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Abstract

In the present study, we aimed to investigate the effect of dietary supplementation of palm
kernel meal (PKM), as a fermentable carbohydrate source, on the growth performance, meat
quality, concentration of odorous compound, and changes in bacterial community in swine
manure. Swine (average initial body weight of 51.36 + 1.02 kg) were fed diet which included
three levels of PKM (0, 2 and 4%), and their manure samples were collected from the slurry pit.
Growth performance and meat quality were not affected by PKM treatments (p > 0.05). Levels
of phenols and indoles were decreased in the 2 and 4% PKM treatments compared to 0%
PKM (control; p < 0.05). Especially, compared to the control, the 2% PKM group showed
decreased levels of phenols by 35% and indoles by 34%. Among the dominant bacterial
genera, the main change in relative abundance occurred in those belonging to the Firmicutes
phylum in PKM treatments. Terrisporobacter and Clostridium were decreased in the PKM
groups compared to the control. However, the relative abundance of Intestinibacter,
AM406061_g, Coprococcus_g2, Phascolarcotobacterium, EF401875_g, Lactobacillus, and
Streptococcus were increased in the PKM group compared to control. Taken together,
administration of PKM had a beneficial effect on reducing production of odorous compounds in
swine manure, possibly by modulating the communities of predominantly carbohydrate-
utilizing bacteria in the large intestine of swine.

Keywords: bacterial community, indoles, palm kernel meal, phenols, swine manure,
volatile fatty acids
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HAEEL S, HsF, Fekge 9 AashetEolth(Le et al, 2005). ©] T FoHetE, He® H U=
e WA = H 22 220H, F2 gl Zafjof s A4t E th(Parker et al,, 2013). SA] Ab= W T

A 552 =7 Tk ol A o] thld whgof oo WA A AJ4ato] 7T e
L ol2ft S A1 EA o= Eot . 1A AR = 2] A =o17] floff o]-8E 1 qink. HZel= HIE
B, 7)2) 9 e B o] WintehEol T URS DU 520 9 B7Foted 71 3el Folal o)
TH(Yang et al,, 2013). Fa &2 FU |22 447} E-5-5 245t 71507 et 24-& A6t of
YA el DS T AL 2 I A drk(Nahm, 2003). Hi2] A= ol I as-2ta2 7Fste] gofohd 4
Ul geelE e E wolal A e AHaE daNA =AY P4k 28 5 QITh(De Lange et al.,
2010). TER2 T ool A @ Y-S S5 § F2 FAER Dol Afofoll A Az 215FEo] A4tE] 1T glom, =
A 5.8 THE /o] ARSI T L), ke 2R 14 16% L E4F 16-20%7 BR 5] A AR 72
THt(35 - 40%) 2] FEfZE /9= o] QtHAlimon, 2004). T2 HHE5-E2] Alw 2 0|85 11 Q) © ™(Singhania et al.,
2008), Z|Loll= A2t & Atm o] -2 Yo 7 o] 85 1 Qlth(Ravindran and Blair, 1992; Sulabo et al., 2013). &}
of] - W= U BlE|ore] B2 ol ot =4S AT o Al stof AU dae S AN
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Materials and Methods
AN AA Y A=

ABE ARE ) B 27 3550%, 2% B 4%) 0 2 FAE L on Hel T o 870 s 8 skt A a5
T WA AE 5136+ 102 kg VIS ES ol ik, s Befae Lot uleto 2 Hlolgly 26t #17)

250 5 2R EARIA ARSH gt
M= :‘01, & 54 L AR A3

A 1090 EGIAB A2e] AgTsoc, NBEF UL LY ABAREAA JIRAL 2
ok 0702 WiFstol(Table 1) AR 0 2 Fols|glon] ulel AR M-S 245tk A s
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CEE

S A0 ARG FjA] EA = 4TCol| A 2417 AR & HEE A 54 915 2 AP sHiAet oA 5

Atolo] SRS AFote] TA FA, EA 55 2 5 I}, 8482 Chromameter (Model
CR-210, Minolta Co., Japan) & ©]-8-6t%] Z5}oH, ojufj F 2,a%=0.921,b*=0.783 2.2 5}
. TG NPPC (1991) 71301 S]Asto] s 2AL.410] Slah S, 2 2 A S el

i
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Table 1. Chemical composition of experimental diets.

Palm kernel meal

ltems

Raw 0% 2% 4%
Chemical composition (%)
Dry matter 10.07 88.12 89.10 88.03
Crude protein 15.00 17.14 17.69 16.80
Crude fiber 19.24 3.97 3.04 4.29
Ca 0.39 0.77 0.70 0.82
P 0.60 0.52 0.50 0.52
DE (kcal/kg) 4,176 3,866 3,922 3,848
Essential amino acids (%)
Lysine 0.40 0.97 1.09 0.97
Methionine 0.24 0.25 0.25 0.26
Threonine 0.44 0.65 0.67 0.63
Valine 0.57 0.64 0.66 0.63
Isoleucine 0.40 0.57 0.60 0.57
Leucine 0.89 143 1.51 1.39
Phenylalanine 0.57 0.78 0.82 0.76
Histidine 0.25 0.42 0.44 0.40
Non-essential amino acids (%)
Aspartate 1.10 1.61 1.67 1.57
Serine 0.63 0.84 0.84 0.81
Glutamate 2.65 2.95 3.09 2.89
Glycine 0.63 0.68 0.70 0.67
Alanine 0.57 0.85 0.88 0.81
Tyrosine 0.29 0.51 0.54 0.50
Arginine 1.68 1.02 1.08 1.03
Proline 0.35 0.78 0.84 0.76
Cysteine 0.20 0.26 0.25 0.26
Dietary fiber (%)
Soluble 66.26 0.90 1.21 0.93
Insoluble 1.60 21.94 19.29 20.50

HAEE A

H&R7 2 QEF 242 loiA i 4 mLof 4 M 54FeRFE F(Sigma-Aldrich, USA) 50 uL&} HE = =gt ¢
H(Merck, Germany) 4 mL-< F7Fsto] 8t & Y4l R e]7| & o] gsto] dE=2uet 523 22otdit. 228 &
o822 DB-1 ZAH(30 m x 0.25 mm x 0.25 um, Agilent, USA)¥} FID(flame ionization detector)”} 2 H 7tAF 20t E
12 3)(6890N, Agilent, USA)E 0] 851911 FYF HE 1] 25 =250C 18] 1 split ratio=5:12 A4 5}o] &
A=t A FA A GAL, o A AT hS EA5H] flelA E 5 mLoll 25% <14k(Sigma-Aldrich,
USA) 89 1 mL& F7lste] 23t & ei&e]7]1E ol8oto] AgdS Eefotqleh. 452 0.2 um ZH
(Whatman, Sweden)E ©|-8510] 28-S A7 & HP-INNOWax ZH(30 m x 0.25 mm x 0.25 um, Agilent, USA)
3} FID7} A2 7hA 3 2 0HE 12 1](6890N, Agilent, USA)E o|-8-5t0] A | it o]mf] Q141 A& 2%
+=250C 13| split ratio= 10:1 2 A5}t
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gie|2|or 23 24
1) PCR 24 271

PCR 5Z5 95l 2 23t genomic DNA+E Fast-DNA spin kit (MP bio, USA)E ©]-85to] Ee|stal, Fite
Power-Clean DNA Clean-Up kit (MP bio, USA)E ©]-8-5Fo] A AT VIelA v3e] Mol 97k E25k= 500 -
700 bp2] HtE|2]oF 16S ribosomal RNA (16S rRNA) 542 = vl E IL2to]i M| EE o]-§5to] F-EE|Q]tt. PCR
2 XL 1HAR 95T AlA SEZE GA7H G 25HA| 2 95TC ol A 30%, 55TCollA] 30%, 72°CollA] 30x3t2] Atol &
S 303] HHESH 3 3THA 2 72 C oA 7RI f-A] 9t

2) o 2A| Y ! HlE|2|of 2 2R

uto] 2A]HAIL- 454 GS FLX EJEHE Al A A2~ Hl(Roche, USA) & BAI519] 0 B B A9 A3 (Seoul, Korea)
of| A £-35Fgich. BA ¥ AU AE UCHIME program (Edgar et al., 2011)- ©]-85}0] 97% o]AFo] AStw S 712 =
BES B3t § EzTaxon-e databaseS ©|-85to] dig|2|olE EH{0MATHKim et al., 2012). OTUs (Operational
taxonomic units)y= CD-HIT program © 2 % 2]5}%] 1!, Chaol, Shannon-Weaver, Simpson ¥ Goods library coverage
£ Mothur package= Al4F5F THSchloss et al., 2009).

E?:" BHM
o =

A% ATH= SAS (SAS, 2002) I 2 7388 0]-861o] GLM (General linear model) @] BAFEA © & B 7 A 2] 9]
ot A2 B 7k] ZFoli= Duncan (1955)9] tha- A Mol 2]t 95% folFo 2 BAskg

Results and Discussion
Ta Mozt A dEE L |20 0|2|= 23t

2] Abz= o] %‘E‘}g 0%, 2% 2 4% 147}0}04 g & 2| ZHE 2 542 FAI5E Table 201 A 2|53t =
2)9] J7E 9 §--2 A= A7ho] 2ol 7t gLl Thp > 0.05). Jaworski et al. (2014)4 AT A, S Atz o] HHERE
5% 7Voto] 3 0#6}05‘2141 war 27t Hl ol 4 2 S-o] Afgte] Zfol 7k Gigict. §HA 2 A A ket
2], Aoetal. (2011)2] AT A= HSE Atz ol & %7}0}11 -2 A ejtof vlel TErS 5% 3 7Fote] g

A

5F9S o et YIS AHZHADG; average daily gain)¥t AbR & -S(gain/feed ratio)©] AAH A7E B E3I H]|
SEARO BEF 2% E= 4% 7‘47}0}04 oot S o, Hot FSAF-S BeF 7o vlof Bt 4% H7H
oA ZHaE] A Bk 29, A7 o] A= -0 2 91 ZFo] 7t §121THKim et al.,, 2001). 1L F 7oA 2L A

2 7ke] 2k 7F glaith. Atm W JHk 7517‘246& 08 H7fsto] gojotH M2 JEE D SHY Hao ¥F=
FA| & A 02 IHHTHSeo et al., 2015).

T 27RO iR 2 W HER, UER © 24 A|Y 520 02| = 23}
2] A=l BERS 0%, 2% 2 4% 7‘47}0}04 Tott & =A HEA £l E A F o] HlER, JEF E AU
] HHA 5 2 Bl o v, T ATME Table 301] Zgelstart. Ab= Ul Hehe 71sHA] o2 A=l (EHE 0%) et
TS 7R AR CEE 2% B 4%)°0A Hs R 2 AERF T o0z AAE AT < 0.05). 53] HE
2% 741‘34'7‘7} 0% A2 7ol vlal =7 35% Y Qs 34%7F AR Qlet. watoll= =i 2] A v =] A%
2 95t oy x| el v]EA] g7 (Non-starch polysaccharides; NSP)7} To] &-3-%F]o] 9] © ™ (Montagne et al.,
2003), ©] % 78%7} WhFo|THDusterhoft et al., 1992). HAEA Tho} 28 uraetsol2.e 712 o] Ay uash

>4
2 i
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Table 2. Effect of palm kernel meal on growth performance and meat quality.

Palm kernel meal

ltems 0% 2% 2% SEM SD

Growth performance

Initial BW (kg) 50.90 52.57 50.60 1.02 4.34

Final BW (kg) 103.47 107.17 101.87 2.07 8.78

ADFI (kg/day) 2.38 249 2.49 0.04 0.15

ADG (kg/day) 0.78 0.81 0.77 0.03 0.13

Gain/feed 0.33 0.33 0.31 0.01 0.05
Carcass characteristics

Carcass weight (kg) 70.62 71.20 68.82 1.36 5.75

Carcass grade 1.83 2.00 2.00 0.06 0.24

Backfat thickness (mm) 19.00 19.00 18.00 0.84 3.55
Meat quality

Color score* 4.00 4.00 4.00 0.21 0.91

Marbling score’ 2.00 2.00 217 0.19 0.80

Firmness score” 1.50 1.33 1.50 0.15 0.62

ADFI: Average daily feed intake; ADG: Average daily gain, SEM: Standard errors of the means, SD: Standard deviation.
*1-pale pinkish gray to white; 2-grayish pink; 3-reddish pink; 4-dark reddish pink; 5-purplish red; 6-dark purplish red (NPPC,
1991).

Yisual scale which approximates the percentage of intramuscular fat content (NPPC, 1991).

1-soft; 2-firm; 3-very firm (NPPC, 1991).

= 7MAdsto] e W) WA= 0] A4k 28T 4= ATH(De Lange et al., 2010). #1212 tidol= T agohzo]
A5 ] w 2ol FU rl =2 S-S o q A o2 o] §to =4 ””H Xa%
ShE= A7Fste] gofstd Al mE2
Hajlo] o3 WA B o] PARS <] 2= %‘\E]'(Cummmgs and Macfarlane, 1991) Hﬂ% @} el EFE= T
=] o] AAFE T 27 R oo ] M AFRE A FSHE W R W p-Z &0 A7HEY] BT A
AU Goa et al., 1999). ERF HIHEA o 77t 71 /\}ii AFEE AT AR E =AY 7] T p- A&
=9 ATHES] il:J} P 5= ﬁ—?@ﬂ' ATH(Willig et al., 2005). 2 Aol A = 2] Abm W HEFS 7&17}0}04
StlS o = 1 e EAMEE Y w27t dAad 22 ] ok daselEd
”13’ 4% A2 F7FHEF 2% A2t vlof i Y HlsF 2 =7 st
chil 2] 9 o} 2 uhg ka2 o] oS T eba] OF T MFaEREEHE S A}
THOverland et al., 2011). B§ 2] Abzof| TEF H7bpo] whg Eie W 28437
THF 4% A2 L7F BHF 0% A 2]t Blof e 24He] FE7t =2 A -(p < 0.05)F A
o =Kl 7\]'017]' AUk (p > 0.05). TREI=E-2 ] | 2|olE /437 1 S 321
SHA| g}, S AARS AU HhE|2lote] Fa gt o| A o= o8- 4 Q1 O™ (Mackie et al., 1998),
ShEel ofoff Ble|ejore] Z/do] mobA W o A A = & S5 (Yu et al., 2016). FHA] 1w 0] HAY
f'_LJJr g eteolE o] S 9 HEeof et 2po 7} Q17] w=oll(Wang et al., 2004; Yang et al., 2013)
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Table 3. Effect of palm kernel meal on the phenols, indoles, and volatile fatty acids (VFAs) concentrations in swine manure.

Palm kernel meal

ltems (mg/L) 0% 2% % SEMY SD
Phenol 17.38a 10.67b 11.52b 0.96 10.01
p-Cresol 37.17a 24.61¢c 31.34b 1.26 13.07
Indole 344a 1.99b 3.25a 0.22 2.25
Skatole 6.27a 4.40b 4.30b 0.20 2.04
Phenols* 54.55a 35.28b 42.85b 1.94 20.20
Indoles’ 9.71a 6.39b 7.56b 0.34 3.53
Acetic acid 1,372 1,408 1,330 47.20 490.52
Propionic acid 293 298 310 12.34 128.23
Butyric acid 189 191 217 11.81 122.77
Valeric acid 43b 54ab 65a 3.53 36.65
iso-Butyric acid 56 60 64 2.39 24.84
iso-Valeric acid 114 127 115 517 53.67
SCFAs" 1,897 1,951 1,922 68.14 708.12
BCFAs” 170 188 179 7.41 77.00

“Phenols = Phenol + p-Cresol.
“Indoles = Indole + Skatole.

"SCFAs (short chain fatty acids) = acetic acid + propionic acid + butyric acid + valeric acid.
“BCFAs (branched-chain fatty acids) = iso-butyric acid + iso-valeric acid.

YSEM: Standard errors of the means.
?SD: Standard deviation.

Means in the same row with different letters differ statistically (p < 0.05).

He 7RI 2] 2 U S| 2]0F Ao D|2]= =2t

1) THO|ZA| Y 21}

AR o) Bt 7009 AR RS A 2 ) e elol 23] Aol S

< HFEE ooz A1 A 7]

Hg o]-goto] EAot3tt. 11 A3KTable 4), OTUs, Chaol, Simpson, Shannon-Weaver®2} Zro] vhe|| 2|of theF/d 7t
T T A7 A vl Blsl HHF 7 =2 B S B o)A Hetel e e daerskEe] 4
W e o2 o2 o] SR HA] Tkt n|EL] 42§ et A 0 2 T thMosenthin et al., 2001).

Table 4. Effect of palm kernel meal on the pyrosequencing data from swine feces.

Items Control Palm kernel meal
No. of total reads 17,427 16,695
No. of high quality reads 11,488 10,648
OTUs’ 503 569
Chao1 index* 750 883
Shannon-Weaver index’ 4.36 450
Simpson® 0.04 0.04
Goods library coverage® 0.98 0.97

YOTUs : Operational taxonomic units.

ZShannon-Weaver, Simpson (diversity index), Chao1 (richness index), Goods library coverage were calculated using the

Mothur package.
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2) dtej|2fof 23 4

Ats W) JHF 7ot B 7H0] =2 W) B 2ol 2 & 23 &0 D= A2l 5kIh(Fig. 1 and 2).
Z 237]19] Ro] BAEQlom o] F 35t 10719 B2 Firmicutes, Bacteroidetes, Proteobacteria, Tenericutes,
Lentisphaera, Actinobacteria, Fibrobacteres, TM7, Cyanobacteria 2 Spirochaetes 2 2= JTH(Fig. 1). Firmicutes
= HA] Jof| 7HaF -2 H[&(80% ©)h) 2 EASIY 2. W Bacteroidetes (5 - 10%)2} Proteobacteria (1 - 3%)7} TS
2 =2 H|&o|Ath. Firmicutes®] B-&2 H2(91%)°ll Hlol B H7H1(84%) A R Bacteroidetes}
Proteobacteria®] H]&-2 HE(6%2} 1%)°ll HIo HHE H7HH10%2} 3%)0l A =3kth Ab= W) B A 24tE =
2] & Ui e 2ot HIE o AAISHA 241571 floiA] B 2lot 4 A= & Tl = el ok lth(Fig. 2). &
508709] &o] FAE 0T o]F £5& 10719 F83t w02 B/, 2727 £°] Firmicutes <&, 7971 49|
Proteobacteria &, 547l 20| Bacteroidetes =, 4171 20| Actinobacteria =, 137]] £:0] Tenericutes <, 771 40|
Cyanobacteria %=, 57| 50 Lentisphaera 5, 471 50| Spirochaetes &, 37} 29| Fibrobacteres = 2 27 Z0] TM7
ol £5k3lt). o] & 5 32870 &o] 15 Fdatol i 15270 o] ' S o] ek EAH & Foll A AT A e
2 H8o] =2 &2 BERstY] Atm A qiztel| v|wstHS W, Firmicutes &0l 451= Terrisporobacter,
Clostridium, Eubacterium_g23, DO353929 g, AM982558 g 4-2] H]-8-0| tZof H|5|| HHl H7}7o] A Wttt o]
% Terrisporobacter 53} Clostridium 4:°) %2 H|-& 2 ZAoH=4| Terrisporobacter <5-& Peptostreptococcaceae f
ol &3t Clostridium 25 2] A7 I oA E2] = I THDeng et al., 2015). ©] BrE|2]ol= 15 o dwto]al, a3t
AFAHE-S oA Etolm AgFo] T2 u]2Abe Akttt o] vte|2]ote] W /40| Clostridium &3t fAFSHT:
(Gerritsen et al., 2014). Clostridium 22 715 20 go] A5t thi-22] o] 7t=olA| Faligt =42 itot=
Ao g deA AT YR =AEZ A AR A 9 gL AERE @ Ao WG epolE-5 Fofioto] th ¢
AL £/ sh= -2l 242 A (Girija et al., 2013). TS o] Hig| 2] o= Th -8 Bafjsho] o] A 2] =4kt
Ol =FE AYARICH Chung et al., 1975). BVH Firmicutes w0l £01= Intestinibacter, AM406061 g, Coprococcus g2,
Phascolarcotobacterium, EF401875_g, Lactobacillus, Streptococcus <53} Bacteroidetes w0l 251= Parabacteroides,
Alloprevotella, GU303868_g 439] &2 tZ7of| v|s|| |t 7ol Al =3kt Firmicutes =0l o= LE &5
2 AFadE Eollote] SR AR Aatot T2 A A4S A3 AFetTh(Belenguer et al., 2007; Daly et al.,
2012). ©] 5 Lactobacillus 22 Ao AFE 7] Aof H]5]] H-2 o F 5-9] H]-&-0] &oF# © #(Shinohara et al.,
2010), {27} Lt iRt = & A F SIS T H ot A 2]-H e 27X o] H7He Ab=E A F SIS Tl & 59 Hl&©l

100%

Spirochaetes
90%

Cyanobacteria
80%

TM7
70%

Fibrobacteres

60%
" Actinobacteria
50%

abundance (%)

" Lentisphaerae
40%

® Tenericutes

Relative

30%

B Proteobacteria
20%

® Bacteroidetes

10%

® Firmicutes
0%

Control Palm kernel meal

Fig. 1. Bacterial taxonomic compositions at phylum level in swine feces. Sequences were classified using the EzTaxon-e
database with an 80% confidence threshold.
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100% T e 100%
Coprococcus_g2 GU303868_g
90%
0% =AMI83112. ’ = Alloprevotella
80% B GU324404_ g 80% ® Prevotellaceae_uc
8 70% WEF404137_g ~ 70% ' Prevotella
A S
- 1/ - T
é 60% AM406061_g g 60% Parabacteroides
—E ® Oscillibacter TZ ® Streptococcus
5 50% z 50%
G ® Ruminococcaceae_uc © ® Lactobacillus
Qo %
% 40% ® Eubacterium_g23 % 40% " Turicibacter
) 2
£ 30% = AM9S2558 & = 30% " DQ355929_8
20% " Intestinibacter 20% ®mEF401875_g
10% ® Romboutsia 10% ® Phascolarctobacterium
" Terrisporobacter u Clostridium
0% 0%
Control Palm kernel meal Control Palm kernel meal

Fig. 2. Bacterial taxonomic compositions at genus level in swine feces. Sequences were classified at a cut off level of > 0.5%
relative abundance.

=olX THMetzler-Zebeli et al., 2011). Bacteroidetes & % -2 H|-&-& Z}A|5F= Parabacteroides <5 Bacteroides
3 -FARE EA-E 7HA] A1 Q1 th(Karlsson et al., 2011). Bacteroides 452 TRt G 45 HH|oto] Bh3lE1} Tl
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