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Abstract: Food pigments are divided into natural edible pigments and artificial synthetic pigments. Natural edible pigments
are increasingly favored in the food industry because of their bright colors, few side effects and potential biological activities. Natural
edible pigments are known for their great diversity and rich sources, and can be obtained from animals, plants, microorganisms
or microbial metabolites. The traditional extraction methods for natural edible pigments generally rely on the use of organic
solvents, which would cause problems such as occurrence of solvent residue, low extraction efficiency and environmental pollution.
Exploring efficient and green extraction technologies for natural food pigments has become one of the research hotspots. Aqueous
two-phase system (ATPS) extraction technology has advantages such as simple operation, mild reaction conditions, and high
extraction efficiency. In recent years, it has received widespread attention in the field of natural food pigment extraction. This article
summarizes the types of ATPS for extracting natural edible pigments, and discusses the research progress of ATPS in the extraction
of natural food pigments from various aspects, including extraction rate, distribution coefficient, selectivity coefficient, kinetics,

thermodynamics, extraction mechanisms, and regulation approaches. Furthermore, the advantages and limitations of ATPS in the

5130k

R TS THE, B B 2, e UK ZR SRR SR € 3 (RO ATT e 22k e (7] BUAX £t i FH,2025,41(10):436-446.

LIU Yuya, XIE Zhanghui, GAO Jing. Research progress on the extraction of natural edible pigments using aqueous two-phase
systems [J]. Modern Food Science and Technology, 2025, 41(10): 436-446.

WS HEA: 2024-07-03 ; 1&EIHHEA: 2024-08-17 ; ##EZ HHEA: 2024-08-21

£¢WH: EREARMFEGE LA (22078070) ; REEMENMAEMARE LB (2019A1515010640) ; ["REHETESTA
(2022ZDZX4025) ; #FE AR RRARFFLEB (20242212)

fEEREN: XEHE (1999, %, MTzE, FRAE: fRMIIE, Email: 572255927@qq.com

BIEE: 588 (1985-), &, i, #R, MRAE: EWEEPRMRESEA, E-mail : gaojing1231@163.com

436




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.10

extraction of natural edible pigments are discussed, aiming to provide a theoretical reference for the extraction and separation of

natural edible pigments utilizing the aqueous two-phase system.

Key words: aqueous two-phase system; natural edible pigments; extraction; mechanism; research progress
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Fig.1 The types and structures of natural edible pigments

extracted by aqueous two-phase systems
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Table 1 Process parameters and extraction effects of natural edible pigment extraction using aqueous two-phase system

% WREA sk RRIE Ayt RRERE AN AR
LB - ETHE AFM BRI 1:100 (g/ml), 40 CARE 3min - pFHAFFE 9012 — —  —  [8]
BTE - L8 REK HHRIE 1:200 (g/g), 9OW A F 5min - FAF NE 319 — — — 9]

" FhROL 145 (gmL), SKE 045U

LB - B4R g‘i\%& 45 C, B&f% 150 min, fIKZHE 270 W, t¥E 732 9985 — —  [10]

FEetE A 120 s
BRI 120 (2/mL), =IRIEH 30,

LB - BB R %E 10min L 199 — — — [
LB - B4 — BRI 1:15, 25 °C, $RIRETIE 3h/ K T HE —  89.09 — —  [12]
AA el -Ams PRI LD, 2o L, g Sk Apm — 0 8909 —  — [12]
il ‘ FHL 1:51.71 (g/mL), 30 C
> 7;}1&.‘ 2y . . . . 9 bl »}‘ _ _ .
CEF - AREN FRIEFIE] 97.71 min fewEk 1579 [13]
FBE — BB REK  FHRI 1:37 (gmL), 35°C, #F 25min ILEE — 4601 — —  [14]
s ke . &b 1:35.33 (g/mL), pH1A 8, 40 C, - o - -
LB - B4 ok 487 W A # 30 min IWEE 98.47 [15]
N, FHR I 3:20 (g/g), 25 °C, WHEBLIE 10s, B, o o o o
ERER - AR 3% % 1h, 11000xg & 5min HREE 2 [16]
LB - HiB 4R — pH /A 4~8, 25~65°C, 5000r/min &= 5min &% — 9813 17191 —  [17]
e SR ESH 2%, pHIL 3, TiRBAE . B -
PEG6000-#18 4 25 min, 4000 r/min &% 10 min femx 9417 [18]
s p s TRRESE 4%, FiB, J0KHZ RE
PEG2000- #7384 4h 4&]}’]7;;»,“ ;z 15min; 4°C, 5000¢/min & Smin; pH{d  foF % — 6656 — —  [19]
AT 45, 45°C, mAEEAH 75%, U 1.5h
Ef;é/a\ KA N/ =g oI
e pHE 6, $E4£92h, =& (27+27C) . o - -
4 PEG1450-55 8547 i BUEG 63.00 [20]
¥ v 2N 0 “ ;
PEGA000- 428 4 . #%aa)ﬁgh #2.5%, 22 °C, 1000 r/min wEeEr — 04  — 1

it 10 min, Z0E#E 24 h

. . #hi b 1:250 (g/mL), 25 C, 0.1 MPa, ;
G- L —BZ-[C;mim — , EX - S — —
PP B7-[C ]C1 3000 t/min % 15 min " ER 100.00 [22]

PPG400-Ch B ok p o N . B B B
DHcit-[Comim]Cl A2 A 2 min, 3 000 r/min % 10 min ot & & 102.61 [16]

e - ik 1:20 (g/mL), AR KA RA S s, - - -
[Pyuus] Br-Bh B2 47 35°C. A 124 fHE 93.08 23.41 [19]
Ch DHp-PEG400 — 50 r/min 4% KAEHE 1h, 1200xg & 10min ~ =F4& — 5160 — —  [33]
[N,y omeom] Br-PPG — AR 1:833 (g/mL), 20°C, 4ZEATE 70min et 4EE — 9200 — —  [34]

[C,mpy]|DCN-##42 84 o FHR ML 1:10 (g/mL), pH /A 6, HsBtHE, - - o -
5T SR 2000 r/min %5 5 min REEHS 83.26 (381
B[N,y ompon] Br-PPG — BRI 1833 (gmL), 20 C, RIRETH 70min #HEEE  — 9500 — —  [34]
[Pus] Br- R 4B — pHAA2, 30°C, #% 24h i%eE  — 9956  >1 —  [46]

FHR I 3.5:6.0 (mg/g), 15 r/min 42 R4
[Ch][Hex]-PluronicF68 ~ — 60 min, 30 °C, 50 W A2 # 45 min, i¥%eE£ — 9213 — =25 [47]
5°C (£0.15°C) FREPH
[Bmim]CI-Triton X-100  — pH/L 2, 60 C#%E 12h amEE — — — —  [49]
. H%E 10mg, pHIE 7, 120 W &5 - 90.00

7 % i) _ — —

[C,MIM][BF,]-SDS A&k 15 min, 2 000 r/min &3 5 min FEE ~97.73 [51]
o #Hi bk 1:20 (g/mL), 30 C, #ARAEik = _

s [ChCI][Fru]-[P ] Cl 170 t/min, JLIE 0.5 h rHEE 235 103.59 4831 [32]

7873 . R4 1.0%, pHAE 7, AieRd, . . . . -
% [ChCl][Urea]-K;HPO, ¥F 10 min REEY 94.20 [33]
[ChCI][Urea]-K,HPO, — Hab® 0.04 mg, 25C, AT 20min~ HELEE — 6999 — —  [34]
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ME/NEREM T R IR B, D& 1- L FE-1- K
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MR RGOSR, A0 ERER BRI T R D
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1.1.1.3 IF5&

IR R T HE &R m™, Sk,
JEAA AR UK, LR AR R A LI 7K AR BT A
R SR B I AR m @ uie™, iR A
89.09% ; 5 ZBERILIEMEL, BUKAAE R 2B T 3559
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T B A 8 YR A B AR A 2R DA I 3347 v 4 BT 5
#, SHEE. Ok WEEA VAR, 7£35C
I3RS B SR BN 93.08%. {H PN ER HI3RBUR AR N
28%, AIRERNEIMIRMER K, FEURE RIRHIUR
K, REPEFIINNE S5 R SRSV, B
TR, B TIRAR T UG RO AR R 20 BR 1 kY
Y, (TR R R R S M. Zhang
PR MR CRULIREA D-Rp 584 =
THEEEIERE ([Pays]CD A AR ILIA T 7K A A A2
ZLEREE PPN S R, $EHEN 2.35 mg/g. BUKAHTE
RAEF T =AM R I S R, Rl oy AR B
PEAER KA AW 5 J oy B MRS F Ak G P 3 i
BRI THE S

112 %®Ees
KUK A B 22 3 24 SR £ P €0 3% A F 9T 3 T4 o
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S Sl EIE AR T
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H R LG IRBUT AR T A YLER, EEHL
AR AL AR B 5™, St AREREAE, 575
YeIR 85, Odabas 251" SR I 2, B A B R 0 W0 2 5 MLV
FIRKAE NS SR P SR TT &, FLAR Al B LA L
WRESE S T 1.8 £, IREUEA 15.79 mg/g. 4iH 3K
257 ] PEG6000 AR 4k SUK FE HEEL 2B 535 b )
EH R, RIEN 94.17%, W 783 WA B RR 24 1 i & 5
HOGFEECR IR ECR . Li 2R PEG2000 A7 R
AR IR A RUKAHBR IUAE S 2 C,G, I8 1Y 0441
MufEtb A B, C,G 4iBEnTIA 83.49%. H 5 4RI
FORUKARE RARLL, ZAk R AL C,G AL
47.11% #E = 2 66.56%, TLFCHEZMAfE, 4l
PEIRFRAE 50% LA b BUKAE RIEEETE R, MU
R A, B R T AR R % | RERER
e LA T A A5 A
1122 JLER

JLZE R A APUEA T, B bR R A, HAR
W= B am™, LA R T ASE & &I
R ARS, ARG IR R L, TR0 T
] KA A IR SR B S, N T X — 4R
FTRIUR R, AR ER U SR FH TR R R e A A PV
FURUKAR, &5 AR Sl B SR S BUL R R . T
R, g BHVERAE, I LR RIRIRE S T 3.55%,
B L2 R LA RIEIACR M R R . 55l
KB B BGEY ML, B REBCRS. 12
A RER AN AR . Chen 251 SR P 20 R R 5
P A WLV FRIBUK AR, 4568 P il B A AL R 5 EU L
FKE, HHMRFHBUKAHSEERAR > H08 60% 12,
RESEHUAHEL, H 2 MmN a s, 7k 98.47%. ILAh,
WK AR Z1 454 6 75 4 Bh AR B 2 Wik B R APt
AT E .
113 ehfTAmE e E

MR BRATT A2 0288 68 2% 32 2 g D S L PR e, Ik
Lk gt A S AR A L, T AR — AN KB (P 1T
IR GERIEY o UKAR SREEnRAT A 92K € 2R A 90 3
BAERTHGR, BEEANELEA.
1.1.3.1 M4tz

LA W FE 22 R F B8 1 VA4 UK AR 2 B 4 2
Ruiz 5™ 5% F] fH A& 2 MR i — &80 (Ch DHp) Al
PEGA400 14 7 25 -1 ¥ A4 SR A Xof ik 788 B 13 ol R v 4 3R
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Rosa 25 PO Y Ay i3k, 96 F B8 5042 [N, o caom BT
VIR TR A4 7 B 1 VAR SO/ R A 0 8 50 PR S v 42
a2, EREWEL 0.120 20 'C N42HL 70 min, H4¢
FHRICRETIE 92%. HhAb, LARTH VS M 24 0y
R BUK AR SR IR SR B FH (5 3%, Wik A Triton X-100
TRV TR 5 2 v R S XUZK AR Ak 2R B B 5 o (g i
GEY, HEEXER (>100 C) BUK, B
FEMT R BRI G R, ST S RARIUR L. X
IKAEE R BT SR R AR IR &, 1 B A AR
PEMUEAE, ARSI E SR TR E .
1.132 #EEHEA

PRV AR AR IR BT A A AR, B
JiR R K R L35 S, R B ) iR vk IR R 4 pH
B IR R HE OB %5 ) B, Choi ZP7RA 1-T
Fo1- BB g e XUE I ([Cympy]DCND FFT 45 R 22
TR R S TR A LK R A TR e s 4 s W
Flo 2 pHEN 6 B, FREEE A MHRIUERLN 83.26%,
FIRESE pH B 6 B F A6 R 3h 2% il A= WU AH 25 MR A U
N R OSRE T G SRS, B BRI T
XN, Zhuang 26K R L4 75 77 CAUAk B B AN R
) SRR A R R LA VA SRR AE MR T
PRIGEE B O, MR AN 8 86% 32 m F 90%
DA BT SRR SRR B R (A, 75 9%3E pH
STHERUR IR, JR4k AL TRE AR I A&, DASKE
DURRERE. HA TR PR BT 2.
1.1.33 #4aEH

RUKAH $ B 41 2 1 B A SR AT R J . REREAIC.
Gl BE T A 0. Xu PSR R SR VA AR CRUL IE B
HFPRED 5 R AU R AR A T 70 UK A M v
RIEAEA, RIEN 69.99% ; L5 AR ITITE
SRR FIMT A, AN 3.825, IR SR AEE
(3.0). WAk, KA - AT USRS SO SR R,
FELT R 110725 (R S5 AN 2R S5 AR B FE R AN 52
SN, Mittal 2258 F PEG1450 FlRERR4R I 22 56 &AL
KA, BRE SR 2 R R SR B L R A,
PR Em 1 925 £%, IR N 712%, Bk
N 63%. HIMLAT AT, SUKAFRBURA R T2 CITE-
FEIESE) AT AR AT AR R4l
1.14 BWERBEITAMEEE

i AT AR S 0 3 AL S 25 0 2 Bl Rk A
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Wi T oA e BA CE B R, BRI
99.558%. Kurnik %5 5% F 3t R 444 8 B9 3 AR UK
PN Z B R IR I L R, B R =25,
Buarque %52 SR F % 5 3R T —RE AN 2 B R B T A
([C,mim]CD) 4 % 2 & 40 XK AH MR £ AE o 32 B 2%
R, B TIRL N 1- CEE-3- H R K e S ER
([Cemin]CD I, 23 A FRIZHRN 100%, HHLTEA.
WFFLRM, ORI RCAT NG BT IR e 2 )
S FEE P38 T 7 18 58
1.1.43 itz

B RN —FIRE R, WS H
HN R S T U S P T 4% 2 55 3E . Zhao Z5PCR A 1-
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K, DRGNS R 1 9 5 1 40 i £ 2 M i R )
R B E 58 TR K. L s SR
FH 2 T 0 28 e ) 2 A ALV ) K A A58 8 20 o
YY1-3 B bR A B 16T P s AR R A 3R, HReK
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KHERRPAEE R — PR A AZERENEY,
HF A R ML ATAEY . Sun PR - T
HE-3- FEER e DU S R 28 ([CL,MIM][BF,]) Fl-+ k¢
FEORTE R AN AL B TR UK AR, 45468 75 il B BT
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ROKABR RIESEEL H bRy iy, SR R HUCR
LT BB S LSRR AN RSk
P REONHE— D4R 7R T4k R0 B AR5 I B o
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WL BRI PE R DL S R A G . FLYE=
20TV SR T 2 BN 16% (1 201 RT3 30 28%
A P e ) A LI TR RO AR B, 20 il 28 1 20 T R
HOATIK 171.91. Gao 25" R FH B8 734 44 2 UK AR 32
R 2, MM 25 CHHE 35 CH, HFH RIS
RHE 9.96 BERINF 23.41 ; REET 35 CHF, 4F
HRIEWE L F K. FFARERN, 5 RMeAKN
o Fe 5 7K AR BAT AT e 2 BE A I FE ) v T Rk
Zhang %P5 R LA V4 77K 2 UK MR 4R BUIR 5 2= 1
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KUK AR $E R SR £ FH € 38 1R IR 36 1k 2 Ak 4 1 3 1k
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YIRAEP AR A BCIEOLS, 8 BAs 5 H AR
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WK R A 2L Bk R SR R B 28, I F R AR
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HAEM. Yo ) SR R e B0 B R i T
BB, HAE,  HATRT O DR R AE N B — FR hR T
PrER IR, B Z IR NIRRT R IR B FH €8 3 AE XSUK AR
PR BEME 2 BB DL R KRR & F B 3 R SR k)
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S ST VA AL R O R A 5 TR 20T 3 4 1 R
o} AL
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“CERMTRNL” ST AR AR R VS A S, RAH
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P TR 22 S AT BT IX 3, 0 8 AR 5 1 e 3 71 R 2 1T
TP AR AR B T T R LI B R YR i R T
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Fig.2 The phase formation mechanism and extraction mechanism of aqueous two-phase extraction system
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