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Avrticle Info ABSTRACT
Article type: Background and Obijective: The transition period in ewes (3
Research Full Paper weeks 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

Avrticle history: newborn lambs.
Received: 08/11/2025

Revised: 25/02/2026 . . .
Accepted: 23/04/2026 Materials and Methods: The experiment was conducted on 60

pregnant ewes (one month before lambing) at the research farm of
Islamic Azad University, Khorasgan Branch. Ewes were randomly
assigned, based on 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.
Keywords: Results: Supplementation with different fat sources had no
Fat sources significant effect on body weight, dry matter intake, or body

Lambs condition score of the ewes. Feeding rumen-protected saturated fatty
Liver enzymes

Nutrient digestibility acid powde_r significanjtly increased ether extract digestibility
Transitional ewes 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 acid detergent
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fiber digestibility compared with animal fat and canola oil 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 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 albumin 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
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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 1U

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
Pvaluee SEM PSAT OMGA9 TAL CAN CON

Body weight (kg) (S48 o 055

0.987 298  71.30 71.98 7241  69.45 7050  Pre-lambing ols sl
0.703 1.07 65.87 64.37 64.73  63.63 63.93 Post-lambing ool ol A
. é . L. g:," .

0685 2028 25857 36238 36571 277.14 31285 (32002 £4) 04 035 Sl

Body weight change (g/day)

Body condition score . coxss
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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.
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Table 3. Effects of different fat sources in the diet of transition ewes on feed intake

Solssxe o el slasles
P-value SEM Experimental treatments
Fatx Time  Time Fat PSAT OMGA9 TAL CAN CON
Feed intake (kg/day) (G, s @5,125) Sy G yeme
0.547 0.654 0.785 0.28 2.19 1.95 200 187 232 Pre-lambing =15 51 J3
0.452 0.254 0.309 0.22 2.99 2.40 271 283 2.46  Post-lambing %15 5l ax

ag) o o o ¥ sl o= TAL (155 25)) LS és; doyn ¥ ol o x=CAN > 0353 034 als o5 ,S=Con
sda il L3l O Al 3 o3 T (sl o= PSAT 5 8-l iz sladel oS i 4o 3 T (551 & =OMGAY

Con = control group without added fat, CAN = diet containing 3% vegetable oil (canola oil), TAL = diet
containing 3% animal fat (tallow), OMGAS9 = 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 ix esle (5,30 55158
0.061 1.48 68.50 67.92 66.50 67.00 64.80  Pre-lambing o155 S
0.080 2.32 69.89 69.14 67.00 68.54 65.52 Post-lambing =15 31 x
Protein digestibility .55, (s 5508
0.230 1.20 65.14 64.00 63.20 63.50 61.92  Pre-lambing o= S8
0.450 1.63 66.87 66.50 64.52 65.00 63.12 Post-lambing %15 5l s
Ether extract digestibility s 51 o las (s 54 5,18
0.010 1.23 73.528 70.31% 72.00®®  68.10° 57.20¢  Pre-lambing o155 s
0.032 1.87 74.008 73.80% 71.29°  69.20° 59.60¢  Post-lambing 05 5l o
Acid detergent fiber digestibility  saial s 55 55 J sl BUI (5 5 dy 1S
0.043 1.65 54.002 50.00% 48.50° 49.00° 53.50%  Pre-lambing o=l S8
0.050 2.01 55.802 50.50% 51.50°®  47.50° 55.708  Post-lambing  _xl5 5l A
I A e N D NP
Neutral detergent fiber digestibility
0.06 1.87 55.00 52.00 55.50 53.00 55.00  Pre-lambing o=l S8
0.041 1.39 57.872 53.00P 55.80% 52,50° 56.50%  Post-lambing i3 5l e

L(A:._l) Af‘jﬁ} s ..\...p)JY‘ 6}l> o o= TAL ‘(L‘JS ;,.é})) Jasz ;,.é}) BW-RH Y 6}\> aj:.?=CAN ‘(ST QA})'_H O3k Jals n)J§=C0n
sds il LAl O ol 535 Ao ¥ (S5l 0= PSAT 5 -8l o sladal oS i 203 ¥ (551 o r =OMGA9

containing 3% protected saturated fatty acid powder.

Ll o dos 0 C]g.d): Gl sme I OLES laciss ;) 55 woslane u;}f,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 enzymes

P value SEM PSAT OMGA9

TAL

CAN CON

0.061 1.98 18.78 22.50

0.011 2.65 30.80% 34.002

0.123 3.89 80.20 85.00

0.048 3.45 99.84  106.65%

0.050 1.89 72.51° 79.218

0.045 2.45 85.50% 88.12%

20.80

35.202

83.00

103.10%

75.12%

98.002

Sl 5 sl Y

Alanine Aminotransferase
BEUBIN

Pre-lambing

23.01 19.10

oI5 Sl

Post-lambing

Sl el S
Aspartate Aminotransferase
o=l 3 g8

Pre-lambing

32.50% 27.30°

84.50 79.00

o3 5l A
Post-lambing
BHENERIt]]
Alkaline Phosphatase
o=l 3
Pre-lambing

111,522 98.47°

78.002 68.60°

o155l
Post-lambing

86.0% 79.50°

ag) Slam o o ¥ sl o= TAL (I35 (855) LS és; doys ¥ sl o x=CAN = 0353 054 als o5 ,S=Con
sdiailone LAl O deal 535 Ao 3 ¥ (S5l 6= PSAT 5 -8l o sladal orcdS i 203 ¥ (55 o r =OMGA9

JJL{JAM)JOCh«)bé)bLSLM)"QLiJLA\.ﬁ{)))AQ)Li&JJFa-

b

Con = control group without added fat, CAN = diet containing 3% vegetable oil (canola oil), TAL = diet
containing 3% animal fat (tallow), OMGAS9 = diet containing 3% calcium salt of omega-9 fatty acids, and PSAT =
diet containing 3% protected saturated fatty acid powder.
abDjfferent letters in the rows indicate significance at the 5% level.
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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
G s 03 05 ) 558
Glucose (mg/dL)
0.042 1.8 702b 722 68° 702b 65° ol
0.030 21 76¢ 78 74a 750 700 N5 550, Y
G o3 03 5 ) Js s
Cholesterol (mg/dL)
0.014 3.2 90ub 950 8sb 90sb 75¢ ol o
0.025 36 95 1100 880 95 80¢ LR
G o3 53 08 (Jo) &y oS (5 5
Triglyceride (mg/dL)
0.050 15 412 4020 380 390 350 b5
0.042 1.6 44 450 422 43ab 400 A Sla 50,V
(A o2 02 0.5) S o852
Total Protein (g/dL)
0.021 0.12 5.70% 5.80° 5.30b 5.500 5.20¢ ol o
0.010 0.13 6.102 6.002 5.600 5.90% 5.50¢ e PR
(i o3 53 05) nsdl
Albumin (g/dL)
0.092 0.07 3.01 3.20 2.90 3.15 3.12 b5
0.127 0.08 3.40 3.50 3.00 3.30 3.20 A5 Sl a5,V
G e 02 05 ) B 1 52518 s
Immunoglobulin G (mg/mL)
0.011 0.99 23.46 22.85 19.65b 20.23 18.12¢ o5
0.010 0.88 21.78 20.58 17.45b 18.65% 15.36° A5 5l 5, Y

(ag) Gl oo Ao ¥ ool o= TAL (s 5690) Jml.f SEs A Vol o ,.>=CAN (s 03358 Ok dals U;:Con
sdi il p L3N o deal 535 o3 ¥ (S5l 6= PSAT 5 -8l o sladal orcdS S 203 ¥ (55 o r =OMGA9

Mbdnujaoclzszéjl:@mj| Ol s sy o woslane 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.

abDijfferent letters in the rows indicate significance at the 5% level.
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