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Optimization of Extraction Conditions of Melanin from
Liquidambar formosana Hance and Its Dyeing Characteristic on
Glutinous Rice

HONG Zishan, WANG Junyi, LIU Junyou, GONG Jiashun

(College of Food Science and Technology, Yunnan Agricultural University, Kunming 650201, China)

Abstract: [ Purpose] To optimize the extraction process of melanin from Liquidambar formosana
Hance, and to study the apparent performance, sensory quality and antioxidant activity of dyed glutin-
ous rice. [ Method] The melanin from L. formosana from Yunnan was optimized by one-factor-at-
a-time method and response surface methodology, the melanin was used to dye glutinous rice, and the
sensory quality, antioxidant activity and microstructure changes after dyeing were discussed.

[ Results | The best conditions were as follows: the extraction temperature was 70 °C, the extraction
time was 6 hours, the ratio of solid to liquid was 1 : 50 (g/mL). Antioxidant studies showed that
melanin had strong antioxidant activity, and the antioxidant activity of glutinous rice was extremely
significantly increased after dyeing (P<0.001). However, the sensory score of dyed glutinous rice was

significantly lower than that of white glutinous rice (P<0.05). The scanning electron microscope

Wk HEA . 2020-04-08 Bl B 2021-05-27 W% B B BTE . 2021-11-20 08:40:58
HEATH . < = A EEKE SV AT TR (2018 YFD0400103-5) .
YEE @A 5LFI (1995—), %, JAREMA, FEEHMERE, FENFE RS ERR.
E-mail: 15287190113@163.com
**W{HEH Corresponding author: ZEJIIN (1971—), H, mmMiEA, Ht, #d%, FENFEHE¥HER
MAE2A1F9Y . E-mail: gongl99@163.com
W24 14 % Hihk : hitps:/kns.cnki.net/kems/detail/53.1044.8.20211118.1633.003.html

|ii||.-.££ﬁl-


https://doi.org/10.12101/j.issn.1004-390X(n).202004012
mailto:15287190113@163.com
mailto:gong199@163.com
https://kns.cnki.net/kcms/detail/53.1044.S.20211118.1633.003.html

£ 6 1]

SLTE, A AR R ORI 2 MO RER A e GURHPERIT S 1029

(SEM) results showed that the starch grains interact with melanin, resulting in an obvious increase in

the size of starch grains, the changes of morphological. Meanwhile the gelatinization degree of dyed

glutinous rice was lower than that of undyed glutinous rice. [ Conelusion ] This study laid a foundation

for the development and utilization of the L. formosana and the industrialization of functional color rice.

Keywords: melanin from Liguidambar formosana Hance; extraction technology; antioxidant activity;

sensory evaluation; scanning electron microscope (SEM)
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Tab. 1 Independent variables and their levels used in
response surface analysis

A B C

KF -
level SR [A]/h $RIURE/C B EE/(g-mL™)
extraction time  extraction temperature  solid-liquid ratio

-1 5 50 1:30
0 6 60 1:40
1 7 70 1:50
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bR AE RN I g ST M3 ) f, DPPH H i 3LiE
KR BE S M )5 72 R . y=0.055x+8.636, R*=0.995;
ABTS H B 3G BRAE S A 7 #E R . y=0.136x+

0.60
a 0.5

055} b
; /\\3 0.4
C
S0} 03

o :
0451 0.2

270

24.664, R*=0.993; BKESFiLJEEJ) (FRAP) [a]1H
FFEH: y=0.004x+0.098, R>=0.991; % [ Hi i
W HE S (ORAC) A K . y=0.421x+7.477,
R=0.998. 3 4 A v il 28 3 3L o B T AL T
P, ZERPIETERETTT Torlox AR (umol/g).
1.3 HdEor

K H Excel 2010 i#F 1744 38 ; K| F SPSS
19.0 $E47 77 22437 AR & 43 HT 5 R ] Design-
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Graphpad Prism 6.01 /£, rA s B 3 kKL
I, RSP IR
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] 7 h AN AR B R A L 22 57 2 (P<0.05),
2.2 W LT R A S R AR T
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0.467 3X,-0.037 1.X3+0.000 6.X,.X,—0.001 0.X,.X;+
0.000 2X,X;-0.039 7.X;>~0.000 1.X,>+0.0004X3*, [Hl)
BRI Jr 2250 M a5 3% 3

0.8
b 0.7} ; C;ﬁ)‘c/l ab q
d 0.6

e
]
0.5}
f
0.4}

1:251:301:351:401:451:50 30
BHE /(g mL™)
solid-liquid ratio
: ARTFERIRZE T B3 (P<0.05),
Note: Different letters mean significant difference (P<0.05).
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E1 TREHEEE & RZISR
Fig. 1 Effect of extraction factors on the yield of pigments
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Tab.2 Experimental design and results of
response surface analysis

s SREUR /M FEEUR %/ C BHBE/(g-mL™) o

No. extraction time extraction temperature solid-liquid ratio D270 am

1 6 70 1:50 0.760
2 5 60 1:50 0.734
3 6 60 1:40 0.703
4 7 60 1:30 0.708
5 7 70 1:40 0.671
6 6 60 1:40 0.722
7 6 60 1:40 0.712
8 5 60 1:30 0.716
9 6 60 1:40 0.712
10 5 70 1:40 0.679
11 6 50 1:50 0.709
12 7 60 1:50 0.685
13 6 70 1:30 0.732
14 6 60 1:40 0.711
15 7 50 1:40 0.636
16 5 50 1:40 0.668
17 6 50 1:30 0.764

e 3 ATl BEAL rh— I X X 8 3R 4R
ROR IR B S IKSE (P<0.01), X, W0 R $2 Uk
IR F K (P<0.05); BRI A2 H IR XX X
R PEPRCR IR B W 2 KT (P<0.01), XX XF
ORISR IR 3] B KT (P<0.05); BRI —
IR X,* T XG0 48, 3R B IORICR 3K A 2% 7K P
(P<0.01), AR AR IEIUT. 2 mA B b 25 P
45 P<0.000 1, UEHIZBIRARIM W E 7K R
Fr B O R PREUT 2 AR e 4D RS 5r=0.386 9>
0.05, 1] LAPAA Br e 2 B — vk [nl A L 5 5 ik
LA M RGN B, IR A e R
B R=0978 6, R HBRHPEGERL, "THT
T AR A B R AR IR . B HLR B (CV H)
4 1.014 6%, FKIXE AT REERR. 2 LT
R, PIEBRPIA B RAF, iR/, feig
HER ) AT AT AR JR B R 4RI T2, Bk
W E TS o I RS R . AE T
R ZIKEE RN, 25 XA R AR ST
MUY A« B ] >$E GRS B L o

*3 MERCRREIFREEFRE G ESR

Tab.3 Analysis of variance analysis of degree of the effect of pigments

b/ S ST i H RS ¥175 Fld PlE BEME
source sum of squares daf mean square F-value P-value significant
17! model 0.016 50 9 0.001 834 35.628 151 <0.000 1 *x
X 0.001 19 1 0.001 194 23.199 871 0.0019 *
X, 0.000 50 1 0.000 504 9.783 439 0.016 7 *
X, 0.000 13 1 0.000 128 2.492 323 0.158 4
XX, 0.000 15 1 0.000 150 2.923 770 0.1310
XX 0.000 40 1 0.000 403 7.824 212 0.026 6 *
X,X; 0.001 71 1 0.001 708 33.196 400 0.000 7 o
X 0.006 63 1 0.006 630 128.832 243 <0.000 1 o
X! 0.000 36 1 0.000 362 7.036 818 0.0328 *
Dy 0.006 05 0.006 046 117.471 641 <0.000 1 o
¥% 7 residual 0.000 36 7 0.000 051
AT lack of fit 0.000 18 3 0.000 060 1.310 795 0.386 9 ns
4% % pure error 0.000 18 4 0.000 045
JAJ5 % total variance 0.016 86 16

E: LR ERRE, P<0.05;

R LORFERWEE, P<0.01; ns. TRFEER.

Note: “*” indicates significant difference, P<0.05; “**” indicates extremely significant difference, P<0.01; ns. no significant difference.

2.2.2 S AESFAFIRE AN [E] VAR ) 96 E

P 7 TR P2 P A8 A2 0 A 75 2 DR 2R 0L 52 i s
B, Rz, ORI ABEP i A 2a,
2b AP BRI R R O R S HAE TR A5 2k
VLB , o o v i T3 BE P22, Fon IR

RHAEHAARE; MmE 2c, 2d A2 B E Frst
WL . 18] 2e. 2f PRERIBUIREEFVENE A2 AR IR
S5 e 2 LR iz T T S SO, ORI R AL
HAEMRED, ERBURE B s BAE R
R, AR LI RN L n 3 0y e A



1032 R R EFER

i 36 4

o0
=
=
(=]

N
W

60

55

B: #WGREE/C
extraction temperature

5.0 5.5 6.0 6.5 7.0
A: $EEUE])/M

extraction time

C: B Hb/(g-mL™)
solid-liquid ratio

5 1@, 0 ;z,?,/»g 5 60
’Tac,,olz éﬁ’/k/% 505.0 77 yt®

Pepa 111 e%“ac

1:45 ,
: Yogr,  1:35 . wn
5.0 5.5 6.0 6.5 7.0 SO]Z'@@@ 1335 3050 9 xg&é@@@e
A: FERER]/h Nllqujdl‘at'L\]) ﬁa%ox\&s
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solid-liquid ratio

N 000

- Gy 1340 = o o
#y 1:35 55 B e
50 55 60 65 70 Solig, 5/(g 1:3050 B X%wmee@
B: HRHURE/C i ray L) e
extraction temperature

T a), o) Ml e) AW R A AT (B SRICRIGAE R, B BB ODyggums b)) 1) A5 DR S S HLAT DO (0 28 F B A = 2
NP

Note: a), ¢) and e) are contour plots of the interaction of the two factors on the extraction rate of pigment, and the data on the contour plots are ODy7g,m;
b), d) and f) are three-dimensional response surface curve of the interaction of the two factors on the extraction rate of pigment.

E2 BMERZE(EMANERENERNNENE

Fig. 2 The response surface interaction of various factors to the yield of pigments
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WEHE N 0.766 3. A T B0 UERERY 45 3 % &
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FEBL 2T Y 6 Wk A IR0 25 R WA WG RE
0.734, SHM{ERGE, ULIABALER 5

2.3 A BRI P AL TE PR A

P& 3 AT B Gkl BAT B0 P A Ak s
PE, Bl G AR RN, HpT A A Mg
ik, H: DPPH. ABTS. FRAP il ORAC it} %
FEAIR (P<0.001), TAPHRK 284 (0 f5 b S A i i
WEERN (P<0.001), BLAM, HA (& HKE
W . EKEK) By ABTS. FRAP #il ORAC 784k
TR FEEESR (P>0.05), KL, fKEGAE]
PN E B AR PR soeRmbrafbme f, H2E
SER R (P<0.001),
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FEEORH O EEK RERK BE RN PRk RERDK
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J0h
1100 =30h 2300 £30.5h
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< 900 - E1.0h o0 B 15h
o, 800F m15h S 82100F :
22 700 ’ £ 3 m20h
§ S 600l 2.0 E** \\% 5 2 388“ EAK
m g 60T . = 3 [
oy N 20
s= X S 100|
= =i LA o i
0 olommme . L
s gkt ERRR Je@bRk ZH gk BERPR JebRk
control dye glutinousrice dyeing rice control dye glutinousrice dyeing rice

W o FIORANRI Z RN [FI [R] B SRR ET ] (0 h) Z A9 25 5 (*P<0.05, **P<0.01, ***P<0.001, ****P<0.000 1),
Note: “*” in the figure indicates the difference between different time and the initial time in each group (*P<0.05, **P<0.01, ***P<0.001, ****P<0.000 1).
B3 HSmRnsEsE

Fig. 3 Antioxidant activity of samples

2.4 HE RRORTUBCE PP S L ROWIE 3 0 B e 4 R WA RERBAL AN HZH:, &2
2.4.1 WA R IR G (R VAN N E SN D7

HH 3R 4 AT YL CORRR IR B SR Tk | o
PEFUREPE DL B SR VT 53 24 38 T HOK iR (P<
0.05),

R4 KRBRETESER
Tab. 4 Results of sensory evaluation for rice

RE RS FK IR PR

index of sensory evaluation glutinous rice  dyeing rice

Sk flavor 17.82£0.60a 13.64£1.50 b
PBis, color 12.00+1.48a 11.18+1.72a 220 100/ e o ocsEa

J6i5 luster 7.09£0.70 2 7.09+0.54 a B4 MEZEZHRSELEN (10 000x)
s integrity 6.36£0.50a  6.18+0.60 a Fig. 4 Microstructure of melanin from Liquidambar
Ktk viscosity 6.73+1.01a  5.73£1.01b Sformosana
FPE springiness 6.55£0.69a  5.55+0.69 b
HCRERE hardness 4911502  5.911.04a (2) ARG A F S OB A8 1k
YAVE: taste 16.45£1.29a 11.82+1.94b RYLEREA (FFR kR FIARE R i 2R

AU I texture of cold cooked rice 3.36+0.67a 3.36x1.12a %%@*ﬂ?* (ﬁ%“%*”) E@ﬁf_ﬁxﬂﬁ/};&m‘@ 5,
J.43 total score 81.2743.72a 70.45+2.42b

Ve T TR T R A P0.05 KT LB BB E 5. Hi P Sc AT DL S 7 R 3L 40 i 0k % T A R
Note: Different letters mean significant difference in the same line (P<0.05). E’ , EJ‘ ﬁ‘é %%*ﬁ*ﬁ Ej @%\‘- Zi EE *H H ,T/E Fﬁ F)]’,ﬁl . EE
2.4.2 WK SEM 447 I sb. 5d A Hi . €M KL T O 8 R Ak

(1) A B RBIE 5 45 IMORSE RS HANYSS), HIERRLR ST

1 SEM M B B I MM AR AR MBS B
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e a) RYRTK IR ZLAN A oW ZE
FLANMI WSS (5 000%),

10 pm

9 (200%); b) ARG ORFKICFLARBOLESH (5 000%); ) G ERRA IR FL A oL

Tl 'Ihn SEMI
2588 (200%); d) YRR AR

Note: a) microstructure of albuminous cells of undyed rice (200x); b) microstructure of albuminous cells of undyed rice (5 000x); ¢) microstructure of albu-
minous cells of dyeing rice (200x); d) microstructure of albuminous cells of dyeing rice (5 000x).

ES5 REdEERE AR A AL

Fig. 5 Microstructure of albuminous cells of raw glutinous rice before and after dyeing

(3) WILAF ARG R OIS A2 1k

AL FORER AR AL AT R ORI 25 LA 6.
HI1& 6c AT i AR R L A0 I 45 R AT Ak T 58 %
ROMRRZS, MK 6a THEFLANNELSHE , BEWIAH
[ b BE A1 B9 FURRRM AL B2 B e T AR, I
ST A BRI €0 3 00 S A B B A 60 T 2 R AR K

200 _Lun

T a) AR OBLHDRIFLANBOIET 4 (200%); b) ARG EWIHRARIRFLAN O (5 000%); c) 4

d) JeORIAAR R IEFLAMLROILES S (5 000%).

RLEWKAVEIT , BEARIER 23T BT, I8 1Lt
Fo & 6d ATLAZE - SRR A9 TE BRI fE
ALY, KR L 4 M £L i RN —,
A NIFOLES, 5 AR U 5T B 2R 4G
5 A,

Note: a) microstructure of albuminous cells of gelatinized undyed rice (200x); b) microstructure of albuminous cells of gelatinized undyed rice (5 000x);
¢) microstructure of albuminous cells of gelatinized dyeing rice (200%); d) microstructure of albuminous cells of gelatinized dyeing rice (5 000%).

6 FERIEMLRRIETL MR E ML

Fig. 6 Microstructure of albuminous cells of gelatinized glutinous rice before and after dyeing

3 it

WA BRI RIROTE AT R IR A
FHHT R . ZHANG SEPF5E & 8 AR B 2 e
Y EREENEmEME T Y, H DPPH M
ABTS F o 335 B 8 7143 5114 1Cs 12.04 pg/mL
1 1Cso 17.11 pg/mL; WANG 25 BUSH M1 7 -2 H
Y T B AR ST R B BT SR B
BT AT, HPTAR IR EIRES N . CFEHRIL
Y>/K LY >N R SE IO o ARBFIT R . A R
R BAERMBUEEME, X DPPH H f 2
THIRAES . ABTS HHLIEFRAES . Fe'' iR JAE
FAE I H 2R IS RE T 43 51 (798.516+13.544)
(494.664+0.957). (993.000:20.418) Fl (2202.293+
51.375) umol/g, 5 FRWFFREIR 5, AM5EiL

B RERaE)s, HyTAILRe )G Yy
TE) %) B84 A AR 8 2 i (P<0.001), B (71 25 Y thil
FEARAOPRER I (@, 38 W T4 R BT AL DAk
AR B R T LAt B € T BB A AE AT
B, AT RS

W BB E PPN SR B . KoK &
Pea )5, PR IEE A — s, H
B 5 FURR IR EL 35 T B (P<0.05), 4]
S, TPk . R AT R
Ay h BA AR SR B sy, 5 AARE
B HARAIRR . PRI, SR SR KR e {6 T
SHATIRAL, R X e CRT OR T XUBR I 17
FELHE T, YL R b s s B & o RTZE
W A ) SR AR DR . ANIFSE I8 e B . e R AR )
R PEFI SRV 35 F [ (P<0.05), H YL KR



£ 6 1]

SLTE, A AR R ORI 2 MO RER A e GURHPERIT S 1035

RIALAR B2 W 35 FORIRAG, R Z 28 5 57
W3 00 25 5 2 1 35 AT A R Ak B AR5,
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SRR T R QAT G I 0 75 Ak ) G R K AR
JEE AT TR

N 32250 ) 22 1y 5 R 2 ) o 5 Dk AR
I 2 18] 9 A B AR 6 R AR e R AT 9T . #R YR
SO0t g A I €, 38 X6 RO B 1 R R 1A A
YERBEATIRSE, ISR IR 5IORERZ
] DL g 7K A A U VR AT 45 6 o X Sz v
EOMR AL BRI ML O E ST 5k R
TE) Fey W o D S R 2 A ) BRI . AMIOAKO
PRI FAETER IR G RAL T R Z AE
B I RRZE 5 V B A, TAKAHAMA 46077
WRIEM SHE R IR ZCRWHEER T X
M. YRS Z A Y sKAVE AT BE S vE
b, MERORE T2, HXPRK
{18 Y 8, SRR E 0 AR 11 53 46400 o ) A AR A
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