1354.27° 1349.85° 1404.70° 1397.30° 36.014 0.0202
Average of DMI after parturition (g)  1446.45° 1528.86%° 1605.47% 1581.26* 44.128 0.0341

SEM= standard error of means;
ab Neans with different superscripts in the same row differ significantly (P < 0.05).
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Figure 2. Effect of consumption of different forms of chromium on weight performance of ewes (week)
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Figure 3. The effect of consumption of different forms of chromium on dry matter intake of ewes (week)
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Table 3. The effect of consumption of different forms of chromium on nutrients digestibility of ewes

Nutrients digestibility Experimental Treatments SEM  P-Value
(Ewes) g/lkgDMI Control inorganic-Cr  Cr-Met  Nano- Cr
Pre-partum
Dry Matter 642.80° 660.50° 674.29° 674.70° 24.446 0.0001
Organic Matter 704.29 702.70 712.80 701.50 27.441 0.0658
Crude Protein 654.60 650.90 627.10 624.40 18.840 0.3165
Acid Detergent Fiber 541.10 533.30 527.10 524.40 25.409 0.1144
Neutral Detergent Fiber  542.10° 573.40% 598.10? 600.40* 19.974 0.0001
Ether Extract 637.30 641.40 632.11 629.87 22.189 0.3349
Post-partum
Dry Matter 710.50° 718.60° 731.50? 747.70°  26.956 0.0001
Organic Matter 766.70 762.00 768.70 757.70 21.228 0.6028
Crude Protein 662.00 662.34 671.28 666.00 17.898 0.9670
Acid Detergent Fiber 384.70 372.40 367.20 381.20 14.995 0.7462
Neutral Detergent Fiber ~ 597.20° 640.70? 670.20? 672.50° 18.565 0.0001
Ether Extract 850.70 841.90 862.70 854.10 29.202 0.7499

SEM= standard error of means;

ab Means with different superscripts in the same row differ significantly (P < 0.05).
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Table 4. The effect of consumption of different forms of chromium on feeding behaviors of ewes

Feeding behaviors Experimental Treatments SEM  P-Value
(Ewes) Control  Inorganic-Cr ~ Cr-Met  Nano- Cr
Eating (min/day) 280.20 287.90 285.70 292,30 17.174 0.8861

Rumination (min/day) 252.80 245.50
Chewing (min/day) 543.00 533.40
Resting (min/day) 445,207 363.20°
Standing (min/day) 451.80° 543.40%

248.50 25210 14.628 0.4836
534.20 54440 18795 0.6549
374.60°  359.80° 12.274 0.0411
531.20° 535.80° 19.721 0.0404

SEM-= standard error of means;

ab Means with different superscripts in the same row differ significantly (P < 0.05).
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Table 5. The effect of consuming different forms of chromium on the performance of lambs born from
experimental ewes

Performance (lambs) Experimental Treatments SEM P-Value
Control Inorganic-Cr  Cr-Met  Nano- Cr

Placental expulsion (min) 252.80 245.50 248.50 252.10 14.628 0.4836

Initial weight (kg) 3.40° 3.90% 4.10° 4.30° 0.748 0.0267

Final weight (kg) 11.37° 12.40%® 13.282 13.40% 1.095 0.0117

Daily weight gain (g) 189.76" 202.38% 218.572 216.66° 12.666  0.0024
Breathing rate (beats / min) 110.24 106.49 109.87 108.74 8.974 0.7491
Rectal temperature (c°) 40.12 39.28 39.64 39.77 0.897 0.6489
Faeces score 2.50P 1.452 1.422 1.372 0.120 0.0008
Number of affected lambs 42 20 2b 0.333 0.0001
Number of days of diarrhea 52 3b 3P 0.500 0.0001
Dry matter digestibility (%) 62.80° 67.572 66.802 68.18% 5.641 0.0011

SEM-= standard error of means;

ab \Means with different superscripts in the same row differ significantly (P < 0.05).
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