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Effects of dietary fiber sources on
physiological responses, farrowing
duration, serum glucose level and
milk composition in lactating sows

Xinghao Jin, Minjin Gim, Niru Pan, Niyonsaba Aaron
and Yoo Yong Kim’

Department of Agricultural Biotechnology, College of Agricultural Life Science, Seoul National
University, Seoul 08826, Korea

Abstract

This study was to be conducted to investigate the effects of dietary fiber sources
supplementation in lactating sow diet on physiological responses, farrowing duration,
serum glucose level, and milk composition. A total of 24 F1 multiparous sows (Yorkshire
x Landrace) were allotted to one of 4 treatments considering body weight, backfat
thickness, and parity in a complete randomized design (CRD) with 6 replicates.
Treatments were 1) Control: corn-SBM-DDGS based diet; 2) BP: corn-SBM-DDGS based
diet + beet pulp 3%; 3) BPPK: corn-SBM-DDGS based diet + beet pulp 1.5% + palm
kernel meal 2%; 4) PK: corn-SBM-DDGS based diet + palm kernel meal 4%. As a result,
during the lactation period, dietary fiber sources did not significantly differ in body weight
and backfat thickness of lactating sows and the growth performance of piglets. Numerical
shorter Farrowing duration was observed when dietary fiber sources were provided,
especially BPPK treatment shortening farrowing time about 28 minutes compared with
control treatment. In relation to the serum glucose level of sows, BPPK treatment had
higher serum glucose level than other treatments at 24 h postpartum (p < 0.05). In an
analysis of fecal fiber contents, BP and BPPK treatments were lower than PK and
control treatments (p < 0.05). Consequently, dietary fiber supplementation with beet pulp
1.5% and palm kernel meal 2% in the lactation diet may improve the energy status of
sows to reduce the farrowing duration and enhance the growth of piglets.

Keywords: Beet pulp, Palm kernel meal, Farrowing duration, Serum glucose level, Lactating
SOWS
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Y, Eo] QA 4 o4t &S AN Hure AT A9 oUAE BEHoE ol&sio]

FERAS G5A1E S Qloh shAfRE @do] W oA HiEo] ERke 7H/\]?=f 745 EHHA
o] AA=o] AFFSLTL *7}9 50| FopKitt.
ARt o 7 Atg Y ouA] FFFE w57 o A%, g@4dkE 4 24% 359 59 o
2l 957t AREE =, E%/\hiﬂ g HollA BEE Bl oUAE T390 & 5 e
YRS ARG ERATE 9EA1Z 5 QT3] B3 A Rde ohE oluAl 3393 b2
Q; ARE 9 A3pESTE APEHH, o] we) - gt FA5H A= XA
A o] o A&E 4 Ya Bok A BE9] oA AEE FYStAIE 4 ot B
ATH4). ESE Al Ui AolARE FAIE7] 2 HE H3]o] FofobH 29 BAkS S7HA
Z 4 Q13 AMERS 9 2RI HAREE £ 4 ATl SEITHS,6]. BHHO] Renaudeau[7]2}
Krogh[8]oll ofs}, 5717k 5ol 14-74x(20% NDF) ALRE ol 49 He=9 Al&do]
S7kota AlRAFZlE BE-Q 9 2HT 4 Yok st
mebA 2 AFe BEAlE W Aoldf S5Ye] BEo AFHst, AT EF glucose
s 9 AR 240 mAE IS HFH] Hoto] =AU
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AMESE U AletA(experimental animal and housing environment)
E AL QA7) 110¥€F wf Ho A5o] 271.73 = 0.519] 29 w5 (Yorkshire x Landrace)

Pl REGITAA 55 + 030) 458 ANalo] 4712), 6 W, W8T @ £ dHole] WA
(completely randomized design, CRD)2.2 HjX|5}o] AAJetrt. AH7|7F Bt ERFE(2.5 x
1.8 )0l AR EGOH, BuAte] L5 9 Bl Bl AFAOPEA] SJste] 7

2 29HYY. U 75U EUL RS YUMo FYIANYT, 5U FHEE B
FoPTE BE AES 24 ¥ 3] 9% U WeE 42T SRS ANE gov], R

A9l gleptosil(150 mg/mL)2 13] FAFSF L)

A3 Al&E(experimental diet)
2 AY9 AEte n= Al U 482 97 ko] et 1) control, 2) BP; beet pulp 3%,
3) BPPK; beet pulp 1.5% + palm kernel meal 2%, 4) PK; palm kernel meal 4%Z W5 Ich. Ago]
= 254 549-DDGS(distiller’s dried grains with solubles) 95229 7]%ALR (corn-soybean
meal-DDGS based diet)S AMESFFOH, AlR Y 2AGA SRS A2l 3+8 2+ 3.34%, 3.87%,

https://doi.org/10.5187/ait.2022.9.2.41



Jin et al.

3.84%, 38200131, AFYY 0§ RE AR whgH] % B3HH 2HL Table 19] AL,
YRS 7 A TER YA] 11093 e BE 25 5 26717 289 9 Fofstnt

Table 1. The formulas and chemical composition of lactation diet

o Lactation diet”
Control BP BPPK PK

Ingredients (%)
Corn 53.89 51.08 51.03 50.99
Soybean meal-46 18.05 17.81 17.43 17.03
Molasses 2.00 2.00 2.00 2.00
Rapeseed meal 2.50 2.50 2.50 2.50
Beet pulp - 3.00 1.50 -
Palm kernel meal - - 2.00 4.00
DDGS 15.00 15.00 15.00 15.00
Tallow 4.94 5.03 488 4.73
L-Lysine HCI (78%) 0.35 0.36 0.37 0.39
DL-Methionine (99%) 0.06 0.07 0.07 0.08
Tryptophan 0.16 0.18 0.20 0.23
TCP 0.92 0.96 0.91 0.87
MgO 0.05 0.05 0.05 0.05
Threonine 0.06 0.07 0.08 0.09
Limestone 1.22 112 1.18 1.24
Vit. premix? 0.10 0.10 0.10 0.10
Min. premix” 0.10 0.10 0.10 0.10
Phytase-1000 0.05 0.05 0.05 0.05
Choline chloride—-50 0.04 0.05 0.05 0.05
Salt 0.50 0.50 0.50 0.50
Total 100.00 100.00 100.00 100.00

Chemical composition?
ME (kcal/kg) 3,373.00 3,362.00 3,347.00 3,332.00
Crude protein (%) 17.48 17.48 17.50 17.53
Crude fiber (%) 334 3.87 3.84 3.82
Total lysine (%) 1.05 1.06 1.06 1.07
Total methionine (%) 0.35 0.35 0.36 0.37
Calcium (%) 0.86 0.86 0.86 0.86
Total phosphorus (%) 0.65 0.65 0.65 0.65

WEXperimentaI diets were provided by Nonghyup.

2Provided per kg of diet: vitamin A, 12,000 1U; vitamin Ds, 2,400 1U; vitamin E, 132 1U; vitamin K, 1.5 mg; biotin, 0.60 mg;
folacin, 3.9 mg; niacin, 30 mg; calcium pantothenic acid, 36 mg; thiamin, 3 mg; vitamin Bs, 3 mg; vitamin Biz, 45 ug.
IProvided per kg of diet: Se, 0.3 mg; I, 0.3 mg; Mn, 49 mg; Cu, 288 mg; Fe, 281 mg; Zn, 84.7 mg; Co, 0.3 mg.
“Calculated value.

Control, corn-soybean meal (SBM)-DDGS based diet; BP, corn-soybean meal (SBM)-DDGS based diet with 3% of beet
pulp; BPPK, corn-soybean meal (SBM)-DDGS based diet with 1.5% of beet pulp and 2% of palm kernel meal; PK,
corn-soybean meal (SBM)-DDGS based diet with 4% of palm kernel meal; DDGS, distiller's dried grains with solubles;
TCP, Tricalcium phosphate; ME, Metabolizable energy.
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MgtHel U 20X ZHbody condition and farrowing duration)

w0 eld WEE Jobuy] 9sle] Rt T 24417 ool 219A) A%, P, A HojAI]
SAE A, ARAFT E BIAIEE S6IT SAY FAe 253 $747](Lean-meter,
Renco, aneapohs MN, USA)E o|&stoq, P, RS 5& 4% 729 B43, I+
A 65 mm WolAl BE)o)4 SAHT RS N EAE 24 AHOE Adtste] BE
gfjdto] 2hd 3] ‘4‘9 H7HA] dle AZEE S, e AR R 20-30% 9 HESHHA
F8A 7teERtE S3stoith

HAIMXM(reproductive performance)

FAAY T ZFE AL A=Y AR5 9 nEQ] WALHS 2457 9 B
5 24412 oW, 2190] AEY] A% L YIEATS ZHaAY. ol% T BE AFLHY
(weaning to estrus interval, WEI) 482 915] o1 & YAlAffA] T7o] 2= HE7HA]9] 713F
= S5

9 a2

ol MAk(blood profile)

RES} G B Bat F 124 ol B G 21206l B AHHS Fo) AFsNL0,
A3 DB serum tubed]] ESFH O, 1,717xg, 4C HEZ 158 5 FAEZ|(Eppendorf
centrifuge 5810R, Hamburg, Germany)E AA|5}% 1L, & micro tube R-87]0f A5HE Ea|st
o] 20CollA E&sigict PBAAEHZ BHEE serumO A glucose w25 E4o51T}

S

=84&(milk composition)

28 9 =9 Bk 5 2447k o], X8 2193} oxytocin 0.5 [U/mLE @ FARE &
fHstRod, +HE =fe 20CQ 9510 £4T W74 Bastich. A5t =e 74
£ EA7](MilkoScan FT20, FOSS Electric, Hillerad, Denmark)2Z #|0]4l(casein), A%} (fat),
e (protein), FEQ Z(lactose), T T FE(total solid) T F-A|-F-IFE(solids non-fat,

SNF)E 2745}5tt.

2 I 71AeL MQ4A =H(fecal gas emission & crude fiber content)

£ 3 YEYOoKNH;)9t F3=AH,0)E St/ Ao BE B0 5 214FHH AJZoto
4 59 3¢ 4 AEE BE 300 g AH sk X]ﬂi“”"ﬂ dEstct 25 EollA 30&
A 3l

HI

S
T gas tubei ZBFATHGastec, Kanagawa, Japan). £ A4t 7ta 53 5 2t A7
A P75 DolA drying oven Ao 60T, 72417 a 7 585U FAATLoNA
24 sgrh

E7 EXM(statistical analysis)

FAEAS SAS[9]9] Ut XY (generalized linear model, GLM)& o]-&50] =AH A7
o et R4 AHE HAIBIAL, p < 0.05¢0 B FAA7L Yl AC=, p < 00190 B
TEe] GO O A0 A0, 005 < p < 0102 A AFol Ut A0 155
At FoAE Qe ACE WHE NS F9-, FAFIAHleast significant difference, LSD) TH5:
A99e B9 A7 2 HRE WA
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farrowing duratlon daily feed intake and WEI in sow)

e AR W Aol 3ol ZeY AlS, SAFA|, B vAls Y3 Table 29]
UEh Aot AFFAR Axf, 29 24417F o] 9 BiE 21999 B=9] AlE, SANTA %
FAIZE A=) 2 AR A7 WA QRkAITHp > 0.10), BPPK A 2]5-9] &7EA]

Zro] £AZoz 7P AA UerE . 2L, control AE| 79} ¥l
o5 22 YT Oliviero2] o] ofstH[6], = 1A
F2 5, AR AR, AR 3 JASY] Bel] HEldH &
2E9 Aol IHF4 AlRE F9FE W BTN
22 Y 7 oy, AtEe €Y o Slrkal BAlsiyln @2
MaE TEIS W AEAFHTOl daste] Be] AlEde] SR HAEItH11].
A= $AGLz PK A Foe Aldde] 7 w2 A
4 ool QLo RAPARl IF2 HEIUA oottt

N

o rlo

il
l-J

4 e o

(body weight, backfat thickness,

e 1, ByAIZio] oF 273
17l 9%e FE arEe

o] Ut SFFTE. Feyera S{10]

BES AZAFAS AT 1 549 Hol7 et gy

PK X277} 297)7F Alm A o] 714 v AL slolgt
HFL =0 AFSA], Agdd U =9 A ]__%

$71 59 ARAHFo| Bt =t Ao

TE A AT = lor, AATH Lo ¥ $~ oA A

=
—_l.'“
2 A

fo

3 2 ol AAEY =

FAFoNA Zf71te] 24

ol

O 2 LERgAE, duhAel

(p > 0.10), FAFo=

o
& gt 297 wEQ) B
i:wm nasiri12]. %

lsto] o e WAz
q[13]. w2}A] Eissen S{14]

° nEG WAL ML EgVI7k) BES] ALRYHFo] Fojof stk Buskct
olf T BEQ] AHAAL(WEDS B4 A7}, A1 7t

FOI29] o]} ehiA] et

Chp > 0.10). LRHA o2 {77k H=o] of Aeie AVl AL g Lol 9= v
Chal A QoH15]. E3h AAEE LS AA719) At FEeh AR FF16], ol F9f A

Table 2. Effects of dietary fiber sources supplementation in lactation diet on performance of sows

Treatment (%)"

Control BP BPPK PK SEM —

Body weight (kg)

24 h postpartum 254.32 259.98 258.16 258.50 2412 0.93

21 day of lactation 242.54 248.70 247.54 244.05 2.891 0.94

BW changes (0-21 d) 11.78 11.28 10.62 14.46 3.792 0.92
Backfat thickness (mm)

24 h postpartum 21.10 21.30 21.10 21.40 0.363 0.90

21 day of lactation 17.90 17.70 17.80 19.00 0.501 0.56

BF changes (0-21 d) -2.20 -2.60 -3.30 -2.40 0.154 0.31

Farrowing duration (h) 5.68 5.31 5.22 5.39 0.102 0.33

ADFI (kg) 5.74 5.58 5.63 6.06 0.982 0.1

WEI (day) 4.52 5.06 4.71 4.90 0.231 0.43

"reatment: Control, corn-soybean meal (SBM)-DDGS based diet; BP, corn-soybean meal (SBM)-DDGS based diet with 3% of beet pulp; BPPK, corn-soybean meal
(SBM)-DDGS based diet with 1.5% of beet pulp and 2% of palm kernel meal; PK, corn-soybean meal (SBM)-DDGS based diet with 4% of palm kernel meal.

ADFI, average daily feed intake; WEI, weaning to estrus interval; DDGS, distiller's dried grains with solubles.
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SAHHH17), £EIH18) SO O8] L Wrky LA ek B AHolAlE A7)
At 9 ER7] BEY ASEAN ARAHT dart 424 B4 "ol oA ol & A
LYo FFE vAA Lrh AHH o, BRAtoA= AF A2 H(BP, BPPK, PK)9|
A A2 08 TEE= Ao WERAL, BPPK AZ|Fto|A 7HE Wol 95d Zlos
UERR7] WE0] beet pulp@l palm kernel meald PAIF7] Abmo] RS H7ISITHHE E7HA|
2] 244 JRL w12 Ao Azt

= MEMZX(growth performance of piglets)

= At U Aoldf Saee] Zf= A=A A= F3S Table 30 UeRfiglch A
23, ol 9 B o] fAlS 5ol A=t 2kl {9 A2 Aol 7F YERHA] §9ktHp > 0.10).

A=0] A7/ 4 oA BPPK AP L9] A= S| A4 7P 3o H, PK A2+
7FAY F2 AS AT 5 Al A4 oleh 22 AL vEhd A0S FE BN S
Az 2943 B-0] e A0 HQlth IE ETAZto] BEEH AEE0] 275
] AR 5 loH, AMERSE S 4 ok BRI ©E2 F2 9 A BEQ g9
Zdo| & o] oy, FFE AP 7o

A% HEAS AN A BE

Table 3. Effects of dietary fiber sources supplementation in lactation diet on litter performance

Treatment (%)"

SEM p-value
Control BP BPPK PK
No. of piglets
Total born 13.00 13.40 13.20 13.40 0.214 0.91
Born alive 11.40 12.00 11.40 12.00 0.195 0.27
After cross—foster” 11.80 11.80 11.60 11.80 0.142 0.95
21 day of lactation 10.40 10.40 10.80 10.60 0.211 0.98
Litter weight (kg)
Total litter weight 16.71 15.04 14.84 15.53 0.557 0.67
Litter birth weight 16.31 14.25 13.33 14.40 0.569 0.7
After cross—foster” 16.05 14.40 13.49 15.19 0.658 0.59
21 day of lactation 62.17 59.87 64.05 60.06 2.324 0.98
Litter weight gain 46.11 4547 50.56 44.87 1.898 0.74
Piglet weight (kg)
Piglet birth weight 1.35 1.18 1.16 1.20 0.042 0.42
After cross-foster? 1.36 1.21 1.16 1.28 0.051 0.56
21 day of lactation 5.99 5.69 5.92 5.66 0.121 0.70
Piglet weight gain 4.63 4.48 4.76 4.37 0.103 0.55

"reatment: Control, corn-soybean meal (SBM)-DDGS based diet; BP, corn-soybean meal (SBM)-DDGS based diet with 3% of beet pulp; BPPK, corn-soybean meal
(SBM)-DDGS based diet with 1.5% of beet pulp and 2% of palm kernel meal; PK, corn-soybean meal (SBM)-DDGS based diet with 4% of palm kernel meal.
Ifter cross-fostering day within 24 h postpartum.

DDGS, distiller’s dried grains with solubles.
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AAFEFS =Y 4 99Ut Table 29} Table 42 242 ], BPPK A9 &% glucose $go|
AY w%oH, FUAE GEEH. TEkA BPPK A2 Ap=o] &4t A% wE A7t

=
Hol 298 HAT 5 9L 0 AREL FEHOD, THE AR W 484 IFUY
35 % WMol AE YHH 2HHA JFS vAA Qgtow, BPPK Hei7t v
Ao Mage ) $A4ORE AERAS PN 4 IS A0 Ardr

&l L glucose &E(glucose concentration in serum)

= Alg Y Aol Sade] BER A= EH Y glucose FEO H|X|= Y Table
4o YRSl Bot 213 B2 serum W glucose®] FEOA FJ& Q0 2ol 7h LA T
< 0.05), X5 2140l 2= serum¥} A= serum W glucose?] FEOf A= F 421 Zo]7t Y
ERLA] 29kTHp > 0.10).

AAT AL Theil] AFoA=[5] ZE BF glucoses=7t ERFAIZEE ©EE 4= Ql9le
o, 25 A 798 dRa 3599 SR Aol 279 AR S7HIE ¢ v
Rttt BEald ©=0] Alg AFFFo] Z4AsHE AW glucose 3E7F A7 WolAEE P

Tk A, Fo] MYSATE A AR Y 5 Ue Aol Aol B2 dHe AL
B Afras BE oUA SEET gE2EA AUlolA vl o A FRt 45457t
32 et FASH 5ot LAY o3 A&E S qloH, 29k A
BE=9] ovA] S HESAA 4= ATkl SHITH4]. 2 ARoflA BPPK A 2]9] glucose & %
o] AlY &2 AU Alm W ARd 3599 T H A7ErEd Ve deAEY A
/o] oJst AxE A ET. Beet pulpt= soluble fiber 50] =11, palm kernel meal®] —?—Oﬂ
Z 35|59} insoluble fiber $FF0] EThH= A& ojn] & &3 A AMAo|tH19,20]. o= Qlsto] K=

Atm Y g £79 44U A7tE 39, &3 soluble :

insoluble A-G-A H|-go] W& =8

1 A BTICkT sholTHaIL B2 A1 ) A4 H940) 2HE oI Erlol 54
% glom, Hyh REARke)
!

RO s AHERRE ol FYA AAZ V1T 5 U0k A BR0, R

o] FES ¥ & 93, Taz AgH ouAE EeoA

2% BPPK 279 glucose St ReHAZEY] Tt Aigto] 9L, BRI ©502 A
Table 4. Effects of dietary fiber sources supplementation in lactation diet on serum glucose level in sows and piglets
Treatment (%)"
SEM p-value
Control BP BPPK PK
Sow
Glucose (mg/dL)
Initial (110 day) 76
24 h postpartum 92.00% 85.00° 99.67° 84.67° 4.831 0.02
21% day of lactation 71.25 71.25 70.75 71.25 1.925 0.99
Piglet
Glucose (mg/dL)
24 h postpartum 98.40 81.00 95.00 87.60 3.682 0.48
21% day of lactation 112.00 123.50 117.68 123.00 3.192 0.59

"Treatment: Control, corn-soybean meal (SBM)-DDGS based diet; BP, corn-soybean meal (SBM)-DDGS based diet with 3% of beet pulp; BPPK, corn-soybean meal
(SBM)-DDGS based diet with 1.5% of beet pulp and 2% of palm kernel meal; PK, corn-soybean meal (SBM)-DDGS based diet with 4% of palm kernel meal.

2® \Means with different superscripts in the same row significantly differ (o < 0.05).
DDGS, distiller’s dried grains with solubles.

https://doi.org/10.5187/ait.2022.9.2.41

http://www.e-ait.org | 47



A0|HG SSE0| EREEN OXl= Y&

AES] A Holt JALE or, 288 HaA HAT & Ak A0 Az,

=4&(milk composition)

BE A2 U] Hole FF ERAR DAL FE Table 50 ek, 482,
= AW, 9, 9 5 Awol AT 2t Fo3<l }017} UEREA] 983k THp > 0.10).

Loise[22]0] &0 S3H Q4157 WEOA] T4 AR Folghe 1 £8 3 Ao
HF2 MAASHAA, 2R3 =2 BAtEelAE ok J‘g TR A] Rkt Liv[23]= ¢
AZ7] BEALR soluble(1.78%)3} insoluble(27.15%) A-FAS FEFHS U] =8AJEof o}
F3FS u|X| A kokth ESE Lio] Aol 9shH[24], YA17]o] AASE insoluble : soluble A1-8-A
Wlgo] 3.89% 1] AE FAFo] FOIHCH, EHRoE o]} ent g, who
QA7 A A7) THEA AR FRAE 1) £l AT Arke Husglt
[25,26]. & A= Alm o Aol P4lF7] 1108 F 58 FoF7] 2ol AFd+-=ol
wla) YA AR FolsIRlo] Hobd EQAReIL Gue vlAA] Re A0 AR

=

7tA & ZMQ gE(fecal gas & crude fiber contents)
HE Al W Aolidf 330l B £ 5 7EAA Y 2R gl plX= Y Table

Table 5. Effects of dietary fiber sources supplementation in lactation diet on milk composition

Treatment (%)"

SEM p-value
Control BP BPPK PK

Casein (%)

Colostrum 6.89 7.26 7.96 5.69 0.532 0.56

21% day of lactation 3.79 4.09 3.91 4.00 0.123 0.68
Fat (%)

Colostrum 7.82 5.32 8.33 6.90 0.866 0.68

21% day of lactation 7.68 6.78 7.37 7.1 0.435 0.92
Protein (%)

Colostrum 10.02 10.65 11.63 10.31 0.785 0.92

21% day of lactation 4.79 5.27 4.97 5.12 0.144 0.70
Lactose (%)

Colostrum 3.88 3.82 3.65 4.06 0.133 0.78

21% day of lactation 5.52 5.44 5.49 5.46 0.231 0.99
Total solid (%)

Colostrum 24.11 22.29 26.47 23.75 1.182 0.72

21% day of lactation 19.54 19.07 19.39 19.25 0.521 0.99
Solids not fat (%)

Colostrum 98.40 81.00 95.00 87.60 3.682 0.48

21% day of lactation 112.00 123.50 117.68 123.00 3.192 0.59

"Mreatment: Control, corn-soybean meal (SBM)-DDGS based diet; BP, comn-soybean meal (SBM)-DDGS based diet with 3% of beet pulp; BPPK, corn-soybean meal
(SBM)-DDGS based diet with 1.5% of beet pulp and 2% of palm kernel meal; PK, corn-soybean meal (SBM)-DDGS based diet with 4% of palm kernel meal.
DDGS, distiller’s dried grains with solubles.
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Table 6. Effects of dietary fiber sources supplementation in lactation diet on fecal gas and fiber level

Treatment (%)"

SEM p-value
Control BP BPPK PK
Sow

NHz (ppm)

Initial 7.50 7.50 7.50 7.50

NHz 7.60 7.20 7.40 7.40 0.142 0.83
H2S (ppm)

Initial 11.00 11.00 11.00 11.00

H.S 11.20 10.80 11.00 11.00 0.17 0.89
Fecal crude fiber (%)

Initial 1.77 1.77 1.77 1.77

Fecal crude fiber 11.80° 9.95° 10.38° 11.24° 0.19 0.01

"reatment: Control, corn-soybean meal (SBM)-DDGS based diet; BP, corn-soybean meal (SBM)-DDGS based diet with 3% of beet pulp; BPPK, corn-soybean meal
(SBM)-DDGS based diet with 1.5% of beet pulp and 2% of palm kernel meal; PK, corn-soybean meal (SBM)-DDGS based diet with 4% of palm kernel meal.
2® \eans with different superscripts in the same row significantly differ (o < 0.05).

DDGS, distiller’s dried grains with solubles.
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