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Table 1- Feedstuffs and chemical composition of experimental diets

silejl b los
Treatments
)90 Sjoxd S35 55
Item Lipogenic Glucogenic
9> Q)S 9> Q)S

Barley Corn Barley Corn
(1) Shs e
Feedstuffs (%)
S a5y
Alfalfa 40 40 40 40
<)) ) )
corn 10 30
”> - -
Barley 15 38
58 s 8 8 8 9
Colza meal
0wl uj) 4&)‘ _ _
Melt tallow 4 4
oo ope ity 31 36 12 19
Beetpulp
Orelly 7 e Ao JaSe 12 12 12 12
Vitamin-mineral supplement ' ' ' '
Slawd M <>
DCP 0.5 0.5 0.5 0.5
S
salt 0.3 0.3 0.3 0.3

(S 03lo duoy3) (oiinlojl (sloopn (oliowd oS 5
Chemical composition of experimental diets (% of DM)

E)T\:/T Lo 921 922 919 92.2
é‘l\:b’ 827 829 845 84.9
f’C‘;O’;"M 128 126 139 13.4
LEfé' e 548 576  1.90 237
5 g > Sl G

320 338 281 30.6
I\IDF' AT IRV )5
,\flg‘g{‘ SR, 352 346 429 40.9
el 72 123 212 23.4

2 . . . .

lSErch
Sugar” 72 76 6.2 6.5
. e\ 9 . ..
(397 2 S o) " oundlsilie (55 265 263 255 2.53

ME? (MCal d*)

((NDIP-NDF) + pls iS5 + pls o559 + 651 o)) — 100 =NFC ™
(61 a5ed) CNCPS JJ531 53 S1yss dgo Jghin ol 00 apusloea®
(19,4468 a5es) SRNS 3l o5 ol 3 005 apusloea®
INFC= 100 - (EE+CP+Ash+ (NDF-NDIP))
2 Calculated by tables of CNCPS (6.1)
3 Calculated by SRNS (1.9.4468)
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Slylang S Bymo 5 (PLO/0L) ol 81 (g5l o)las 5 5
2 opicmed b ials (P<O/01) axoliss 5 (P<0/05) sU)l e
(P<O/01) awliss asilygy b ymo wyd 1 0asiiS aniss (slaop
35 glaoyy jl i (PR0/09) ¢ 31 o las o (P<0/05) NDF

..)9{ 9> XY

o col alysl ol ooy p oss )55 (slmedly ()bl o
X azim J515 5z 50 e e L5105 5o laws 5 S,
acupblio cLale 5 4ol oyjs Sl g s 3las 5 g o jlags
60 Lol Jae 53 o a4y colS oyt 4 Galef] g9y sl o
S 1o 3155 075 51 5V (g )b sine o &5 590 13 5
Sluod il jlg o odly 35 Jloys (5,8 a5 (635150 13 B> S
3 48 b ool il g U caa osls w5 5l w4 51,8,
e g9y 51 2l slbd 5 Slayye Jilis (ke &5 (1
slaosls wlwl y P-value pslae Lol i 5l  —dris
4 PO/05 L Galiseo (sla pusio 3l s o ))55 sl S0 i
S mine 4 S5 Sy 4 05< P<O/015 b g o sine 90
SO glio gy o sine blito 5145 (63)lgo )3 i Uil
a3l eolawl Loy 5 gyl pxe paw )3 Slaye p6S5ke
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Table 2- Average of DMI and nutrients in experimental period (g d™)*

o )lows
Treatments
S5 9 S35 9lS aeX o>
Lipogenic Glucogenic i Xer WX
Siio o3bo . . SEM ﬁf ey e syl
Nutrient z =7 z =7 ffat Cereal Fat~  Week  Cereal*
Barley Corn Barley  Corn erect  offect cereal  effect ek
;‘,\7 osle 11888  1231.6 17.94 040 17.94 040 028 098 <001 <0.01
S',\;:L" 9825  1032.7 1494 059 1494 059 039 094 <001 <001
;;O*ﬁ”* 152.1 156.4 2.32 069 232 0.69 0.78 0.81 <0.01 <0.01
odiypd 5 Jslel LI
S 381.3®  4198° 607 <001 6.07 <00l 004 087 <001 <0.01
NDF
Eé' osbas 657°  681° 163 <001 163 <001 009 072 <001 <0.01
;\TE'C"‘ rngS 4173 4259 691 002 691 002 095 075 <00l <0.01
83.1 1516 552 <001 552 <001 <001 010 <001 <0.01
Starch
omdglio (65 51
(139 9 5,6 £2) 315 324 047 013 047 013 058 098 <001 <0.01

ME (MCal d™)

(P<0.05) sl o (sl sine OS] (sl o b By b id; 52 slaguSilee

! Means within same row with different superscripts differ significantly (P<0.05).
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Table 3- DMI, BWG and feed efficiency of lambs in experimental period®

Lo
Treatments
e 5o S555 6
) - - -
Lipogenic Glucogenic
Item pog - g ;
9> Q)b 9> Q)b

Barley Corn Barley Corn

X op X o>
T TR i win gl
Fat Cereal Fat* Week Fat*
effect effect a effect  cereal*
cereal
week

(391 0 p)5) Sts o3lo e

DMI (gd?)
361 1149.3 1113.2 11231 1200.0
1-3 week
b4 we 1194.3 1274.0 1097.0 11919
4-9 week
09> S5 1188.8 1231.6 11320 1178.5
Total
(P)59LS) o 03
Body weight (kg)
adsl o3

27. 26. 26.0 25.0
" 6 6.5
S i 345 356 341 341
Final
(Gas 22 £55) 839y 01j9 Lielj8l
BWG (g d™)
361 180.4 153.4 157.1 171.9
1-3 week
84w 1226b 172.2a 130.5 1248 b
4-8 week
09> S5 144.3 165.2 140.3 142.0
Total

(05 2 05) S s
Feed efficiency? (g g™)

361 a 0.145 0.142 0.140 0.145
1-3 week

B4 ain 0.105b 0.136a 0.118 0.099b
4-8 week

w9 S5 0.120 0.138 0.126 0.116
Total

31.46 0.71 0.80 0.48 <0.01 0.03

24.55 0.23 0.25 0.91 0.13 <0.01

17.94 0.40 0.48 0.98 <0.01 <0.01

0.43 0.58 0.97 - -

0.26 0.46 0.47 - -

17.61 0.93 0.82 0.45 0.39 0.98

0.17 0.12 0.05 <0.01 0.08

0.31 0.39 0.46 <0.01 0.65

0.0129  0.96 0.95 0.82 0.23 0.96

0.0064  0.27 0.59 0.01 <0.01 0.09

0.0063  0.39 0.70 0.12 <0.01 0.76

(P<0.05) 12l o (6l ne B3] gy alia s Cigyo b Cindy yor (sloySilo |
2 S e ) Sy ) 2 Sl

i 5 Sts oole by [y oo Glaliil =STss asjly

! Means within same row with different superscripts differ significantly (P<0.05).
2 Feed Efficiency = Body Weight Gain/ Dry Matter Intake in every week.

Cowl pasS g 55 5l Gins @) (gyaee atwlis oS Jb j0 WS e
aolis dop 42 48wl i (10) o) Lson o yun g3 (29)
)9_&44.05_‘» )] “\”‘9:&‘ 9> 919,\.5 P ..\40)38 9 U).) 2 J}bub
L;Laao){,? 5l oass” adss Lgl.mo);.9o)9g o]/w.ra 8y PV A 45|)'9)
O yidias 4aSd (g yaue alwlis g > L duslie o )d (gols

) Ll L lyicingn  SOLE il s anli

1T 393 g oYL paS )3 e atwlis (glyime Amd o JuSis
25l o 20yd D8 8V gy g g5 o )> T2 p65 9m 9 )d 4D chuoyd
(111) By po ooy 5 (214) 35 3 o 95 20y (e
A4S D pasS g 9o awlis o 8,k 51 (18) coul ond sanlin
Slismgn (g J=B pole Wy Gl g 0390 pdod o Lo
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Figure 1- Concentration of serum cholesterol, glucose, insulin and glucose: insulin ratio in different week of experimental period
The * is indicator of significant difference between treatments.
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Coto (Siot Lo (2 aly) Bpman L p iy JgpndS
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Table 4- Regression coefficient of blood metabolites, BWG and FE and nutrients intake (g d*) in

experimental period

- L’:.O - .‘
)90 Kid odlo L;‘ odle Pl> B Pl> e Al Ny L:sl_;):
Item DM oM cP EE Starch s, » s J552)

ME (Mcal d™)
1_ . z
(n =228) 555 0.151% 0.150% 0.182%* 0.097 0.265%** 0.121*
Glucose (n"'=228)
(N=122) (g 0.074 0.073 0.097 -0.030 0.084 0.084
Insulin (n=122)
(N=122) (g S o5
Glucose:Insulin -0.188 0178 -0.183 0,187+ 0.099 -0.209*
(n=122)
(N=228) Jg 5l 0.091 0.078 0.034 0.334%%% 0,252 0.116*
Cholesterol (n=228)
al39y 0jg a3l
(12205) 0.364%%* 0.364%%* 0,357 0.234%% 0.108' 0,342
BWG (n=205)
(N=205) Sys 250 0.049 0.050 0.047 0.045 0.040 -0.023
FE (n=205)
_ 2.

(NF122) "> coluwe 0.586%** 0.561%** 0.565%** 0.372%% 0.051 0.575%**

Tail area” (n=122)

! The number of pair data
2Tail area= tail weight * height

Sk

P<0.15, "P<0.05, " P<0.01, " P<0.001

St ol oy ccgdio dlge 4ljgy s by g 5 5IS
i aLS iy slgign 45 (4 Jpiz) catls o sne i

Ol 55518 A a3l (5551 S e 3] JU @ g

okl 3590 (gloosly Cui sl T
433 oy X el = ads colus?

P A g5 b o8 (dgusl SIS G 5 pdgu clile

5= ok slpoy )5 dguil oy clald oS (g)gb &y i8S
33 gl 13615 G g 90 D (g9l slmo,s 3l YL
L ool cdale Lol (P<O/05) 35 55 51 5Vl 55 olaslogs
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1 oy . . o 1. . " & .
(n —122) u,u.:Lc)‘ 0)9d JAo » Laab).g ))Slo.c 9 Lg)").sl Cunog LgLQ)SL.uLw Cuw) (> y clale ox M Gy o -5 Js.\?
Table 5- Regression coefficient of some energy biomarkers and lambs efficiency in experimental period (n'=122)

Sge $95 g gl S Jssils
Item Glucose Insulin Glucose : Insulin Cholesterol
2.2 £5) &ligy 0jg S5 0.089 0.010 0.042 0.088
BWG (gd™)

(05 %) Shgs ok 0.205* 0.124 -0.091 -0.614***
FE(997)

e o o) "33 C>luve -0.119 0.139 -0.214 0.599%**

Tail area® (cm?)

! The number of pair data
2Tail area= tail weight * height
"P<0.05,” P<0.01, " P<0.001

dwlis ade g cdale b pgusl clale oS aidl s ¢ 8,k 5las,S
Ll 0yl> e (Souad 0y oy cbale b g Cuto  Siuon
A= el Ga o ] o diwlis cdale 4y gl @l
Uh g aolis 0)3 16 clale 1) ovie sl b g pgd

(12) x53,8 sanlive oy> doyd

okl 3yg0 (gloosly i sl T
433 oy X el = ads colus?

9 el gl Clal (BuS lgsels g9y p Olllas 515

(46 525 24) 6,5 51,5 aalis i lSe 5 s pdya s b
JLss a0 Sy Byme ials (B) ol 93,5000 adllas > ol
Oyl CBlE b (e g0 4 0> dtulls (g presS ol
s p2alS (12) hlsen 5 (5y9)l 350 bl )3 Lowsdly
o1l Lnoy a3 okt 42alS o s Lials8l b 1y cydgud

Tstalegl 0,93 Jsb 13 ooy pyes (g5 (slaeomiad b ke ialojl (slaoy #1-6 Jgo
Table 6- Effects of experimental diet on blood metabolites in experimental period®

o los X
Treatments P X o u;)>
S SieS IS 3 > . aan A
;gm Li c;):flic Gmééféﬁi . SEM  Fat  Cereal Fapr ek Fatr
Pog - g - effect  effect at effect cereal*
P d P d cereal
week
Barley Corn Barley Corn
Lo 5 k) 55515 1007 986 1047 1057 092 005 084 056 <00l  0.26
Glucose (mg dI™)
2 el 215 5,S00) Gelgend]
(il e 59.1 56.7 83.7a 532b 575 0.99 0.05 0.13 <0.01 0.54
Insulin (uIU mI™)
1075 £.5 ee) ol 55555 0.12
(Mol oy 2l 2.21 2.29 2.09b 3.06a '7 0.72 0.04 0.09 0.01 0.47
Glucose (mg 10°°1V)
(i 2 S ko) gyl
Cholestrol 62.0a 63.2a 53.0b 565 111 <0.01 0.36 0.66 <0.01 <0.01
(mg dI™)

(P<0.05) il o (gl stno M) (sl it i g b i3, o (slocySila
! Means within same row with different superscripts differ significantly (P<0.05).
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Table 7- Average of measurements of lambs in different treatments in experimental period (week 1-8)

oo
Treatments
S5 SiS o X X 2
Lipogenic Glucogenic s al gl ale win I azanX
390 o o SEM Fat Cereal Fat* Week Fat*
Item ” ’ ” ’ effect ~ effect  cereal  effect  cereal*
Barley Corn Barley Corn week
(3o s5l) uJJ Jsk 51.9 51.5 51.2 54.1 0.623 0.43 0.30 0.17 0.19 0.54
Body height (cm)
(oe) oS 51 45 438 444 446 440 0218 065 0.94 019  <0.01 0.82
Withers height (cm)
(f»@‘ib).w 91 79.9 79.2 81.3 79.7 0.696 0.47 0.38 0.74 <0.01 0.15
Chest girth (cm)
(o) a2y 111 117 117 113 0145 073 076 058 001 0.60
Chest width (cm)
(L) r‘*{*" 9 88.9 90.1 90.1 90.0 0.710 0.75 0.52 0.46 <0.01 0.61
Abdomen girth (cm)
(e o) 43> Colus 339.9 3375 3375 3178 8.05 0.56 0.15 0.72 <0.01 0.23

Tail area’ (cm?)

1 Tail area= tail weight * height
AU o8 @294 b lgudl 1355I8 s B Jgiz) 230 )
g 5§l 5YL 3 eloylags o 5 (PO/14) o5 )5 alé g
S s 4 o (AST) izl il 5 Jp 2l bl
clale .(P<0/01) 258l Ginli 8l oy 4y Ay 00380 b (g by sime

s oy X glisyl = ags colus

oy o500 53 (55531 S ,S0U Gy rly il
cble (S8 el 20 51 o ainlojl 0)9d piin azn )
2 Oyl sl 5 (P<O/05) S35 5lS (slalass )3 558
5 Sioed sLalest 31 YL i 5 4 (P0/06) g2 (sl los
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Ty S g Sifand (sde dlge il 4 S5
9035 kel & comdlie (S35 @95 9 o (22 03 (]
(4) )asisS 9(9) 03y sl > gl Cplus ialS
S 5 aS 15,8 5155 d(27) o) Ken 5 b el 0345 ol oo
S5 Gy o e P Sl 5 S35l slosla i
.,\3)].) QJLQ“J 0)9.) L;lmﬁlf

0l Aty il oy slaswl o (BHBA) wlysg Syl
ap 1B )5 B ale Ly (e Sl b cos pyp (NEFA)
os pcd)S B ale X o 3l 5l sb cov NEFA clale
e (PRO/05) 39y 3= Sifond ) 5YLs 3= SijeS oIS
S oI5 laelale )L bl ;o RQUICKI s dgwlee
cs)S L Bale X L Bl e cov 15 NEFA 5 ewdl
YL aaly 0/303 L o )3-S5emd sl o 5> 48 ((P=0/05)
sdnliie )] 1o oy jieS 15y 01268 L oo - S5590d Hlowi 13
Cuaglio 040 datiane Jole Sy lgicay lawl NEFA clale

oy sl cilsy (al3 3l s & 3980 4Bl (el gu
13,8 )55 (32) en 5504 B) 350 2 slacdl
Oamadgel (059 Goy5 5 ookl b bagls oy NEFA iolj8l &8
Gluilejl jo Ladl g oo Wl jo el gus] Coglie dauwgl cauns 4oy
a5 O o) ol Sloyd Gop o8 Wb (Lt 38 gan
S5 4 )ST il baglS oy NEFA al clale 5 o)l ine
gk G Py 2y Sl oS 5 ) i L QIS (089,

Lol paie azin 3 (Siw S el 20 51 s baogy pro (655 sl Sl cnj clile -8 Jgu
Table 8- Lamb serum concentrations of energy biomarkers after 20h fasting on waek 8 of experimental

period’
o los
Treatments i e
S So5555 SEM Cop S =
3y90 Lipogenic Glucogenic effect Cereal Fat*
Item s Y » Y effect  cereal
Barley Corn Barley Corn
(s 2 5] 35515 715 742 777 820 162 003 026  0.80
Glucose (mg dI™)
Lot 2 el 2 575) - 803 462 786 639 710 068 006  0.26
Insulin (uIU mI™)
(il 510755 k) (g 515 117 179 139 143 0152 071 014 037
Glucose (mg 10°1U™)
(e k) Jp uds 924 796 623 686 422 <00l 031 010
Cholestrol (mg dI™*)
(o2 2 k) o el o 1254 1262 1062 985 393 <001 060 052
AST (mg dI™)
(2 2 i) i 8320l 041 036 043 041 0013 033 035  0.69
BHBA (mmol dI™)
Lo 2 Jr) il ibopsod 996 0gab 073 119a 0095 039 070  0.03
NEFA (mmol dI™)
. .‘w . X

g Gl ol 0268 0303 0296 0269 00077 066 068 005

RQUICKI?

(P<0.05) sl o (syloisine S (sl o b By b cid; 52 slaguSilee

! Means within same row with different superscripts differ significantly (P<0.05).

?RQUICKI= 1/(Log(glucose)+ Log(insulin)+ Log(NEFA))

g e NEFA Clalé g iliy oy (tal3dl «S1ys (il
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P S35 5l 0 53 il il (slagls (g3 JgpmadS
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Sl o o LS Jlais] 48,8 st ] 8l a3
D)3 5g g Jsl o9 5 355565 slao s Byae b SIglie
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4 ooy ()b Axiaas 01183 LS WlgS o 35 iulejl ol Kjau)
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335 Uy ol 4y (siie slge 51 S b aljgy e S|
Sigan g 515 51 Ylaisl b Jgio) codlss (Staman Shss
2330 il 58l a3 SS5a) 0 53 35250 (S350 dlge
e Uy dlio 5 NEFA clile al S 4 5,0l Gy o
sl 00 € )3= 3548 55
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G5 ool b ol i 258l Ly S 355 e 03y (clmglS
araSd Sligal Sl oslisial 5 (9,500 uBion M9 edpilie LB
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e Al o (34) (BLy sl ez o 5Vl (203 b Wl
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bl 20> T3 51 i Sl 03g) 3 o) it Cubld o wiso e
LAd L ol 40l 3 atlis (VL s Bk
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(n'=25)

Table 9- Regression coefficients of basal concentration of energy biomarkers and average of lambs DMI, BWG and feed
efficiency in 4-9 weeks of experimental period (n'=25)

2 s ol Sy mdjl
390 (59 % p)5) Sis oole by oo wi)s )f> UM,) ‘
Item DMI (g d—l) (}5) » f)s) (P)S » P)S)
BWG (g d*) FE (997
(o2 5 o) 555 -0.0529 0.128 -0.184
Glucose (mg dI™)
Ui 2 ol 2215 555e) ol 0.410* 0.008 0.276
Insulin (uIU mI™)
25151075 5 5 o) gl S
(el -0.274 -0.134 0.067
Glucose: Insulin (mg 1021U™)
(il 3 p5 o) Jgiels
.332 -0.014 -0.214
Cholestrol (mg dI™) 0.33 00 0
2 £S5 k) Sl sgisel )bl
(2w 0.145 0.283 0.252
AST (mg dI™)
(s > Jseidee) sy (oS30l
-0.532** -0. -0.277
BHBA (mmol dI™) 053 0-536 0
» Jsaiske) eyl 0 lasel
(2 s -0.155 -0.445 -0.521%*
NEFA (mmol dI™)
iyl Cpuls il
-0.2 .184 .595**
RQUICKI? 0.290 0.18 0.595

! The number of pair data
2 RQUICK I=1/(Log(glucose)+Log(insulin)+Log(NEFA))

P

“P<0.05,""P<0.01,  P<0.001

o3kl 3590 (gloosly Cui sl |
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Introduction Recently, dietary balance of glucogenic and lipogenic nutrients is known as an important factor
on severity of the NEB and metabolic disorders in transition dairy ruminants. Insulin plays a central role in
metabolism by stimulating utilization of glucose in peripheral tissues such as muscle and adipose tissue and by
promoting accumulation of glycogen and lipid reserves. In this study the main hypothesis was that plasma
insulin concentration would be influenced by dietary quantity and quality of starch and fat. In different studies in
dairy cows, insulin was increased by diets with high starch content and was decreased by diets with high fat
content, although increased insulin concentrations were found when supplementary fat increased energy intake.
Blood concentrations of NEFA, BHBA, Glucose, insulin, cholesterol, AST and the quantity of RQUICKI were
assigned to detect the insulin sensitivity in dairy cows. This experiment was aimed to study the dietary fat
concentration and starch degradability effects on insulin resistance in ruminants in equal energy diet, using
Baluchi sheep.

Materials and methods Twenty and eight female Baluchi lamb with 14.9 + 2.3 wk of age and 26.3 * 4.6 kg
of BW were assigned to 4 treatments in completely randomized design with 2x2 factorial arrangement and fed 4
rations; 1) without tallow-corn (glucogenic-corn), 2) without tallow-barley (glucogenic-barley), 3) tallow-corn
(lipogenic-corn) and 4) tallow-barley (lipogenic-barley), for 9 weeks. Experimental TMR rations were
formulated with 60% concentrate and 40% alfalfa according to the AFRC, 1993. Lambs had free access to clean
water and feed through individual boxes. Daily feed intake, body weight gain and fasting blood sampling were
detected weekly. Blood sampling were sampled by the 6ml tubes (Gel/Clot activator, GD060SGC, Zhejiang
Gongdong Medical Technology Co., Ltd), then Serums were reserved in the -800C until blood metabolites
detection. Statistical analysis was performed by SAS (9.1) software .

Results and discussion Experimental diets was not affected on average feed intake of lambs, but body
weight gain and feed efficiency in week 4 to 8, affected by fat x cereal interaction and they were highest in
lipogenic-corn treatment and feed efficiency was correlated with serum glucose concentration (P<0.05).
Glucogenic diet may increase the tissue retention by increasing the glucose and insulin blood concentration in
the cow.

Blood insulin was higher in barley vs. corn diet (P<0.05). Injection of propionate more than glucose or
butyrate increased blood insulin in lamb. So, by feeding the barley diet it may be degraded more starch in the
rumen and increase the amount of propionate blood concentration which stimulated more insulin secretion.
Supplementing tallow in a diet increased cholesterol and AST, but decreased glucose concentration in this
experiment (P<0.05), although the amount of them were in normal range. It would be indicated the lipogenic diet
could be disposed lambs to the fatty liver diseases. In other hand, basal concentration of serum non esterified
fatty acids and Revised Quantitative Insulin Sensitivity Check Index (RQUICKI) affected by fat x cereal
interaction and RQUICKI was positively correlated with feed efficiency (P<0.05). It seems that there was no
correlation between RQUICKI and metabolically disorders in ruminants however the RQUICKI is a good factor
for evaluation of feed efficiency in ruminant nourishment.

Conclusion Fat concentration, quantity and quality of starch source in a diet are parameters that may affect
insulin sensitivity metabolites in ruminants. It seems that when moderate levels of fat and starch coincides in
ruminant diet, their efficiency and energy status can improve.
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