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Article Info ABSTRACT
Avrticle type: Background and Objective: The transition period in ewes (3 weeks
Research Full Paper prepartum to 3 weeks postpartum) is characterized by profound metabolic

changes and reduced feed intake, leading to negative energy balance,
increased non-esterified fatty acids (NEFA), ketone bodies, and oxidative
stress. This condition elevates the risk of ketosis, fatty liver, and impaired
immunity. Dietary fat supplementation, as a nutritional strategy, can
improve metabolic status by providing a dense energy source and reducing
body reserve mobilization; however, its effects on digestion, rumen
fermentation, and oxidative stress depend on the type of fat (protected
saturated vs. unsaturated). Therefore, the objective of this study was to
evaluate the effects of different fat sources on nutrient digestibility, liver
enzymes in transition ewes, and selected blood parameters of newborn

lambs.
Article history: Materials and Methods: The experiment was conducted on 60 pregnant
Received: ewes (one month before lambing) at the research farm of Islamic Azad
Revised: University, Khorasgan Branch. Ewes were randomly assigned, based on
Accepted: body weight and expected lambing date, to five treatments (12 replicates)

in a completely randomized design: (1) control (no added fat), (2) 3%
calcium salts of omega-9 fatty acids, (3) 3% tallow, (4) 3% canola oil, and
(5) 3% rumen-protected saturated fatty acid powder. Diets were formulated
according to NRC (2007) and offered as TMR from 21 days prepartum to
21 days postpartum.

Results: Supplementation with different fat sources had no significant
effect on body weight, dry matter intake, or body condition score of the
ewes. Feeding rumen-protected saturated fatty acid powder significantly
increased ether extract digestibility compared with canola oil and the
control group in both pre- and postpartum periods, and showed higher
values than animal fat postpartum (P < 0.05). This treatment also improved

Keywor ds: acid detergent fiber digestibility compared with animal fat and canola oil
Egﬁgsrces before lambing and compared with canola oil after lambing. Neutral

detergent fiber digestibility was affected by treatments only postpartum,
with higher values in the protected saturated fat group than in the canola oil
and omega-9 treatments (P < 0.05), while dry matter and crude protein

Liver enzymes
Nutrient digestibility




Transitional ewes

digestibility did not differ among treatments. Liver enzyme activities were
influenced by dietary fat source. ALT and AST levels in ewes fed canola
oil and animal fat increased significantly postpartum (P < 0.05), whereas
values in ewes receiving calcium salts of omega-9 and protected saturated
fat remained within the normal range. ALP activity was also affected in
both sampling periods, with the highest values observed in the omega-9
and animal fat groups. The type of dietary fat significantly affected blood
parameters of newborn lambs (P < 0.05). Lambs born to ewes fed protected
saturated fat and omega-9 fatty acids had higher concentrations of glucose,
cholesterol, total protein, and immunoglobulin G compared with the
control group. Cholesterol, total protein, and IgG concentrations in these
treatments were also higher than in the animal fat group, while aloumin
concentration did not differ significantly among treatments.

Conclusion: Overall, supplementation of transition ewe diets with rumen-
protected saturated fatty acid powder improved ether extract digestibility
compared with canola oil and the control group and maintained more stable
liver enzyme activity postpartum compared with canola oil and animal fat.
Although not all traits differed significantly among treatments, these
findings suggest that protected saturated fat may contribute to improved
digestibility and metabolic status during the transition period compared
with some other fat sources.
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Table 1 - Composition of feed ingredients and nutrients and energy of ewes' diets during the transition period

RSN ol o S 23
Pre-partum (%) Post-partum (%)
29.50 28.00 o
Alfalfa
35.20 28.70 N
Corn silage
i
26.50 31.00 »x R
Barley
L s S
6.50 9.00 T
Soybean meal
0.80 1.10 LS e
Calcium carbonate
0.40 0.60 Sl
Salt
1.10 1.60 by g g 2l

Vitamin and mineral supplement

Sdie sl pland S
Chemical composition of nutrients

g_<.w> abl.d
46.10 50.60
Dry matter (%)
14.36 15.27 P o
Crude protein (%)
2.43 2.45 o e (S5 ]
M etabolizable energy (M cal/kg)
42.29 39.6 S ey 2 sl S
Neutral detergent fiber (NDF, %)
2.26 2.20 S
Crude fat (%)
0.77 0.95 rreelS
Calcium (%)
0.28 0.29 A

Phosphorus (%)
o oS e T S o S e 80 e p SV b e SN0 S e STV elie 0 SRS 8 il e oS oS5
T L P TSR Su gl v | LRV SRS 33 M EEIS L RS- ) A LTINS S Wh A RN SR WRRY
b e E el s Ml d=ly Ve 5D el Ml sV e v CA b
Supplement Composition (per kg of diet): 210 g calcium, 100 g phosphorus, 70 g magnesium, 45 mg cobalt, 360

mg copper, 160 mg iodine, 3100 mg iron, 2100 mg manganese, 100 mg selenium, 3100 mg zinc, 510000 U
vitamin A, 110000 IU vitamin D, 7000 IU vitamin E.
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Table 2. Effects of different fat sources in the diet of transition ewes on body weight, feed intake and body
condition

Pvalue SEM PSAT OMGA9 TAL

CAN CON

0.987 2.98 7130 71.98 7241
0.703 1.07 65.87 64.37 64.73

0.685 2028  258.57 362.38 365.71

0.788 0.06 3.08 3.09 3.03
0.813 0.05 3.00 294 2.96

69.45 70.50 Pre-lambing
63.63 63.93

277.14 312.85

331 312
2.89 2.93

Body weight (kg) (o S:4s) o 035
ol ol S
Post-lambing Sl sl e
Gao oo 08 O 055 i

Body weight change (g/day)
Body conditionscore . coxss

=G

o33l e

Pre-lambing

Post-lambing

;(kﬂ) @lﬁ P .J\.p)br cﬁ)l" o = TAL ‘(\}ls ;,.‘Gj;) Jhl,f \'J'Lj) .Jv.p)ér LSJL" ej:>_=CAN s [,‘:_b‘.é‘ EEE dald U;=C0n

PTG | P CL.&\ < el BEL) M))V 6}l> o o= PSAT E) A—KAT uﬂéu,\f,ﬂl M&M Loy Y 6}\> njr?=OMGA9
Con = control group without added fat, CAN = diet containing 3% vegetable oil (canola oil), TAL = diet containing
3% animal fat (tallow), OMGA9 = diet containing 3% calcium salt of omega-9 fatty acids, and PSAT = diet

containing 3% protected saturated fatty acid powder.

SRS 5 o 3 Sl e
L GlanSd s 1 e D1 s & Wl 5
o3le Gas JalS 4 e (6 e Gl S
claasl (Y1 O 5 Peixoto) s 5i St
s e b b s s Sl allas
(or=ls 3l o S slaey s s S S
Lol 5 La i 5o J.<.“:> Sy & G.L:.:L

YoV 0L 5 Sinclair) sl Sl sseas (5l

O ey o Al e HIS ] O
(¥ Jsd) A oy Uil o0 gla e ST 5
B R
O Al 3 el 038 ilesl bl
5 L O Sl ol bl Ll
Lol L&ﬂ-@;ﬁ)l: L;du_).ub @J(\}SQ;})
N2 Sl Sae 1 Obs X (0 e Jols

RO S



VE+0 ¥ o,l.o..f;» I 2,92 “_,lf..\..S,!,:w; )bw&gf

Glo3Il s (a4 Jass 6l 51 jmeS Yl )
LS (Sols e psba |y (S it &S 650
S con e o ies 53 551 VL GlolE 5 s
Y el 3 Sl G pae L 6l 5 68 Jels

(YO O 5 Alves) il

aj_:>4_:L$_>J.>- dﬁjj_é‘ (Yuiw\)L{‘mJOqla
ealS 1y St esle G pme Ll g5 e OIS ) el
MﬁbMLYLdﬁda.uﬁ\ ej.ljm. Aas
OLLSan s Relling) s 1K i b ol ansls
DL STyt G e 2alS pde sl b (Y0

Lnaj_:e-)aeuebjj'_é‘d_gﬁcla_“dsinb&

S G e Jlslo)ss o i sMe o 53 Jgﬁgﬂﬁuc_b B PR
Table 3. Effects of different fat sources in the diet of transition ewes on feed intake

S e e bl gl e
P-value SEM Experimental treatments
Fat x Time  Time Fat PSAT OMGA9 TAL CAN CON
Feed intake (kg/day) (55, s ¢S 5ks) Sl s
0.547 0.654 0.785 0.28 2.19 1.95 2.00 1.87 2.32 Pre-lambing %15 5 J3

0.452 0254 0309 022  2.99 240 271 283 246  Post-lambing 5 5 ix
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Con = control group without added fat, CAN = diet containing 3% vegetable oil (canola oil), TAL = diet

containing 3% animal fat (tallow), OMGAZ9 = diet containing 3% calcium salt of omega-9 fatty acids, and PSAT =
diet containing 3% protected saturated fatty acid powder.
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Table 4. Effects of different fat sources in the diet of transition ewes on digestibility

P value SEM PSAT OMGA9 TAL  CAN CON
Dry matter digestibility «Cox osle s 00 55158

0.061 1.48 68.50 67.92 6650  67.00 64.80  Pre-lambing %05 5l 43
0.080 2.32 69.89 69.14 6700  68.54 65.52  Post-lambing 05 5l e
Protein digestibility .55, .4 5,08

0.230 1.20 65.14 64.00 6320 6350 61.92  Prellambing i 5l ks
0.450 1.63 66.87 66.50 6452 6500 63.12  Post-lambing ;5 ax
Ether extract digestibility s 51 e lae 55 2,158

0.010 1.23 7352%  7031*  7200" 6810°  57.20°  Pre-lambing  _u0 5l s
0.032 1.87 74000 73.80% 7129 69.20°  59.60°  Post-lambing il i de
Acid detergent fiber digestibility il eiy si 55 Jeloeal SUI 5 50 5518

0.043 1.65 5400°  50.00°  4850°  49.00° 5350  Pre-lambing 0 5l ks
0.050 2.01 55.80° 5050  5150% 4750 5570  Post-lambing x5 5l e
G ey 53 55 Jaleel SU (0 51

Neutral detergent fiber digestibility

0.06 1.87 55.00 52.00 5550  53.00 5500  Preslambing i 5l ks
0.041 1.39 57878 5300° 5580 5250° 5650  Post-lambing ;5 de
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containing 3% protected saturated fatty acid powder.

Ll o do 30 cl:..w )sdj:&u;\lowh;L::)):qu:.u_’e;)}a_b
Con = control group without added fat, CAN = diet containing 3% vegetable oil (canola oil), TAL = diet containing
3% animal fat (tallow), OMGA9 = diet containing 3% calcium salt of omega-9 fatty acids, and PSAT = diet

abDjfferent letters in the rows indicate significance at the 5% level.
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Table 5. Effects of different fat sources in the diet of transition ewes on liver enzy mes

P value SEM PSAT OMGA9 TAL

CAN CON

0.061 1.98 18.78 22.50 20.80

0.011 2.65 30.80% 34.00% 35.20°

0.123 3.89 80.20 85.00 83.00

0.048 345 99.84°  106.65%  103.10%

0.050 1.89 72.51° 79.212 75.12%

0.045 2.45 85.50%°  88.122° 98.00°

Sl 5 el VT
Alanine Aminotransferase
BEUBINY

Pre-lambing

23.01 19.10

I3 3!
3250 27.30 oD S
Post-lambing

Sl 5 yel bl
Aspartate Aminotransferase
BEBIN

Pre-lambing

84.50 79.00

Iy 3
111.52*  98.47° oR =
Post-lambing

Sblans IS
Alkaline Phosphatase
oAl Sl g
Pre-lambing

o=l Sl e

y oy
20

78.00° 68.60°

86.0°°  79.50°
Post-lambing

() Sl pm oY sl o= TAL (1308 555 ALS o, do s ¥ 5ol 0,x=CAN (= 035380 05 dals o5 S=Con
st ailons Lt o Al g Ao ¥ (S5l 6 pmm POAT 5 A-l8l O sladead oS S5 o 3 T (55 o =OMGAY

L3l o L2530 a3 (5ols e 1 OLE b s s sl Gy

b

Con = control group without added fat, CAN = diet containing 3% vegetable oil (canola oil), TAL = diet
containing 3% animal fat (tallow), OMGA9 = diet containing 3% calcium salt of omega-9 fatty acids, and PSAT =

diet containing 3% protected saturated fatty acid powder.

*bDifferent letters in the rows indicate significance at the 5% level.

it (Peh0) S8 S 1S o b 5T
S 5 LSl sl slasled 4 by e sl
Sb Jol= slae  sud sualie dall 05,5 43 ldis
o bl gLl oo e S il s gl e
JS ey chle il b S g5 VL i
g AU s ols a5 b bae 53 Ll
Glasles a S sba (P<v/r0) 6.8 415 o
o g o iblons L2l 5 4l (o
-l a0 S @ Cad et ol il 5
S b jlass o ey el il (Il
bles i a (P<e/0 003106 OLas ()l e (g Ll
o sl sl slasles sl 4

(sl gla el b5l as S sdalis Culﬁp

sl @l eddl g ooy S5 saaial b
Sla i ol oo 53 o e b
sdil gte slae 5 S laamnl 3 0 Jlisl 69
0033 03 P s pm oS 3 0L Lel 3l
Lo laaminl 3 5 2 e 56 0
O3 SIS ke sl Ol mls (U Jsdx) 55l
5oV 5 5 50) S8 el Oles 52 a3 Lae
S slasdns slasbes 35U o (W 5l g
et il e glae 1 4y 5b 4 (P<e/r0) 23 S
O sl ol 0T 6 S s i
cble glyls o o.l_wg:,_bbmﬁkﬁ.»‘ s LA
s g el 65,8 & el Loy 5SS 51 (6 5L
S Sols e s sba s Ly s ke



VE+0 ¥ o,l.o..f;» I 2,92 “_,lf..\..S,!,:w; )bw&gf

Sl 03,5 oS &S Sl 0l (55158 .l
Sl A 2 Bl gn el S 50
3 3 e 3 (6551 e mlie 5 gl
sl 5,158 (YY) (O, 5 Rosa-Velazquez)
o bekdslead Ol 31 ol slas oS ol
oS (S 5 e J g S 1 6 VL ke ol
sYounis) s 5 Jals o5 S 4 s HDL 5 LDL
s da IS VL e Ble (Y)Y 0L S
5t el o Sen Al 05 s S s 5
s pa S i ekl BBy 3 kS
O b e pilie 5 dr &S ASL
51 (YeYo (O, San 5 Bokharaeian) »,14S s
Sdday 3 sl $5 50 el Sy ey oS il
Lo el )l ol ol 58l e n an sl g lan 4y
L sl e (S pbie (Sobel eins 0L3 I3 o
AL

Cobale ls e il ol sl 4 alllas s
Slaes S slae 53 JS 0550 5 G Ll S s
A e dalie 4= el 5 ol dailonn L3l (gladd
S ol Jled b asl ol s G g S gl
Slm 525 Jis o 4 3le gy S G b )
oS aS e dnl Sllas .l Sl sl sl
p oS S 3 NS o el 2l s sle adis
As ;i G sl Sl bl sy ey
O s Viola ¥+ Y (ol ,L_Ses s Wang)
JoSa 5l eslinad sl ol (55158 imman (YA VY
CmdS P e o gladenl e Sl
ol JLES ams 5 5 Ll s s |y e S
O s Asadi) JS c s 1y o g 4 Jlad 8
La e wlss oS Wsls plas oldlas gt AYeYe
cble 1 gls e L5Ls EPA 5 DHA L
Gl Lo, 5o S G s 5S40 s
s Moreno-Indias ¢Y+YY (0l,L_Sa 5 Nurlatifah)
Y e 0K

Solasme ssba oy 53 G 5 5lS 5 sal s
Ssb 4 35 13 Slads gl b cos
Chﬂsjﬁ- o 3 &S gl s 5l edid ste glae
03,5 ol s sd s bl Ll o b A=
DL 15 6 (s S 5 smal alde (0 SV s
dals 05,8 a4 bgs e Jldie op 2aS &S S5 (Ll
(P<+/40) 54

e Gl e 1 (o e oL
Jspds Jrals sl HI0S 31 AS 53 Js nuls
o Sl sl (F o o sddiedalie oo
ISt ey S s 5 sl 5 st Ylaasd
2 St s i WBlaze 5 0355 51 s s
s 5 JUasl s S35 S e 5T e e
(VY O Sea sEFNour) el Jy s
5 4L sl b oy o ¢ oo sl o
sl 5 Ras co s Clablons gl sladol Slaes S
Uil )0 55 Shae sl = 1) (6551 an s 2w
e QU & s Ll e Jasl 3 ol as il 53l
23 AL (550 ptd A s 5 i 4 e 8l
(Y+14) 0,Len 5 Nickles .53 5 olSn o
Loy 5558 Sl Ole ke L3I & 05 S 0L
oS Bl sla i Sl edldl e glae o
Wl ol Lasls s my gldl e o o
L Lol S I8 clale s sad Ji)l58 ol o
So S 35 ol en ST S ae 53 SRl 58
M| (Y4VA) ol 4 Carranza-Martin s
ool =S g s ey S8 cble s gyl e
35 b as PUFA litis andllas OF 3 155 6065 S5
ldie 51 zaS (it esbe 5l Aoy +/¥) j3leeum
Dy lanslis anllas
S dids el bl il sl s o
3 LSl glaes S slae 53 b pedlS s
sl LIS (S 05,8 4 ol i ladlons gL

a.,\_.iJJ}IA 6@04,.3 éﬁjft‘dﬁ LSJJ"‘ &L—:&é} S g



dJu:IJJ)M 6&04,4 Lf’}? L;Lawljﬁjﬁlj‘ Jlasl 693 éuw gs'iU& 0y 2 v_rﬁ;ﬁ.tmcl.n CJ‘)S‘ A J}J\>

Table 6. Effects of different fat sources in the diet of transition ewes on their effects on blood
parameters of born lambs

Pvalue  SEM PSAT OMGA9 TAL CAN CON
(A 2 52 ¢ S o) 555
Glucose (mg/dL)
0.042 1.8 700 728 680 70 65° ol 58
0.030 2.1 76 78 74 7500 700 A5 5l de 55,V
G o 03 p S o) Jy S
Cholesterol (mg/dL)
0.014 3.2 90sb 950 85b 90eb 75¢ oRI5 5
0.025 3.6 95 1100 88b 95 80° A 5l 55,V
(A 2 03 0 S het) kS 85
Triglyceride (mg/dL)
0.050 15 41 40 380 390 350 o o
0.042 1.6 440 45 42 43 400 Vs 5lam 55,V
G 203 05 JS ¥
Total Protein (g¢/dL)
0.021 0.12 5.70% 5.800 5.30bc 5.500 5.20¢ BEURES
0.010 0.13 6.10° 6.00 5.600 5.90 5.50¢ L Sl 500V
G 2 53 £.8) sl
Albumin (g/dL)
0.092 0.07 3.01 3.20 2.90 3.15 3.12 BELRES
0.127 0.08 3.40 3.50 3.00 3.30 3.20 g 5ldm 555V
G o3 05 o) B 1l 52518 5
Immunoglobulin G (mg/mL)
0.011 0.99 23.46 22.85 19.65¢ 20.23¢ 18.12¢ o=l
0.010 0.88 21.78 20.58 17.45b 18.65¢ 15.36¢ A5 5l 55,V

‘(Aﬁ) Sl o Ao Y sl o= TAL (s (J,é})) ‘_;:sL.f Sy Ao ¥ ol aﬁ:CAN (e 03958 Oa Al U;:COH
sdi il il o Al 53y Ao 3 ¥ (5l 0= PSAT 5 8-S o sladinl orndS i Ao Y (551 ¢ - =OMGA9
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Con = control group without added fat, CAN = diet containing 3% vegetable oil (canola oil), TAL = diet containing
3% animal fat (tallow), OMGA9 = diet containing 3% calcium salt of omega-9 fatty acids, and PSAT = diet
containing 3% protected saturated fatty acid powder.

*bDifferent letters in the rows indicate significance at the 5% level.
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