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Rapid Extraction of Bacteriocins using Aqueous Two-Phase System:
A Literature Review
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Abstract

Bacteriocins are ribosomally synthesized proteinaceous substances produced by bacteria. They exhibit antimicrobial
activity against closely related species and food-borne pathogens. Those produced by lactic acid bacteria (LAB) sug-
gest a new direction for food preservation as they are often employed in food processing and food fermentations
as natural biopreservatives. However, this new market demands the development of new downstream strategies to
maximize its efficiency and economics. Aqueous two-phase system (ATPS) is a liquid-liquid fractionation technique,
which has emerged as a powerful tool for the efficient extraction and purification of peptides, enzymes, and proteins
due to its versatility, lower cost, process integration capability, and ease to scale-up. In this review, we introduce
polymer-salt ATPS and surfactant-assisted ATPS for bacteriocin separation and provide an overview of the effects
of parameters such as tie line length, pH, and properties of polymers and salts.
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2 ThHBoye and Arcand, 2013).
e 2] QA1 kel =8 wal] 2l Al
2] g-o] lolu], of7lddl= F7HA F8 dde]
ATHOzel et al., 2018). A= vAEANA AFA ==
g e4lo] g Aot ol & s3] sl A
FAd B st FAAESH 9 oAb 3 At
SE N, FA% A, Al Fx WA, tAk
| dgA| 2 s 58 Bl gt Ale] o
2 7154 Zol a9 tHOzel et al, 2018; Gor et
al,, 2020). T3 FAolv FE g 722 A wiAE giA &}
= YE%E A F&o] =obx th(Kotelnikova and Gelfand

=

=

2002; Guerra and Pastrana, 2003; Nadar et al., 2017). &
Ae v Al ZAE A% sHE-34 (downstream)©] 3L
7to]7] wio|t}. v E25EH HEH 2 A RS 53

7] 918 A77F ASHIL YEols Eskal o138 74
o] v o] {7} of 7]l Ut At o' utE 2] Q41| 3

2 GAE FRgEFt F718TE ol §e A,
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o3} e AR, £, o]2ud ARntEI 9} 7
= —’F‘E%’ﬁ T4 GAIZE 2 8 3ltK(Przybycien et al., 2004).
& E=2 AMEF AT AR,

T B2 9H& 7HAL 3tH(Nadar et
7180 719k &2 il 739
= A TH(Banik et al,

QoA Ha
Al 71<¢] 7H

i<}

EHak A@AP.J o] &

. 2017). 019401
/\}1:1—6} HAAS
2003). webA E%@‘M 24
3ol GAE AA|F ol TEA¢ By ¢ %
ol F g i,

O_A., UE _ﬁ, r_“

theFsh AR EokollA 87t E= w24l BA A
© 7F & Hofoll wEpA tE2n) 2F AbgolA 285t
7] QEiA = I Al E FaE BASE AR S
& 4= dthJamaluddin et al., 2018). o<} A A FH
ol ZHAstaL A& B FAE 8] &R 899
BA-HA] T BFE o] &3 AF7E DS Y
3 tH(Nadar et al, 2017). 2 & 7|¥tez A=
TA-0]3A Al 2=¥l(Aqueous two-phase system; ATPS)<
A= vizket A=A B4 235 3H-S Al TSt

7] W2l ohget A EAH A, 24, A, DNA %)
o] Hg| Rofola FE3 Qlti(gbal et al., 2016). =3
o] W2 g WAl A wH 2] A S FE5H]
o AA 34 @<t & 4 A ok(Dutra-Molino et al.,
2014). olell & gFoM e FAa-olH Al&H e F
3, gte|g] Ale] AANA -0l Al Al=d g el A

8, 2T Aol A2E g 9L MAE &

2 g AgHR ol thste] A=

2:A O AH| A| AR (ATPS)
_/,:/\(—)1_0]/\1-7:]] }\]/\Eﬂ(ATpS)_‘O__ o _‘-EJX] A= _Ixﬂ oﬂ;q]
9 7otk &, F R LEAE 2ol & &l HA
JF Z1spgo] Yof M= 4o]A] FomA F %Ei L

& o] &3k ZAo|th(Albertsson, 1971). ©] 2 wt
Al LREAFERY o & H = Aol ol AR} %ﬂﬂi)-%‘,
A, AREA-d T 28 F e Aer &
H 4 ¢lt(Nadar et al, 2017). o] %
DNA, Bloji2, A2, 34 5 399 |
A g EEE Sl AREEAAL, oldl weh A
AthIgbal et al., 2016). T3+ F=A-014A Al
B2F FEAL 70-90%7F B2 A H o 91
(phase forming) ZEA7F F/d0] A glo] 74 s XJ]O]
m 7}4o] A3 yREA EFS Ao 731] A o]
ATPS 7]&& A& Z5o] 7hsstal, g Aito] o o}
o, QA B FET AAS B & F Jong 4
2] A17He ©=3 4= lth(gbal et al., 2016).
A 0| A A 2E ] TR E= A AH s WS4 (
A

B e F xAste 429 2 AFK, 3
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& 4>

I S AA B2 w= v&)E AAst, gtHE e
A2 E g A o] Mdeste Ao el
A

o7 -0l A *V\Eé]g gg3h g ol A
AZ e e ZA 4 A 583 A R
stoh AWA dAlE H3x oHd 9 7E oF 29
&= 384 A4S A s EAlste Aol FHAE
AAg -0l A ANE" FR(EE /A&, 29/
oﬂ) Aot Aolar, AlHAl BAl= FA-0]3Al Al2H
o] A" uf 7l H S(tie-line length, volume ratio,
pH)E B SHst= Aotk viA = dA=
AF e o s 34 mivf W5 9FS 3
7F8l= A o]th(Rosa et al., 2010).

TH-O| A AR (ATPS)O| RE

7Hg AREA Q] A -0l Al Al Eew-EeH (o
polyethylene glycol (PEG)-dextran) £+ =z ™-d(4l:
PEG-Ammonium sulfate) A]|Z=8o|H, 714 Ho] &85
Z ggHo] A= ZFoltk(Table 1). TFE Ao Z2+=
dI2-A, ol=NA 7]¥k(Louwrier, 1998; Sun et al.,
2009; Asenjo and Andrews, 2012; Ruiz-Ruiz et al., 2012,
Molino et al., 2013) ATPSS} AHEAGAE o] &35l= A
u]dl_o] Al Al 22¥](Aqueous Micellar Two-phase System,
AMTPS) 5°] S tHRuiz-Ruiz et al., 2012; Vicente et al.,
2014; Amid et al., 2015). 22 H-Z2H A|LHS o] &
7 b7 & o o] 37 wiztd g3 E“j/]
S|+ g AA|et=dl AFSSteE Aol Foh EHEH FollA
PEGE wAHFo] theatal, SA4o] Wi, Al A olm, 3
gol A7) wjiZol -0l Al A=A Bol ARE-gitt

Z1shd FTE=9] ARG EE o :‘ol 7%@@31*1 Eal
4 58S 24T e, ol
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o =1 (Cabezas 1986;
Goja et al., 2013). AMTPSE Tt Ay} 7ho] o] & 317
of W1zkek T o] g Hlol/d AW /A 7F ATPS
@0l AHEE = Qo] &tttk A 7A v oA A
AE 98] &&3 ATPS AFolA = ZEw-de] Aol
7+ ‘%S’}OU%(Lappe et al., 2012; Abbasiliasi et al.,
2014; An et al., 2017; da Silva et al., 2018; Abdul et

., 2020), Triton X-1145 ARE3H AMTPS &8 A7}

OE]T AF2Eo] o3 3 & A th(Jozala et al., 2008;
Jozala et al., 2013; Sant’Anna et al., 2016).
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o] & &S TthH(Porto et al., 2008; Rahimpour et
al., 2016; Yiicekan and Onal, 2011). ©]&] 3 wj7jH 4=
uh;-ﬂetﬂ-/\ /\/‘/\—1 2= 7:]-?51 \:_1 0]9_ )\]-:5—_ z]—.Q.;r,]_ 7L£
kiR s IR el s ’\i Zr9.0] 8 WHATG O ZH Tz B
Soll FH{A S vxIT dubF o R vhH g 4l f]
A3 B&-e A 2K purification factor; PF), E-wj Al

(K), T&(yield, %), H]Z4d(specific activity) S|4 o
SHE

_{

=009 SR BXE, s

ATPSOIA 2 AMGE= ]9 9] FRolle Sl g
=g %(polyethylene glycol; PEG)¥} 9] 2~E ZH(Dextran)©]
Atk JAFAEE @ ol AFAES A FafishH
O] o3, é}% 2 sgE A Sl dE] AREE A At

ZEm o] FAFE A7l wEt garel F¥ A0
WH3}s7] witol] Tl o] 3 75 (partitioning behavior)
o & FFgE H|z E]-(Mattiasson and Ling, 1986). FA}&
A A o] FolAH, wHE 2] @Al &
&S 98l ohkst E‘M«l PEG £2}2(600-20,000 Da)°]
AHEEIQITE AW o2 PEG-Y AlZFlolA= PEG #4F
Fol S7rgel weh B AlFK)7E oIt =, PEG7F

¢k Tl (top phase)oll Al T d el thal A8 71sg 2
f F3(free volume)7} Fadte] A EAES s WA
2 Yol th(Karkas and Onal, 2012). Z&4} PEG-Z&]|H
]%E{To]]}\ilh PEG E_x}ako] 57}61—01] [L},:q_ H%l— E/\g]
A3 Ba) AlEEK)7F A H o2 Z7180H(Tubio et
al., 2004; Andrews and Asenjo, 2010). w2}A BHe] 241
o] E&AQ FEE HeliMe £2 dide 4dx 54
o gr= A&t %ﬂ‘ﬂ% Aels)opgic,
ZYH 9] T ATPSOIA AJA|EA12)
< ok EEve] EAEo] E‘Z‘Q—’F%
A FEE Yok, FEH ] FE
7F F7Fekel wmet 4 7ol dx, A% xpol7t Frhekth
(Tello, 1994). PEG-9& &83t A|2Ho)|x PEG lt‘:7}
FOoH A A EEo J‘ﬂroﬁ‘ = A HRY TR F
7htEE A A9 PEG Atole] O B AT A
Zg o2 3l B B2 EA7F PEG o= olssiAl =
TH(Tello, 1994). ¥HE]2] A1 E3to] A8 PEGE] F&&
8-28%(wiw)E THFSHH Tl PEGE] FEs} HoldsE
& HE 2 HAZE HYtH(Table 2). 23 da Silva
et al. (2018)2 A& Ee PEG 100003 sodium
polyacrylate©. 2 A ¥ ATPSol| olaf 3] =2 AHA
&= Lactobacillus plantarum ST16Pa Wl <l © 2 BE

o H3Flo]
dele Fato] 3 o
o] =)

S
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vEle oS FE sk o] AFh Bebd ve e
q3HoR RPN AsME el ene) B S

g} 243 PEGY EAET 52 Ads)of st}

2

S (NaCl)e| &7}
dnkd o 7 ZEm-GA g oA NaClS H7bsha F 4
WE S |sAA AR
T ﬁE—ﬁ"é% 7H’d3}% a7}t Ah(Rosa et al., 2007).
NaCl®] H7t= Q1g 4739 57}t i go] A%
H EAE AASHE soew 7
o] :x&Fo] | Ao A *J s FE F
AUTE HE3FF NaCle] H7h= date) Adste] whalz 319
H S 2&ste] B8 AsS HIAZItHRosa et al,
2010). dREH o= FHF % 7}{1 chl A o PEG-YG A 2H]

oA A GAPEG7E T5-3 3)E w8EH= Aol A
= ¥ FHsE ‘:‘ﬂ.‘@% sHE A (PEG7H 7494
= F)Z ©]FdtH(Karkas and Onal, 2012). 28} 3L

T8 NaClg #7hstal Alagol] EAjste T BIW
s f2E 5 %g_i 0.1-1.0 M F&9] W& F=2 3

+231). Abdul et al. (2020)2 PEG 4000-
Na,C,H,0, A1=Hlll 4%°] NaCl2 #7Vsted Lactobacillus
bulgaricus B ¥ A B 2] £ 21(M1-UVs3000)S =2
TE (82.69 %)= A4S T AAUTH

=
2
W& pHe| A f-ol= °ok——i H}ﬂ‘:}. pH7} plg]' s
Ask= 09] %E}(Ham-kaul 2001). § =& pH A|2H9
A st we AR EA = 4 ‘;}71"2 Az kAL
A4S F71FY &, 34 @ide] pl Bt =2 pH
B2 “oke] A=A} BRIE (positive dlpole moment)”i ol
gl PEG7} S5-&F doll 28 2= 5 fr=gith(Barbosa
et al., 2011; Kianmehr et al., 2014). %H(pH N 27
2] e} gael M ATPS 2 3st7]el <t
A3t F4(pH 7) ©17¢e] 32 PEG-phosphate A]Z2=8 o]
A3, pH 6.5 PR PEG-sulfate A|2=83} S 3HE ).

Ef0] 2|21 Z0](Tie line length, TLL)

PEG-2 Al&HlollA] TLLS 7 7] 2ol H3dud
W Z Hg gl dAezRY Holzl AglE on gt
(Cho and Kang, 2004). TLL®] #2435 EulAI5K)7F 1
of 7IHAM ol HE Te] E3o] d HdegHom

o]Fojxl A& Lgith WHE TLLS $7h= PEGELE
o] £ Slg ol & &S AFste]l BuiAFK)
=

7+& oF7]8th(de Souza et al., 2014). WEpA S Al
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o] Tkl zl o ZHAEtal A4 whAle] @i E Fgo] FUtst
Al FtF(Mehrnoush et al., 2012). =3F PEG- A]Z=H oA
TLLE S7F Al71H o @33 o2 d4Y(salting-out)] 7}
ot dido] A FAZE o] 535l " th(de Silva and
Franco, 2000). ¢4 PEG ©@AloA @l 837} 5%

walw wuj o] Aol AAAT. SIIE B A e
WA wde) 540 wet thaw ol e 23 A%

T2 tH(Ferreira et al., 2007). Abbasiliasi et al. (2014)
Pediococcus acidilactici Kp10 B %<} o| A bacteriocin-
like inhibitory substance (BLIS) ¥3% A] PEG 8000-
Na,CH;0, Al&="S ARE-3F AL, TLLO] F7Hghel| whet 4
B AR 9 %2 BLIS7L o] &35k

flo k1

HIE|2] @Al £58 9I5 ATPSS| B8
tE A b 2] 2419 YAl (nisin)}S 1969139 Food and
Agriculture Organization (FAO)®} World Health Organization
(WHO)SI A QFASH H7HA| 2 QAukoron) Bt AA)
T4, B FEo e e W) wEo] Zo] F8EH|
2313 9tk ATPSE o2 a|4dstr] $1e Agsr AAA
HaHr2] Z slubolth. Table 204 1| AJ & wfokol o
Z317] S8l ATPSE o]&

ATPS <] E}Ookﬂ Z3FO 2 cerein 8A Xﬁﬂ stk 7HE
=2 Bl AS(K: 9.4+4.9)= PEG (20%)-(NH,),SO, (20%)
o] Z9tollA U WHH, 7P =2 F£&(87.71%)> PEG
(20%)-(NH,),SO, (20%)°] 1M NaCl& d7} x| 2L
S3 GAEAT AAE(0.96)s WoHA W, A 2
AgtellA ATPSO] 271 4745 <13 T7I°U F94 v
EF U7t 22 712 W ‘i’l’ ‘:} 7] wjEol Ealo
FFS = TF A= EHE F ”H7H HPE(: "V\E“
T3, PEGS] &4+ 9 pH E)—g— A3} sl A=
=Y 7 US AR BT T3, Abbasiliasi et al.
(2014)2 PEG®} sodium citrate® 7 ¥ ATPSE A}&-3}
o P acidilactici Kpl0 v¥|F) 0 2 HE BLISE A #3171
= 3t PEG 8000 (26.5%)-sodium citrate (11%) —LZ]
3 46.38%2] TTLOIAM AL 843, & 81.18%= 273}
ATt L plantarum ST16P°] HHE| 2] 412 PEG 10000
(8%) % sodium polyacrylate (8%)%2 Td% ATPSS A}
&t wiF Aol FAEA=, o5 £
A7 Z4 0.5M choline chlorideg AFEsle] X o =
2 o] Alg(Kbac: 32)¢F A =2 &Y 3% @
33l tHda Silva et al, 2018). ©]9} 7+ A= 2 uj,
B3 wrgdoa drg g oAle] dxp & HhH O 2 A
ATPS®] A o] At} A ztgie.

AMTPSE Hlo] 24 AW EA1& ARg-ste] Yk A
A BEAE Bystr] Y3 ATPS 7wt 71&L W3Sk 7o

B 5} &;ﬂ

T Bl RN A E(mde]
TH 4 B vAe] —‘?—_, g 37t dofdh(Rangel-Yagui
et al, 2004). Table 391X & E|g]| 22l FFo AMEH
AMTPSE A 2|3} T} Jozala et al. (2008)2 48 2
A Urle FE37] 218 AMTPS W& 2838131
I FAOZA Triton-X 1148 ©d ALE 715 ofF-
Alsl et ohekel F=9] Triton X-114 (0, 2, 4, 6 E 8%)
ANX L. sakei 37 At U SHAEE I3 A3,

mlm
oY P

2%E AHEshE Zlo) 7P Adtsivhe AdE At A
e YA A4 2% Triton X-1147}F A& AEjolA F

=7} 103 AU”PE"- AL E A thJozala et al., 2008). U
21L& mjdo] FRgk o2 FujE I, ol gt ddo] o
oqy= A& yale ﬁ:—’:“/‘é S Z2 Z71¢] A3
kDa) wjZoletar A sttt et FujAIRK) 2ol
& 2 GA ol ik e AR AT Jozala et
al. (2013)% Triton X-114 (2%)°} 9o =2 ¥ AMTPS
E ARgste] YAl FEE A=A MgSo, ¥
(NH,),S0,°] H71=EAS o 7842 5.0log AUMLE
dol e T AMTPSET At AL AAFATH
Cerein 8A2S] FZE& 4% Triton X-1148] T Algo =
A Fede 7] €4(3,200 AUML)S A8,
HH AL (Keer)= 2.5% 2%, 6%2] Triton X-114KHt} &
< YER H(Lappe et al, 2012). ©] 72 Trition X-1142]
Tt =oEFE “exclude-volume effects”® 23] o5

oA 2

o] thl o] malo] RE3 T2 Eay]y] wjFo|t)
*E‘%X—q.?l J‘ﬂrx“ﬂ*i Trition X-1145 ©]&-3F EZ|HH
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