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Abstract

Dietary fiber (DF) was traditionally classified as an anti-nutritional factor (ANF) due to
its negative effects on digesta viscosity, nutrient digestibility, and endogenous nutrient
losses. In recent years, however, this perspective has been increasingly re-evaluated
and refined in light of emerging evidence underscoring the physiological and
health-promoting roles of DF. In response to these emerging trends, DF has been
considered as a critical nutritional component in swine diets, particularly in light of
advances in molecular nutrition, gut microbiome research, and the characterization of
fiber-degrading enzymes. DF is an essential component of growing pig diets, which
maintains normal physiological functions of the gastrointestinal tract (GIT), including
mucosal integrity and microbial ecology. Besides, the physiological functions of DF,
including its effects on digestibility and gut modulation, are significantly influenced by
its chemical composition and structural features. In swine diets, DF modulates the gut
microbiota, promoting fermentative activity, which in turn stimulates the proliferation of
beneficial bacteria in the GIT. However, the efficacy of DF might be constrained by the
underdeveloped fiber-degrading capacity observed in young pigs, which is linked to
immature gut morphology and reduced microbial diversity compared to that of adult sow.
These physiological limitations, combined with the commercial swine industry’s reliance
on traditional cereal-based diets and increasingly restricted regulations on antibiotic use,
present significant challenges for optimizing gut health and nutrient utilization in growing
pigs. In this review, varying types and levels of DF in feed represent promising
candidates as effective alternatives to antibiotics in swine nutrition. But there remains
a paucity of systematic investigations into the roles of the physicochemical properties
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of DF—namely solubility, viscosity, and fermentability—within swine diets, as well as
their impact on nutrient metabolism and gut microbiota composition in growing pigs.
Accordingly, this review summarizes current knowledge on the nutritional digestibility
and gut health regulation associated with DF supplementation in growing pigs, with
particular emphasis on its physiological effects and limitations.
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Fig. 1. Differences in crude fiber (CF) and total dietary fiber (TDF) content in feed ingredients (g/100g dry
matter, %) [4-14].
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2009.01 9 2011.259 22 Z4HS 53 84 % B84 AoldwE 54T & UtH23-25].
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Fig. 2. Classification of carbohydrates and dietary fiber in feed samples.
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22k 570, 74%, 8409 EES WATI. ol AT RSV} 43 45T M) vla) 435}
&2 AT U FaE $% 2F A AR NE o]§ 882 oF 84%°f Zotnz FAd
e AUALAS AARRI HEO 5 U5l FL, AR Y 4o]4R9 §fo] H34E
RSO} SFL FoMAl= FFE B 4 7ol At AR ALt 3718 v o A% %2
RSE Zosto] AlmS A SHoF SHH33].

AEEAE AT 7HE 58 7718 718 F stua 729 A5 Az &A%
G o] A5o] Sel uhet 4] T4 RO o 10%-40%E AATHE A0 HIHT B§
4J A]o]df-(insoluble dietary fiber, IDF)2] 8 AEQl MEZ AL p-14-FFIAIE o2
|0 4 F2E AT 9om, ) vE] oJef £91E A T glucosoTh SCFAZ
AR ATE20L WA T2 B8] 4ok ADAREAL 14-FINE AUS
M WFAE GRRE, BAE AR TR AU, Welmmos), FFEA
(galactose), oFEHH|le, SFFE A glucuronic acid) 5 TFYS & 712 /= 0] St

4/0/429 o/3f3ty 4

B2 7152 Ad FAEAY Aoldfe 2 AEAd Az, 2lad, o, At
g4 53 A9E NSPR 450 91om[2,34], 3toha] L2of wheh &= (solubility), &=
(viscosity), WBC, & a/J(fermentability) 5 Tt o]2kst] S-4do] AAH Tt HA]9] ¢-otd
o] 9l FF obg o] A(pancreatic amylase)?} F- A3t a 40| 7|A Eol/do] wet gpdlES
A3 ©h45lE(digestible carbohydrates)d} H|ASH] ©<4=31E(non-digestible carbohydrates,
NDO)Z BT 4 9t BlA5Hd BATEE AERA, AuAEEA, WY SO 2 o
B9} 21 1u5 22 MEaiEd shEol BgAoR g 094 TEA 2R 7
wo] Sl o]=gt RS2 tolA nETe] Ha 7|d e Agotd, i Il BHH
SCFA7Z} #jA]12] At HiAY S| FF2 mlxith

olg}sty EA & &dl== Aoldfel 7154 588 FFE vAE 84F, & digt
838f ool wat 584 2]o]AR(soluble dietary fiber, SDF)2} IDFE 53+ 4= QIh(Fig. 3)[35].
T84 Aoldret £84 Aol B AU el o3 Faso Z8E 4+ oy,
SDF+= IDFO] Hls) AdidoR & E3) a&¥ ¥a £=8 Yehdo: of23t &2 daide
SDF9] 9%t WBCo] 7113ttt -84 Aot &5 575t Bt akE W s
o e 4012 S £ (digesta passage rate)S FAA7H, HPE0] Af HEZA
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)
&
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)
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W
O
=
O_u

oA Az A4S} 43
2ege 84E A2

_4

ATREE 3%Y T4

SHE Azo] AgEE ut BolRo £o TRAAT A Aolue S

e
NDCE BHH 0 F45tT Uk AR W Hol69 olgtety B4 Unel A% 7|
o, 9ol Y 27 D fih XY 5 7hE Alo] wet FepAn, ofo] wt Aol GokstA
7Mool g BOIE Frh FFL vl 5 At(Table 1). TT F5o T Aolift F
2 NSP} RSZ 45lo] r41]. FBe] ARHS 72 AER A0 uldER A0 22 F
A OFHE TAEE WY, TR AEEL 9ol ALZFF 7 xyloglucan), BE 55
AL ow], YA Oz B w29 SDFE T4 Ui Ao SolcHe2]. B2 AR
YFoR SHE AR FH oiAY % sl U] TDFE oF 10.23%-11.08%]0, B84
Table 1. Dietary fiber content in pig feed ingredients (g/100g dry matter, %)
ltem (%) Wheat" Wt?rz?\t” Oat Barley Rye Com? Corn DDGS S(:nyté:;an Sugslr"seet
Starch 59.5-65.1 16.9-22.6  39.1-46.8 50.2-58.7 59.3-61.3 62.0-69.0 6.7-8.6 1.9-2.7 0-0.5
Cellulose 1.3-2.0 6.4-7.2 8.2 3.9 1.5-1.6 1.7-2.2 5.8 59-6.3 19.5-20.3
Hemicellulose NA NA NA 14.1 NA NA NA 3.9 NA
Soluble NCP 1.9 29-38 4.0 5.6 4.2 0.9-25 34 6.3 20.9-40.7
Insoluble NCP 6.2 24.3-27.3 1.0 8.8 9.4 3.9-6.6 15.8 9.2 20.7-17.7
NDF 10.6 323 25.3 18.3 12.3 9.1 325 6.7-15.4  36.6-44.9
ADF 3.6 11.0 13.7 5.8 4.6 2.9 1.8 46-11.0  222-235
TDF 9.8 414 34.0 15.4 1.7 10.2-13.7 31.4-42.3 19.1 58.7
References [7,16,26,45-46] [16,26,45]  [7,16,26,45] [7,45] [7,16,45]  [7,16,26,45-46,83]  [8,45-46]  [7,26,45,84] [7,45,85]

WNheat (Trticum aestivum), soft wheat.

2Corn, yellow dent.

DDGS, distillers dried grains with solubles; NCP, non-cellulosic polysaccharides: NDF, neutral detergent fiber; ADF, acid detergent fiber. TDF, total dietary fiber; NA, not

applicable.
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o His) AE 9 A o] A W2 W, ADF(3.55%)9F NDF(10.60%) gHgo] =of
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7 9F 19.1%019, 7H5 o AE oy ool whet Aol ko] gk 4 itk ot
of g5 Aolidf= F& IDFE /450l 9loH, o] & MEEAE °F 5.9%6.33% -5 0]
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7Y YR FF, A, HSE D 71T 24 Sof vt gebA sAe %k Aoke
o= FFL vIAA Bk EF, Aol S X i LE 58] AW IFS
uAL gelojth 584 Holdet ¥ H§E AES F/IA JULY B L FHE A

SHe Aol Qi v, B84 Alolae o] A5eEe Adstel AR AU AR AL
SEA71E o) Zlofdick 53] B0y Pl £ AR RS nAE ol Bas g A%
AZks W oA 2k9 E2BE 25kl NE o|§ mgo] 4% 4 Ytk

AlojMLo 0|2 U A3}

54719 S9E Aokl 719 wE 433 22 0 2 g0l B o123 o
A719) % B#Y DAY U1 FL 2.8 A3 20 A% Ak 59 BA4
OJ EA olold 2 S, Aol4Rel HHE AEUT £ U GE o RO Aoz

3ol 9 OLH50], SAES A Aol vlel ) v epio] AdElol Aol g 40k
0] 2}, Le Goff & Nobleto]] W2, oz & JFA9 ASHEL HEOA SA=HT ¢
=7 Yebom, NDF A3IE-2 Z47F BE=o|A 64.4%, A =of|A 56.3%= HILEATH51].
oleftt Aol mEOIA WekEl Ty ) WAE FUY S5 HeA Bl b H4Ew
Q1% T 84 S71o] 712I5H A0 SAHTHs2-54). o]efet AR Aolif 25182
To]= HHo| SA=9] /lg?q—-g, /\]-E_g_-g a83 A A7 224 59 A4 947 FEAET
otk A% AEHY 24 4 HEQ HolHRt ABEA, HuAgEA, HY 5 R o
G2 ool sloot, 43k 2 Be Il asfs) I8 Polblel, 0
A518L oF 129-18% P4 5 UTHSS) I Sol, p-2FAT 2L S84 Holuh

t

o
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B WEE WES ZMAA P Goh SHHSLTH, TAIA 5 o 20%-25% Aok
e . oleiet Ho189) 1% 1 Rele Rl 9, §90%, Fvs B, Aol B
%, 529 W, 290 A U8R 24 T4 5 0ot et 2919 g o, B9

o HE

Aol 72 sleba] et At FHo] weh 45key Ta SA4o] 2A FEH(56]. &
< "t A dER Qs A B diE| oyA 9 2o, A, NDFSF 22 g4
QT AAF A S (apparent total tract digestibility, ATTD)o] f-oJulabA] Wokow, Atz
NDF, ADF, 24d-f(crude fibre, CF) o] S7Fd= 7kaglou 2] 2po]7h #AX|= Zlo] Hi
HAH51]. F7 FAECl SFe ofhr| At d o]y HirEte] AEThd 52 S |
of izt 24 E 23 &0 zo]& Holch wehA 2]o]4R9] 43H&S =07 ﬁﬁﬂ 1
Yxd Aol 244 Hgt olsiet A AaA 7 Atm 7R 71E § WE Y
Bas

/3= Aol &%ke2 #ol7] Al ArdEhlo] A (xylanase), A& 0] 2 (cellulase), B-F
Z7Hd|0] A(B-glucanase), THAH| 0] Z(mannanase) 53 22 9914
= X47}0}01 QX]’ ol i /\ﬂ-q_]— 07]0]:_/]\_ A252-E _3.7]./\]71 OE}H Og ]:_/J\_ ]%_‘é‘_% ‘;Ll /\]—i‘ﬁ‘_%
= M & AcH4]. AR W H7HE QR aaAle SuAdERA B ofH| At d 'Y
B-1,4 Aok2 wafsto] M 3 492 oF 18% /AT 4 Sloh &dkeE Bafjasl AL
ghlo]Ae o] df § HlxH JEQ Adds 7|A=E Sto] ol ALY p-1,4-2F 2
L d3te Adsto] AQzAS Iy Ades, dgie Zojste] AUl vlgEc] s
TaEnh AdehlolA H7tE NSPl Addg Eafgo=A 2okt W M= fa, I¥4
e 571 5 YA olg aed] 7|9 4 A g-=FFHolAE AUY AAEN F2
Bz g AR 22 I/ AzHo EAsh: g-=FY £-1,3 H B-14 2EIAI= 7&’3~
Zhaiete] R} NSPYl -2 77he ARAY 2819 5 F9RE 2ot ofF
N p-IRS A3 ) AES DAY, BT 9 70 Goas] 2080 THES AT

A

r>~l

8 4A (exogenous enzymes)

ba il

(]

olt F[E il

S A90E FTH A B2 A9 4L B2 A9 B P 42 A
o AgdolAE B B4V o ofe) AR FAE BAZOR ABTA AL S f14
Ze)TAE S TH9l2 Fustel A4S A7 FEL AEITIO]Aendoglucanase),
g2 A59 NBY Tao] 489 BEY L M2e|oA BHNE ATl
(exoglucanase), Z12] 3L AZH| QA 5 ﬂ_ﬂ‘:}—- Irgog Bl g-2 270 AE &4
ek AEH |49 7 F3 Abr § NDCY o] &&= /MAsta, A4 #aitee A
ngEe] A 71ds Z8Fo] oy ] A JF49 olgaeS S7MIE & Atk 8 Hopk
Az FHeste S, A%, ovld 59 YTAaE TEAA AT 45 STk 7]of%
oZH At W T4 &8o] /AH tet Bt g5 A Faverage daily gain)T} AR 8
T-8(feed conversion ratio)°] /|AEE AT BUET Qth ESH AA o]l&EEL |A5HA
i U A4 9 9 HlE A50E 9% 1A 873 FokE 28 4 Jle 7ol A7)
71& AFoIM AFEHURO] oF LS A ANShe 54 BEAlE 9 aaAd His) 4
& 9] AeAES S8 AlUAl adE 29 7hsAde] Ak

H

ol

ool MU wE SY

Kol g9 olsketa Faoh HEe wa B4 9 HAe] g At oixeh g ]
o F03 9L Tk AA fely 2skaso] ofsh LEA g Aol ft a5
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7|83} A5 225k0] JoFAo] At W B2 A5t AAHQ
ATl BAE S QIeH31,32]. 24004 Aol 9] oF 20%-25%7te] A
o , WAl 22 iz ofFsto A nlgEe] s da #EE AA
HoH58]. tF v ELS Ao -5 A to] ofAN| El(acetate), ZZI]-2AH(propionate),
123 RE| 24k butyrate)} 22 FQ AL AREQl SCFAE /g8t o]9jof| e 2Ak(lactate) T
o, oiteteta, Wgn T TEAE HAMMEER AGEY. OF FEEARZ A AL
F8 olvzger Agstn, g Huto] 24 MPAT A A AHH o R ]oqgi
142 & Bl AHE SCFAL 3 ATAE JUALOE 1 gF O 3559 keald]
& oA (gross energy, GE)E Al&3laL, %44+ fFAINHA 8779 oF 30%E AT &
AeHs9,601. A2 golA] ol g bsd B BalE Holdft Amd 5P BoE

ol m {4 old A oF 10%-24%S 352 o A2H, SN FUE F714ES 1%-4%
o] tiAtdAE i7}7‘4 o2 ATE 4 AH2]. HA B SCFAS FAFS W 99% °14
o] tiolA FrElon, RO HiHdE & 1% nlvto|itt. o] HA| T (hindgut)2]
$-4=3t SCFA thA '5@"3_ U, SCFAZE 83t oluA|f oA Jgetd 7HE Adtt
© A& AARIH61].

& U gt vE2 A bE 71E0 Higt 249 A2 =E 7RItk SA4=00A Aol
f+ Aol& FoAY AL, Lactobacilli®} Bifidobacteria®t T2 A Yoz AEZA Ef<l
Ruminococcus, Fibrobacter, S| U|AAESZA B Prevorella, Roseburia®t 24 E7 Alo]HH8 B
4 S99 S 44T . IS IR Aol A SCrAg Bao)

3 folge Ay F4E FNToRA B
A7

fl
A
it
4
-d

o

P

F

i)
i
},i
=
e
aw
mlm

=
[¢)
o] VS BHL Z7PATIL W, BEA Aol Bh

A]O]}ﬂ OL H]E_Zﬂ, Bﬂ'—gﬂ] I:IE =20 — v =NIN =
SE7h Lea HG ole mAE Aol AdtElo] Eohgo] e AL HeltH47)

53], HA AmdEs *}%ﬂ—t— Uubzol TEO| FQ NSPQ ofghu| At Ueta} p-ZF27HS
tgolla 4 wg 71d2 2gsto] SCFA A4S 24sie, & A& 7H Hle Ay ¥a
e vdE 2 2ol 9FE vlAlE A2E Busg Ao] ff w2 dR7] Ak (dietary

apparent viscosity, 1.21 cp)?} =2 -2 FZF of ofZhu| =} UTH0.46) H|-E 272 431E9] %
W AT AZRE st vlEY HRa o85S =Y 4 AUt o9, AW AE tHANE
ZABH= Christensenellaceae, F-E]2AL A

Ab AAFER] Lachnospiraceae, SCFA A3/ Ex 9 2| pH
LIl 71015 Shutrleworsbia 2 ST Weelote] HH FRES AL HE
UERTHe4]. T12fut o]2f3t ojalehy 4L 4 A B fiab &S EF—% AA 2g s
o olong, X9 R DAt g0 F&of| g APEskE Aol High Mk A= sof
Ste}. ofu| Ao A 542 F2 AP0 FE2AE AAske 71ER 285,
ol A S AN FE TR I A4S ’%‘* ShaL, iAol A= FE 24t o] 7]oqet
tHos). SHE] 5588 Fefo] ol A det Fol Wy U] 5 SCFASH S oJul3)

A Z7MAFH T ESH ofgH| =AU Bojjof EEO] T= Prevotella intermedia, P. disiens, P.
ruminicola 59 ZXRT7} 271011, BE|Z2AF A9l Clostridial cluster IV(Faecalibacterium
prausnitzii)2} cluster XIVa(Ruminococcus obeum, Blautia producta)®] 57} wotth. Fw9
7t Qo= Tl e g B et p-AHEE YAk Clostridium difficile, C. perfringens,
Bactersides fiagilis 2730] S2I018HA AR08, A pHE ol 1 A% £4 2 95 G
Sk Escherichia coli, Desulfovibrio sp., Fusobacteria 5 Srolldt 2 A4 B9 A48 S5
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&= di2o] vls] 2A UebgTHe6]. ot kA A7t Aol S Folet S EolA HiERT v
W, 29 29 U 5 2golA =il Fgo] of 3—5HH SISl 71,
Faccalibacterium  prausnitzii, Roseburia  intestinalis, Blautia  coccoides—Eubacterium  rectale,

Bifidobacterium spp., Lactobacillus spp.2] $7F F-2u|sHA S7kstATH67]. Ab= W p-2F719]
57k Z4Ee] W2 o o O] AEe] AR ATE FANT G FURG 2F Tl
4318 WBC Z711910m, 2% Wiel gel A% PUdla: 45189 4E 7} 84
o HebiA B ohe 145 4o oo 5] A 30} 2a Al
B-2 379 BZ22 Lactobacilli, Bifidobacterium 9 7]} BE|2AF JAH9 A
L 0% Ueiith 098 40X 40120 HES Z7HAIA G B
AoH, F2 FAwe] o T 9 2H 27 F9 S i ARkFolA wia
2 opEAk} B2 24k A4k Zlelgte). o] U A (mucus layer) 33}
2 A Vs FIAA A= B AT vdE 280 IS vITH68]. FARIALt 2

WEHO] £ HRUL W o £ SCFA YL FEsH Ao BuHLe] 4F
9 0% o 2552 G2 G GRS AN B2 GRS, R} 20 A28
BT AR B W EIgET oopgel Sbe F¥S B mesologa

(prebiotics) 2 7|5 q,
TFEE A F2 i FHHRolA LA TRy,
9gee Holth

RRAAET S5 S TYFOT T ARE FHEN FIBE o, 4 A
MRS AT HA W D 2% Aol av BE] Yo} Aol MY SCFA B=
7 4G RE Fol o] S5 S71e A%E Rath 2% ANEOIN 24E % SCFA
B 99.82% % OFA|EAL 55%, LZ2u2AF 19%, HE|ZAF 20%P oW, SLFHE Folitd)
t=A AgoAE 2 SCFA =8 Bk B3 AR Folde S5 Foi2ol
H|g] ol EAL H|EL AA o R Ao HE|ZAF S-S oF o] 27131 S22 BT}
[41]. Aol 9= nAE T8 P qFH e 3 S AEolM FAA
A ZA Y &8 7Hs/dE AAIBIL k. wWebA, et Aol o] ek & dw 29
ol AUl e 24 Wl vAe dFol U F5 AT S AR A A2

A = 9l 2271 2 5 9o

©
7Fs/gel AtH41,70-72]. ¥H, AERAE g-(1—4) ST IAPIE A
v}

2o Hls) ddidos me W2

ﬂl

:|o

MEO| XHH X7} AlQ|MOO| St
=9 ZL EHHu} [MFe 22
Moz SUTE WL W AANCR FE AGle AT BAY £4 89

Hot O%5 SA=0A 7 HidsHA B EE A9l =& (swine dysentery,
Ql Brachyspira hyodysenteriacO] 218 L E M, A HE FHISE HA

= 5 AL 22 SAEM ITHoE wastel By ) 42 Aerdn
28, oUx @ GFL9 ATTD A, 48574, Az &8 D 4% 440 3949 G
230 4 SIHH73] B Y94 ANE B0 Bl 5T Aol A2 A 48l
g5 FAZH A AAROE akEe] me 1 wgEo] F7Ie #A1E Holx girk EXelt
F2 el 293 A7) Huh EWelA Aoldo] FAstel W Hu] 371, Hokel &4 B
24 432 S JTY ABoIAE, AL WH L UAF FAo] AY BEHA
e o] BAolth. olejdt YAk B AR Ao 24, B3] Aolua 37 Yo
L W A0 BuEHI YeH74]
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=84 Aoldfe 724 544 tiFolA SDFI vls Az oz AA ZojEAY day]
© TS EUT58]. 0|z Qs B WlE HlwE B2 9 IDF7F =E5HA Hu, ol &
HEE9 F9E S7HI7IL A5 St 4 3 AZtE dSAIe =N W] o
9 A7 7o) 00T 5 Uek. BET BEA AolHRY FFS AU AT P
A9 2L 9i% 71T 28T 4 o], EAI 22 Ay Ie) I Z4S o2
71 ot £3], F49K(distillers dried grains with solubles, DDGS)°] 332 IDF= =2
9] FIZLE wol= Ul ¥FS D]id ZAog BUFQC) ok &E, B. hyodysenteriac®] 45 ST}
472 A MBS THS A% R T} 7 Fo|F Hols] o] AT 2% 7ol Holgt
Aol ehdi{7s]

FAA AREol ARtE= FAY FE A BH0NA Aol A Zs & A7 AR
A AA RN F2 T Qi) ol 2 THlgA $84 2Alo]A8o] 2H o] uhF]
, Olgd, ZEE To= 40| ot 1TEA $84 Aoldfe &4,
AubRo A w2 A Ta F o] SCFAQ 22 EH/‘]'/\}E—‘ AL, ol Y 4
12 4= Qltk. ol2f%t =84 Aol fre di FHbRo] =25l Mof g
B. hyodysenteriae 53 T2 HAFS] FHZA Eé 714L A OP”FOEIH
AFadE YeErd 4 k. AF HZep RS 22 ¥aAe] w2 diae =429 ¥
AZ1E AAAZ1LL, A AR A TP Aor BT T76]. ERL, digola
w27 Bofel= Aol 42 ZEGT ojsdo] FHG XA 7 Hejet 2tk (galactan)]
H AY9E —‘T‘—THO] 23 AFRE FoAT HAONA B. thermacidophilumTt M. elsdenii®t -2 7
2 4l = UA =47 gdo] dYEe 2de HuEIT77,78].

2, 7 Sk AR, AR ) Rt £R9} 520 Aoldg A7t
7 £4e b S Ao waE o 9o). of AT RET NAGE
2] 57 2348l §oI0|d Aol IS, BHIA] NSP, NCP, 1¢)3 A2 A9

s L}E} g, o]= B. /U,gdymmmaeg. EA Wz njPE 7k9] A%

HoH79]. T3 Basdo] w2 AiE 9 tigolA wEA day
ol 23 AlRE AT d9E HACIA 23] =47
208 UERHATH80-82]. whehAl, ©<ed] 1] Aol RS &
J‘J’\] 7IAYG AR AT 5 led, A diA 5

g 2y
= o
A7) ML Aoldao) FR} EALS v FE3

19, :‘O_n_,

rPN
19 0.9.
%W
re,
-
n%ﬂi

o] %

N

L
(%)
2
o
ol

%n

o o

¢
]

b

=
>

rlo
oy
o2
ol i
pou)
lo =&
U

o,
-{Nv Hir
X

DL
=
4? >
&N
EE)
-

[e]
e
gﬁ
w2
E
jg
=

;O
o rlr

Ay HI
oyt
f

o
n:]ru
Mo
£ o
§) [_ﬂcj =
= ju %
gl
o/f}
5%

L )
s
X

oo

o,

iz}

5

K

kl

)

e
o
_r;

]_

i
fol
fr

[ S O -
_c‘)L

AEAOR Aolft 43182 AL Mol 4% Yoy BaRast $EU BeI5R
PACIAL GIFRIAR 1Tl FAT, Hols AP Aol 4y Folrt A A% B4,
WA Y, B4 N, B 25 A% 5 ofd 33H AnE dehin 1 Fa4ol ¥R
A AAR R YA Agol AREAL FAEE 34 014 Aol
FYAZT DAL & Ak U G Aoz FRUT Uk E, A 9 42
L P94 RS B8N J1E 2 VN A dES gAsk

AR W89 WEATH S8 5 U AP AR ANED Ytk Aol et F2 A=) Ax
B2 TS T BAR, AR ) W7t 2 F2H B4 det A Gl et
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ol5Fo WS- fEaH, ol F HSEe WA Y P49 Holol uet 1 it gebd
S o JEd, RHES YO T Aolif thA WAUZ, B nlgEE sk e
27%0] FPHE AF Fof 22 BT AAH AL 0FH Aol F471E AR
Yol 71 A IR D 25 Ad AAVE PIIFHL FRE A BAZ, o] 4719
Q% Bt FE GAA P A% 2T F30] glol A HTL Sk webA T
AoF 8740 A SHES GO Aol fo) A /1) e 77t A%H 0z She
o, ol AlRH] S B2 B9 A% F7, B 3 A, U Uobrt 2ulxjolA erast

A AT £ e FAES ATcte © 2A 7198+ AE AR JdEs.

REFERENCES

1. Grzeskowiak E, Saliu EM, Martinez-Vallespin B, Aschenbach JR, Brockmann GA, Fulde M,
et al. Dietary fiber and its role in performance, welfare, and health of pigs. Anim Health Res
Rev. 2022;23:165-93. https://doi.org/10.1017/51466252322000081

2. Bach Knudsen KE. The nutritional significance of “dietary fibre” analysis. Anim Feed Sci
Technol. 2001;90:3-20. https://doi.org/10.1016/50377-8401(01)00193-6

3. Jha R, Berrocoso JD. Review: dietary fiber utilization and its effects on physiological functions
and gut health of swine. Animal. 2015;9:1441-52. https://doi.org/10.1017/51751731115000919

4. Bell JM, Keith MO. Effect of pig weight and barley hulls on the digestibility of energy, protein
and fiber in wheat, corn and hulless barley diets. Nutr Res. 1991;11:1307-16.
https://doi.org/10.1016/S0271-5317(05)80549-4

5. Lasek O, Barteczko J, Augustyn R, Smulikowska S, Borowiec F. Nutritional and energy value
of wheat cultivars for broiler chickens. J Anim Feed Sci. 2011;20:246-58. https://doi.org/
10.22358/jafs/66182/2011

6. Jaworski NW, Liu DW, Li DF, Stein HH. Wheat bran reduces concentrations of digestible,
metabolizable, and net energy in diets fed to pigs, but energy values in wheat bran determined
by the difference procedure are not different from values estimated from a linear regression
procedure. J Anim Sci. 2016;94:3012-21. https://doi.org/10.2527/jas.2016-0352

7. National Research Council. Nutrient requirements of swine. 11th revised edition. Washington,
DC: The National Academies Press; 2012. https://doi.org/10.17226/13298

8. Pedersen MB, Dalsgaard S, Knudsen KEB, Yu S, Larke HN. Compositional profile and variation
of distillers dried grains with solubles from various origins with focus on non-starch polysaccharides.
Anim Feed Sci Technol. 2014;197:130-41. https://doi.org/10.1016/j.anifeedsci.2014.07.011

9. Lv Z, Zhang Z, Wang F, Guo ], Zhao X, Zhao ]. Effects of dietary fiber type on growth
performance, serum parameters and fecal microbiota composition in weaned and
growing-finishing pigs. Animals (Basel). 2022;12:1579. https://doi.org/10.3390/ani12121579

10. Zhang G, Zhao ], Liu L, Zhang S. Effects of Clostridium butyricum and corn bran supplementation
on growth performance, nutrient digestibility, faecal volatile fatty acids and microbiota in weaned
pigs. J Appl Anim Res. 2020;48:313-9. https://doi.org/10.1080/09712119.2020.1789646

11. CVB. CVB Feed Table 2021: chemical composition and nutritional values of feedstuffs.
Wageningen: CVB; 2021.

12. Kamal-Eldin A, Lerke HN, Bach Knudsen KE, Lampi AM, Piironen V, Adlercreutz H, et
al. Physical, microscopic and chemical characterisation of industrial rye and wheat brans from
the Nordic countries. Food Nutr Res. 2009;53:1912. https://doi.org/10.3402/fnr.v53i0.1912

13. Homann C, Wilke V, Eckey I, Chuppava B, Kaltschmitt M, Zimmermann A, et al. Rye

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



SYE0AM Aol1ER &

2
=]

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

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31

bran as a component in the diets of lactating sows - effects on sow and piglet performance.
Animals (Basel). 2024;14:380. https://doi.org/10.3390/ani14030380

Bell JM, Keith MO. Effects of barley hulls, dietary protein level and weight of pig on
digestibility of canola meal fed to finishing pigs. Can J Anim Sci. 1988;68:493-502.
https://doi.org/10.4141/cjas88-055

Van Soest PJ, Robertson JB, Lewis BA. Methods for dietary fiber, neutral detergent fiber,
and nonstarch polysaccharides in relation to animal nutrition. J Dairy Sci. 1991;74:3583-97.
https://doi.org/10.3168/jds.50022-0302(91)78551-2

Knudsen KEB. Carbohydrate and lignin contents of plant materials used in animal feeding.
Anim Feed Sci Technol. 1997;67:319-38. https://doi.org/10.1016/50377-8401(97)00009-6
Crocker LM, DePeters EJ, Fadel JG, Essex SE, Perez-Monti H, Taylor SJ. Ash content of
detergent fibers in feeds, digesta, and feces and its relevance in fiber digestibility calculations.
J Dairy Sci. 1998;81:1010-4. https://doi.org/10.3168/ds.50022-0302(98)75662-0

Fahey GC Jr, Novotny L, Layton B, Mertens DR. Critical factors in determining fiber
content of feeds and foods and their ingredients. J AOAC Int. 2019;102:52-62.
https://doi.org/ 10.5740/jaoacint.18-0067

Pedrazzani C, Viscusi P, Fuso A, Caligiani A. Development of a protocol for fractionating
and characterising fibres from lignocellulosic food waste. Food Chem X. 2024;22:101501.
https://doi.org/10.1016/j.fochx.2024.101501

Trowell H. Crude fibre, dietary fibre and atherosclerosis. Atherosclerosis. 1972;16:138-40.
https://doi.org/10.1016/0021-9150(72)90017-2

Trowell H. Definition of dietary fiber and hypotheses that it is a protective factor in certain
diseases. Am ] Clin Nutr. 1976;29:417-27. https://doi.org/10.1093/ajcn/29.4.417

Trowell H, Burkitt D. Refined carbohydrate foods and disease. In: Burkitt DP, Trowell HC,
editors. San Diego, CA: Academic Press; 1975.

Alimentarius C. Guidelines on nutrition labelling CAC/GL 2-1985. Rome: FAO; 2010.
Devries JW. On defining dietary fibre. Proc Nutr Soc. 2003;62:37-43. https://doi.org/
10.1079/PNS2002234

McCleary BV, DeVries JW, Rader JI, Cohen G, Prosky L, Mugford DC, et al
Determination of insoluble, soluble, and total dietary fiber (CODEX definition) by
enzymatic-gravimetric method and liquid chromatography: collaborative study. ] AOAC Int.
2012;95:824-44. https://doi.org/10.5740/jaoacint.CS2011_25

Knudsen KEB. Fiber and nonstarch polysaccharide content and variation in common crops
used in broiler diets. Poult Sci. 2014;93:2380-93. https://doi.org/10.3382/ps.2014-03902
Moughan PJ, Hendriks, WH. Feed evaluation science. Wageningen: Wageningen Academic
Publishers; 2018.

Dhingra D, Michael M, Rajput H, Patil RT. Dietary fibre in foods: a review. J Food Sci
Technol. 2012;49:255-66. https://doi.org/10.1007/s13197-011-0365-5

McCleary BV, Cox ], Ivory R, Delaney E. CHAPTER 6: definition and analysis of dietary
fiber in grain products. Cambridge: Royal Society of Chemistry; 2019.

Navarro DMDL, Abelilla JJ, Stein HH. Structures and characteristics of carbohydrates in
diets fed to pigs: a review. ] Anim Sci Biotechnol. 2019;10:39. https://doi.org/10.1186/
s40104-019-0345-6

Collins HM, Burton RA, Topping DL, Liao ML, Bacic A, Fincher GB. Review: variability
in fine structures of noncellulosic cell wall polysaccharides from cereal grains: potential

importance in human health and nutrition. Cereal Chem. 2010;87:272-82. https://doi.org/

https://doi.org/10.5187/ait.2500016



Goo and Lee

https://doi.org/10.5187/ait.2500016

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

10.1094/CCHEM-87-4-0272

Zhang D, Williams BA, Mikkelsen D, Li X, Keates HL, Lisle AT, et al. Soluble
arabinoxylan alters digesta flow and protein digestion of red meat-containing diets in pigs.
Nutrition. 2015;31:1141-7. https://doi.org/10.1016/j.nut.2015.03.006

Gerrits WJJ, Bosch M, van den Borne JJGC. Quantifying resistant starch using novel, in
vivo methodology and the energetic utilization of fermented starch in pigs. ] Nutr.
2012;142:238-44. https://doi.org/10.3945/jn.111.147496

McDougall GJ, Morrison IM, Stewart D, Hillman JR. Plant cell walls as dietary fibre: range,
structure, processing and function. J Sci Food Agric. 1996;70:133-50. https://doi.org/
10.1002/(SICI)1097-0010(199602)70:2<133::ATD-JSFA495>3.0.CO;2-4

Prosky L, Asp NG, Schweizer TF, Devries JW, Furda I. Determination of insoluble and
soluble dietary fiber in foods and food products: collaborative study. ] AOAC Int.
1992;75:360-7. https://doi.org/10.1093/jaoac/75.2.360

Hooda S, Metzler-Zebeli BU, Vasanthan T, Zijlstra RT. Effects of viscosity and fermentability
of dietary fibre on nutrient digestibility and digesta characteristics in ileal-cannulated grower
pigs. Br J Nutr. 2011;106:664-74. https://doi.org/10.1017/50007114511000985

Lee GI, Hedemann MS, Jergensen H, Bach Knudsen KE. Influence of dietary fibre on nutrient
digestibility and energy utilisation in growing pigs fed diets varying in soluble and insoluble
fibres from co-products. Animal. 2022;16:100511. https://doi.org/10.1016/j.animal.2022.100511
Owusu-Asiedu A, Patience JF, Laarveld B, Van Kessel AG, Simmins PH, Zijlstra RT.
Effects of guar gum and cellulose on digesta passage rate, ileal microbial populations, energy
and protein digestibility, and performance of grower pigs. ] Anim Sci. 2006;84:843-52.
https://doi.org/10.2527/2006.844843x

Rainbird AL, Low AG. Effect of guar gum on gastric emptying in growing pigs. Br J Nutr.
1986;55:87-98. https://doi.org/10.1079/BJN19860013

Schop M, Jansman AJM, de Viies S, Gerrits WJJ. Increased diet viscosity by oat B-glucans
decreases the passage rate of liquids in the stomach and affects digesta physicochemical properties
in growing pigs. Animal. 2020;14:269-76. https://doi.org/10.1017/S1751731119001824
Martinez-Puig D, Castillo M, Nofrarias M, Creus E, Pérez JF. Long-term effects on the
digestive tract of feeding large amounts of resistant starch: a study in pigs. ] Sci Food Agric.
2007;87:1991-9. https://doi.org/10.1002/jsfa.2835

Liu T, Zhen X, Lei H, Li J, Wang Y, Gou D, et al. Investigating the physicochemical characteristics
and importance of insoluble dietary fiber extracted from legumes: an in-depth study on its biological
functions. Food Chem X. 2024;22:101424. https://doi.org/10.1016/j.fochx.2024.101424
Rosenfelder P, Eklund M, Mosenthin R. Nutritive value of wheat and wheat by-products in pig
nutrition: a review. Anim Feed Sci Technol. 2013;185:107-25. https://doi.org/10.1016/j.anifeedsci.
2013.07.011

Torres-Pitarch A, Gardiner GE, Cormican P, Rea M, Crispie F, O'Doherty JV, et al. Effect
of cereal fermentation and carbohydrase supplementation on growth, nutrient digestibility and
intestinal microbiota in liquid-fed grow-finishing pigs. Sci Rep. 2020;10:13716.
https://doi.org/10.1038/s41598-020-70443-x

Do S, Jang JC, Lee GI, Kim YY. The role of dietary fiber in improving pig welfare. Animals.
2023;13:879. https://doi.org/10.3390/ani13050879

Jaworski NW, Lerke HN, Bach Knudsen KE, Stein HH. Carbohydrate composition and
in vitro digestibility of dry matter and nonstarch polysaccharides in corn, sorghum, and wheat
and coproducts from these grains. ] Anim Sci. 2015;93:1103-13. https://doi.org/

http://www.e-ait.org | 49



SYE0AM Aol1ER &

2
=]

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

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.
60.

61.

62.

10.2527/jas.2014-8147

Montagne L, Pluske JR, Hampson DJ. A review of interactions between dietary fibre and
the intestinal mucosa, and their consequences on digestive health in young non-ruminant
animals. Anim Feed Sci Technol. 2003;108:95-117. https://doi.org/10.1016/S0377-8401(03)
00163-9

Nguyen N, Jacobs M, Li J, Huang C, Li D, Navarro DMDL, et al. Technical note:
concentrations of soluble, insoluble, and total dietary fiber in feed ingredients determined
using Method AOAC 991.43 are not different from values determined using Method
AOAC 201143 with the AnkomTDF Dietary Fiber Analyzer. ] Anim Sci
2019;97:3972-83. https://doi.org/10.1093/jas/skz239

Patience JF, Rossoni-Serdo MC, Gutiérrez NA. A review of feed efficiency in swine: biology
and application. ] Anim Sci Biotechnol. 2015;6:33. https://doi.org/10.1186/s40104-015-0031-2
Choct M, Dersjant-Li Y, McLeish J, Peisker M. Soy oligosaccharides and soluble non-starch
polysaccharides: a review of digestion, nutritive and anti-nutritive effects in pigs and poultry.
Asian-Australas ] Anim Sci. 2010;23:1386-98. https://doi.org/10.5713/ajas.2010.90222

Le Goff G, Noblet J. Comparative total tract digestibility of dietary energy and nutrients
in growing pigs and adult sows. J Anim Sci. 2001;79:2418-27. https://doi.org/10.2527/
2001.7992418x

Casas GA, Stein HH. Gestating sows have greater digestibility of energy in full fat rice bran
and defatted rice bran than growing gilts regardless of level of feed intake. ] Anim Sci.
2017;95:3136-42. https://doi.org/10.2527/jas.2017.1585

Lowell JE, Liu Y, Stein HH. Comparative digestibility of energy and nutrients in diets fed
to sows and growing pigs. Arch Anim Nutr. 2015;69:79-97. https://doi.org/10.1080/1745039X.
2015.1013664

Shi XS, Noblet J. Digestible and metabolizable energy values of ten feed ingredients in growing
pigs fed ad libitum and sows fed at maintenance level; comparative contribution of the hindgut.
Anim Feed Sci Technol. 1993;42:223-36. https://doi.org/10.1016/0377-8401(93)90100-X
Longland AC, Low AG, Quelch DB, Bray SP. Adaptation to the digestion of non-starch
polysaccharide in growing pigs fed on cereal or semi-purified basal diets. Br J Nutr.
1993;70:557-66. https://doi.org/10.1079/BJN19930148

Knudsen KEB, Jorgensen H. Intestinal degradation of dietary carbohydrates - from birth to
maturity. Digestive physiology of pigs. In: Proceedings of the 8th Symposium, Swedish
University of Agricultural Sciences, 2001 Jun 20-22; Uppsala, Sweden.

Le Gall M, Serena A, Jorgensen H, Theil PK, Knudsen KEB. The role of whole-wheat grain
and wheat and rye ingredients on the digestion and fermentation processes in the gut: a model
experiment with pigs. Br J Nutr. 2009;102:1590-600. https://doi.org/10.1017/50007114509990924
Knudsen KEB, Lerke HN, Ingerslev AK, Hedemann MS, Nielsen TS, Theil PK. Carbohydrates
in pig nutrition ~ recent advances. ] Anim Sci. 2016;94:1-11. https://doi.org/10.2527/jas.2015-9785
McDonald P. Animal nutrition. Noida: Pearson Education India; 2002.

Varel VH, Yen JT. Microbial perspective on fiber utilization by swinel. J Anim Sci.
1997;75:2715-22. https://doi.org/10.2527/1997.75102715x

Jorgensen H, Larsen T, Zhao XQ, Eggum BO. The energy value of short-chain fatty acids infused
into the caecum of pigs. Br ] Nutr. 1997;77:745-56. https://doi.org/10.1079/BJN19970072
Heinritz SN, Weiss E, Eklund M, Aumiller T, Louis S, Rings A, et al. Intestinal microbiota and
microbial metabolites are changed in a pig model fed a high-fat/low-fiber or a low-fat/high-fiber
diet. PLOS ONE. 2016;11:¢0154329. https://doi.org/10.1371/journal. pone.0154329

https://doi.org/10.5187/ait.2500016



Goo and Lee

https://doi.org/10.5187/ait.2500016

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Pandey S, Kim ES, Cho JH, Song M, Doo H, Kim S, et al. Swine gut microbiome associated
with non-digestible carbohydrate utilization. Front Vet Sci. 2023;10:1231072. https://doi.org/
10.3389/fvets.2023.1231072

Yong F, Liu B, Li H, Hao H, Fan Y, Datsomor O, et al. Relationship between dietary
fiber physicochemical properties and feedstuff fermentation characteristics and their effects
on nutrient utilization, energy metabolism, and gut microbiota in growing pigs. ] Anim Sci
Biotechnol. 2025;16:1. https://doi.org/10.1186/s40104-024-01129-x

Tiwari UP, Singh AK, Jha R. Fermentation characteristics of resistant starch, arabinoxylan,
and B-glucan and their effects on the gut microbial ecology of pigs: a review. Anim Nutr.
2019;5:217-26. https://doi.org/10.1016/j.aninu.2019.04.003

Belobrajdic DP, Bird AR, Conlon MA, Williams BA, Kang S, McSweeney CS, et al. An
arabinoxylan-rich fraction from wheat enhances caecal fermentation and protects colonocyte
DNA against diet-induced damage in pigs. Br J Nutr. 2012;107:1274-82. https://doi.org/
10.1017/50007114511004338

Nielsen TS, Lerke HN, Theil PK, Serensen JF, Saarinen M, Forssten S, et al. Diets high
in resistant starch and arabinoxylan modulate digestion processes and SCFA pool size in the
large intestine and faecal microbial composition in pigs. Br J Nutr. 2014;112:1837-49.
https://doi.org/10.1017/5000711451400302X

Drochner W, Kerler A, Zacharias B. Pectin in pig nutrition, a comparative review. ] Anim
Physiol Anim Nutr. 2004;88:367-80. https://doi.org/10.1111/j.1439-0396.2004.00490.x
Bach Knudsen KE, Hansen 1. Gastrointestinal implications in pigs of wheat and oat fractions.
1. Digestibility and bulking properties of polysaccharides and other major constituents. Br
J Nutr. 1991;65:217-32. https://doi.org/10.1079/BJN19910082

Brown I, Warhurst M, Arcot ], Playne M, Illman RJ, Topping DL. Fecal numbers of
bifidobacteria are higher in pigs fed Bifidobacterium longum with a high amylose cornstarch
than with a low amylose cornstarch. J Nutr. 1997;127:1822-7. https://doi.org/10.1093/
jn/127.9.1822

Fuentes-Zaragoza E, Sinchez-Zapata E, Sendra E, Sayas E, Navarro C, Fernindez-Lépez
J, et al. Resistant starch as prebiotic: a review. Starch. 2011;63:406-15. https://doi.org/
10.1002/star.201000099

Giuberti G, Gallo A, Moschini M, Masoero F. New insight into the role of resistant starch in pig
nutrition. Anim Feed Sci Technol. 2015;201:1-13. https://doi.org/10.1016/j.anifeedsci.2015.01.004
Helm ET, Lin §J, Gabler NK, Burrough ER. Brachyspira hyodysenteriae infection reduces
digestive function but not intestinal integrity in growing pigs while disease onset can be mitigated
by reducing insoluble fiber. Front Vet Sci. 2020;7:587926. https://doi.org/10.3389/
fvets.2020.587926

Hampson DJ, Burrough ER. Swine dysentery and Brachyspira colitis. In: Zimmerman JJ,
Karriker LA, Ramirez A, Schwartz KJ, Stevenson GW, Zhang ], editors. Diseases of Swine.
Hoboken, NJ: John Wiley & Sons; 2019. p. 951-70.

Wilberts BL, Arruda PH, Kinyon JM, Frana TS, Wang C, Magstadt DR, et al. Investigation
of the impact of increased dietary insoluble fiber through the feeding of distillers dried grains
with solubles (DDGS) on the incidence and severity of Brachyspira-associated colitis in pigs.
PLOS ONE. 2014;9:¢114741. https://doi.org/10.1371/journal.pone.0114741

Helm ET, Gabler NK, Burrough ER. Highly fermentable fiber alters fecal microbiota and
mitigates swine dysentery induced by Brachyspira hyodysenteriae. Animals. 2021;11:396.
https://doi.org/10.3390/ani11020396

http://www.e-ait.org | 51



SYE0AM Aol1ER &

2
=]

52 | nttp://www.e-ait.org

77.

78.

79.

80.

81.

82.

83.

84.

85.

Thomsen LE, Knudsen KEB, Jensen TK, Christensen AS, Moller K, Roepstorff A. The effect
of fermentable carbohydrates on experimental swine dysentery and whip worm infections in
pigs. Vet Microbiol. 2007;119:152-63. https://doi.org/10.1016/j.vetmic.2006.09.004

Molbak L, Thomsen LE, Jensen TK, Bach Knudsen KE, Boye M. Increased amount of
Bifidobacterium thermacidophilum and Megasphaera elsdenii in the colonic microbiota of
pigs fed a swine dysentery preventive diet containing chicory roots and sweet lupine. ] Appl
Microbiol. 2007;103:1853-67. https://doi.org/10.1111/j.1365-2672.2007.03430.x

Lee GI, Skou Hedemann M, Borg Jensen B, Bach Knudsen KE. Influence of infection with
Brachyspira hyodysenteriae on clinical expression, growth performance, and digestibility in
growing pigs fed diets varying in type and level of fiber. ] Anim Sci. 2022;100:skac066.
https://doi.org/10.1093/jas/skac066

Kirkwood RN, Huang SX, McFall M, Aherne FX. Dietary factors do not influence the
clinical expression of swine dysentery. Swine Health Prod. 2000;8:73-6.

Durmic Z, Pethick DW, Mullan BP, Accioly JM, Schulze H, Hampson DJ. Evaluation of
large-intestinal parameters associated with dietary treatments designed to reduce the occurrence
of swine dysentery. Br J Nutr. 2002;88:159-69. https://doi.org/10.1079/BJN2002607

Pluske JR, Durmic Z, Pethick DW, Mullan BP, Hampson DJ. Confirmation of the role
of rapidly fermentable carbohydrates in the expression of swine dysentery in pigs after
experimental infection. ] Nutr. 1998;128:1737-44. https://doi.org/10.1093/jn/128.10.1737
Cervantes-Pahm SK, Liu Y, Stein HH. Comparative digestibility of energy and nutrients
and fermentability of dietary fiber in eight cereal grains fed to pigs. J Sci Food Agric.
2014;94:841-9. https://doi.org/10.1002/jsfa.6316

Wang K, Wang Y, Guo L, Zhuo Y, Hua L, Che L, et al. Standardized ileal digestibility
of amino acids in soybean meal fed to non-pregnant and pregnant sows. ] Anim Sci
Biotechnol. 2023;14:123. https://doi.org/10.1186/540104-023-00928-y

Zhang 7Y, Zhang S, Lai CH, Zhao ]JB, Zang JJ, Huang CF. Effects of adaptation time
and inclusion level of sugar beet pulp on nutrient digestibility and evaluation of ileal amino
acid digestibility in pigs. Asian-Australas J Anim Sci. 2019;32:1414-22. https://doi.org/
10.5713/ajas.18.0181

https://doi.org/10.5187/ait.2500016



