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Abstract
This review provides an overview of the use of pig by-products such as bile salt and their originated bioactive
compounds. Pig by-products also increase in production as consumption of meat increases every year, but due to the
high cost of processing and the large imbalance in supply and demand over the season, they also change significantly
and rely on imported by-products with low price fluctuations. For this reason, a large amount of domestic pork by—prod-
ucts that are not consumed are being discarded. Several studies have conducted to developing the bioactive material
such as chenodeoxycholic acid (CDCA) and synthesis of ursodeoxycholic acid (UDCA) from pig by-products. CDCA can
be extracted from bile salt in mammals and used as precursors to synthesize UDCA. UDCA is well known as the gall-
bladder component of bear, and it is used as an improvement in liver function in Korea and the eastern countries.

Therefore, gallbladder, which is a by-roduct of pig slaughter, will be available as a material for acquiring bioactive com-
pounds such as UDCA.
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NE S50 Q= Aol ]2t o= 4:H|7L o|FoiR|A] &

ZANLol X188 AAtElY] 9] EEoA] AxS A 5 © A HA Fibe 2 el HYIEIL Sl Aot
Hsh= TolA] Erluals] dojx|= HEg Halmolgt 5  HWEMA 2 AdE HA] Fabs FollM E87ksAd0l w
o, GX|2 T2 0 1ol HANEo Fol u], A% = 5t o8 7heAde AR EHA HiX| FAES] B8k
2] 9 & So] QtiToldra et al, 2016). WA HAE = £ A7l Aol Fiolrh Byt oyt =] FAREo]|A
7H gho. HE.o Axsl=t], WAL 3AuS 207 Ay :"-04 S AdEoz 2 AHA ursodeoxycholic acid(UDCA)E

e T ST oG = o
ZhZE A, SEh iRk, 2%, tihos FAE H E3517] Yl FHA] @EAto| A chenodeoxycholic acid(CDCA)
F%3}1L, CDCAE ©]&35t0] UDCAE Fdoh= Ad7} &
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7} Zdsto] 712/d0] AA] g7 wizol HE FARE] B 4
W7k 2 BolRe). Aol HA HAES olg Al
At @A77} gol MW= et 1 o2 T Fxg
Bz} WS ol gstol AT BEAS 2EeA, £
2 o|gstol 220 Fekd E- Aot FFYE YR G
S g et oz, e s W Sol Ui
ARE-E21 QIthDi Bernardini et al., 2011; Jayathilakan et al.,
2012; Lafarga and Hayes, 2014; Mora et al., 2014; Toldra et
al,, 2012). &, FA] T3l AF-2 A2 Fo|Aqt YR E o]
2531 Qlth(Lee and Kim, 2009; Seo et al., 2016).
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HEAR2 AollA A, dgA E H[ES] gt AgS
Z713 Bt ofy e}, @59 HiE A, B5A 343 T A
o] 9 SHAHES] vjEo] 280t AdEolthSeol, 2002). 7
A AR Y o F 51 600-800 mLo| H5S AJ/dsk=t,
o] & 80%7} FEolH, UHA] 20%+= BEAH65%), AR
(20%), THHA(4%5%), SEAHE(4%), LF1H1(0.3%), v
2ol Hlgly] & S28 507 LAxlo] 9ItKAgellon, 2002).
5 UEE, ZF T2 JE3t 2ol £A5H, micelle
< @5t A8 SFEAEHIES 8z Moghimipour et
al., 2015; Stamp and Jenkins, 2008). Fig. 10 YERH v}e} ZHo|
54k 11 i) oFF 3-153]9] A7t 8=, A4Sk
O = OF 15-17 go] =1, S B3l okl <F 0.5 g
T7t ARz HldE T Yoon, 2004). E4te] AT S
Boto] SAEY FYAHEZRRE E5ito] AR FHHCE
A 1 o] oA |A=EH, ol FEAEES AlASH

Synthesis of cholic acid and
chenodeoxycholic acid :
0.2-0.6 gday?

Enterohepatic circulation, synthesis of
deoxycholic acid, lithocholic acid, urso
deoxycholic acid

. | | Fecalexcretion
1 0.2-0.6g day!

Fig. 1. Enterohepatic circulation of the bile acids

= ZFQ Z=Zo|tKTsai et al., 2011). 189} oz} 59] %+
7F 28 A 20IA 9] 552Q 5ot u] 2 A Al
149] 55221 &=0f olsto] T HEHAlbano et al., 2012;
Feher, 2012; Shneider, 2001).

o)

AR 7oA A8 S AHEC] B E 0] 484971
7t S7FHA Eol 23t 543S B 7HAAL Sl HIER
A FHIE PFE o|FA THolA AE FEAR 13
d5atolet EYu, gdola SE4lat ehe-dlo] Agdste] &
FAEEY FE54h FHE A 2 s5HckBang et al,
2011). 224l At 9542 B 2 "EAdol Bsh
38 71 g@ol FgHnh AA WollAd BhEE 13 95Ate
22X cholic acid(CA)2} CDCAZ} 9o, 4lo|x|Zto 2 Hulg
12 SRS AR St BHS Fof 24 gEAk
deoxycholic acid(DCA)@} lithocholic acid(LCA)Z HHZHECH
(Fig. 2). HSHE 2% AR 2 3 gekiolA 13} g
At 3 7t E 2utEE= A &8s Bo) Aedd
(Fig. 3; Yang et al., 1998).

ZYAEIEERY A= HHEARE AFHE0|E0| o=
hydrocarboxylic acidZ hydroxyl 7]9] YX|2} A& FZ 59
Zpolof| wheh 71 FR7F UrolAl=tl, e ol wEh FE
= S50l Ao|7h ot G54t R "EAe R
40 AA IdFE vAE 840H, 84 T A=
YER|LL, o]= QI8 ARt ABEA, HEA 9 oke|E] &/do]
UEPATH Thomas et al., 2008). @54t £of 714 ~8A4Jo] &£
A2 UDCA, 22 212 LCA°|H, CAQ} CDCAE= &7 A =9
8498 Yepdich Ao 2™ UDCAE 840l 52 &
AJog Qs AlE &42 do7= AF g A Bt
7F ol 7t A=A 2 ARGE 5 Ao, LCALL CDCAR} 22
A8 FEARE Al 21dS &oiAA TS IAE
3ot B s QI BE3F DCAE AJ2Eof AlsHe] AEFA
S Uil 9% W Ut shsAol ke A
(Degirolamo et al., 2011).

EiX] EEL

HR] F5AES] 518HA] A (Alvaro et al., 1986; Kuramoto et
al., 2000; Lundell and Wikvall, 2008; Wang and Carey, 2014)
L Table 194 YERHA HEQ} Zo] hyodeoxycholic acid(HDCA)
2} CDCAZ} 9F 90%%S A}A]5}al, hyocholic acid(HCA)7} 9F
6%= AFAStaL 3lom, UDCAE °F 2%= A% EAsHL itk
(Jirsa et al., 1989; Kasbo et al., 2002; Kibe et al., 1980; Oomen
et al., 2004).
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Fig. 2. Pathways of bile acids biosynthesis
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Table 1. Major components of bile acid in pigs
Com-— Glyco—  Tauro-
Bile acid position bile acid bile acid Note
(%) (%) (%)
CDCA 48 45 3 -
HDCA 42 39 3 Major bile
acids of pigs
(In humans,
DCA forms)
HCA 6 5 1 Major bile
acids of pigs
(In humans,
CA forms)
CA 0.5 0.5 - -
DCA 0.5 0.5 - -
LCA 1 1 - -
UDCA 2 1.8 0.2 -

Fig. 3. Structures of bile acids. CA, cholic acid; DCA,
deoxycholic acid; LCA, lithocholic acid; CDCA, cheno-
deoxycholic acid; UDCA, ursodeoxycholic acid,
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CDCA, chenodeoxycholic acid; HDCA, hyodeoxycholic acid;
HCA, hyocholic acid; CA, cholic acid; DCA, deoxycholic acid;
LCA, lithocholic acid; UDCA, ursodeoxycholic acid.

25% FAMlA F=EEH, LCALS] 7% X3t d4tollA FEEA
O]'L‘:]' o] WP |71 W EEARISE F2 G4 E
= 7Fsoithe S o83 E5A & ' olth(Wieland,
1966)
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SARITE HREAIZ] @S A7 NGilica)7t G A 7IE
2R FHAIA Fgito] AEl7Ksilica)ol] BEF itk 71E
Aol 5 mL SFFTE FIANA EeEol AlAE & AT
AL, 4 mL LS THFO] BEAHS HET 4 Ut
(Setchell and Matsui, 1983; Setchell and Worthington, 1982;
Street et al., 1985).

XXM EHEM F=
ZF 100 mgof] 10 mM phosphate buffer(pH 6.0) 900 pL.S 4
#A7|E 0]&5t] 2,000 rppm O = 3EIF AR #E

Z-Mo] acetonitrile 800 uL2} ammonium sulfate 20 uL 7}
of TES A AlA AASHL A2ol4 ISHE=

i
of

78S A2A

OpA[H|C|EE H7I5to] of[HotAE|o|E 5 R 3o,
60CoA FgsFsto] G5its 95T 5 A
1998; Haslewood, 1978; Sharp et al., 1971).

HEARS T2} JHo fAMJC R Qlste] oF &A5H]
{1t A57F ol ZgPE o] Lo, chromatographyE ©]-8-%t
Wik ozl o =2 et HEIE Qs gAY
52 o]-&3st A7} AP =11 QUK Griffiths and Sjovall, 2010;
Lee, 2016; Scalia, 1995; Setchell and Matsui, 1983; Sharma,
2012). 7] HEA B4 =2 F%E 7K gas chromatography
mass spectrometry(GC-MS)E 0]-&3F H4o] Wo] Z3PE|Q %]
THBatta et al., 1992; Batta et al., 1997; Batta and Salen, 1999;
Grundy et al., 1965; Koopman et al., 1984; Setchell et al.,
1983; Street et al., 1986; Tsai et al., 2011), 0]Zof|&= 7|3
4 fFrAsiel 22 B4t HAAE] Yo st liquid
chromatography(LC)E ©|-&3F 415 0] W =3l= #47t ofy
2}, ultraviolet ray(UV)Y fluorescenceS Z3SH FEfQ] 7|71&
FXof &85} QtH(Chang et al., 2003; Jones et al., 2003;
Mukherjee and Pal, 2011). 181} FE5ARS 24} Ylof] 735t 4t
Ak (chromophore)o] EASHA] oFot w7t War, o] weh
UVE &3t 2400 3HA77} Qlok. F|2oll= 71&9] SHAIE 55
517] et WYl O =2 high performance liquid chromatography-
tandem mass(HPLC-MS/MS) (Alnouti et al., 2008; Burkard et
al., 2005; Huang et al., 2011; John et al., 2014; Tessier et al.,

2003)@} ultra-high performance liquid chromatography-tandem
mass(UPLC-MS/MS) 50| £40] o|-8E|1 JcH(Suzuki et al.,
2013).

Chenodeoxycholic acid (CDCA)

CDCA(3e, 7ae-dihydroxy-58-cholan-24-oic acidy= 7 9]9]
AN HExE SAEUL, AfY 282 22 7HERY
GEAIA B2 BlEE ARSI QloH, AlRtolAl= 13 '
FAM] FElE  FEAR 20%-30%S ZFA|5HTL Itk CDCA:
oA FEAHEZEY S AaAA BF e SHaHE
HHIE A7 AY, BUolA SHAHES] S8 AAAIA
95 U9 S AHE Z3eE AT A8 THKSeol,
2002). 24 CDCAZ} SHAHES] 3=s S7HAIZIAM,
A[H o2 FHS oAl Adke oA BEetA &
QI v} §low, CDCAS} UDCAE Zo] A& 4% &
glAaHEoIU F4E 8oiA7l= Bse] EalEal Slth(Lee,
2001).

CDCA =&

CDCAE CA%Q} Zo] UDCA S 95t AELE BAEH
8] 9 FZFh CDCAS] 3%, A9 E54 T T 90%
oS AAISkAL Q7] wiiEol| AY EFAtoA Wol £ ¢
SFE5] o] FAT, &9 A7)7F v Fa ALY AvEF E
St 2] ¢o} o)) 97, & E HR|ofA9 Ee| W F&o]
o] AFEQTt =HA] EFAolAE EEARE 7eEs)g &
olAH 23 BlFA 47]8HE o8t S B AAY 771
|0 A3} 5 SHAE AA CDCAE 53 H(Ziegler et al,
1980). 28] GFARS 60-65ColA 1A]7F B9t Heke-S- o]&
sto] BoA7| AL, FASIHERS 7ot 7heiaiE 233t
T AsdES H7kote] CDCA calcium salt FHES FAA
70t} of7]o ThA] ARS H7keto] IHES |alsto] CDCAS
F&% 4 QItHHu et al.,, 2018; Wan et al., 2012).

Ursodesoxycholic acid (UDCA)
UDCA(3a,7-dihydroxy-58-cholan-24-oic acid)= 19021 &
9] G5oA A2 AR (Hammarsten, 1902), 19274
Okayama HjololA F= GHC=RH AL 4=,
o]t EE] ursodesoxycholic acidZl= HAog EFA HUth
(Shoda, 1927). UDCAE 193610] 3f5}+2]0] 8= 213 (Iwasaki,
1936), 1954130] 3A[4l0]1L B22]Q1 UDCA /dHo] Ta s
%1 © M(Kanazawa et al., 1954), 19570 5739] Tanabe A|2F3]
AlA Lo 2 HEAE ARZE AlE]o] Tkt 7 Hie 3
4317] Al o]gx]o] 211 lr}. 1961d0f= UDCA7} 713
2+ gAbol a7t Q1] BArEal(Ichida, 1961), A
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BlE ©419] &3 A =0l UDCAZ} AafAolgl= A7t Bl
Eich(Makino et al., 1975). ESF FEZolofA =2 =9
UDCA7} =0} @2 AARSo] A+ X¥stal 1o
(Tint et al, 1986), UDCAE sl 02 Aol Bh=ato] %29
£ Z}A|sk=t], UDCAE T3t 25 Fofli= 55%60%7HA] 5
71k 4= Ati(Seol, 2002).

UDCA &5

9 HEE SFoE IHA T A3solA = H |d
F QA2 220 2O H(Feng et al., 2009), UDCA= <FUfjof 4]
SlebZ ARSEH, 7h g Ag 9 4514 o), 3R
%, JAS= B AS= 5 ofF 7] B AmAlR AN
E3L Atk(Lee, 1995). UDCAE 5= Aoy Esito] oJgt
ZF 44 8§ A Sol7] 9I5h A8 % gLom(Nobilis
et al, 2001), UDCA®} CDCAZ ©42 747 gajo] XA
Eaofgt 9, cholesterol2 S1}& 0 7 ZIAA]7|= Z O Z(Lee,
1995) HE|Q]h. #5t ofygt UDCA: B4 F42 A4
71=d, o= 7 & #H|=e SEHAHES AAaA7HA 9l
2|4 9] EH|E Z7IA]7|+= dual mechanism 53] UeEf= A
o7 HEQic} FLofl&= ramesoid X receptor(FXR), gprotein-
coupled bile acid receptor(GPBARI also known as TGRS),
vitamin D receptor(VDR), pregnane X receptor(PXR)%} 72

™

o

nuclear receptor®] ligand ¥ signaling factor 7|50l H|X|&=
UDCAS] 2go] S84 B8 1 Fa4o] rsT 9]
(Beuers et al., 2015; Kotb, 2012; Lazaridis et al., 2001).

UDCA &4

sfet5 UDCA &

UDCAL o2 17EH0] B % = A9 U 2 Bad)
o] @5 o] =2 dEREHE Yo s A xEo] ghom,
CAE AHE £ o|&3t /o] AlY wAl /NL=UAt
(Hofmann, 1963; Kanazawa et al., 1954). o] 3}4] W2 49]
oA CAE F53% F C-12 91X]9] -OHE A|AS}o
CDCAS B3I, THA] C-7 91719] -OHE A3, B9l w88
X UDCAE /et CAoA| UDCAE /ot
C-12 9JX19] -OHS] AA7F Bolol Ak, 71 WSl Wol-
Kishner €] §F-gollA 71 d71E AAT wf 200C o]3e] 12
28 GAsHoF 7] WhEo] 4] SfEo] AT 80l e,
TS G 27|7F A1 CAY] Fgo] =2 404 CAE ¥
22 98 % AT 2 TS SRR 2L T ok
A33ko] o] o83 girk o] 2| H CDCAZ AHE
E4= o]-&sto] UDCAE F/doh= Wiio] ol A=
t}. CDCAS} UDCAQ] 3+ = Z71ME2Q1 7-ketolithochloic

acido] UEE a5 9ol= o, Ud 5 &2 352 o83t
o] A9 =]Q] O™ (Tian et al., 2013; Yuan et al., 2014; Zhao
et al, 2010), TH2 TH=ZAHLCA, HDCA)O.2HE] UDCAZ 3
AJok= BT AFE T JtiDou and Jiang, 2016; Zhou et
al., 1990).

Asl, S 535 42 CDCASF UDCA mixturels %
Alste] UDCATRE g53 4= itk UDCA AAl= CDCA2t
UDCA mixture 0.1 gof| dimethylformamide(DMF) 1 mL%}
hexamethyldisilazane(HMDS) 0.1 mLE 21 wHI7]E 0|25
o] 60ToN4] 250 rppm O & WRSAIXITE o]F 0TollA] 12417 1)
Asto] ABYE A7t EHE A=2ol4 xRSk, 8% HCIZ
A71eE & 50CollA] 2417 ¥EGA]7IH UDCAE g5 &
THMa and Cao, 2014). T3t A 204 Aol vhkg
o] g3t BHo] ofd tE {71AIE ol&sh= Wk A+
UH(Ziyun, 2008). 12t o]}t SFekA] W o] P2 54
o] = 77184 AREE] f1jlo] QL TS o] Ao R £
o] fIglAdo] qlon, =4 A dAERE oE V1At
BE7] wizol FA7F Bedes gEnh

o X0

Ko

S4X UDCA &4

HAK UDCA B2 ulEe] 54 5ag 2330 B9
L Zlojck. CAlA UDCAS 3H43H 9 12¢-hydroxysteroid
dehydrogenase(12¢-HSDH), 7¢-HSDH ¥+ 74-HSDH®} -2
47t QFHL} o33t 4= Clostridium group P(Braun et
al., 1991), Xanthomonas maltophilia(Pedrini et al., 2006) E+=
Fusarium equiseti M41(Sawada et al., 1982) 5 2 n|X&E
(Baron et al., 1991; Hirano and Masuda, 1982; Macdonald et
al., 1982; Zheng et al., 2018)0|A] F&51= HWHo| AFE L
ULt a4 oM WHE A ARt ShAQl oMY W E
of =Agof tigh S27F a1, g o] &S ARSSHA] ool Z
o] o] glom, Hote FEARE SolFoE FAT 4 2
Ch= olo] itk 12y oRd7HA] disf A4te] -BolskA| 9kl
Za8 47 G asiti= o] Qlth(Bggert et al., 2014; Tonin and
Arends, 2018).

Bile salt hydrolase (BSH) &4

Bile salt hydrolase(BSH) (E.C.3.5.1.24) §4= AHEo|&
3 C24 A9} FEAte] ofl= 2 Relel TpslE &
5= G4 choloylglycine hydrolase & A0] 43K Chand
et al., 2017a; Ridlon et al., 2006). B5AIG-S S Uk} 4
ol S04 W BSH 84-% AP bacterial F4~0] 2J5f] =3
s, ebodlzt 224 HEA) e e A
B A9 g R 294l 2 E9EAEE Ve &
Stedl 8 £ 2448 Uehdith. BSH aae ohadt Al 1)

r oin Mo
ol

<
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AEolA &g o Aedl, B4 B4, 71A501, FFex 4
pH7} THoFs}HH (Begley et al., 2006), BSH 40| HAjeko 28-
50 kDao|t}. BSH &4 &4 93t & 9] pH= 3.5-6.0°0F
FMdE EH, 37C-60CoM w2 /4S5 UEhdt:. BSH &
AE LZHPO|QEAY] S 7 fnt oy, Ad 9 &
A2E2o A W §4 L I Asfeke R0 Busn
At E3F BSH m40] ofsf 24 otu]icito] A HioflAf
S, A 9 oo A4gE % YlrkBegley et al, 2005;
Ridlon et al., 2006). Cholylglycine hydrolase &49] EFAF 71
2u8) 57} PEE A7 ol o|SoHA| K Hujjghebacrt
and Hofmann, 1986; Pedrini et al., 2006), BSH §4% 0]&3
of GEAke A FeRalehs AT REd AFoltUi o
al., 2016; Rani et al., 2017; Ridlon and Bajaj, 2015; Zhang et
al., 2018).

N
rhu

re

T= HiA] FAREOIA S53 faE € ol AR
F7] et At WS ARSI HiA] FAbEoA &
HDCA, CDCA, HCA % UDCAS} Z+-& 9.7 4
RIS EQL HA] FARECIA E53t HEARS
7] 913t B2 CDCA % % UDCA o= e
S £3], UDCA ¥ o)k 9 aaz] sbgiiio=s 1

Atk B Uo7t BSH B4E 83t BHAIAY] T4 A4
%= UDCA 4 385 ¥oI& & U2 A= AZEr.
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