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Extraction process optimization and anticancer activity of maize yellow pigment
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Abstract; Objective; To study the best preparation technology of
maize yellow pigment by ultrasonic assisted with enzymatic method,
and the inhibitory effect of them on the growth of human gastric
cancer cells (BGC-823). Methods: The optimum conditions of maize
vellow pigment were extracted by ultrasonic assisted with enzymatic
method by single factor and response surface experiments. The inhi-
bition of maize yellow pigment on BGC-823 cells was detected by
morphological observation and MTT assay to evaluate the antitumor
activity. Results: the maize yellow pigment best extraction condition
of ultrasonic with enzymatic method is: enzyme activity 10 000 U/g,
ultrasonic power 400 W, enzymolysis temperature 35 ‘C, the maxi-
mum extraction yield was (72.64 + 0.42) pg/g under the condition.

the maize yellow pigment has a certain inhibitory effect on BGC-823
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cell were studied by cell morphological observation and MTT test.
Conclusion: The extraction of maize yellow pigment by ultrasonic as-
sisted with enzymatic method is a kind of effective extraction
method, the maize yellow pigment prepared has strong inhibitory
effect on BGC-823 cells.
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R, DT 38 s 00 % 0 e BE Y 280 ) L s AL R AR R L A IR
PEN ), C ) 2 TR A SO AR . et B G T
AR RMRE T BN ERE AR RS E RS ARNA K
W ERE RIS DR R T Al B R A OK PR R K
B F L SR FH R N7 TG 9 6 B T 2 R AT A Ak L 9 A 4H K
RS R HE B R T A B R 4 i (BGC-823) By 52, LA
Sy K H A FR R RO D RE T R SR AR IR AR
1 BRLS 5%
L1 #E5RH

ERK AR 101, T

N R AN - BGC-823, o [ = B} K 2% B 0 R B 4R 43

B-HAE N F AR Bl =980, [E 2 R Bk AE IR A
MR 5

BT AR BB ) 200 000 U/ g, B 25 8 B AL A R A
B 5

3-(4,5- Z HI FEBEmR-2)-2, 5- — OR U & M iR AR (MTT) .
4 =>98% , % [ Sigma A,
1.2 UFEHiE&

HLF 40 M KT . BS223S B L AL B 6 2 R #% R A IR
NG

S VR B O ML TW-3021 HR B, 22 5 SO R S i
MR 5

PEGAR B W4 B : OLYMPUS DP73 B, % 5 5% f1 ¢ |
T RHEAIRAF

AL LS 4 e o BE i 721N B, b A R AR AT R
NG

P UR T AL : CHRIST 7Y, b 50 85 1860 BB R A KR A 7 5

BER 7 K AL RE-52CS-2 A1, E AT W s 7 AU AR A R A7
M2 ) 5

4 B Z AR : Sunrise B, B L AT .
1.3 Ak
1.3.1 EXREOEMER EAREORMWIRRTES A
OGO WA BBl . B oK TAL HL L vk A ORI R L 2 120
B . R 25k 48 IR K 8 6 5K O 0 J5 1 £ oK
B3 AT & B AT R R AR B Z 5 A TE K 2 B AT
PRI, B 4 000 r/min B0 5 min, BV GE T =
JEE AT R L e % 28 (SO0 IR AT Wk i Ve R T R AR B
WA BET:

E R L B By B> e B K R > R 35— e T B
RBE B >REF L E kA kTR
1.3.2 B-#A% MFEARuEMZR I AR scEk(13 ], & goin
T ATEOK SRR R MER PRI -5 % bR 5.00 mg, € A%
50 mL, 8K 543 18X 1.0,2.0,3.0,4.0,5.0,6.0 mL VTR E &
F 10 mL, #R6 DL E W 43 50 7 B 10 4%, 78 446 nm 40 Ik
Al . a8 X B 18 B TC /K 2 B, 4 o b o il £, 15 31 B
B RRAERA TR,
1.3.3 BRZRRREIT X2 A0EER#ET IR, &4k
SR B R 3 AN &K B WIS 7 R R R T
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(1) 3 g%k 60K 28 8 AR B2 0 . R 2.0 g £
KMIA A B SR S R, B TS 7 4 S 4000, 8 000,
12 000,16 000,20 000 U/g, fill A 40 mL Z& & K , il fi o [A]
4 h, R 30 CLZJE A 60 mL JoK & BE, BB
20 min, A D)2 200 W, B4 4 000 r/min .0 5 min,
VS WRTE 446 nm RO L AL 3 A TAT

(2) AR B2 X oK B 4 R SR IR A R BRI 2.0 ¢
TR A AT B B BEE ) 12 000 U/g, LA 40 mL
FEUBOK S TR s IAD 4 b, TG AR O 32 43931 R £ 20,30,40,50,60 °C
ZJEIA 60 mL JoK Z S 20 min, 875 H)F 200 W,
W 4 000 r/min .0 5 min, FIERAE 446 nm R %
BE AR 3 AT

(3) Py N F oK B A R R BOR M FREL 2.0 ¢
TR A A B G L B S ) 12 000 U/g, A 40 mL
ZEAROK BB AR A TA) 4 b BB AR RLEE 40 CCLZ S A 60 mL JEK
2B, 875 20 min, 8 7 T 24> B 2. 100, 200, 300, 400,
500 W, B4 4 000 r/min B4 5 min, | ¥ E 446 nm
T OB A 4L i 3 A AT .

1.3.4 Box-Behnken i % %1t i JH Design-Expert 8.0.6 %
4, % Fl Box-Behnken #31 . DL 15 2K B €8, 28 32 B3R Sy i o7 {
Xof T EALLR R (R ) L S T 2R R DD AT AL
3 E 3 KVt 44 Bk AP i S 4R I R B
AR T E4&AF.

1.3.5  FOKR¥E @R GuEE e

(1) E R F XS B9 4 0 45 05 10 T8 25 2 5% - AR
PESCHRC 140 BT ¥ 823 A L4 AL 4 X 10° SR F 6
LA P B LIS TR AR 2 mL, B F 37 °C 5% CO, 85 37 56
PR 24 h ARG WESAM, XA (E R ERKE
0.25,0.50,1.00 mg/mL), L K5 5% 24 h, 7 B33 8 T L4l
MR,

(2) F KRR XS o 40 5 (515 O 00 52 i . AR 4
SCHRC1S ] B BN T - 4% 823 4l DL AL 3 X 10° A4 Fh 2] 96
LR B AL AR 200 pL 35 24 h 5 IKE = 04,
B2 (oK B 8 Z Wk F 0.25,0.50,1.00 mg/mL) , 4k £ 15 35
24 h, MTT A 00 40 i i 77 .

1.3.6 o I EE 3 KR ECFHE . R SPSS
19.0 #AF#AT GE3t 40

2 B RS bT

2.1 FRAEMZHSH

TE 280~600 nm K H A X g-# % b R AT 2 ¥ H
7 446 nm ALk B p-HA W b F iR K, R A g b £
Ko A BB L) 446 nm FWOBIE e . 1 — B W
ORI LB-W1E DRI & 5 HAE 446 nm 4b AWK O H &
BAFIZR L R (R?=0.999 6), JLIE 1,

2.2 BREZREER
2.2.1 IS IR EOKE AR RBORA N K 2 AT T
— S R P R DI B, R OK B R AR R R 4R
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Figure 1 Standard curve of g-carotene
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Effect of enzyme dosage on the yield of maize

Figure 2

yellow pigment

o AH 2 i NE Sk 8] 12 000 U/g B, T K38 60 % 4R IR K 3
R RAE - Z )5 BERGIE J7 i3 m, EOK B A R IR R TR
o TR MG ) AR B I T w58 A A L B
AR [ S Sy i S S TR PRI N RN
12 000 U/g I}, [ % S 1o 35 2 4 A, i DL 2 IR R i 7
F e AL ARG YE 0 12 000 U/g BE AR R L oK
B R PEHE N (64.780+1.285) pg/g.
2.2.2  FEMRRBEXT EOKR M AR BBCEM N @ IE 3 AT,
— L YU R N R (8 R R IR B IR O s R B S B
JE WD Y e R B IR F) 40 C L $R IR K B R KA. R
(65.694+1.21) pg/g. M ETE 40 CLL LW, 2 TG,
I oK o (8 R AR IR AR IR O 40 C
2.2.3 RTINS EOREORRBCEMP R mIE 4 AT,
— JE U Y BE R S T A SN . R OK B (0 R 4R R R i
B R Y F A B] 400 WO, TR B (4 3 SR IR A R A,
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it A 2
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Figure 3

yield of maize yellow pigment
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Figure 4 Effect of ultrasonic power on the yield of

maize yellow pigment

ZIEBERTE TR I R AR IR BRI SR
TR B e AR L AT RE M B 2 R ok O A R T Rl
400 WL L2 T - B oK M A R AR IR N (65.9910.48) pg/g.
2.3 MEERKER

LB R 28 235 2R O R AT 2 AL TR 3K F ARG Box-Behnken
06 BT R AT 3 me 7 R R B KT, R 1

#& 1 DBox-Behnken i 3&iZ itk F

Table 1 Factors and levels in Box-Behnken design
; ARG/ BEFEIIE/  CERIEE/
e (U-g™bH 4 C
—1 10 000 350 35
0 12 000 400 40
1 14 000 450 45

MR B e T B A I IR 45 2R L3R 2

#& 2 BoxBehnken iRI§iZit& R

Table 2 Box-Behnken design with experimental results

i 5 2 A B c BIE/ (g - g D)
1 1 -1 0 58.80
2 0 0 0 68.31
3 0 0 0 67.96
4 -1 0 -1 72.64
5 1 1 0 59.70
6 0 0 0 68.13
7 1 0 1 60.92
8 0 -1 1 62.35
9 —1 1 0 70.84

10 0 0 0 68.03
11 -1 -1 0 66.32
12 0 1 —1 67.23
13 0 0 0 67.91
14 0 1 1 65.72
15 1 0 —1 63.91
16 0 -1 -1 65.81
17 —1 0 1 71.14
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2.4 MBPABEBFESHK
FI 3 AF % 11 Design-Expert 8.0.6 X £ 3% 3t 47 £ J¢ 0l
MG, AR A5 BTG g L M S AR IR 9 = 5T 22 B [l 1

Tt
Y=68.0—4.70A+1.28B—1.18C—0.91AB—0.37AC+
0.49BC—1.14A* —3.01B* +0.22C?, (DO

3 A A, B P<C0.000 1,48 B i 2, 4 435 P=
0.422 3 R ITUA 5, 55 S B 1% I3 0 — YR 300, 8 75 Ty R 1 —
YR, T AR U B ) — R 0T I g 55 ) 2R 0 28 B il E
7755 Tt e 1L 1 32 ELIL A 7R ) % K R A IR R 1) 3 HL IO T
FIH TR 7 T T A B K F (P<C0.01) 5
il AR VL E B IR TLA B B K P (P<C0.05) . B F H A LLE
WA FE R m R =Ry & A>B>C, #ifl R* =
0.999 2, F B 5 TR LA B B 47, A5 80 BB A5 i B K 2 U
AR AL, L5 LA T LA R A IR I IR 2D .
2.5 HBEEXEERRENES

p &1 5 Ca) T A0, 2 Wl 0 ) — o W), £ L 6 Bl 7 ) 2 1

450,

B I%R
Ultrasonic power/W

350
10000 10800 11600 12400 13200 14000
A B I

.. -1
Enzyme activity/(U * g7)

(a) BHEIIS

C. Tt fire U B2
Hydrolysis temperature/
o
3

(o
=

0000 10800 11600 12400 13200 14000
A il i% 77

Enzyme activity/(U + g™

(b) FIESE

C A L
Hydrolysis temperature/°C

400 425 450
B 7 ) e

Ultrasonic power/W

®3 WHEERXKEIRERTESHT

Table 3 Analysis of variance for the fitted regression model

J5ZKWE SFIF R AmE By F {8 Pr>F W&
iR 251.17 9 27.91 1031.42 < 0.0001 = =
A 176.81 1 176.81 6 534.66 <C 0.000 1  x =
B 13.03 1 13.03 481.58 <C 0.000 1 % =
C 11.19 1 11.19 413.43 << 0.000 1 = x
AB 3.28 1 3.28 121.08 << 0.000 1  x =«
AC 0.56 1 0.56 20.51 0.002 7 % x
BC 0.95 1 0.95 35.13  0.000 6 % %
A? 5.46 1 5.46 201.88 << 0.000 1  * x
B2 38.25 1 38.25 1413.61 << 0.000 1 = x
C? 0.21 1 0.21 7.77  0.027 0 *

% o019 7 0020
EEOR 0.089 3 0.030 1.18 0.422 3

Hriz 2% 0.10 4 0.025

BF 251.36 16

T ox RREFEWEE(P<0.01); x £RESEE(P<0.05),

o0

PRICE
ctionrate/(p g *

K

e

raction rate/(p g

(o) S I A 5 T I L
BS BENSREDR BEINEBEMBEALFNEEHEMEEMIEANFHE 0L aR

Figure 5

Response surface and contour plots for the effects of interaction between enzyme activity and ultrasonic power, be-

tween enzyme activity and enzyme solution temperature, between ultrasonic power and enzyme solution temperature

on the yield of extraction ratio
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FARIL 2N B 0 s 96 AL BT 5T

BT RIS T SRR A AR A R s 2 P T R — s L B
it 375 ) 10 SR A R R A . i T TR 0 48 E i L 3%
Wi o7 {1 of 0 7 R 75 Ty 2% b e AR A6 v R 1 i % AR B T
H G SRR S )R A HAR R g B . R
TR RN J7 1 000 U/g S T2 400 W, I HAE XA
SRR R . HIE 5(h) AL M f— SRR
Wi R % Ok P8 ) S o S YT e 5 2 TR R R — A SR IR B
B G B3 Iz T e AR TTA B DT E R A 5AE
FHRER , 500 S0 3 A LG T T A7 8 L 4 RS X IS ) T R B
R, HIE 5o T, 2 A T R — i B A Y T
PRI WG I 5 24 Tl A R 3 — B B R RS S R B
PR RS Th i J5 T MR FA . me L TR % 38 R Rk BE I
T o K 7 e R A R R B R s o A e R
BT B 7S ) R R A B A R . B
FEIE TR )38 400 W ORNEG AR IR B 35 °C L JF H7E % sl $2 X
RHBKRE .
2.6 WIERINLER

i id Design-Expert 8.0.6 B} 511, 13 £ K 5 0, R 42 K
BAETESHONEE 77 10 000 U/g, A TR 413.99 W, [
MR BE 35 CL AT ERE A RABRIMER
72.90 pg/g. ]S BRER A v B ) Bk R I 2B
9 WG J7 10 000 U/ g, #i 75 Ty 4 400 W, il i i B 35 °C %
it 2 B k47 3 Uﬁ%”*fﬁﬁﬁaﬁﬂﬁﬁﬁ%%ﬂ%ﬁ
(72.6440.42) pg/g, TNAE 5 SLI0AHIE B Bk, #F— B UEW]
10 B T R AR T B W] S A B
2.7 EXEBENABEBAMBRGHOESENERER

L 6.7 R, 25 0 BECZE 4 Al O BE AR A R4 B AR
BT i T A e 3% 3 6 201 ) S 1 B 0 O RE R 3B T U
B o 1,00 mg/mL K K B 68 3R 440 M B 2 A [ s L TG
FERUH R (AL 47.2%, S A L, 22 50 3 (P<
0.01) . i WA ok 35 4 % A B i 40 i 5 AT 40 i 7R 1, OF HL 2
USRI — RO 06 R . BT A AN 3 UK R R R AL B BGC-
823 2T . U T 40 i 2 WA 440 M 18] BB R R RR A DS L 40

(a) BGC-8234Hu4 (b) 0.25 mg/mLE A HE (0 2 PR

(c¢) 0.50 mg/mLEKEEZRLAMA (d) 1.00 mg/mLEKE B
B6 EZERFTEEMNAFTESIN 823 MBEFHH A
Figure 6 Effect of maize yellow pigment on 823 cells
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Figure 7 Inhibitory effect of maize yellow pigment

on 823 cells

GASOW AT E NS L 5 K5 (6 3 AL BT A0 ML TR A AL
2.8 EXEREWNABEAMEESLNZNE

iRl 8 AT, oK B (0 K AR 05 AT A0 ) 823 4 M iy AE
K2 A 1.00 mg/mL £ K ¥ 6 R, 4 g /7% R LR
22.1% . 525 Al B 2 S A 3L O FLBE T OK 35 €6 3 R &
4 FE T o T 200 0 S 5 SR S R, LR BN R . AR
ORI R, M oK W KWk B R 53.21 pg/mlL B ALY
HLiE WY 8 CES-2) 40 Jfg 90 i 28 3% 51 5090, 2 FoR 8 A %
62.21,61.93,98.60 pg/mL F. XF A FL R 40 s (MDA-MB-
231) Sl 200 B CA549) T 4] A 93 41 il (PC-3) B BLAT [ B¢
B R . RAE ST IR 45 R R W Bk
X i (Hela) 40 it 2 A 060 7E A 4B 20 pg/mL B,
P Fak H) 31.98% AT F oK 3 3 FL AT 10 98 A0 B A

B AR FH  EL XA [ 982 290 Jt ) 300 36 1% 0 AR TR
150,
<
#1000
&5
%; s0l
0 m

control 0 50 1.00
FOKRE A RIEE

Maize yellow pigment concentration/(mg * mL™)

* x HEPAMILERNEE . P<<0.01; » SEH4MILER BE.
P<C0.05
B8 EZRKEEMNATESI MG ERNT H
Figure 8 Effect of maize yellow pigment on viability

of 823 cells

3 il
AR A3 56 3 o %o T G ) R R TR R R SAI?EP/J
BRI TR EKREARERN IR ST AP, f

ﬂ:?%ﬂjiﬂéﬁi@%ﬁfﬂﬁﬂb@@&ﬁﬂl%mﬁlL%ﬁ?@:@@
& J3 10 000 U/g. i I & 400 W, Ml 2 35 °C s fe i 4%
PRI 3N (72.64 +0.42) pg/e. T IE & 7= WE K
MTT éﬂiﬂ’ﬂ‘ia‘jﬁﬁ‘b M E KO RN B A B A —
POV . e 2 W A A D A R AR 2
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