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o’acetone extraction. After simulated gastrointestinal digestion, , the polyphenols
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Abstract: The apple polyphenols were extracted by:8
release of the extract and its antiprolifération activity o -Hep(’}Z cell were determined. The results showed that the release contents of
chlorogenic acid was the highest in the 80% acetone extracts from different apple varieties Crystal, Gala and Green, being of 30.72 + 1.54, 22.37
+ 1.12 and 8.70 + 0.44 mg/kg FW (Fresh weight, FW), respectively. After simulated gastric digestion, high amounts of protocatechuic acid,

p-hydroxybenzoic acid, gallic_acid, chlorogenic-acid and other phenolic acids were released, while high contents of quercitrin,

quercetin-3-glucoside, stearosine and other flavonols were released after simulated intestinal digestion. The cells survival rates were 26%, 42%,

44% and 23%,

%, 28%, respectively, after HepG2 cells were treated with simulated gastric digestion and simulated intestine digestion of the
apple extra o«rystal, Gala and Green (concentrations of 297, 99, 255 mg/mL and 198, 154, 106 mg/mL, respectively) for 72 hours. This
indicated that the simulated gastric.digestion mainly promoted the release of phenolic acids, while the simulated intestinal digestion mainly
promoted the. release, of flavonols. In a certain concentration range, apple extracts by simulated gastrointestinal digestion had strong
antiproliferative actiyity against HepG2 cells.
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&1 HPLC EENHTKRELPHIZEEHE (mg/kg FW)
Table 1 Quantitative analysis of polyphenols release in Crystal apple by HPLC (mg/kg FW)

A5 38 80% P BRI A EREEIA FiHW2h B EATRE 2h BEGsB2h B4k 3h M= a3 h
1 RER 4.45+0.27 15.22+0.76 56.1442.81 27.07+1.62 $.$5i0.95 24.93+1.75 25.79+1.03
2 AR 0.14+0.01 0.55+0.06 26.49+1.32 9.59+0.67 65+0.05 A:O.IS nd
3 TR U 0.19+0.02 0.91+0.08 219.23+8.77 45.89+1.38 0.72+0.07 1.22+0.09 0.90£0.07
4 L RER nd nd nd nd N nd 10.33+0.41 6.97+0.42
5 xR T B 1.45+0.10 3.1740.19 92.93+4.65 37.6481.51 10862007 0.08+0.01 nd
6 GFREL 30.72+1.54 19.33+0.58 30.46+1.22 3448141397 0 41£1.18 15.64+0.78 10.21£0.51
7 EE#H nd 0.93+0.07 1.6740.10 " ng/ 1.390.11 0.86+0.08 0.96+0.09
8 B nd nd nd o nd L 0544004 nd nd
9 kT2 2.49+0.15 0.880.08 16.81:£0.84 223:0.16 | 0.92+0.05 nd nd
10 PT84 0.34+0.04 1.80:£0.09 2.55£0.20 2/46+0.20 nd nd nd
11 IR nd nd 15994080, 16.49+0.82 nd nd nd
12 G BB 4.48+0.22 nd 11.58+0.69 nd 2.40+0.14 3.05+0.24 nd
13 MR F-3-H BB 0.50+0.07 2.060.12 4,88+0.44 6.23+0.31 1.86+0.13 nd nd
14 2T 2.94+0.18 nd nd nd 4.38+0.35 nd nd
15 FHHEE 0.170.02 3.84+0.23 1.15:0:12 0.1420.01 0.18+0.02 3.08+0.22 1.61+0.14
16 CEIE= 0.33+0.04 0.60i0.’\ {.0020:11 nd nd nd nd
17 REF 0.43+0.06 «) nd 2.90+0.17 2.400.17 2.45+0.12 4.34+0.26 3.7240.22
18 e 2.43+0.15 A48+0.14 0.90+0.06 1.94+0.16 1.14+0.07 4.61+0.28 0.58+0.05
19 AR E 0.29+0.02 1.32+0.07 nd 2.01+0.14 nd 2.67+0.21 1.94+0.17

20 AR 0.19+0.02 d 0.07+0.01 2.97+0.18 nd nd nd
21 PR A, +2.59+0.18 6.50£0.46 0.860.07 1.90+0.09 4.01£0.32 7.01£0.35 1.1240.11
22 E NS 0.24:£0.02 nd nd 2.14+0.19 nd nd nd
23 bR A nd nd 1.23+0.06 0.75+0.07 nd 1.1240.10 nd
24 W E nd nd 0.76£0.05 nd nd nd nd
25 FREE \nk nd 0.83+0.07 nd nd nd nd

7E: nd=not detected, K T

BARALT, DBRFENE, HMEETAHPEATERE, n=3.
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7R 2 HPLC EENHTIEMIRPHILEREME (mg/kg FW)
Table 2 Quantitative analysis of polyphenols release in Gala apple by HPLC (mg/kg FW)

b2 % & 80% P BRI I A B 0h Bl 2h BB 2h a5 2h JAi# A 3 h TG 3h

1 AER I 6.19+0.31 28.17+£2.25 102.78+6.17 86.13+5.17 thims \ 24.98+2.00 23.93+1.20
2 ARTE 0.120.01 0.85+0.08 33.82+1.69 26.77+1.34 45009 J‘to.os 1.06+0.10
3 JRIUR B 0.58+0.05 0.960.09 287.95+20.16 223.59+6.71 0.610.06 2.3120.14 0.86+0.10
4 HERJRER nd nd nd nd nd 11.16+0.78 6.00£0.36
5 IR T B 1.85+0.13 3.16£0.22 194.75£11.68 175.6447.03°5 2+0.27 nd nd

6 GRER 22.37+1.12 3.04+0.18 43.2542.16 35.8042.15- e 2+0.25 16.16+0.81 8.63+0.60
7 FEH 0.44+0.04 0.7120.05 1.86:0.24 150£0.03. o , nd 0.79:0.08
8 ook 0.240.02 0.7520.05 nd - A \ nd nd nd

9 FRT2 2.25+0.18 5.31+0.42 24.25+1.94 15798142 1.17£0.08 nd nd

10 FT3RER nd nd 3.63+0.33 277£0.28 nd 3.26£0.20 2.68+0.19
11 I-TEs nd nd 22.26+2.00 23.70+1.42 nd nd nd

12 G R BB 3.15£0.28 nd 20.74+1.45 v 16.712£0.67 2.05+0.16 2.83+0.11 nd

13 MR F-3-F EAE 0.46+0.05 1.76£0.07 7.6040.30 4,72+0.52 1.67+0.10 3.63+0.15 nd

14 T nd nd nd nd nd nd nd

15 FHHEE 0.90+0.10 13.74+1.10 2.82+0.08 3.14+0.22 2.99+0.21 6.11+0.49 3.87+0.15
16 #FAEZER nd 1.34+0.12 /\ 1140060 0.77+0.09 nd nd nd

17 REF 2.59+0.16 _2.27+0.11 8:58+0.52 7.53£0.38 2.33+0.16 nd 3.75+0.19
18 M 0.11+0.01 9.63+0.58 22.86+1.37 18.82+1.13 nd 6.72+0.47 0.40+£0.05
19 AR E 1.1140.10 3+0.10 10.21+0.71 7.76£0.54 nd 2.55+0.23 2.13+0.13
20 ARE nd n 10.37£0.93 12.25+0.86 nd nd nd
21 A A, 1.93£0.15 6.54+0.52 11.65+0.59 8.86:0.80 nd 1.19+0.07 1.510.12
22 EEx nd nd 5.73+0.34 2.86+0.17 nd nd nd
23 A AR nd nd 2.43+0.12 1.21£0.10 nd 1.23+0.06 nd
24 BEE nd 1.47+0.1173 1.02+0.10 nd nd nd
25 FREE nd 1.06+0.10 0.85+0.11 0.710.11 nd nd

vE: nd=not detected, K TAHSLIE BT, NELENE|, AR TAHF AT ERE, n=3,
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3 HPLC EENIMFERPHSEIRHE (mg/keg FW)

Table 3 Quantitative analysis of polyphenols release in Green apple by HPLC (mg/kg FW)

AR5 % By 80% A BRIZ IR 4 BiHI0h Bl 2h HExT R 2 h BEasR2h Mt 3 h E Gt 3h
1 R 4.20+0.29 19.93+1.00 79.01::4.74 40.45+2.43 lﬁ&% | 57.50+4.03 45.10+1.80
2 AT 0.11+0.01 0.57+0.06 34.30+2.74 15.7120.94 0.56£0.04 «4 nd
3 JRIUABL 0.65+0.07 2.11+0.15 247.28+9.89 93.65+4.68 1.61+0.10 2.40+0.12 nd
4 R nd nd nd 1.02+0.09 1 nd 3.630.22 3.5240.32
5 xR T B 0.2740.03 3.92+0.24 108.52+4.34 37681137 R.57H0.34 nd nd
6 FRE 8.70+0.44 4.05+0.16 22.43+1.57 1637180 7 == 13 5.00+0.35 5.09+0.31
7 EE# nd nd nd nd /e nd 0.90+0.08 1.3740.12
8 oo B nd 0.82+0.05 nd \ nd YN nd nd nd
9 YR T2 0.26+0.03 8.16+0.41 18.22+1.28 3.410.17 | 5.93+0.42 nd nd
10 T3R8 0.35+0.03 nd nd nd 1.87+0.17 nd nd
11 FF Bk 0.06=0.01 0.3240.03 7.15+0.57 W TTsH054 0.34+0.03 nd nd
12 G RSB 3.03+0.15 4.28+0.34 15.26+1.22 92+0.36 nd nd nd
13 MR & -3-F B4 1.61£0.10 3.79£0.27 5.54+0.33 8.49+0.68 2.22+0.11 4.11£0.29 nd
14 2T nd nd 0.30£0.02 . nd nd nd nd
15 S EE 1.29£0.10 7.28+0.36 1520714 1.9120.11 6.92+0.42 1.33£0.11 1.65+0.13
16 I EEFH 1.00+0.10 2.50+0.12 /\ ny/ _jadi nd nd nd nd
17 REF nd 3.814023 2.88+0.14 3.10+0.16 nd nd nd
18 R F 4.16+0.37 5.60+0.22 6.610.60 0.89+0.04 5.67+0.28 0.93+0.35
19 AR E 0.61+0.07 5.06+0.35 2.46+0.07 1.74+0.14 2.63+0.16 2.60+0.29
20 AREF 0.24+0.02 0:52+0.05 0:92+0.06 0.35+0.03 nd nd nd
21 FAEE R 2.19+0.18 0.82+0.07 6.90+0.35 3.38+0.17 5.41+0.38 1.78+0.16 1.75+0.21
22 Eek nd 1.33£0.11 1.90+0.09 2.20+0.15 nd nd nd
23 AR nd nd 2.34+0.19 1.10£0.08 nd 1.40£0.14 nd

24 B FE nd 2.79+0.14 0.69+0.06 nd nd nd
25 FREE nd 0.94+0.10 nd nd nd nd

7E: nd=not detected, K TSI

. BAERT A T HEATARE, 13,



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.3

ZRIEIR G-I EE R IR) A ERE, BH A
O E R R, SRR (4-mtkm e
B2 FHeRFIR (S-UnHEEEEelR) . SRIEIRTERIIL S
HEREAURELSh =) i) PRk Y17 Rl E (R U E s e ) Gy
TR 5 R A RHUUIZTE AR RS 2B 2R IR
Bouayed S#/ESF IR FE A W AF 2] T AHILR S5 A,
A~TT% IR IR R A R P g T, JFAE
THACERECY) PRI B RSt SR R A A R e DRI,
SRR RRAERO I AR TR, T RE ST ALk
JRPRREE R oy AR

FAUL 8 it AL R T DA 22 By S i RO o
FUL B A R R CRT 20 mg/kg FW) ()
ZEINFIERRIR(E LRIR . MR, WaT
)M RN EEIR (SRIRRRFITT TR S5, thANE
Al (4ERT-2). & (AEPFED. RRTE, H
U R OO M B Wi B 3R -3- i
W BT (W R 3-a-L-BIRmkmeii ) S
ARz LA SRR 5 R . 2, BRI 2 i e
i gk . SRS 78D B2 BH-E
FUR- 2 S, Hoh 2B 057 A AN E F5 A6
IKFER] AR FE L3R ) ] 5 RSB /KA LA
M, BB ERT 32 AR A 2 By ek 2 Ja] ] 7
JREE T T A AR B L LR A (U
2 HARR MR TR e- 2 HEHE ) AN 22 By 17 FEL DS

RS AR, MG B M
Bk, 28 GEm. e pH (=7.0) 2fF
FAKAE, S AR AU A 1 P s 2k
N

AN, WALEE (2
R LT S 2 R R,
S 3ot TR DR S50 2K I
%Eﬁim S, ML F S LB T DA
LRI EE MR B, KSR
SRR, MR P AR £ 3
0, JLAE3 WU 2 AR 522, Rodriguez-Rogue
SR, K TRV LS SR X

%Jil. Tagliazucchi

BEMR MRS T RIRET & T, BB, 1
B BERCEF S MR 2R LA IR R, T /EBL
FAETR, KEBO 3T (0 2 Bk B AP, Frontela %%
KO, PEEE. AR E S, SRR AN
BB A N, &0 B Ak 5 o b s i i
TR ATRER ™ . AW 50 iy R R AE A4,
AL FEH P RER, PTREVR THUK pH 25N
T 25 eI AE A DL B S AR 2
Py RN R 1 5T 2 [T R SN B AR, [ A5 IR
22 By - 22 9 S ) R R TS0 K o T TE IV
it PR 2 M KPR, T Redi T EREE A IE

AT, 858 T 2 5 B ot 2 IR R4 e Cln
HEgE), ATRETR
22 FRBHE 1. HepG2 /4 i 44 78

i b y =
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OD. fEEZE T (p<0.05) B A3E SRR
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SRR SR E S, R4
BpPEsE, nIRRIR T H MR . B2 EX
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VN
o

2 4 FERIZEVIRT HepG2 LHRATE 14K E (mg/mL)
Table 4 The toxic concentration of apple extract on HepG2 cell (mg/mL)

80% A BRIR I A HHMOh  HiHM2h HERTAE 2 h BZAstE 2h iki3h mEasE3h
Kb >333 >370 >297 >313 >446 >198 >331
B R >533 >247 >99 >208 >298 >154 >237
HER >400 >327 >204 >268 >383 >106 >106
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Fig.1 The survival rate of HepG2 cell intervened in different 198. 154, 106 mg/mL) R HepG2 4 iIA7
concentrations of Crystal apple simulated gastrointestinal . RIS MEL I, SR % 53
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Fig.2 The survival rate of HepG2 cell intervened in different BRI E T, L% HepG2 4HH O3GHE A 1%
concentrations of Gala apple simulated gastrointestinal SRINEIER, HAEBZEAL 3 h 5B T
= diges&acts HepG2 2 M3 5 i) 2 s TR0 B VH AL 2 h J5 42
250 Wy R 3 SR U EARIR B R X A= KA {2
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g 100 Hze % (Reactive oxygen species, ROS) 7K*F-, ROS 7t
§ “ IOREE FRMEAE S 1, (R A AR, 3
. B H ROS 7J<5F—IU\IQEEQHW@E'Jj<§J\¥%Tﬁ (i
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Fig.3 The survival rate of HepG2 cell intervened in different RIEEWIVER T HepG2 415, T RE &8 L 1877 ROS
concentrations of Green apple simulated gastrointestinal KPR T A G E BRI T2, AR B )3 SRR
digestion extracts IR & 2 BRI EAR B, e 2E /) ROS /K-FHANRE
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