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Abstract

The objective of the present study was to determine the effects of supplemental
xylanase and B-mannanase on the in vitro disappearance of nutrients in wheat, copra
meal, and palm kernel expellers for pigs. The ingredients were finely ground and divided
into the control and treatment groups. Treatment samples were prepared to contain 999
g/kg of a test ingredient with 1 g/kg of a xylanase product (150 xylanase unit/g in the
mixed sample), 997 g/kg of a test ingredient with 3 g/kg of a S-mannanase product (600
unit/g in the mixed sample), and 996 g/kg of a test ingredient with 1 g/kg of the xylanase
product and 3 g/kg of the B-mannanase product. The in vitro ileal disappearance (IVID)
of dry matter (DM) and crude protein (CP) was determined using a 2-step in vitro
procedure, representing the digestion and absorption processes in the stomach and
small intestine. The in vitro total tract disappearance (IVTTD) of DM and organic matter
was determined using a 3-step in vitro procedure, which additionally simulates the
digestion process in the large intestine. The magnitude of increase in IVID of DM in
copra meal by B-mannanase tended to be greater with supplemental xylanase compared
with no supplemental xylanase (interaction p = 0.056). The magnitude of increase in
IVID of DM in palm kernel expellers by B-mannanase was less with supplemental
xylanase compared with no supplemental xylanase (interaction p = 0.045). The IVID of
CP increased by supplemental 8-mannanase in copra meal (p = 0.051) and palm kernel
expellers (p = 0.042). Supplemental 8-mannanase tended to increase (p = 0.073) the
IVTTD of DM in copra meal. In conclusion, supplemental xylanase and B-mannanase
can synergistically increase ileal digestibility of DM in copra meal in contrast to palm
kernel expellers, and supplemental S-mannanase can increase the ileal digestibility of
CP in copra meal and palm kernel expellers for pigs.
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FE AFGolM AR A v F 7P & FES AAShE Ao] AbRC|EE, HA7HA At
oz Hx]9 PidE SHieshe Aol Wlf- 83 FHoITH1]. 2T A A
4 &olA &5 A HiFET 22 8 9RARY 7H0] A&H 0w A5l uEt F=&
HH?J’\}E«] 7t ESE S715tAL Qlei[2], tiAld® &80l Higt Aol HAF oAl AUTH3-
51 28y iR diAldas WA Wl aiol s EEA b= AR HEF
(non-starch polysaccharides, NSP)2] &&Fo] &t} whehi] FEALR oA A PR AREFFo] F
7red B, SR ouA] d JFa adkgo] Faete] Ex WiET 57 2 A Aste
olold % et

Arabinoxylan ¥ f-mannane A P74 &3] LA = thEA Q] NSPo|t}. Arabinoxylan
2 xylose®} arabinose”} f-1,4-2 2| FAE Ao 2 §7§5—]01 9], B-mannan B mannose
©} glucose”} B-1,4-2 T FAIE Ao ® AZAE ] YrH6]. FEAtmolA dHALERA &3] AL
S5 AR ARAES oFu 9 WL NSPE T BRI Yol FE AR %
U5 AN - 7). A NP RN 265 15 7] S,
U f-mannanase®} -2 S A= F7Fgo =4 NSPo 93t 44 JFZ £ol1, Al
Y59 T4 o84S 3&*0”\]7] T AH9]. o] A+
AN o AR oluA] 9 Ig4 akeo] FAHATL EAstATH10,11]. 3HH, 3
Aol A= xylanase & B-mannanaseE T H7161S OkE/\Pﬁ_S’J FUA Askgo] H|A
© AUA adte TAEA GRAATH12], olet HAZ AL P FESIER F7HAQ AT
£ B9 F 847 AS5AE 7hsAE 8 et ok ES xylanase®t f-mannanase®] H7t
ALY Q% B4 9 AF 4580 WAL 4o AR BT AL BEd
Aot 8 ARAIRE tAste] FEAR HigHlo| 2857 ARt 7|2AREA, H7H
ARgo] wE HiAl HEARSY YY4 o84 HIE BUIshe A2 BHAoHH13]. wekA £
Ao A= xylanase® B-mannanase®] F717F AeAta FF49] A<l Fgasts 2 A%
adkgo mAe A2AE avE Brekith

T-ol Al xylanase @ A-mannanased Z}7}

ERCTIEIE

= ﬁ?‘oﬂl\ﬂ A 84 AELS Pichia pastoriso| A FETE 150,000 xylanase unit(XU)/g<]
FAHTE A xylanase(Xylamax®, Novus International, St. Charles, MO, USA) % 200,000
umt/g-»] =& Ad p-mannanase(Dymanase®, Novus International)] It Xylanase 1 XU
pH 6.02] 50 mM trisodium citrate &5-8H2] 50C 274 Beachwood®] 0.5% xylan O Z H-E|
29 1 oM SUFE LESHE 849 FOF A5, f-mannanase 1 unit> pH 7.02] 200
mM sodium acetate FE-8N9] 50C ZA A 0.5% Locus Bean GumC 2 HE & 1 nM 3
U3 B BN Kes) Y02 FoG ARLSE U o o Bipeizion
(Table 1), U2 BES YT 2|2 B4z 7 48] ABAAT. ATL 2 « 2 2.0l
0t e, F SR (Xylanase % B-mannanase)?] {7t 75 8910 A5
t}. Xylanase A ]7= YBARR 999 g0 xylanase 1 g& H7}sto] 150 XU/g9] xylanaseE -3}

O, f-mannanase A&F= YBAFR 997 go| f-mannanase 3 g2 H7Fslo] 600 unit/g2]

lnolv r°"
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Table 1. Analyzed composition of test ingredients (as—is basis)

Item Wheat Copra meal Palm kernel expellers
Dry matter (%) 90.5 92.5 93.4
Gross energy (kcal/kg) 3,890 4,346 4,505
Crude protein (%) 12.9 20.3 16.3
Ether extract (%) 33 8.0 9.2
Ash (%) 2.7 6.1 4.0
aNDF (%) 9.2 53.3 64.7
ADF (%) 2.6 30.1 47.4

aNDF, amylase-treated neutral detergent fiber. ADF, acid detergent fiber.

B-mannanaseE THIIATE B AYFE= ARARR 996 2ol xylanase 1 g ¥ A-mannanase 3
g2 7 715k xylanase 150 XU/g Y f-mannanase 600 unit/ge SH-otF ot BE A 2|5t
A BE 9 zeno) AASLTET BE U 57150 AIWLLILL 2550

Helasts 24
9 H AFo|A 9 Ad-F4E T 2-step A4} AHH S o]gsto] HE F 2hd
o] ALjolgaskeS SHIATH14]. AR 1 g2 100-mL A2 kA0 FRAt 3o fjofA
o] A3HE WHFSH step 1914+ sodium phosphate &&-898(0.1 M, pH 6.0) 25 mL ¥ HCI
$&9(02 M) 10 mLZ A&7} E0i9le EetAT0] H7F6kgith. NaOH &1 M) € HCl
$8H(1 M) 0|83l AFeE pH 2,008 2EF the, 1 mLo] HA $8H(10 mg/mL;
250 units/mg solid, P7000, pepsin from porcine gastric mucosa; Sigma-Aldrich, St. Louis, MO,
USA)YS #7tetdtt. Bregjote] 541 A5 Yall chloramphenicol 0.5 mLE #7151,
39CE A|EE vig7IoNA 6417 FF HSHITE Step 2014 Ao A9] 4okE HHSL]
A5, sodium phosphate &5-824(0.2 M, pH 6.8) 10 mL ¥ NaOH $8£H4(0.6 M) 5 mL&
A7Vl NaOH +=8&<(1 M) 3 HCl +89(1 M)Z ]85t pH 6.8= 2H3 &, w7
olel $=8H(50 mg/mL; 4 x USP, P1750, pancreatin from porcine pancreas; Sigma-Aldrich) 1
mlZ 7ot 39CE AEE Hg7IoA 18417 &t wHket &, o] 2 95
20% sulfosalicylic acid =89 5 mL& H7lsto] 3087 A0 =Tt o]F 400 mg2] Celite?}
@G 79 o3 IFA|E(Filter Crucibles CFE Por. 2; Robu, Hattert, Germany)& ©]-8-5}0]
AHES 4ottt ETkATE 1% sulfosalicylic acidZ 24 oA, ofe-E D of| &
S 27 20 mLA 5 #of o] 22420 A7kotel Aolsich. BASo R AsEA) ke
A5R0] Y7l ATARL S0TAH 2447 AZSHEE o] SAAOIEIA 1412 B2k why
o & ARAEY FAE S45te] HEY AaFaskee ALSIAT AFAEC E2 45}
| &2 ARE 2HE 2 Aot 2EE A Qe gaskeSE ALtst. EI,
AAIolA A7k |4l f gadotd oz Ry fI de H 2EWE9 IAFFE 343
O:] 7‘:]_ U] }_H—]@HZ]/] xﬂg]g]?(]—/\ﬁl.%.g. E]_X-]O]'o:h:]‘[ls:l nE /\]E‘,] Al o-].‘%_ 31{%_@_& ?ﬂ‘é‘g

A& 9 47189 ALAZ4LTE2 3-step A4t AFHES o]-8oto] S5t Step 1
A

QL A ATHT BAIY, Al I, Tk i, g AT 5] 27
A, AlZe 0.5 g HWAl 2 T3 Fotd o] = ZHF 25 I 100 mg/mLo|gloH
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WOF AIZES step 1 % 2004 717k 2417 9 4X12E0] 9lEH16]. Step 30041 THROIA 2] 434S
wHksl7] 9al, A2 02 M9 EDTA 10 mLE 871sh1, pH 488 23s}gith. o)< n]ge
of Bulshs mAo] o Fao] A%E wus] e BF GAA(Viscomme” L,
Signa-Aldict) 05 L /134505 $BE e 7, L2 AL AN 1942 20
st Wi & ARE olFeli, 4554 gL A 94* stof BAsigon, A% A7t
(130, 6217)S AQlsta AAsIeT AT FAow A4S AT

]:

|

P22 98] URAEE 10 mm o]} RS Basen AuAR FoUAL 9
FZA A (Parr Instruments, Moline, IL, USA)E o]-&s}o] £451% 11, A&E(method 930.15), &

2 (method  990.03), 37| &(method 942.05), FA|%(method 920.39), Z3]E(method
942.05) AN A E-EA 82 (method 2002.04) D AR A EEAA-GA(method 973. 18)-‘3
AOAC(2019)0f AAE o] ofsf EAstFH17]. A48t AW o|F Jaet A/E
48, 29904 9 {75 E3F 22 IRHoE FASIH

}

]
Al

ton

o
_[01:

ol

A R SAEH

AV o AFAsRE2 ofd AFolA AARE A o]83ste] AltstATH18]. Ad HlolE
= SAS(SAS Institute, Cary, NC, USA)2Q] GLM procedureE ©|-&5}0] 4519t} Orthogonal
contrasts 0|85} xylanase &3}, f-mannanase &3} L xylanase®} f-mannanase 7H9] A5 2}
| 295 EH5t ). Xylanase®} f-mannanase 749 4528 A7t F-o§t 4%, PDIFF &
A 0 Tukeys adjustment AF§310] A2] 710] MRS SF5teict. 47 GoAL 22p0] Bapa
Foly, BAA 94 9 AFHS 47 p < 0.05 € 0.05 < p < 0102 AHsI3ct

=k

a
4 A JIF

2 Ao ARGE , opAEr B FHRY] ofuA] 9l JFA I 7180 HaH SRS
FAFOF A TH4,19-21]. oFAFElof| B-mannanase¥r H71eE 720l H]3]| xylanase Y f-mannanaseE
S J7VE W SFASREY] F7t Eo] ¢ & o] UEFTHinteraction p = 0.056; Table 2).
ObApate] 7 HRSHES] OF 60% WA 700 I NSPR f-mannan© 2 o]201 St ol
SA9] 23 1T01A] 4520] AL o] Tac 1 7140 4BAES Fala 2 9lrH22]. of
2 oFAEFO] B-mannan F Y FE0] galactoseE: BAREZR 7IA]E galactomannan©]”] &
o o]&3t ZAMEE 98] Bf-mannanase”} f-mannan FAREO| 07 ABsl=d ®Wold
7Fs/de] loBR B-mannanase¥t H7HE e SET AWE UERiA d9ke & Qlo
[23,24]. SHH, xylanase®} f-mannanaseE A AREOFS wf ofxjEle] AE A Q54T
AoIA AlHA] Bt YeRd olfi= H8SHA] ¢f oY, f-mannanase®] 71 &3f 282 S
xylanase®] YFE B& GolsH FZ 7ol Ak EFF %‘51—1—4 Hl 5ol HAUEL R

Ash J—%«] é 3 dofoto]l 940 YRS folotA dh= 5 adkeS B I
7NA9R%E & [22]. 3HH, HE A= xﬂﬂﬂxc}iﬂ*goﬂ/ﬂ xylanase®] F7F a3 9 B
-mannanase2] @7} a3 219] A5 a-go] YeRG=(p = 0.045), 8ol f-mannanase?t 7t
P& f A5HE0] F713E BHH, xylanase 2 f-mannanaseE T F715S s Q5] A5HE0]
Z7ForA] okt ofAE] xylan $leFo] o9 2F3 mannan FZ galactomannan© 2 EAol=
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Table 2. /n vitro ileal disappearance (%) of dry matter and crude protein in test ingredients

Xylanase (XU/g): 0 0 150 150 p-value

o B-Mannanase (U/g): 0 600 0 600 SEM Xylanase  B-Mannanase B)E\r/rlfan:::na;
Wheat

Dry matter 88.0 87.4 86.9 87.2 0.3 0.084 0.690 0.167

Crude protein 84.4 85.6 86.7 85.8 0.8 0.169 0.861 0.238
Copra meal

Dry matter 51.5 52.8 50.9 534 0.3 0.970 < 0.001 0.056

Crude protein 84.7 85.0 84.2 85.2 0.3 0.627 0.051 0.257
Palm kernel expellers

Dry matter 33.7° 35.4° 33.9° 34.0% 0.3 0.132 0.009 0.045

Crude protein 74.8 76.7 75.5 75.8 0.5 0.927 0.042 0.121

Each least squares mean represents 3 observations.
*l east squares of means within a row without a common superscript letter are different (o < 0.05).

XU, xylanase unit; U, unit.

https://doi.org/10.5187/ait.2500017

Ade g2 HER2 239 wylang RS F2 pure mannan FE R SAIH] w2
[25,26], ol=fgt Aol 71 FFH F22 EAo] Ao dF2 vFE + AUt

XylanaseS 7132 W WO A= A <f3FaskEo] gasdte 4T EA2T(p = 0.084),
ol 71 AToN F7he Ao} AFEISeH19). WOl ylanase H7he] B o] vk
3 o|8 L walstx] ot oyt o)A Aol AMbE Avbyl Ueld o]8L d EZxof et
assbinoxylan®] PFI 727} geh maol de WgAol ThEA et 5ol Qo
[27], A4S A8 B4 23120 HEA 4Tel Be Ao] HRA olg7h B 4 UL

RAoR FHt B £ A4 AHEE xylanasex Komagataella phaffii EHNA {3t vF
w, o) AN AFBH xylanase Baillus subtilic T 01830 ASIALH19]. 0|k 22
W R0 Aol w49 B4 273} 714 Soldo] YL vA A2 e AL vehd
J oIrH2s]. obabut W Wuke] 9ok A|LBIPASHRONA ylnased] H7F A LiERER]
&=, ol ol A-ATet AA|SFHTH12]. Xylanase®] H7F A37F UEhHA] 2 olfi=
OfAte} 5l RS arabinoxylan O] oF 3% oJotz Wob aivt 28 7|Ho] AAY Hia
o =elofety S0 8 40 HF7F AlRME ] el 2 EITH29]. ¥, A-mannanase
H7he oAbt o] A& AQelgaskES S7MIFET(p < 0.05), ol f-mannanase®] 7]
ARl B-mannan gHFo] ofAEIT} HEROA 22} oF 25% B 35%= WA £7] HEo|tH7,29].
B-Mannanase 7h= oFAHre] Zrhald A| Qo) Aska(p = 0.051) B FHFS] 2 73]
Faske(p = 0.042) B S7HARE, 7189 Eoiz did Ejasse) JFE &olsH
g AL ST 4 22 B Aol 2EEe] A Qelgacked 4T o=
&2 AUolA otvlieAte] £3k-F7t 3 TE7HA] o] R AW, gL 2 o7k n|is} of
U|AR2 obv]iedl FoRkgoly Botn]iegtz QI MAE < 7] o] sEddolA T-A
=2E 285t gL S4ske A &2 olrolHH30].

2 AFA B-mannanaseE H7ISIRAS W oFAMERe] A& A A ES SVMITIE
o] UergTHp = 0.073; Table 3). SHAIR, A J3gaskadte thaA ofAbdt 3 Fupe] AF
A g 480 M xylanase 2 -mannanase 71| 228 EIh= UERLHA] 9F9kTE. 3-Step
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Table 3. /n vitro total tract disappearance (%) of dry matter and organic matter in test ingredients

Xylanase (XU/g): 0 0 150 150 p-value

o B-Mannanase (U/g): 0 600 0 600 SEV Xylanase B-Mannanase B)E\r/rlfan:::na:e
Wheat

Dry matter 88.6 88.9 87.6 88.5 0.5 0.198 0.225 0.529

Organic matter 88.8 89.1 838.0 89.0 0.4 0.562 0.933 0.324
Copra meal

Dry matter 75.5 76.1 75.1 76.0 0.3 0.49%4 0.073 0.672

Organic matter 76.6 76.9 76.0 76.8 0.3 0.364 0.148 0.428

Palm kernel expellers
Dry matter 453 45.6 45.8 45.2 05 0.905 0.768 0.414
Organic matter 45.8 46.4 46.7 46.1 0.5 0.295 0.175 0.480

Each least squares mean represents 3 observations.
XU, xylanase unit; U, unit.

Aol ash APHAA 2-step AFWTE T2 ks B
ASkE B 3130l 2157] e, 7149 480 SIS Ao Hol 2
xylanase ¥ A-mananase®] A7} FHEYS ACE HIITHS31].

3 Qo)A Age Aoast AREL B9 A £54THL wHTHES AAH A%
Aoz, 58 AY dolHeto] 3 4UAAE 7NtoR Ane] &L AHEE 7T
Stk ST AA] BEe] A8 97 53 2L oA 291g vk o vt 28
Ao A AT xylanase P B-mananaseS HIZHH|o] 2-8517] YA F71H 0 HEAF
5o SA9) AHA, Boka o84 W AAZe] vlAE RS 2ARE Wast Utk

(]
b
§
B
@ @®
mlo
<m
o
QL
8
=
o

o rhr

<
AEZOZ xylanaseW f-mannanases A F7HS wf, ofbe: & Hulo] AE A Q3%
& 37 ]’0”7\1 AYA] 237} YyEEth f-Mannanase 7H= ofxfdba) TEtof A AE 9
u00) Ao S2TEE ST, B AL A9 ANE vz 2rdel $BA
50ll xylanase ¥ B-mananaseE &7 F7}sk= Ao HHA Y ARFAFH, Gd4 o] E A

of nA= JdFE AL eVt ik

"
s

ok
o o

REFERENCES

1. NRC. Nutrient requirements of swine. 11th ed. Washington, DC: National Academies
Press; 2012.

2. Kim H, Jang M, Park M, Park S, Kim J, Kim YY. Domestic swine farm: benefits of
reducing crude protein in swine diets. Anim Ind Technol. 2024;11:39-44.
https://doi.org/10.5187/it.2024.11.1.39

3. Son AR, Park CS, Kim BG. Determination and prediction of digestible and
metabolizable energy concentrations in byproduct feed ingredients fed to growing pigs.
Asian-Australas ] Anim Sci. 2017;30:546-53. https://doi.org/10.5713/ajas.16.0607

190 | http://www.e-ait.org https://doi.org/10.5187/ait.2500017



Oh et al.

https://doi.org/10.5187/ait.2500017

10.

11.

12.

13.

14.

15.

16.

17.

. Son J, Park N, Kim BG. Energy utilization of corn, oilseed meals, and fibrous

ingredients can be predicted by multi-sample simultaneous in vitro assay for growing
pigs. Anim Feed Sci Technol. 2024;309:115903. https://doi.org/10.1016/j.anifeedsci.
024.115903

. Kim J, Jo YY, Kim BG. Energy concentrations and nutrient digestibility of high-fiber

ingredients for pigs based on in vitro and in vivo assays. Anim Feed Sci Technol.
2022;294:115507. https://doi.org/10.1016/j.anifeedsci.2022.115507

Navarro DM, Abelilla JJ, Stein HH. Structures and characteristics of carbohydrates in diets fed
to pigs: a review. ] Anim Sci Biotechnol. 2019;10:39. hittps://doi.org/10.1186/540104-
019-0345-6

. Kwon WB, Kim BG. Effects of supplemental beta-mannanase on digestible energy and

metabolizable energy contents of copra expellers and palm kernel expellers fed to pigs.

Asian-Australas ] Anim Sci. 2015;28:1014-9. https://doi.org/10.5713/ajas.15.0275

. Park CS, Son J, Kim BG. Effects of supplemental B-mannanase on in vitro

disappearance of dry matter in feed ingredients for swine. Anim Ind Technol.
2022;9:35-40. https://doi.org/10.5187/2it.2022.9.1.35

. Liu §, Ma C, Liu L, Ning D, Liu Y, Dong B. -Xylosidase and f-mannosidase in

combination improved growth performance and altered microbial profiles in weanling
pigs fed a corn-soybean meal-based diet. Asian-Australas ] Anim Sci. 2019;32:1734-44.
https://doi.org/10.5713/ajas.18.0873

Kim JS, Ingale SL, Hosseindoust AR, Lee SH, Lee JH, Chae BJ. Effects of mannan level
and -mannanase supplementation on growth performance, apparent total tract digestibility
and blood metabolites of growing pigs. Animal. 2017;11:202-8. https://doi.org/
10.1017/51751731116001385

Cheng H, Li Z, Zhang F, Liu S, Jiang Q, Chen ], et al. Effects of xylanase on growth
performance, nutrient digestibility, serum metabolites, and fecal microbiota in growing
pigs fed wheat-soybean meal-based diets. ] Anim Sci. 2022;100:skac270. https://doi.org/
10.1093/jas/skac270

Tiwari UP, Chen H, Kim SW, Jha R. Supplemental effect of xylanase and mannanase
on nutrient digestibility and gut health of nursery pigs studied using both in vivo and
in vitro models. Anim Feed Sci Technol. 2018;245:77-90. https://doi.org/10.1016/
j-anifeedsci.2018.07.002

Koo SM, Lee E, Lee JH, Jo S, Jang JC. Assessment of feed ingredient value using
precision nutrient analysis. Anim Ind Technol. 2024;11:13-23. https://doi.org/10.
5187/2it.2024.11.1.13

Boisen S, Ferndndez JA. Prediction of the apparent ileal digestibility of protein and
amino acids in feedstuffs and feed mixtures for pigs by in vitro analyses. Anim Feed
Sci Technol. 1995;51:29-43. https://doi.org/10.1016/0377-8401(94)00686-4

Song YS, Kim H, Kim BG. Estimation of dry matter and crude protein residues
originating from exogenous digestive enzymes based on the amounts of pepsin and
pancreatin used in 2-step in vitro digestibility procedures for non-ruminants. Anim
Feed Sci Technol. 2024;309:115895. https://doi.org/10.1016/j.anifeedsci.2024.115895
Boisen S, Ferndndez JA. Prediction of the total tract digestibility of energy in feedstuffs
and pig diets by in vitro analyses. Anim Feed Sci Technol. 1997;68:277-86.
https://doi.org/10.1016/S0377-8401(97)00058-8

AOAC. Official Methods of Analysis. 21st ed. Gaithersburg, MD: Association of

http://www.e-ait.org | 191



Six|2] Alga L AHo) oot XtYUHLIOKK| = HIEH HAORK| HSH|

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

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Official Analytical ChemistsInternational; 2019.

Pham TKT, Yoo SB, Song YS, Do DL, Kim SK, Kim BG. Prediction equations for
estimating nutrient digestibility of feed ingredients based on in vitro procedures for
pigs. Anim Ind Technol. 2025;12:53-64. https://doi.org/10.5187/it.2025.12.1.53

Jo H, Sung JY, Kim BG. Effects of supplemental xylanase on in vitro disappearance
of dry matter in feed ingredients for swine. Rev Colomb Cienc Pecu. 2021;34:316-23.
https://doi.org/10.17533/udea.rccp.v34n4a08

Park KR, Park CS, Kim BG. An enzyme complex increases in vitro dry matter
digestibility of corn and wheat in pigs. Springerplus. 2016;5:598. https://doi.org/
10.1186/s40064-016-2194-5

Ha DU, Choi H, Kim BG. Supplemental protease improves in vitro disappearance of
dry matter and crude protein in feather meal and copra meal for pigs. Rev Bras Zootec.
2020;49:€20200095. https://doi.org/10.37496/rbz4920200095

Lv JN, Chen YQ, Guo XJ, Piao XS, Cao YH, Dong B. Effects of supplementation
of f-mannanase in corn-soybean meal diets on performance and nutrient digestibility
in growing pigs. Asian-Australas J Anim Sci. 2013;26:579-87. https://doi.org/10.
5713/2jas.2012.12612

Gilbert HJ, Stilbrand H, Brumer H. How the walls come crumbling down: recent
structural biochemistry of plant polysaccharide degradation. Curr Opin Plant Biol.
2008;11:338-48. https://doi.org/10.1016/j.pbi.2008.03.004

Sundu B, Kumar A, Dingle J. Feeding value of copra meal for broilers. Worlds Poult
Sci J. 2009;65:481-92. https://doi.org/10.1017/50043933909000348

Disterhoft EM, Voragen AG, Engels FM. Non-starch polysaccharides from sunflower
(Helianthus annuus) meal and palm kernel (Elaeis guineenis) meal—preparation of cell
wall material and extraction of polysaccharide fractions. ] Sci Food Agric. 1991;5:
411-22. https://doi.org/10.1002/jsfa.2740550309

Balasubramaniam K. Polysaccharides of the kernel of maturing and matured coconuts.
J Food Sci. 1976;41:1370-3. https://doi.org/10.1111/1.1365-2621.1976.tb01174.x
Whiting IM, Pirgozliev V, Bedford MR. The effect of different wheat varieties and
exogenous xylanase on bird performance and utilization of energy and nutrients. Poult
Sci. 2023;102:102817. https://doi.org/10.1016/].psj.2023.102817

Beg Q, Kapoor M, Mahajan L, Hoondal G. Microbial xylanases and their industrial
applications: a review. Appl Microbiol Biotechnol. 2001;56:326-38. https://doi.org/
0.1007/s002530100704

Alshelmani MI, Loh TC, Foo HL, Lau WH, Sazili AQ. Biodegradation of palm
kernel cake by cellulolytic and hemicellulolytic bacterial cultures through solid state
fermentation. Sci World J. 2014;2014:729852. https://doi.org/10.1155/2014/729852
Kim SW, Deng Z, Choi H. Advances of nutritional technologies and science in pig
production. Anim Ind Technol. 2024;11:45-55. https://doi.org/10.5187/ 1t.2024.11.1.45
Kong C, Park CS, Kim BG. Effects of an enzyme complex on in vitro dry matter
digestibility of feed ingredients for pigs. Springerplus. 2015;4:261. https://doi.org/
0.1186/540064-015-1060-1

https://doi.org/10.5187/ait.2500017



