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Article Info ABSTRACT
Article type: Background and Objective: 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

Article 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? signiﬁcan?ly increased ether extr.act digestibility
Transitional ewes compared with canola oil and the control group in both pre- and
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postpartum periods, and showed higher values than animal fat
postpartum (P<0.05). This treatment also improved acid detergent
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.

Cite this article: Kiarash, B., Forouzandeh Shahraki, A., Tabeidian, S.A., Ghalamkari, Gh.R.,
Defaei, M. (2026). Effects of Different Fat Sources on Performance, Nutrient
Digestibility, and Liver Enzymes in Transition Ewes and Blood Metabolites of Their
Lambs. Journal of Ruminant Research, 14(2), 71-88.

© The Author(s) d 10.22069/ejrr.2026.24264.2029

Publisher: Gorgan University of Agricultural Sciences and Natural Resources

vy



QWS s 30 dg @

Frio-£r1) t bl LD S A T
TYE0-ETOY 1 iy Il L SRJGLnpr

S o 33 G Sl 3T g Gk Sgo i il y1 (o 3> ik @il O il
T 31 o Wgio 5l 03 (95 S domimst 9 g JUaH 0599

PP dige 651Kk Lo oM TObas e S e 0y sl el < 3LS KoL
Ol Dlgial Oy 55 Al ol 3T o815 (535 5LS adSLiils (ol o ole 03,8 cols w05 (o1 S5 (g pmtils |
el Olginl D8y g5 oty oDl ST o815 (535 5LS 0Ll (ol ks 03,8 Sl (U sime ek 55)
ad_foroozandeh@yahoo.com :4:LL,
Ol Olgioal D&y g ol ool 15T oS30 (655l 0aSLls ol ok 03,8 SLiils T
Ozl ilowianl gaSlal 13T K13« gols pske 03,50 O, 5 domls ¢ (65,5088 a5 cpls (65505 58 Ll '

Ol Olgionl Oy g5 Aty oDl 53T o0 ¢ ol g § 00K s g 03,5 Jusleal

oS> Jle Sledb|
Lds Oloas L (215 5 ey aaa YU iy anan V) a2 Jlasil o0 18 5 atsle s ¢ 5

el 8l 06551 e J3LaS ay omie 45 Sl ol jon STy g G jan ialS 5 Sple iRl S
G55 Sl Candy b 3 pdee eS| S 5 558 plearl i il b o slade
(Sladss g5l nal Olgeay o gl Sl eslial das o Ll sl Cind 5 o S
iy 3 g |y ST plte Camds Ll e O b3 e 28 5 0ST 2 (6531 el b
Ly bbbl L) i g 0 AeeS] 5 5 S et pn ol il e
Mo Gl BNS o il e J e addllae Sa 1 0y (S (gLl 2

il g slmep Sy slaaminl b b 5 JE s e 53 1S gl 5T sl

VEENYA il 06
VEO/Y/Y 1 5y s

.Jﬁ

ae e 5 (LAals 5l =8 sle ) MTJ’;:_AUJ)‘M L3) u,i;il_»ﬂ:u‘_,&,)} 3l g0
ol gl 5 055 bl 1 bt S el Ol ol 3T oKty i
(1 sl Gapass dslad Sl = b S B 53 GLS V) e 0 4 balal &) pos
¥ (E iy doys ¥ (F A=l o sladn] penndS Sl do s ¥ (Y (2 Osl) sl

)_.»l_he)_:? .w)baﬂwbu&u\gﬁ%w])>ﬁw)>r(o 4‘}5&})“))

L €l TMR s Jaals 5l e 555 Y)Y B L3 55, V) 5 (Y V) NRC Ll S 6‘5‘3‘};
SAS slag 5

esle G pae O 033 p o3 U o il lie 035330 S 5l OLES ol i o
e L el 5o 3 ealiial S e Sy ey Sl b S “””f"i
05,5 5 1S by glasles 4 s g5l el G IS s me Rl Co e Jumv;: fw

polie 5 Glam o a Sl Rl Sl e 5 A5 Gl 3l A s BB essn o s o sl
ol 5 53 Jalesls BUI (6 50 (55158 ioman Slad cpl (P<o/v0) sl OLES (6 VL

\Al



S s am s 5 3 5L LB S 25 5 Slam o 4 Cand 20
o b Sl e e 53 50 el UL 6y AO1S sl 5l ey
318 e 4 s sl bl Ll o e 4S5k 4 23S 5 bl U
5 Seis ol (5 pin ool 5 S a8 Il 53 (P<e/00) 5l 0L (6 5V uslie 4- Sl aa
Lo tee 53 AST S ALT e co 310 (5l ime s Lajled o ot 55
Sl Rl ol s b Pl S e Sl o 0 1S R Ll dss
Pl 5 Al S S L e B85 o ie 3 ol S J 55 (<170 0)
Sl (Gols g sad 093 33 a5 I ALP CJld bl SL b edgdeme 55 edi i bblns
A edalie Sl o 5 Kl glaes S 55 slie o VL 5 3 8 15 bl b
Slaamial by ool e J Ul o) 53 Gla e o 03 (i e g5 &S 31 0L il
o oSl s sl re 5l bl (glas y (P<e/00) Clils sdiW gme slas St
IS e Js adS S AS S VL il AT o sladul 5 o lablons gl
WS o ble man (P<2/00) Wsls lid dald o S 4 Cand G ) 50508 5 sasl 5
2 s i Sl o ol & S Woled ) 02 G 52 el 5 S ¥

Az edalie (g)ls e Ml el e B 5l s yles oS Jl-

Sl e o, 53 sdiC bbb gl o el o 5l eslind (IS sbas g S A
jMu °JJ§J]JI'15C;&’J)4'.'¢‘?“‘".'L§JJ] e)w szf.‘)‘:’gﬂ)]_}f wbﬁl g0 Jlasl 69>
Sl s 3 IS s b alie 55 51551 e oS Slap Bl cld 2y golul
Aas olis @L:J O:" BRRIRY )b&:u sl sy les O Clas e 4&;.11 T T T
'u“)'}fd‘“’W“Jﬁcuffl‘“ﬂiu"’)’J”U:;s‘°“¢‘l‘-°l’”ﬁu'g’ﬁ“S

.J;S&adeiﬂle)jJ)Jécjﬁijjdﬂji

s S0 800) e slis Lo ke (LSals ¢ led o Obdad ¢yls el ¢ S g 0 8 (UL (5 LS alaul
éueﬂ@féuwlﬁjdu;;temL;Lau;.fy@.séuﬁﬂjéw>1yr@%uﬁ&ﬁ;&»
MAM NS OSgii 3 ras i Ll 5l el s

d 10.22069/ejrr.2026.24264.2029 Kaw 5 ©
ngf&rbcujé_)_))usr}l&a&;ﬂ)ﬁb BY

\¢3



OSed g 5L UL [ sl o2 3 g Gikko Dlgo it Cglilh o ya CiliSeo @ilio 1,51

oS Ules, S 5ol Sldlas 55 (Y414 01,
SalS L W15 e sdicdablone sla s Sl eslizal
0355 3 ks Dl 5 4SS 53 o o B
3 Iesle S asle 5 1S Rl e
05 (Y4 0Ll s Behan) 555 Ll (65
Ll Ll e ST sla o 5l eslazal ¢ Lulas
Cdled Jlge Lol S aLS lag £,
e 5 e S eSS 5 S
OLSes 5 Tbrahim) Jsb acsls g pdn 5ol S
e Glas o &S il sl OLAS Dlids (YY)
le S sla T e 15 4 e
S el sdiaspLis oS Wleds ALT 5 AST
O 5 Uluisik Y\ Y O, K s Zhao) ool
bl sla Chle 3 Ol s (ooman (YA
5 RS 5 ndS SIS LS s
Lol (il JoSe gla s 3 S sla)
Gl 0l odaliie ol e babls o (sl
(Y+¥+ O, 5 Ghoniem)
22 Sl G JEEl (o0 5 sl ga s
S Slre s sl 5 S plie Gy el
3 aS Alesls Glid La fagsy als eddid gt
il 2l 53 ale (Go 53 5 e o Oliee
glavr SIS e e pam s J I S5y L5 s
Lae s O oS 5 (5 5 S a0l T
OlL_ea 5 Rosa-Velazquez) J__iL )\.l_fﬁj‘\:
Sl 55 g g0 daly S5y 9 L (YY)
So e 03 i e il Sl Geslys el
(S ol S s I esss sl
S slaamaal By plunSt 5 gla e ls
a3l o=l s ols sy el Sl s sl
oz Sl e mle S 5G8 (p)
SLamr (PALS slass (Sl s
o Sl S A 5 e bl

Yo

dodde

O e 4 uiﬁj_uu S Jsl ge,95 s
S s 355 o Jols 1y OT3) ey azn 4w B 205
5 st SInle LAd Dl Lt
3 &3P sl e opl e e (SO5 5
ol e Rl e s B s b ke sl
Cd b als s Sl e O e S J- s
S Olaly ol 5 (Gsmssp Dl s eSS
Saleal opl (YHYY O, Sen 5 Lisuzzo) 1L
35 am e (S slas 55 655 2l s Ol
Cr sl sl LI e ol
S Slwacne 48 55 0 OS5 4k rul 8
a5 o S S (S sl SV
O)LSea 5 Bouvier-Miiller) cul sasl 3 Shas
S Wlesls 0L otl Sldlae ol e sdle (Y21
Od 3 5leST 3 e (JWEH (053 sk s

OsaaSl dled o S S 5 5 aly il 53l s i
Glis ol oo ol cpl S WL o s
Slg 02 5 25-d e DNA 5 Laontis o o sl
das e malS | Ol ook 5 s s LS
S 3l —S5 (Y2 YY) Gregorin 4 Beck)
53 Sslae JLis 2als ol sladss sla,Kal,y
e P | LE U LIS E-WUI [-X PYPR
La — > (Y114 0 Lea 5 Ghahramani) <!
ool oMo (M S 5 A5 Olsey
slislrul (6531 (S Sl i L5 (65 S B
Al e A s S S Ol s opl 5o
Adls il el 8 5 0k 2 S
& Ol (SIsle 5 (S5l o Shes 5 2
00 Sl aS (g b fﬁj\bvii—»z QTC_?;.« &
b S Ll a5 plerd bl
SISt Sy 5 G SIS eSS s

s Behan Y+ Y\ (Ol,L_Sa 5 Hervas) s, a—



YEs0 Y b)lo*:} NE 2,90 “_,L?.»..S,lw 2D O

B o.,\_..zobjj'_é\ o )\ osla_ul LO}H}MT
&_LL)\)_APA_:MoJLAJ_.p)JiUY 63 gl>es
Q)J_! 0 (5)“}4\ QK}: ﬂ‘f\ LS\JJ g)’“'—’-‘ )KA\)
Ck.dubgb\aﬁ&chﬁr@)d\w
e)'[_z u._i\ MLJ)JASJ_.,&[;- A_xmad)b J_.,a).ﬂ"
\_ﬂ_l.:mcu A_M.._:.u.d Ql_<.d‘ LJ)\))\J_; stl.@_a_.:._:._:.
S3 g Jemss Slinl 5 sme 050 1 2
slasls Wbl sl oyﬁ&vﬁ\fw
eyl A W ge b (Yo V) NRC odldins 55 (5l i
odlall Y Jodar D3 4l e slend S 5
S Las e gl Sa ialesl glae e .ol
eSS psban b Gl s 5 55 sl
)JWJJL&L@_J}J);MLLALA)M&L&J
l_:hej_:z-.aj_go.,\_ﬁl-eb)}_é\v_zﬁgtjjcueﬁz-
ek 93 4 J_AlSJaj_lm ;5\)‘)_7- CJ))_.,&A_z
Jsb s b w0l s Ve A cela
(o :\)'TQ)HA{)m\ng@;lﬂwF;ﬂ)

LLE i Aoy V=0 elilesl
Glia, Sl ekl 1 pdle)l glaesls «525&?
5 Goslper Ao i 5l LT
Sl sy kel 5 0L O3 S aulees
o215 55 5 SRl 3N S e Y L b s (BCS)
e Sl a3l i S 3 eslica L
o (Gl 3 om Sao YY) bl epss 0L

.,\j,\{.sj_f

\a'

o5 e Y il Sl s Splas s Slas
oL slae Hﬁu,@mﬁ&w,dw
o=l heds el sl s S e wlel s dlii s
Skl il e S ey anlllas
0035 Sl Siee 53 $AS Sl sl 5 oS
Lol 5ot gze slae g5 (glaaominl 2 5 JUis|

RS

g, 9 3190
A1y 53 V80Tl Ol 5 5l 55 aalllas oy

SioaS Sl sy 55 Wly Xdw S Sy
5 Sl Ol d g el sl3T o iils
Do Vo late s A plnil Olgdosl Ll0 S
5SS VA sl la e 055 L (g L3l 8l
Ol am odle atan 4w Y70 ol slaes Lo g2
el il e L Ao Lu s olsal
5 S L Sl ATV slal 4 o leelS L
iy 5 Ll (S wllar slags, ol
MWl =, b S s bl os 8 4 sl
U 3850 7Y Sl b faeamsl jolaws! sslas
s bl slme o b Olels 51 A 55, T
O3 8 05 SOV ols iolesl glasles s
m_“JS&aJMJJV ol ol e, (Y (e,
(7 (Sl a5 28) A=Kl O slail
o (8 Sl o o T sl 10 o,
3 (VS 25)) ALS o) doa ¥ sl olie
TR N B P WV SR BT | g R e (-
= e ¥ C]G_.A' s g el abls CLM\
NRC (2007) slatrs 55 bl 1 0 45 sdbos g3l

sle U:“?_AU—S’T)"‘C’.'J‘ ol las s Ol



OSed g 5L UL [ sl o2 3T g Gikko Dlgo it Calilh o ya CiliSeo @ilio 1,51

JUl o9 53 b e ol 6o (6551 5 (Gie 3lge 5 (ST slee SLS 5— ) s

Table 1 - Composition of feed ingredients and nutrients and energy of ewes' diets during the transition period
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Pre-partum (%) Post-partum (%)
29.50 28.00 B
Alfalfa
<o S
35.20 28.70 7%
Corn silage
i
26.50 31.00 7
Barley
L g S
6.50 9.00 A
Soybean meal
ol V..MLS
0.80 1.10 5 2
Calcium carbonate
S
0.40 0.60
Salt
1.10 1.60 Kot g e ol
Vitamin and mineral supplement
Gdre slpe glacd S 5
Chemical composition of nutrients
Sis asle
46.10 50.60
Dry matter (%)
(PO
14.36 15.27 7 oo
Crude protein (%)
) 3la (65 )
243 2.45 e R (SO
Metabolizable energy (Mcal/kg)
WESINS V) LUl
42.29 39.6 G o 52 J el S
Neutral detergent fiber (NDF, %)
3o slas
226 2.20 S
Crude fat (%)
0.77 0.95 i
Calcium (%)
0.28 0.29 s
Phosphorus (%)
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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 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
Pvaluer SEM  PSAT OMGA9 TAL CAN  CON

Body weight (kg) (» 5 515) o 035

0.987 298  71.30 71.98 7241 69.45 70.50  Pre-lambing ol sl g
0.703 1.07  65.87 64.37 64.73  63.63 63.93  Post-lambing e
; $) s O Dl S

0.685 2028 25857  362.38 36571 277.14  312.85 G0 02 050 0ok 035 e

Body weight change (g/day)

Body condition score i coxss

0.788 0.06 3.08 3.09 3.03 3.31 3.12 Pre-lambing ol s
0.813 0.05  3.00 2.94 2.96 2.89 2.93 Post-lambing U
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sdd il pLEl O Al 53 o3 T (3l 0= PSAT 5 G-l iz (slad] oS i 4o 3 T (5 & <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.
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Table 3. Effects of different fat sources in the diet of transition ewes on feed intake

P el slajlegs
P-value SEM Experimental treatments
Fatx Time  Time Fat PSAT OMGA9 TAL CAN CON
Feed intake (kg/day) (i, s p S 5kS) S1p= O e
0.547 0.654 0.785 0.28 2.19 1.95 200  1.87 232 Pre-lambing 05 5 L3
0.452 0.254 0.309 0.22 2.99 2.40 271 283 2.46  Postlambing x5 5l ax
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sdi il pLEl O Al 53 o3 T (3l 0= PSAT 5 G-l i (slad] oS i 43 T (5 o <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.
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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 i esle ¢ pds 515

0.061 1.48 68.50 67.92 66.50  67.00  64.80  Pre-lambing i35l 3
0.080 2.32 69.89 69.14 67.00  68.54 6552  Postlambing  4l5 ) Ax
Protein digestibility .55 gl 5,08

0.230 1.20 65.14 64.00 63.20  63.50  61.92  Pre-lambing  _xl5 5l 3
0.450 1.63 66.87 66.50 6452  65.00  63.12  Postlambing  4l5 ) Ax
Ether extract digestibility (¢ 5l o;lae ¢ 54 5,18

0.010 1.23 73.52°  70.31"  72.00° 68.10°  57.20° Pre-lambing %055l J3
0.032 1.87 74.00°  73.80"  71.29®  69.20°  59.60°  Post-lambing il 5l ax
Acid detergent fiber digestibility il el 53 55 J sl GUI 6 b 251 S

0.043 1.65 54.00°  50.00°  48.50° 49.00° 53.50® Pre-lambing x5l |3
0.050 2.01 55.80°  50.50®  51.50" 47.50°  55.70*  Post-lambing il 5l ax
S ey 55 53 sl SU 6 1S

Neutral detergent fiber digestibility

0.06 1.87 55.00 52.00 5550  53.00  55.00  Pre-lambing i35l 3
0.041 1.39 57.87*  53.00° 5580 52.50° 56.50®  Post-lambing il 5l de
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containing 3% protected saturated fatty acid powder.

AEL e o3 0 e o (9ol e Sl OLES ks 53 o line Gyt
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

**Different 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° 34.00°

0.123 3.89 80.20 85.00

0.048 3.45 99.84°  106.65®

0.050 1.89 72.51° 79.21°

0.045 2.45 85.50°  88.12%

20.80

35.20°

83.00

103.10%®

75.12%

98.00°

S gt o
Alanine Aminotransferase
o=l Jd

Pre-lambing

23.01 19.10

BTN

32.50°  27.30°

Post-lambing

Sl 5 el Sl
Aspartate Aminotransferase
BB

Pre-lambing

84.50 79.00

o3 Sl e

111.52*  98.47°

Post-lambing

Sblins - JISIT
Alkaline Phosphatase
ol g8

Pre-lambing

78.00°  68.60°

S S P
86.0°  79.50° o2

Post-lambing
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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.
**Different 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

P value SEM PSAT OMGA9 TAL CAN CON
G o 03 S k) S5
Glucose (mg/dL)
0.042 1.8 70 728 68b 7020 65b TS
0.030 2.1 760 78 74ab 75a 700 Uy 5 5,V
G o2 52 15 ) Ja s
Cholesterol (mg/dL)
0.014 3.2 90zb 951 85b 9()b 75¢ o= 580
0.025 3.6 95u 1102 88® 95ub 80¢ U 5l 55,V
G 2 02 2 8 ko) Al 5 5
Triglyceride (mg/dL)
0.050 1.5 412 4010 380 390 350 N=UBTS
0.042 1.6 442 45 4220 4300 400 A5 5l e 55,V
G 2 03 .50 S s
Total Protein (g/dL)
0.021 0.12 5.70ab 5.80¢ 5.300 5.500 5.20¢ ol 50
0.010 0.13 6.10° 6.002 5.600 5.90% 5.50¢ A5 5l 5,V
G o2 03 05) sl
Albumin (g/dL)
0.092 0.07 3.01 3.20 2.90 3.15 3.12 ol 50
0.127 0.08 3.40 3.50 3.00 3.30 3.20 A5 5l x5,V
G hen 2 05 5) G (52548 s
Immunoglobulin G (mg/mL)
0.011 0.99 23.46° 22.85% 19.65b 20.23b 18.12¢ BCUBTE
0.010 0.88 21.78¢ 20.58° 17.45° 18.65" 15.36¢ A 5l 5,V
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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.

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