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Table 1- Ingredients and chemical composition of
diet (DM basis)

Dietary components Percent
Alfalfa hay 26.81
Corn silage 10.49
Barley grain 52.45
Wheat bran 5.24
Soybean meal 291
Bicarbonate sodium 1.05
Mineral-vitamin premix! 1.05
Chemical composition

Dry matter 87.83
Metabolizable energy (Mcal/kg) 2.25
Crude protein 13.8
Neutral-detergent fiber 30.5
Acid-detergent fiber 19

Crude fat 2.2

!mineral -Vitamin pre-mix provides per kg of mixed
ration: 1000000 1U Vitamin A; 250000 IU Vitamin D3;
200mg Vitamin E; 100mg Co; 300 mg Cu; 300 mg Fe;
2100 mg Mg; 2200 mg Mn; 3000 mg Se; 300 mg Zn; 100
mg Ca; 30000 mg P.

Loula s Lol jallsl

55 3 ool b Lasols (golal Jula3 5 43a3
a5 ool sl A7) 4as SAS 15l a3 MIXED
2le S () Jaas ((JaSo (5 b b 0d33) 65 90 <l
i K alasl gl Bilise @3l 5 555 (sole sbos b
P RYP-s o 5 KA sule) Glo)y Ho sad LSS sla suls
© (Pon laianld u aline glagias sl
Las £ Julas 5 w3a3 Repeated Measure (s,
Shsa sa5b 55 5 Glss Gos ol lasals ¢l
G osad Gl B ads soliial Glely o LIS )
che 5 wlaasn S Gl ol e (:Ske Jlaa o) 50
A 438 S GBS 5o s 50 0 gl e

Sy b
JSo Upme 5 ol S 185 5 4 by ml
waal 00 BILIY Jgan o lasp o Slae 5 S5 S K
pod oo o3 ad 5 sl o0 Ho ad (Bruas Sl sule
S A golabre oo ol S 85 Lalyd s

s S daslas (VAAY) OLSes 5 (o 5SL b s
S Olaa Gl go Lo las,s gobil slaslKla
ol ol i 3 olo S (i e Lu 4 il
Yo ad e solliu) ol wlg gly oliuse s
B S0 oSl Sl o lia pead Bl aa (iS)5a
3 alS 5o bk u s pabedT lal Hu Las s Gadss
Sealsiul b g mae oo g A0S A 5 Gl Las 50
pSHLS /0 wBa b widiu S (558 (o eade J Sl
silassly g sud s e Shysa ol 28 S oo alad)
sole Gumn o adi o oSeslul Wl o s
S ewlaidls SIhsa (e GusS SuS B Gl Saa
ol adie duulas lasy € sad 4y Sl
oS a8 5 eladl T e 50 S 555 L 55 (B e
ol o crus 0 sud A HlaEe 1 ol

w58, slos wiile olo S 035 slagadld 5l paa
590 VY el Hulas o 4en Sl asn 5 b s il
S asiS, slon oS 851w (gl wud o (58 83l
9400 Sl Cucu gy oo sl (KB aels mialey
Sugy 9 ool ¥ o ¥ e S adlal 4 Gl
Y/0 50 /0 Jabias S5 830l b s 5 b 3w 5
ooliien) s ans gy el (sles it bl 5 (5 ke s
ouspeales dajo ) 8o bie 8 G gale (S5l s ga )
oS o

el ¥ g U8 0 0550 58 aldia 5 a s slag, o
g 205 O oo Slle 8 s (pa8 SIsa 5l sas
G, ool sola sladyl Jabs 4 o 8 S Las
o 108 g JAls o Ll s slad g ad e
sl Lo wad o Jiie slisle)] & 5 wis <
e o 9 4880 9 59 Voo e b G ea glad s
LT slacedly B s 3 sk sles 301 (slos Lo 80 0
o9 sam slaslbl B Ll sladse wly e
Bl ud oS sl das —Y+ gles
saliieul b slas sl (500880 5 JusielS OSHE olandl
S d pmaddd glacS 5 1Y) Sl sa sl )
chle uses wad gxSelal Gl sedl Lk
ssaS Zellbio o< ys (e oS L s NEFA
ELISA oS 31 ssliind U olgusl cbile 4 ol



WAL Lo /Y oyled Yol [ als pole (sl iy 455

g (Sdeo e ¢ ual O

S Shisd Soas S ol Souly Slhe w
Slmlie cola ad s (ualS (gl ol HKal,
550 Shysa e 5o GEAIS (Eias 31 s casal
3 33080) o sLaslS 5 (YT lSan 5 (s95ea)
G o sl S (B8 1 ol e € (Y- VY GllSen
Game n (2l S G185 5 8 ma S paa S
5 sawbon o Voo F oS i) wu S GBS Shhsa
Sad o 8 oo Lo sl ol Ju¥a SV -4 l,Kaa
o5 Shsa 2B (Gl psb (15 8598 Job b
solal Laals (s 08 wole Ja 5 Laals s sua 5o suldil
L e ik phe ol WL S Griges oS
29 asloa sl (Kae Cpl by 5 asls Ko slaals
Lopos ongs oo il caliie s mlaws b s 0l 50
99 on oo Lasy ey 4 S5SHE JeSe a3
il (i3l e SaA sule Jluie olos bulyd
OLler 5 psaae @B L S (o0 A ggaa)
9 G s @B Ly ol Slsdaa (Y41F)
Olnl il da o3 BB SO el elilas (Y010) o), Kaa
a5l Oial58) 8325 4 5 Lo OO ol Ol
S35 JaSo 5l soliil ol 5o Las s (Sosa
OhalS sels S5 S oo ) suliinl Guinan ol
VA) ol s Las 5 53 4l 55 OO Giul 8l @l Gl
Baa (wd saaldne 4l 55 o Ginl K8l 53 3 g do o
sole I8l le S 3 5 (sldas HKal, a )
=Lk L9 ol a5 OIS ORI (B SEA
i L9 slaals Jie) wiols YL KK 4 5l oS
G osade aS gl olismss oS pals (pleS
JLis 4 5 (5308 Bwae (I8l 5 553555 S K il )
SolSea 5 lT) saSpe Bas Shsa Gmlbdl o
oa saliiel o) 50 S35 S 6 JuSo aliel aas (V-0
O o9 oS3m0 o JSES JSSE Gl g 1) BadaS ()

S5 oo Jaasd Slism g 0 OISUNS )l sais
Sbsmsn mie olsie € Jorwl gola slagss
) ol s Shhsa pleail, 5 Saa sole b uas
(YWY GSan 5w Y0 GllSea 5 (Saslos
9 iy 3 yenla 383 L suliie oy ge JoSo
loa) Gas slos Llagane (il case (ol S LS

299 8599 o3 (iaad (P<H/40) s g sule slos Hlas
83l L8 yums Hlo Sae Gl 58l Giels K oK Joo (8 jumse
sad 335 JaSe Gom S Jyl oo 4 oo Saa
e aiilan Lasys Of U yuas (P<-/0Y) 0t i g
o8 S5 SR Jae Byums 580wl SaA suls
@8l (aul 38 (ol Sae S g a9 8550 53 5 8 S
2 58 2le 8 a8 bbb 5o QT G yuas (P<1/-0)
-2 ul8l pl Lol o gs sule (sloo 31 SYL 8,50 50
Coseas SEA sube 4 ol Gipas cuad g Ll
G038 g 5 base los 50 cad aa ol Sae
~8599 59 5 53 B, 0o ol ed K18 Gule ]
S Sl o s sale loa Hlasi o GlalesT s
Syae Origan (P</00) s ple S GBS Hlas
059 ol Hladae Gl ca se S35 SHK S
5599 a8 9 gl o059 5o pa (P<-/0) ik Las 5 <l
Glooo 0o Gl o GalS case (ole S LS a0
IR ple S (5 580 a5 (SIosa su3ls S
Ol ca e S5 S8 S 5 suliial (g 28 S

el st SI 55 803
oledily 5 als (sosese LR Cage ole S S
s bl odydng asas bosd oo laals Ho Sl
slag,sls 5 Giosn celKla clie Al 5o
a0 Ss lsie 4 (ole S I 5 sia (5 oS A
3 33155) ol suilasils (559500l Sais 5o dada
S sag IO G Gle)l cpl alsb (Y-8 o),Kan
Jlas slae s 4 Shss wase Glhse aga o550 o
Lo 53 Ssa GBS Glhas ulaad 5 sole slos
S0 Ol oo lmlis 5l Ly ole S ES e
slagadls 5 oo S (a5 1 51 828l 5 i
Seas ualS 3151 5158 Las (Sl sslie 5 g0 Slac
OBalS Glase suala Giabedl o sl cwss SIHsa
A o3 (2le S i bl i slas s 5u SIHa S
OB 5l i 54 Sl (pl a0 ¥ LT 8550 o0
Srme 53 GBS G el (S5 0Bl e o Sre 5oLl
9 Say) ok slagls Lo eud (51K Saa suls
(o0 ¥ B) (Yo d OLKaa 5 50ls, 5 ¥V LK



b0 FSlo 28y Jb > slaoy (S aeominlp g 0,Slas SIS Lo JeSe g (2lo)S (45 S 2bj))

s aSIhea 5 U8 Lo ol sad S K (il
@S 5158 0599 5B @al G A (glessl B3RS Ol
8,559 o3 gole slos Hlad 5o s sl Hla e JualS
(P<+1-0) (YO/AA sslss 53 VE/AA) wss S saalitie a g
s> il ) alSaus (BaS1555 3l an 5o
A8 K G138 ol S a0 80 cad sad (g ,Se )l
() Ooa wdiiud e ooy sl s Ll
Su385K Jao Gpms b ola b o) s
O lEie S5 (piaan (P<-/00) @8 S 515 5806 was
Slaine s )50 o (JeSe Bma) 8550 5 (2l S
Brae g ole S 85 slas s Gea sl Glhae a s
mo50 51 UL Hlaane o) gems S35 5K Jao suiS
800 Cipuae JaSe (g dags GES 50 S 0 ola
09 lymad b (¥ Jsan) (1/VA salss 5o /YY) wis e
OF @hmis Js ad sualiie aa 5d Gl gesl 5550
S8 Lo S

99 o8 o8 (2le S S glas s o o SHK alS
Slonan oo 8 5 50 S A puas GhalS s 50
oi cal glae s o el Gloae Gaines o)l
-t 4S5 aia HA) el 438, YU goae o e ole S
S8 o (ualS Jo¥a 5 S (S Ylaal 5 (a8l
Gaiad B (Y210 GlKea 5 (sudn Gaesa) 2y (52
«Soa o0 (YY) OLlKas 5 pusm mlB b sl
OLan 5 msmas 5 58 Ha (Y- 4) OlKan 5 355 s
i S slada o o il cdillhe i & (Y41 Y)
iS5 ole) O Sl GBS 51 US 5o ea SK e
mo,58) 059080 Guss Bomb (WWAY Juas 5oy se) 3
S35 5K Juo i 8 yume slajlasd Ho (55
S 5 S5 slasole Ghay sidus oael s & Yiaial
sl Gy el sl (PSMae @il wiaS 4 S
ool 80k (55555 835k Gl bl 4 sake &S il 3K
9 oae B bl Gl (Y204 gl 5 (055 5)
s dsllas (Y4 12)0) S0

S (¥ Jgaa) ad Ginbe)T cad glas 5o (8, el
ads sualiie u_..t.:'La_',T 8583 93 A 3 Gl ol
(YAIVA olss 5o YAAAR SYAJAY Labss Lo YA/AY)
2 oS0 SB3SHK Yoo Spms Sy (P<4/4Y)
i) Ha Alde LE gles conilas Las s oas sles
Sosas ol (85 lalyd o (Gld 5 b weus
Ol Omiaed e gole gles 1 YL (gola ee
Do b b gles Ja 4 ol S 18 gladadls
(P<-/-0) wialy s lsfae (RAS S5 S 5K JuSo
(Y i) wu e Hlafas aa blEe &l ) Al aa
Lol Ho sad gSeslul obe S slaadli 4aa
e oLt ol 5 s sole slou 31 YL oo S
el s slas) i go b ol S (103 Loyl yui 4S aas
G eagy Sy slos 5y JeSo Byime 536 pae Ll
5 95 Gamen dallle 5o Lol o paddie (Juys
oS3 gula S Gpae (Y010) Kea
2y el Old mhi gles (RalS Ca 5o S5 S K
ool cislhe Ll U o€ ot 6586 Gu sleo
slos 52 ) Loy G plo slow (1alS (IS 5k
ob3 51 K3 S 6K Jase 5 suliiinl Loy Ha (b plas
OF dals winoa il casal Yla [l gaslS

el s Sl s canl G20
O 20l dabie 6l pge ree S G105y
el ol cug sbes ol buas g G e
Koo O aolom alilS b &S cl (Fugy 05 Ol
S Pl bl 5o 5 S JolS sansy 5 O
slagia sy 59 (Voo V OS5 shhle) ol (e
S YL (Fola (8 Gle) L9 cuu g sles a5 500
9 YN OKaa 5 Gelian) cl sum G sles
09 P gladaiul i S (YN GlhlSes 5 (g uadl
GRS Sl e 580 mad KK e caaShsa 5 U8
S a0 50 58 50 5 (F Jsaa) @8 S 515 ol S
s ol gles Lulyd 51 Sowl g slawdly
Js3 50 S (sls 6550 5 baame ilE3e 31 (P<-/-0)
"o 0 bl (s a e Dl Are Sia s A
OB el 50 S5 S K JeSe B pme g el 55l

el gole gloo bulpd oo o XK (Al o e



WAL o /Y ojlas Yo als [ pold pole (sl yimgls 450 g (Gdexog ¢ duwal  OF

Table 2- Least square means of environmental temperature and glucogenic supplement on performance of
experimental lambs

Variable Per 1 Per 2 p-value
HS TN HS TN SEM Per Env Perx Env

Dry matter intake 1226.56 1281.6 1510.87 1558.6 21.17 <0/01 0.03 0.86
(gr/day)

Water Intake (gr/day) 4587.80 441740 5351.00 5023.00 11162  <0/01 0.05 0.49
WI:DMI 3.75 3.47 3.54 3.22 0.08 0.02 <0/01 0.81
Average daily gain 272.0 400.0 472.0 576.0 40.52 <0/01 0.01 0.77
(gr/day)

ADG:Feed 0.22 0.31 0.31 0.36 0.32 0.03 0.3 0.79

Per: Period; HS: Heat Stress; TN; thermal neutral; Env: Environment;

Table 3- Least square means of environmental temperature and glucogenic supplement on heat stress indices of
experimental lambs

Per 1 Per 2 p-value
Variable HS TN HS TN SEM Per Env Perx Env
Rectal temperature (°C) 39.12 38.82 39.19 38.78 0.06 0.58 <0/01 0.64
Tail temperature (°C) 36.82 36.37 35.90 34.93 0.18 <0/01 0.01 0.22
Shoulder temperature (°C) 37.23 36.81 35.71 34.70 0.31 <0/01 0.07 0.38
Front leg temperature (°C) 32.31 31.25 31.59 30.19 0.15 <0/01 <0/01 0.32
Rear leg temperature (°C) 32.65 30.61 32.55 31.33 0.17 0.13 <0/01 0.06

Per: Period; HS: Heat Stress; TN; thermal neutral; Env: Environment;

ke 3T al (5Lae 3 (5 95 (sladaiunl B 53 S35 95 1S JaSa S pume g Lawno (sloa J5 Slay yo Jilua (aSilus ¥ Jgaa
Table 4- Least square means of environmental temperature and glucogenic supplement on blood parameters
of experimental lambs

Variable Per 1 Per 2 p-value
HS TN HS TN SEM Per Env Perx Env
Blood variables before feeding
Glucose (mg/dl) 9146  105.11 85.27 111.89 0.83 0.78 0.02 0.08
Cholesterol (mg/dl) 74.55 87.82 51.28 69.87 11.42 0.32 0.39 0.85
BUN (mg/dl) 19.55 25.84 1842 14.88 0.39 0.04 0.17 0.05
NEFA (mmol/l) 0.20 0.23 0.15 0.20 0.01 0.12 0.13 0.54
Insulin (ng/ml) 0.25 0.22 0.30 0.25 0.01 0.11 0.12 0.34
Blood variables after feeding
Glucose (mg/dl) 94.00 100.27 84.43 77.36 3.44 0.13 0.92 0.30
Cholesterol (mg/dl) 96.79 7211 5597 60.80 19.85 0.41 0.70 0.59
BUN (mg/dl) 20.42 18.77 25.83 14.29 2.30 0.87 0.21 0.27
NEFA (mmol/l) 0.19? 024> 021° 0.17¢ <0/01  0.03 0.50 0.02
Insulin (ng/ml) 0.24 0.22 0.29 0.27 0.01 0.16 0.28 0.95

Means with different superscript letters in rows are significantly different (P<0.05).
Per: Period; HS: Heat Stress; TN; thermal neutral; Env: Environment.
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Introduction: Heat stress (HS) compromises efficient animal production and although difficult to
accurately quantify, the economic impact on the global livestock industries is likely greater than $100
billion annually (Baumgard and Rhoads 2013). The economic decline in the dairy industry is
primarily associated with lowered milk production, reduced growth, compromised milk quality,
reduced reproduction, increased metabolic disorders and poor immune function. Dry matter intake
per kilogram live weight was lower and the maintenance requirements of sheep were higher at high
ambient temperatures (Marai et al. 2007). Pair-feeding study in dairy cows indicated that during heat
stress, reduced dry matter intake accounted for only 35- 50% of the decreased in milk production
(Wheelock et al. 2009). A variety of amelioration strategies for HS are available and can be
implemented alone
or in a coordinated manner that include physical modifications to the environment, management
adaptations, genetic selection, and dietary modifications. Nutritional strategies are among the easiest
and cheapest to alleviate the negative effects of HS. Nutritional tactics used during HS generally focus
on enhancing the energy density of the diet and decreasing the ration forage based on the reduction
of incremental heat (Mahjoubi et al. 2016). Providing gluconeogenic substrates or supplements that
metabolized into glucose precursors may increase productivity during the heat stress (Baumgard and
Rhoads 2012). The objective of this study was to evaluate the heat stress effects and also glucogenic
supplement during heat stress on performance, heat stress indices and blood metabolites of fattening
Makoei lambs.

Materials and methods: In this experiment, 10 male Makuei lambs with 3 months age and average
live weight of 32 £ 3.2 kg in 2 treatments and 5 repeat per treat at two experimental periods were
used. 10 days before beginning of period 1, the lambs were adapted to 2x1 meter individual cage and
experimental diets. Lambs received water and feed individually. Feed was delivered to the animals
as a total mixed ration and offered in the morning (8:00) and evening (16:00). Diet was formulated
to meet or exceed NRC (2007) recommendations (Table 1) using the Small Ruminant Nutrition
System. In period 1 that lasted 10 d, lambs at thermal neutral (TN) condition (24.5+3.2 °C and
temperature-humidity index [THI] of 66.1 + 2.5) and heat stress (HS) (33-41°C and THI of more than
83) were fed ad libitum. In period 2 (lasted 10 d) the lambs of HS condition continued to ad libitum
feeding and lambs in TN condition pair fed (feed intake reduced according to HS group feed intake
in period 1) to eliminated the confounding effects of unequal nutrient intake. Both groups received
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10 gr/d of a top-dressed glucogenic product (GL-Part 100®) in two equal meals. All production and
blood data were collected daily through both periods. Three thermostat-regulated heaters were used
to generate the heat load and 2 fans were utilized to evenly distribute the heat load within the room
and fans were angled to prevent hot air blowing directly on the animals. In the beginning of the
experiment and at the end of each experimental period, lambs were weighed before morning feeding.
During each period, DMI and water intake were recorded daily and body temperature indices were
obtained at 1400 h. Blood samples were collected during both periods from the jugular vein (5 mL in
collection tubes containing of sodium heparin) before and 4 h after morning feeding on d 3 and 8 in
P1,and d 3, 8 in P2. Blood was centrifuged at 2000 x g for 15 min to obtain plasma and then, stored
at -20°C for later analysis.

Results and discussion: HS significantly reduced DMI in both periods than TN group (P<0.05).
Glucogenic supplement in period 2 significantly increased DMI than period 1 (P<0.01). Glucogenic
supplement increased average daily gain and feed efficiency significantly (P<0.05). HS significantly
increased rectal temperature in both periods, but Glucogenic supplement did not effect on body
temperature. At a.m. feeding in both periods, blood glucose concentration of HS group significantly
lower than TN lams (P<0.05). After feeding, HS did not affect any of the blood parameters (Mahjoubi
et al., 2016), But Glucogenic supplement affected NEFA blood concentration significantly (P<0.05).
Lower blood urea nitrogen in glucogenic supplementation treatments was probably due to a higher
supply of glucose precursors and a less need for muscle tissue degradation to supply glucose
precursors, leading to increased nitrogen efficiency (Donkin et al., 2009). After feeding, no increase in
blood glucose after glucogenic supplementation was interesting because we expected that glucose
precursor consumption would increase blood glucose concentration after feeding. The results differ
on the effects of using glucose precursor supplements. Glucose precursor supplementation
numerically increased blood insulin levels compared to the first period, which may be another reason
for the lack of increased blood glucose in lambs after glucogenic supplementation. Differences in the
type and composition of glucose precursor supplements, how much they are used in the diet and the
physiological stages of livestock are the reasons for the differences in the results of different
researchers.

Conclusions: As expected, HS reduced DMI than TN lambs, but glucogenic supplemented lambs
have more DMI than lambs in period 1. Dietary glucose precursors improved feed efficiency at HS.
These results showed that in HS the efficiency of converting dietary nutrients into tissue accretion
was enhanced as glucose precursors fed. Also, HS significantly increased rectal temperature in both
periods. At a.m. feeding in both periods, blood glucose concentration of HS group significantly was
lower than TN lams. But glucogenic supplementation significantly affected NEFA blood
concentration. In overall, improvement of some important functional and metabolic indices in lambs
fed with glucogenic supplement in HS condition can indicate the beneficial effects of this nutritional
strategy on lambs during HS, but this needs more research to prove.

Keywords: Heat stress, Non-esterified fatty acids, Pair-feeding, Performance, Rectal temperature



