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ABSTRACT: Objective To establish the extraction process of pectin from Malus doumeri fruit residue, and carry
out research on its preliminary characterization and hypoglycemic activity. Methods Response surface analysis was

carried out using the factors of enzyme dosage, liquid-to-feed ratio and extraction time in order to optimize the
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extraction process of Malus doumeri fruit residue pectin. Meanwhile, an in-depth analysis of its physicochemical

properties was carried out, and its potential hypoglycemic activity was explored using a-glucosidase inhibition assay

and insulin resistance cell assay. Results

The optimal extraction process conditions for Malus doumeri fruit residue

pectin were determined to be cellulase concentration of 3.4%, liquid to material ratio of 7:1 (mL:g), and extraction

time of 3.5 hours, which sulted in a maximum pectin yield of (13.22%). Analysis of the physicochemical properties of

the pectin showed that the galacturonic acid content was 67.83%, and the degree of esterification was 45.24%. Pectin

exhibited a high a-glucosidase inhibition rate of 89.41%, increasing glucose consumption in the established

IR-HepG2 model under the combined action of dexamethasone (3.75 umol/L) and insulin (0.01 pmol/L) within 48 h.

Conclusion Under this extraction process, Malus doumeri fruit residue pectin has the highest yield, and the

extracted pectin is low ester pectin with good hypoglycemic activity.

KEY WORDS: Malus doumeri (Bois) Chev.; pectin; enzymic method; response surface analysis; extraction

technology; hypoglycemic activity
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KA S % R R R A Y 6V MO [Malus
doumeri(Bois)Chev.] ) 5 52, 1E —Fh H A 245 F M E 7K
SR, EEA R E PG R A X, RSl DU L
RERE . AR, (DA A TR KR I EANE SR
i IUAE (Crataegus pinnatifida Bunge)f 5K M X 3], Fsg
WK, HAAR 5~12 em, R HE, RAREGEE. 17
ALWR B 3 DX 7 b DX R B IR LA T s A, R SEHOR,
S5 PG R LA Bl A oy 3 AR R S 24 Sk, KR
LA A SR S A 2 7 A R AR BRI AR, DL R AR TR L
HESLA L PR AR ES BT DT, S R, K 2B X st
AR IRV R S S U AL AR R % 5 & S s A R T
Ja T SRR, Ak I, B EfH, R,
G FRAL BRI 1R A MR A AR e i )

S F B AR MR S R S, R R
R BTN AP AR I R AR IR A 2 W B nT VA T &
£ 4k (soluble dietary fiber, SDFs), ##itI M5 40T, HAJH#%
RERTACHE, FRARNE R BT, P2 A A o S S0 1, [ B
RESE A RN . DU . Bilitg . DU R A2 s
AESTROFE 2, DRI AR R it o BB e O 2 Fi SR
TWTEMI MBI S o A2 R IR LA )5 PR 1
OO FEAE TS . B, MRS, =aEREY
RO S AR LA R s SR (S BRI G MR B 52 £ A 4
B, ST, ASHRSE R AN R R RS LA A s AR R
TR, W12 PR T A5 2 PRI R 2 2 A0

RILEE, JFRFE SLRRE M, B7ERRA IR IR 25 G
REF, SRR S R A —2 I T 3R A ST R E

1 MR5REE

1.1 MRS
FCER LA SRRy () PO P G A FR S B D-(4)-

A TR (LI =98%) . LF4ERWH(/MTAL, 50 U/mg) ., FRTE
(T4, 50 Umg), ABHEI30 77 Ulg)( it
YR R R, o- AT ER(=60 U/mg, A IEHEE
AR A BRTTEA FD); PR EBEERE 98%, Bh#Z( I
TR Tl & TR AT BRA w105 % il 62 35 -D- bk e 4 4
T (2% =98%) . 3-(4,5- . FF SLBEME-2)-2,5- — ZK I PU U 1
i =98%) . —H WA (L >9.5%) . HiFEK M (4l
FE=98%). T AR ZEGURE 97%) . A AR &
et R E R A BRI ), MRIR(LEEE 98%, I i Bk 3
Wik A PR A F);, FEERR . 98% IR AR AR . Jo/K £ BE .
NaOH(/rHr4li, 78Rk B0 A B2 ), A i il 3
HepG2 Zfifi. DMEM m=bitsgedt . Frgin b mig @n
WA AR AT B H]); AR BUNIZE B i (metformin,
Met, 7 & #0254 BRTTAE 2 ).

1.2 UFE5E%

DF-101S B RE S i ae (g T AR A FR A D),
BSA224S-CW FEZFIH 71 43 2 — L F K- (5 E FE 2 F
Zvdl); UVS100 2E5MA] L4350 (R oo 4 A B
2 wl); Midi 40 4 i E IR 85 37 46 (35 Thermo Fisher
Scientific 2\ #l); HFsafe-1200LC(A2) 4:#12c4A6( FigJ
FEA Y BT B A BRA Al); Microfuge20R /N & =X
BB OHL(EE E Beckman A H]); Spark £ W REMMFLARAR:
A Gt Tecan 24 )).

1.3 XLWHE
13.1 RA#RR

KPR 5.0 g MR L& S By oK THedfivh, e i
WEHEEA 9:1 (mL:g)M AZEIK, WZE pH N 4.9, A
A%LF LR, THdEdsh 50°CHEH 3 h, JFihKK
it} 5 min, WCHEIEW - FEVRE PO A GEARFR I 75% L B2, T
YL . 5000 r/min B5.0 15 min, WETTIEY )G HE T4
AR . ML R Sevage WEBREH, T a2
S FUBEE B A AL RE, DA BB PR, A A A
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PR A F A R, ORI RE R S5:1. 6:1. i1, 8:1.
9:1 (mL:g, F[); 8By 2.0, 2.5.3.0.3.5.4.0h; Ml
BEEHN 1%, 2%, 3%. 4%. 5%.
1.3.3 w5k

T HRRKELILER, A5 K A Box-Behnken 51
T T — MM 3 AR 45 A 3 AASFEKF 1S5,
VIS BAT 324 S i e 4w, % ) 57 1 1464 7 A6 43 # o
LB AR WL 1.

R NSRRI &M

Table 1 Conditions of response surface design

P
IKF-
A: WRHH(mL:g)  B: H}El/h C: B/ %
-1 6 3.0 2
0 7 3.5 3
1 8 4.0 4

1.3.4  F3UbEBEBR B B AL B M) 2

SR FH THR I 552 6 0 2 SR e e LB A 1y 2 LTS,
B — 7 B PRV S, S VR 0 2 LA T 1 s o
W o n—E VB R 85°C/KIA 15 min, HUHAH), Fe)Fhn
0.15% MM JE 7K £, B Y6 W 30 min, ZEPE K 525 nm IR
JEEEME, 2 WlbRE ML o PR AR AR O o LB RV
INARBR A TG . B2 R BR AR AR i, R ik
Jr A TR, W RE A, P UM R I . SR
FUR R 1) T A E0 T3 A ().

Xpg prmemmit s /70 =

Cormmempiiakis X Vet X Ve skt o0, )

g 50 e 5 B

SR P 2 2 00 IR AR BT e, MRV T
FEC 1 mL VERRES, A B ERFE R . B, N
0.1 mol/L NaOH #W EW W BB, e SIHFER
NaOH R Vo BRI B N 10 mL 0.1 mol/L
NaOH % M5 B4k S8 2 h, FIIA 10 mL 0.1 mol/L HCI
W, )5, FIFH 1 mol/L NaOH IS BGHATIN €, HEIFIK
MR BB 2T 66 H. 30 s AR, IR0 IHFERT NaOH ¥
WARTL Voo MR LT RMHR L (degree of esterification,
DE)E AR IR 3).

DE/%=LX100% 3)
n+n

1.3.5 ARIF o-F) BB E M £ I

SR FH I 25 11 5 e 1 2 AS T v B 5, AT R e Ay
BHE XY &, AR 85 STHR[20-211R0 5%, TEIRRAN o R AR
BTG PRS2 . SCR R T 3 APATEE, MAER 3K, 1T
AR IR L SR g SR A 5 BT e T o A A A
il & S 2 0 i ¥ (half maximal inhibitory concentration,
ICs0)5
1.3.6  RHxT HepG2 fn i & 48389 % vk

SR EREP ik, R ZEKHN(3.75 pmol/L)Fl
JHE 5% 2£(0.01 pmol/L)BXA- 45 25 Y TG L3 DMEM i % 37 3
P55 HepG2 4f, %5 48 h MALBRJE, UREEANM I i5 W,
A ) 0 o A AR RE ST AT #E IR-HepG2
AR IR |, 439 FH 25 pg/mL B Met F1 50 pg/mL IR
AR T TG FR, R FEASIR] ] 2524 . 48, 72 h)
WA AN TR, DA AR L B R R AR T R, A
Kn4).

B PR = 25 - TG LIERMHEE RS (4)
A H1: 25 mmol/L 2 DMEM s FR B 4 vk JiE .
1.4 BUELIE

SRR A 3 Uk, BdEAbHLE F Prism 8.0 2, T
AR RIE R AR R 227 Ge it o ok SR R =
20T % Tukey 2 8 LB R [R]AS R A Origin 2021 #E47
2217, 345 B GrapH Pad prism 8 3 {4Fi18 1Cso {E .

2 HREDH

21 HBEEZEZXE

N B AT TR A RE v, HErqER | LY
. ORFERESFE ML S, R A4 R
FEKE 27 4l 2K At Ry 27 4 BRI R4 MO A R S
FIHREL, MR 1a BoR, R4 £ BHR BN R RS R i
15 AT 3K 8.90%, 1M A FEA B AN A M 2R 1l PT AR R Ol pH Bk
FERER, RUNLF4E RT3 5 o v F 2R 4 % it e o
JREEE . MR IE 10 G55, RBUA RGN, SRR
TR AR SRR 71 B, AR E R
13.64%. SR, WV R0 I, vk B PEAIR S B2
YEF MR IS, WEMRRE T R, TR R ARV T SR e
JE, I i RS TC T AT SR R A R AL
CERTEIE, WORHELIESE 7:1 BOMEE . RIEE 1c PR, 12
B [ 3 e, SRAF RS TH . SREU Rl 3.5 h B,
ARAIK 12.31%, 881t 3.5 h J5, 53BH R, nTREh T
PRI L1k e, R BE e TR R R AN . SR U
[EJI53 3.5 h, HECHATE &R, RSP AP S
O AT R A, UETRRAC R AR H . U, e R3O
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Fig.l1 Effects of single factors on the yield of pectin.
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Table 2 Response surface methodology and analysis results

}%‘% A: {&*’l’ H: B: %E&E‘“ﬁj C: §$éﬁ:% N@i %H’iﬁg‘%/%
(mL:g) /h /%
1 -1 0 -1 8.44
2 1 1 0 10.37
3 1 0 1 11.35
4 0 0 0 13.58
5 -1 -1 0 9.67
6 0 0 0 13.32
7 0 0 0 13.63
8 0 1 1 11.94
9 1 0 -1 8.47
10 0 -1 -1 8.45
11 -1 0 1 10.51
12 -1 1 0 10.88
13 0 0 0 13.47
14 0 0 0 14.04
15 1 -1 0 9.53
16 0 1 -1 8.46
17 0 -1 1 11.45

AWFGEXSF 2 RS E R I T T ik Zm E e
WG, BESBRRERRO) SR @) FIBT(B).
HAHERWEO)ZEM LR, Ll AP R8T i F =
I FE: ¥Y=13.61+0.0284+0.32B+1.43C-0.0934B+0.24C-
1.944%-1.56B°-1.98C%, I i4T T 22404, 4Runsk 3
Fimm. IFR 3 il IAEH, SLRRIEAY P<0.0001, ik
T E AR ORI S bR T
=, R, RPIE P 0.1048, KT 0.05, 3HA 2 40105
ANRFE, t—Bursr TERA A . Ed F A3 AR
RN RBARE Y B R KR Ry C>B>4, H, ¢ &
ORI AT, B Y OSSR B T K MR R
B2 IKEN T 0.9822, 3 UE S0 L A A ARk P AT 98.22% AT
DAV IR T 625 o 12 IE M O 2280 R%adj o 0.9594, i5HH
ZIERIAT LR RE 95.94% i i (H AT . [FIRT, 285 R %L
H3.71%, /NT 5%, FRIITER BT R i M A EE A AR
oETE
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Table 3 Analysis and statistical parameters of regression model on the extraction yield of Malus doumeri pomace

J5 22k - J5 A B ¥y F P
el 64.810 9 7.200 43.020 <0.0001
A WKL 6.050E-003 1 6.050E-003 0.036 0.8546
B LI 1] 0.810 1 0.810 4.860 0.0634
C R Myt 16.330 1 16.330 97.570 <0.0001
AB 0.034 1 0.034 0.200 0.6648
AC 0.160 1 0.160 0.980 0.3552
BC 0.058 1 0.058 0.340 0.5759
A 15.830 1 15.830 94.580 <0.0001
B 10.200 1 10.200 60.950 0.0001
c 16.450 1 16.450 98.280 <0.0001
B 2% 1.170 7 0.170
ES e 0.880 3 0.290 4.060 0.1048
ali{ s 0.290 4 0.072
pavill 65.980 16

2.2.2 Box-Behnken & & & B 5 #7

25 T J7 PR 256 A 2R LA S R I A 3 14 58 BV F A
B2 fiis. WORHE S . OB b S a4 R e . Bfals
LTYE R R R R R, R 3 AR ZE A
ERENSCEMER . RS, OB -5 £ 4 i Y il
VI35 B 5 R B, i B 38 22 i) A9 5 B A R R SR 1 A O
RS R AN B
223 mAEEHAE L @A E

i3 Box-Behnken M 1 1A 5 fb S 46 75 1] 47 2 22 i
UK 1 SR SR B B AR T2 WOk 7.02:1, 4R B
(6] 3.56 h, £F4EZEBHE: 3.37%, A TIBRERE, bR

CHARSECHRRE 7:1, IR 3.5 h, AR E

3.4%, S T 3 WEERWIE, RERGEVFHER
13.22%, SHISIH 13.89%421K(P>0.05) IFFT 45 R =M, Kt
F Box-Behnken i i AR AL BHA SR BURIE Y T2 HR 2
EERIE X
23 FIABBBRESESHEHENZE

XF b AR T2 PR SR A 1 SR 0 2 FUBH I R ik AT
M, RER LIRS 2N 67.83%, K5 EZARE
GB 25533—2010 (& & EFhRME &M R )
MR R B D-2FZLWERE R (GalpA)iEL it o-1,4 W14
BT S M EE R A Y BB BAT e il vE ok, Hop
FUBRE R o bR, MO PEtbaR ) DE, ORRFP 40k
1k, R L. Z WA B AL H 7] i BR, BB

L SR FSE A A AR O AR SR G b B iR AL 25 A
AN, BB S PRI, 430010 5 T B (DE > 50%) il
IKEE 5B (DE < 50%) . il sk Br A, fE ik T2 5%
TR R AR, FERILEEN 45.24%, FEIL, ©H
IHZE M ARER SR o IR SR R 0 25 42 5 25 26 TR A T 52k
DR L R A 1 25 AE TR 7R B T P9 A S s 6, AT TR R
i 3 P A 2 2 B AT AR AR L2728,
24 RIMIDF - B EPEEESIEMESSI

o- T EBT BECE A IR N R ¥ 2 O EEERL, &
REfE AL K A SO, AR IR bR R . SR, R
TEPERY o- AT G AT B8 S BURAE K -, s A
PRI o DRI, A0 o= 2 M TS 12 A T B RV T
R AT R 00, 9SS R, RN a- A AT S
P EA BEIHEOR . W 3 PR, B FR R Rk T
B, O o R R P AR A s, S
BRI R IR F] 0.09 mg/mL B, I R E A
(89.41+1.48)%, XFRH, FILHEA BIFAR o- B A5 WH T Bl 5
P, BB FIEE . BN, TE—ESERIN, SR
RBLE PR IR 2 Y BT R e . IR B L B o-
T IR AR MmpE, MR BEWKE N 0.09 mg/mL B,
A ) A5 55 AT R D WA 224 o b A SR R BT R A 1Y) 1C s
A, FHH 1Cs {HA 0.030 mg/mL, 5B -K ¥ MY
ICs {E(0.017 mg/mL)#ET . X RBH, KA IR RIRAE
ARV T HA BEMRIROR, HAARE g Tl.



25 9 1 TR, S5 M N R AL FR ORI LA S i SR M R LR VG MR 5 309
SRR b
N 14
=
ke
=
3
6.00 6.50 7.00 7.50 8.00
A: BB (mL:g)
SR
c\\O
g
2
O
) £ 00 6.5 6.00 6.50 7.00 7.50 8.00
et 200 00 4R (mLig) A: WKL (mLig)
4.00 R i
S 14 J
= 12 &
pvil! o
= &
) S
4.00
250 S o 3.00 320 340 3.60 3.80 4.00
C: % 2.00 ~3.00 B Il B: i [a]/h
Pl 2 45 DR 38 A T AT R St SR A B 52 W g i )7 v 0 25 7 2R I
Fig.2 Response surface and contour plots of the interaction of each factor to the extraction of pectin
100 -
—a— KRl 2.5 JREXT HepG2 4R B RIS
ol T Wil SR — A ST, PR HLIRE S % T
RIER RS TI6E, SN &2, TRedE—2 %
< 60 ] JEE RO R 0L B R ACHUAN U 2 T PR Y 32 B R
4}’} Fehidl, WA SCBR, O A . =8 IMUAE |
£ Ll 1 DR PR A ) JE DR A BT i
i ZEAHA(3.75 pumol) 585 25(0.01 pmol) 515 S HepG2
2L YiHE, 2l 48 h MYESATIE, AR E T S R P
B, FEMEERE b, AR IT T YRS Met DL KR
0 L L L . L LAt SR A R T BiE9E o SCIREE R NE 4(a~c) IR,
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 X RELHAR L, FAME Met 2544125 pg/mL) ISR 5 o 2 vk i

i /(mg/mL)
Bl 3 SRS -7 28 B T kAT A il 2k

Fig.3 Inhibition curve of pectin on a-glucosidase activity

7 50 pg/mL B, fiE B LI IR-HepG2 T 2T BEHOAE
(BRI, FEVE LN 24, 48 h AR &, SRR BRI
SOFARE T SR B, o AR T
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r sk skkok
9r sk
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15 10 B —
g - Q 8 r E 81 P
E ol — ™ = % — ]
£ _ — E E 7t 1
o] i 1 T
e g, 2 sl = -+
&= i 4
® ® 2t ® 5t
i i =
T & & o TE & & o e @& & @
R 2 ng & R A ) S SO )
W o W o o) o
—O R SHOUE R SHGL R
2413 215 213

T AR RG] . SRR S ERIY R L 22 5 B 25 (P<.05), **(P<0.01), ***(P<0.001)2/~ 5B A L 22 S (B 3%
#5550 BELAH HE 22 57 i 35 (P<0.05), ##4(P<0.01) . ##H#(P<0.001)Z /R BRI AL 5 %] B2 AR b 22 A 2 25
4 SRIEEXT HepG2 4H IR &5 RARBT A5
Fig.4 Effects of pectin on glucose consumption in IR-HepG2 cells

3 & 1

ENGIESUBUL IITA TS XY R SN i3 GNE
LA S s B I SR 12, SRR B 21 (1 Bk 2 1 2R e
TP ZUNEIE IR & B FIER AL BEAIN o A, MAIIH] -3 254
I M R 2l HepG2 20 M 5 RACPTA A B, HR0TRR
LA SR s SR e 7 B OB A 16 P T VB AE A . AR
PRI 2R R 7 TR 3 1 SE B R o, RGeS THORHIE L 4R
TS [0 12T 24 22 T ) 5 TR R ML SR A A SR B ), SR8
SRR AL T2 45 g AP Y Rl ¥ g 3.4%, R
9 7:1 (mL:g), $REUNEIA 3.5 h, EEA#ESIE N pH 4.9, IR
60°C, FEXFEMZAFT, MR RAT LIRS 13.22%,
PRI 2B ROR E A, 2250, RERGERK, &
PEAIS, SHEERITOM A RS F AT . B0 B AT i
N, BREARKEH IR & 2N 67.83%, BRfLE N
45.24%, J& TIRBRRME . PF— RSN R, KA
i R RN o 4 2 T LA 5 A R e, o
HFIL 89.41%, ICsofEN 0.030 mg/mL, 5B-REAHAHY,
KL ARSI R M . FE S R4 sL 5,
AT W IRBAE BT R E N 50 pg/mL B, BEA RBMGE
IR-HepG2 £t i X6} #5285 4 1) A FH RE 7 o 3 — B 7T 8 5 SR A
St SR A 0% [ s D S A B AR G

25 b, AU A g R BRI T A AL AR
RS A %, T LB A B A AR SR AT 2 1 R
W B, RS LA S R A A — B R AR BUBE IR

H, A TS NG S 7B R A R £ T R BERL 221 Bl
AU W PR 9 7 3 A BRI R T S, [t o 7
(el T 5 R SR L B A O R AR AL 1o B S

SE Mk
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