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Optimization of the Extraction Process of Black Sesame Melanin
by Deep Eutectic Solvents and Analysis of Its Bioactivities

YU Yuexin, LI Huizhen", ZHANG Zhijun, ZHOU Boxiang, ZHANG Zichen

(College of Chemistry and Chemical Engineering, North University of China, Taiyuan 030051, China)

Abstract: To optimize the extraction process parameters and analyze the functional activity of black sesame melanin, this
study employed deep eutectic solvents (DES) as the extraction solvent. The effects of various factors, including DES
compositions, extraction times, DES water contents, extraction temperatures, DES molar ratios, and solid-liquid ratios on
the yield of black sesame melanin. Based on the single-factor experiments, the extraction process of black sesame melanin
was optimized by response surface methodology, and its in vitro antioxidant and antibacterial activities were evaluated for
efficacy. The results showed that the optimal extraction process was as follows: choline chloride: lactic acid 1:2, reaction
time 4.3 h, water content 39%, molar ratio 1:2, and solid-liquid ratio 1:5.6 (g/mL), under which the yield of black sesame
melanin was 7.3%. XAD-8 resin was used to purify the black sesame melanin, and the color value increased from 197.5 to
297.25, and the melanin content increased from 18.08 mg/g to 25.49 mg/g after purification. The IC, values of melanin
solution for scavenging DPPH-, ABTS":, hydroxyl radical and superoxide anion were 244, 111.6, 53.67 and 44.56 pg/mL,
respectively. The melanin solution had certain inhibitory effects on the growth of Escherichia coli, Staphylococcus aureus
and Bacillus subtilis, and the maximum inhibition zone diameters were 14.034+0.05, 14+0.1 and 20.1+0.11 mm,
respectively. This study provides a theoretical reference for the green extraction of black sesame melanin and the
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development and utilization of its functional products.

Key words: black sesame seeds; melanin; deep eutectic solvents; antioxidant activity; antibacterial activity
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MG 45 7% 7] (Deep Eutectic Solvents, DES) 7E 2004
A Abbott 25 M T ST I AR TR A5 0 P A
JE—FP AT DA S IR AR B B SR (AT, 51858
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(Hydrogen bond acceptor, HBA) FY4H-&, 5 =4l [
et AREEME AV AS AR, — LB BfsT A DL A
FH DES &SP PR Fi 2y it ',
ASCAL FH DES AR BB X B 2 R A B pEA TR (5,
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1.2.1 DES myiil€ AR Siddiqui &5 19 J7 1 il
£ DES, F & bR AE S &2 K, JRE . 2Lk . H
L LA-T s N B E O SR A . R A2 AR
PR A B — 2 BE SR LU TR A, 76 80 °C 7K
B R In R O A TR 1 AR, B IRICE 24 h,
TCHTEE SRR BN AS R A 251 DES, {8 FHETIn
A—xE LBl 25 B FoREHER S, BS BT —E &K
=1 DES, il #EOCIRTE . BARE L 7k 3R 1.
7 HBA 5 HBD EE/R LR 1:2 09544 b vk fe A&
w5

x 1 RIEE R ALK
Table 1 Composition of deep eutectic solvents
H 4y L4
DES] ERAS RIS 3 1:2
DES2 AALGE : 7R 1:2
DES3 SUANRGE : 1:2
DES4 SAAIEGE - 1,4-T B 1:2
DES5 SRR - Y = 1:2

1.2.2 MEZRRFP BRI SRR 2
YK PR, 50 °C GRUT 48 PEE T, & BB LB
ik 40 Ef, 25 o FREG— 2 3 i SR RRFh B2, 4%
TR—E R LLIR A, 1 1012 600 r/min $iH)E—xE
A5 TE], B O L 4000 t/min 2520 20 min, WA i
W, DRI A BRI 2 UK, IR ISR A g,
e D 4 5B 7oK, KUT 12 h, H B R UL
E, IR & 4000 r/min B5.0> 20 min, 3 L5, MIUL
VEPIN—E R R T K, IR ED#ZE S min,
4000 r/min B5.0> 5 min 25 DES, ULFET 60 °C #i4H
M, RIfS SR EE

1.2.3 FAPRIZESE

1.2.3.1 EHEE] X B2 RRB ORISR
DES & 7K & BHRE Eb . BEZR LR B, 5 43 5 [
SEN 40%. 1:10(g/mL) . 1:2 F 25 °C, ZEIAR[FH#E
BURITRI(3 . 4. 5. 6. 7 h) X R RREE A AT R FE
1.2.3.2 DES 7K X B 22 pR S (0 B AT SR 1Y 5 i)
P PEEETTR] | R LY BE SR E AN HE B S35 [ 2
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S 4h, 1:10(g/mL) . 1:2 1 25 °C FZ %6 DES &%
K (30%. 40%., 50%. 60%. 70% )X B2 Jff BB (0, 22
RS

1.2.3.3  HREUR B X B R A R AR s R
DES 1 & 7K . B b . R R F1EE JKK B 435l [

EN 40%. 1:10(g/mL) . 4 h Fll 1:2, ZEAREHEEL
HREE (20, 25, 30, 35, 40 °C) X B2 R EA (1 2R 152K

FZNA

1.2.3.4 JEEIR LEXTREZ BRI ARG R m Kt
DES A& 7K &2 B B | i BT 18] 0 HE EE 53 51]
FEE A 40%. 1:10(g/mL) . 4 h F1 25 °C, LA R EE
IREE(1:1, 1:2, 1:3, 1:4, 1:5)X R FRBEAEER
FASRZ I

1.2.3.5 KL BZREBOREFHZN
DES & /K& BESR b, $ B 18] 04 R EE 53-51)
[E 52 A 40%. 1:2, 4 h 1 25 °C, %5 A [0 B b
(1:4.1:6, 1:8, 1:10, 1:12(g/mL) ) XJ B2 Jpf B {1,
FHAFRAYR

1.2.4 WL ARSI ST AR E G R, 1R H
o B2 RR R A0 2R A5 R ) R = A BB 2 B )

(A) ., BHE b (B) X &K & (C) 8 | A8, F|FH Box-
Behnken ¥ 11—=HIZR —/KFma a7 o Abiass, DL
JRRA B SO ZRAT SR i AL, A 70 . T A3 15
i, RIZEFIKSE L 2.

2 W R R KB

Table 2 Level of response surface test factors

H#E
K , - —
APEIETE] (h) BAHRE L (g/mL) CHKE(%)
-1 3 1:4 30
0 4 1:6 40
1 5 1:8 50

1.2.5 MAEFIERITE FRE W(g) &G vest T
A RRRP R, 48 1.2.2 BYSEEG A IR BAE SRR i H Y
e TR, &89 60 °C ML AT 15 A R (4,
= M(g),

= (D

o, M R R R TR (g); W SRZ R
Begih(g) .
1.2.6 JRZRFPEZ RO Al SESMNBSCRAIE . (4

y M
BHER (%) = W 100

W M BB E
1.2.6.1 BZEpRPp A Zaifl e XAD-8

BHT S R A A R AT Al R, [ FHOC/K 2L
WIAE 4~6 h, [ 7R/ IK, i 3 BV 19 JC/K 21
$ 1 BV/h i s vh e iR, B 2 il i e (i W,
ZIE B TR YR G, B OCEERR . K
2 BV, 2% FURRERIRTR 1 BV/h MG rhse AsHE, FH
FEFIR PR A, B E R W pH .

2 BV, 5% WA SEACENEIRFE IR 1 BV B TS BEm
REAE, PR 22 B TR b et et BB bk
P — R AEEM T 0.1 mol/L IEE L
BRI P, BOHRIMEEE Y 0.5 mg/mL BSE (A RIS, %
B FERE A 0.5 BV/h, I 1 BV BEEER,
2 BV BB 77K 1 BV/h BIFE /K BERTE
ZhE . PEFEASFARL S E0(30%. 40%. 50%. 60%.
70% ) ) £ TR W ATEA T A 2 I56F , 6 19 St A e 25 M 4
60 °C HEARMET, I HA (A 2R A%,
1.2.6.2 BZRFN B ORIVEINRIIEEIE 5%
SCHR [15—16] M7 IR FEVEIE B, BRI 10 mg RE (53R,
FH 0.1 mol/L WS EALENTEIR 10 mL WG ILEE /A, FEH6
BE—EEEL, L 0.1 mol/L A EALFIR M2 L,
{d FHER AN G A A SR s M A T A U K 4
(200~800 nm), HIVEFTHEEIEE, 15 HH BRI
1.2.6.3 MAZERRFP R RO M L Ermie  ff
FH 1.2.6.2 1977 06 A R J SR VR B — 2 %
B, FHC SR B, AE S R I OO A,
RPE= ()M,

A 1

E=6Xm ﬁ(Z)

X, B Fomn i A Fom i KRG < oeRE
{H; C TR RS M, g/mL .

el 0.2~1 mg/mL AN [ 1R BE 9 BE (0 IR R,
TE L ARRAE W2 e ige T ) AN ] ¥ B 35 T 1 W ' 3
B, 15 B et BT 7R N y=1.3455%-0.1831, (R*=
0.9994) , W4 L) B0 2215 W FE B R IR g 1 I e
HSERE, AR T 5 RRAS L
1.2.7 RBZRREBEOAEDICEILIEEIGT
1.2.7.1 DPPH-VEBRBE 1M E FREL 3.2 mg A=
R (7 2R, I A 20 mL. 50% HY Z. 5 % Wk T i)
160 pg/mL MIFE SRR, SR A5 el B b 1ee
A 10, 20, 40, 80, 160 pug/mL BIFESR AR, FH TPt
FEALTEHERIMIE o

MR PE SCHR [18—19] By 5 ¥5 FH AR A& B, K i B
HY 7.88 mg DPPH #3K. 100 mL JC/K Z %, Fg il i
0.2 mmol/L i DPPH %%, 435l H 1 mL 5 WE .
4 mL DPPH # W in AU v, 3250, =R # 6
R 30 min, W 5EJE 7E 517 nm &b 5 56 EE(E
(A ¥ 1 mL FESHER AN 4 mL Jo/K OBR A
SIFEMIESCEE (A,) . 1 mL B 5 4 mL DPPH
HIMERE (A - RPN ITHEARES X DPPH [ H &
PTE B

DPPH [ H1 3435 5 %(%) = (1 - A‘; Az)x 100

0
&D)
A, Ay KR 1 mL % 5fl+4 mL DPPH B
BEs Ay R8s 1 mL BESR T +4 mL DPPH 35 #
JE I SEEE s A, 2Rk 1 mL AESR AR +4 mL JG/K 2.
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1.2.7.2 ABTS™IHBRBESIMAE  ARHE SCHR [20-21]
B R A E VR L, RSB FRKEN 66.23 mg i BRIREI A T
100 mL ZE48 7K 0 il J8e e B2 o8 2.45 mmol/L [ %
W, FREHAFREL 19.2 mg ABTS VAT 5 mL i g4
VW, BOH AL 7 mmol/L 14 ABTS fifi 45V, B GA%
17 12~16 h, F=AEFH W ABTS'. ¥ ABTS fifi 65
TE 734 nm &b L 70% 114 £ 7S R B B W G 1 N
0.7+0.02.,

Bt 1 mL AR ERS 3 mL ABTS IRG 4,
HEFESZ N 6 min, FE 734 nm AMMIKSERE(A ), [E]Em
E 1 mL 70% W L BEHS WS 3 mL ABTS MR AW
WHERE(A) . 1 mL A5 3 mL 70% FIZEERIR(A,),
RPE (D THEFRE T ABTS A H3E7ERRR,

ABTS" [ HIEIERR (%) = (1 - A‘; A ) % 100

A @

K, Ay TR 1 mL 70% £ BE+3 mL ABTS 1
WGRE; Ay FoR 1 mL FE5R+3 mL ABTS S e
JEHE; A, FOR 1 mL B3 mL 70% LEEAIROGEE
1.2.7.3 FE A B EIFRGE T & RI9E Sk
[22-23] WY IETHVETREE, BREL— 2 B 1B IR S 4N
FOWEIR — S 4M, Bl pH7.4, 0.4 mmol/L FYBENEZE v
W . 2.5 mmol/L MYABHEZT BRI . 2.5 mmol/L MY
R AV RV . 20 mmol/L MR EE /K IR HE - I RE
GRZEL(AL) | 25 FIUL(A) FIRTHRZL(AL) . FEGh2H IS
AR I AR 2% ik . SR IERSRIA A . BESh T
BRI M ARIE W AS 1 mL . BEEUKEEWR 0.5 mL; 25 4
1 mL R 4B 2K A R A W X B ZE
0.5 mL #EAE/RACEXEIK, FH 1 mL BHHCREER
37 °C HIR/KISHA N 1 h, 76 536 nm AW 5E 4528 1]
PR G RE AL, AR MR (5) MIE A RS % 2 3k 1 bl 2k
TR . ARSI LR v N > SE SR E 2 R iR 2%
MRIR-ETI 5, I AGRER WK 2 Je t i 2457 BRIV AT,
TR A Jr SR BT (o VAR M S B 5
A, —A,
A-A,

X, Ay FORE FAMOLEE; A, KR 1 mL
FEAR+0.5 mL H,O, W5 W SGRE; Ay K2R 1 mL
FE+0.5 mL 4lizK FU1GEE
1.2.7.4 HBAEIHE FIERE TN E =3 Ok
[24—25] YT IFEVETREE, BRI B BRI A 4N
FNWERR — 404N, BCH) 0.1 mmol/L. pH8 [ RBENR 2% vh
. 0.4 mg/mL MRRZR = s, #GIRT . %=
I 5 mL PBS. 0.2 mL 8 = EiEW T 10 mL &
A ELZE 10 mL, XKW 5 min, DL PBS R %5 (4

%%a&%%@%w@:( )xmo £ (5)

FRWIE T, AR 5 min P E — IR SGREE, HE
50 min, RGBS E] ¢ AP AS B, AR SG AR

P, Mgt O SR A R i — BERHRIE A [ S B B[R],
BRER LB =Y AR V), B S SRR =
F ST AR ]

K% AL 5 mL PBS 1 0.2 mL 432K =, 4351
TIARNF M E W RAEFEW 1 mL, K& FKE
A ZE 10 mL, )W 5 min J&, PL PBS 25 (5 X4 B,
TE 318 nm 4L EEBE 5 min I E — R WG EE,
30 min, LA GE AL BR, BB B AL AR, RERAy
Vi, ARAZ(6) T Sl 175 WO 8 40 B 28 1 I TS B

ol
He/Jo

ﬁﬁ%%%ﬁ@%:@-§}qm £ (6)

Ao, V, TR A B A ZE 542K = )
JE B H &R, V) TR =) 3 A LR,
1.2.8 BZRRBORFRIMERE I ME  fHHE
YL VI E SR P oF R RR R (A R A VR O A 1
2.3.4.5 mg/mL MR, UL 0.1% BYBTSEPHRAE N
BHAA: X HE, B R AT BP0 4 B (i A9 BR B 7| A B
ZEHIFT RS ZE LB #53R3hrhiE L, 76 327 nm b0
BRI E MR, 24 OD M 0.2~0.4 Z JalA, FH
A BRER KK AR B 10° %, 1 8P4 100 pl
M TRIER, B FHSPARIRAT 430 R R AT 50, el Am
WA ERASTCE 3 1 6 mm BUBELR A, —ME N
BH AT B, A PR A 43 ST A TR] ¥ 28 Al 15 T
30 pL, FEREFE 20 h, IR B E B AR, A2H A
AT
1.3 IR

SCEGZE SRR FSE bR HE2E e R . 2R
JH SPSS16.0. Design-Expertl3. Origin2024 #E47 %%
YRS AT AL I
2 HBRESH
2.1 DES Hy%F

& 1 AT, RIEFPZE DES X 32 jpifh Bz e (n,
FE ISR K/ A DES2>DES3>DES 1> ig>DES4>
DESS, DES2 18 & = . A[FEA HBA 5 HBD &

S e
AT =
i

2_

0 1 1

ZW DESI DES2 DES3 DES4 DESS
RS

K1 A[FEFZE DES X B AR 0

Fig.1 Influence of different types of DES on the extraction rate

of melanin
1 ARVNG R RTE P<0.05 K22 5 5355 & 2~ 6.
E] 8 IEJO
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SRR RS (R AR EAE T L B R Rk T .
PPk S5 P BT, 3 MR BT 45 SR S RE N DES 5 H AR
Z A R ERR Y, M R AR PRIy
DES2 "R FEEL A BLAE i 55 1 138, iR Ay
DES Pyt s T2 55 4L DES Fl4& L DES, BAF|T
B PR A I 2 i, Bt o] DA 2 1 i 2%
¥, Je S sue e DES2 VA RIUA .

22 BREZRIWER

2.2.1 PEHAAIXH R A RS RARZ A 2 nl s,
PR BRI DA, 2R VA S5 B o A ST ] F4 8 o 2
Sel s JE R A R EA, EFEHETA] A 4 h BAEE R
A 4.8%, BEZE AR HE I, SRR L, (H 2S48
HXEFEIR T 4 h B, SR R Bz v Aty o i, 5
BAFE TR

551

25— : : :
3 4 5 6 7
FEHU ] (h)

P2 SR ) 0T R 6 R AR A S

Fig.2 Influence of extraction time on the yield of melanin

2.2.2 DES Z/KEXEAFEIFRAYFN  DES 197
IR RN RN | 2T K 1 RIS PRI, SR
o B HCHE AERY, Hr 18 3 BTN, 24 DES &K &M
30% FEHNE] 40% B, BEZEEFRM 2.73% WEREN
2| 5%(P<0.05), 4k L1 il DES & 7K 3 W15 T
B o TR T BB SR A — Y Bl PN Bl 5 & K B i 5,
DES MIZHEEREAIR, IN5s T 40738 (8t T 2 R
AR . KRR EY) BT, DES W42 i 1 77K
H2IIAE DES MM, B DES A iy &8 E B,
TR ORI

55¢F

30 40 50 60 70
oKL (%)
3 O[] K e o R R AR A 5
Fig.3 Influence of different water contents on the yield
of melanin

2.2.3 REGREBEEX R ERMGRAENE  mhE 4 A,

B VIR ) 3 v PR 0 3 A R S B eI i S AR Y
HaF, 20~25 °C B, IR TS BN T 4y T EIAH 5z
31, 7E 25 °C B R 2R AR SRR N 5.33%.
R LSFEN DES BBt . S5 | 5Ky, IR ST
T34 DES 9% BEREAIR, B FEAIK, 52 DES 52
REE A ZE A B AR 7, SEESREI,

551

a
sof /’j\ b
/ ~
45+ / *
/ \

R (%)

40
35+
30

/ \

4 \

25¢ -
20

20 25 30 35 40
AFERREE (C)
[ 4 A[RIREE X 2R (5 3R AG AR A
Fig.4 Influence of different temperatures on the yield
of melanin

2.2.4 AEIEEIREEXTRBARMEFFEZN HE S T
1, PAAO ZRAT R 2 EE IR LL it in 2 B T i IS R
IR a3, 2 ALK - FLIR M 1:2 B A5 R 5 i ol
6.8%. JEPHATRESR, WNFLIR & & 1] LAREAIK DES 119
TR, 0AE DES H i EEEMLEa A0, s B
FRAE A ZR 0] DES 8 BUL &G ), (B IR E FLIR &
A HE— 2B, SRR AE DES H g 2H S i
b, SRR ZE S DES WA EAEH 1 E5 . Ptk
FEEE IR HE R EAC AR : LR R 1:2,

751
7.0 |

6.5t /\
_60F \
Oo L b
55 o \.

*;E sof N
45t -

40 F i\ e

35F

3.0

1:1 1:2 1:3 1:4 1:5
IR R e GRAE IR - FLIRR)
K5 RRIEEJR O MR A R AR )
Fig.5 Influence of different molar ratios on the yield
of melanin

2.2.5 BHE bR ORGSRz BB 6 nl,
10,22 S LRI L 1:4~1:6(g/mL) = [a] S 90 i 3
bEFHaA(P<0.05), RHE L 1:6(g/mL) BT, 193
W 6.7%, /G192 E T, X4 DES HEER
/D, SRR R 5 DES AYIEMIAS 7548, SR OREE
SEaT L, SEUS R, ¥ DES i&=)5, BEOR
rEs R TR N, SRIBCSCR MG N, (A& i) DES 43
FECLAY BT Y, (R ER AR
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71 a . R4 WEHETESNG
ol 4 \‘\i\\\r\g Table 4 Analysis of variance results of the fitting equation
=4l \ K TR ABE B R P B
4; \ TR 0.0024 9 0.0003 501.76  <0.0001 **
@ 4T \e A-FRIREST] - 0.0001 1 0.0001 12657 <0.0001 **
3t ) B-EHELL  0.0002 1 0.0002  339.06 <0.0001 o
N C-kht 0 1 0 3273 0.0007 ok
. . . . . AB 0.0000 1 00000 74  0.0298 *
1:4 1:6 1:8  1:10  1:12 AC 0 1 0 7108 <0.0001  **
FHELE (g/mL) BC 0.0002 1 00002 4414 <0.0001  **
SR =N RO S A A2 0.0002 1 00002 30195 <0.0001  **
Fig.6 Influence of the ratio of material to liquid on the yield B’ 0.0002 1 00002 4039 <0.0001  **
of melanin c? 0.0014 1 00014 252335 <0.0001  **
2% 0.0000 7 0.0000
2.3 MIRZERIE ST 00000 3 00000 541 0.0682
2.3.1 M TEEES A SR A T 224 N T I 4 SEBRZE 00000 4 0.0000
UL R 3, FZESWEE R UWE 4. @ 1 Design- BEZ 00024 16
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Table 3 Response surface test design

SEE ARREURTEI(h)  BEREH(gmL) CHEKE(%) YHRE(%)

1 5 6 30 0.0503

2 4 6 40 0.0731

3 3 6 50 0.0402

4 4 6 40 0.073

5 4 8 30 0.0358

6 4 8 50 0.0495

7 3 4 40 0.0601

8 5 8 40 0.0562

9 4 6 40 0.0722

10 4 4 50 0.0435

11 4 4 30 0.0607

12 3 6 30 0.0506

13 5 4 40 0.0679

14 3 8 40 0.0524

15 4 6 40 0.0723

16 4 6 40 0.0723 la’,%'fl‘,,",; -
17 5 6 50 0.0523 . oty

ol

il tb
232 BB ARSI AR M P 0 PR g sy
T DR 2 0 B R BEL 5, 22 5 2 10 3 T A, R gy ——
] K O T LA e A, D360 A P 22
F1 5 T4 P o B B L 5, 215 AT T S
e 4 Sl 7 AT, A8 SFURE - Sk SRR -

B KB PR A R AR AR R (P<0.01), c. RHR L 5 K i i 32 HAR
SEH IR Tl BHR LU SRR R R B3 P 7 PR 2R S AR w1 T ]

2 (P<0.05) ¢ Fig.7 Response surface plot of two-factor interaction
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Fig.8 Melanin recovery rates of different eluents
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Fig.9 Ultraviolet-visible absorption spectrum of melanin
in black sesame seeds
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Fig.10  Ability of black sesame melanin to clear DPPH-
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Fig.14 Ability of black sesame melanin to clear

superoxide anion
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Table 5 Diameters of the inhibition zones of melanin solution
against each tested strain

{035 3 KIGFFIE SO AER T it 2 AT
(mg/mL) (mm) (mm) (mm)
0.00 6.20£0.15° 6.00£0° 10.00+0.05"
1.00 6.30£0.11° 6.00+£0° 12.0+0.05°
2.00 8.76+0.11¢ 9.46+0.05¢ 14.00+0.11¢
3.00 11.00+0.1¢ 10.96+0.05¢ 15.70+0.2°
4.00 12.16+0.12° 11.96+0.11° 18.60+0.05"
5.00 14.03+0.05° 14.00+0.1° 20.10+0.11*
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Fig.15 Antibacterial ability of melanin against the three
tested bacteria
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