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Pectin Methylesterase Inhibitor on Pectin Methylesterase
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Abstract: To investigate the effects of ultra—high pressure and recombinant pectin methylesterase inhibitor (rPMEI) on the

activity and quality of pectin methylesterase( PME ) in freshly squeezed orange juice, the effects of ultra—high pressure (400,

500 and 600 MPa,5 min,20 °C) and recombinant pectin methylesterase inhibitor on orange juice microorganisms, PME

activity,, color and V. content were studied. The results showed that when the ultra— high pressure treatment condition was

500 MPa/5 min and the rPMEI concentration was 0.06 mg/mL, the total number of colonies, mold and yeast in the orange juice

could reach the agricultural industry standard NY/T 434-2016 Green Food-Fruit and Vegetable Drinks, PME was completely

passivated ; the color change of orange juice was significantly lower than that of the heat treatment group( AE * =1.22 <2.26) ;

the V. retention rate was 85.1% ,which was significantly higher than the heat treatment group( retention rate =8.33% ).
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FRAEZEAE R, B AR 2, SESG AT A L,
RSO B A JE RO TR, BN RE A RK
Xop Sy AT AT (L, (W) B Gk S pH T AR B | AR
BRI IR IR e XK B AR SR R Y o KR
i EBR N B T T AT IR A R R W, B T
i s s PME B9 A7 76, B 088 & T 40 B (400 ~
500 MPa) ANRESE Al AL #8571 PME" | AT FR % T 48
R SR AE A v 7l A B9 7Tz W . 1990 4R,
Castaldo 25" MOFRAERE S 52 Fh 43 B 2l 4k h %F PME 3%
PEAE IR 08 B 5T, IR ey 44 O SR R TR il
M1 75 ( pectin methylesterase inhibitor, PMEI) , PMEI
HEfE SAEY) iy PME JB B 1: 19EIL 4y B AT 396 57
Yy, A RN HIAEY) PME 150, 3 R iy 4
MERE PR R L TR UK . SR, AR W R v B 4R
He PMET AH 24 PR xfe , HL 32 BCR ARG, A e 22 457 )
JH L PR 2] 5 AR A T WA Ak SR e Y g D o
FIRLR O TR 4H BE AR I BE GS115 Bk, Hoh iz R R iy
C R | A T afih 7S~ 2H 208 R4S | e 3 3R ik I 4l
Ao 3 20 R B B TS A 40 1 5] ( recombinant  pectin
methylesterase inhibitor ,tPMEI) , A 5% K FH AE #4
i ARG & R 5 PMET B A 48 #RAE 7, I X7 Ak 3
JE WRE T S BT I R, B — e AT o

FeFE = R A AR T PME A7 46 1) 7] 851, AS BT 5
K 5 rPMEL B G 7E T 8RR T, 025 4K
BB EGERAX BT AFE 4R CIARERER
PME {&PEIT 520 M AR AR FLER , IF 5 A BT T Hh 3R,
LI 8 e R 5 B 40 PMET B4 FH T s ps i
b A i Bt Az B R ST HF
1 MBERE
11 RS

TR JLE T SE RS T (I RS ) s &
A SR B AR e FEY TR Tt A0 1 59 L DR 9 B 2H BE R T R
GS115 Bk (-80 CHulith ) HER K=&
mnRh 5 IR TR B BN A Y L2 PF 0 (B H)
ST E s AR TH R B NG B R A L SR by 4T B g
F o ARt B R A YR A R 7] 50.1% IR 5 B
B 22 KW LRI YT 7K 22 A3 25 SRR (R IR R At
W5, 70% Btk ) (4R R C bnuEdh 3£ E Sigma 2
H ;4 JE R 2K 5 B )I8 Bl % X (Ni Sepharose 6 Fast
Flow) ZE£[E GE Healthcare 2\ 7] ; BCA &5 [ & )& I
& BEZREYEARAGRA A W .
FRSCXUTN s Tk e . el B I R (U (YNB) 26 [
Amresco 23 ] AEWI R b g E BN A R A
w5 HAh TR 2 2 B = 4B sl o

HZQ-X160 B4R IR 7% 1 3548 VLR KOmise
IS s HSW FEERUE IR BRI 5248 TV
) s WIU-MS501] BUFyHHL Bmi v (D 8%
PEARAE ; CC-K6 RUIK Ay fE[E HUBER 4 R
AW 700-TL-6 B E R R A Sk RHR m R
AIRAF S TCL-16M RIBE Bl 1 B AL 5256
FEANRIFRARA A KR 38 E Thermo
ZAW) 38210 B pH it Fig Mg 8 — FE AR AL AR A R
Z5F]3SC-80C 4 [ ahta 24 bt BB ER A~ A

16 i)

WR SRt

DY24 A AU AR L UKAE . DYY-6C BRI 3k db T
N—AEE) " ;GelDoc—ItTM Imaging System 7 UVP ¥%¢
JERARAY.  EE UVP A H]
1.2 LWH*E
1.2.1 PMEI iif5 Kk 54k PMEI 533Kk
Z M8 2 8 21 0 S2 s 7 i f S B = R AT 0
kwPMEI-GS115 7 YPD “F-Hg I Rl £ 47 Fp 716 1k,
30 CHIEFEFE 2 d; PREC— A BAPH 7%, B2 A 25 mL
BMGY A 3% 72 5 b (£ 500 mL = £ h HE47) ,
28 °C 225 r/min 3% 5% B UMUK EE IR ] ODg, =2~6;
F FIREFFREL 3000 x g ¥ URES L 5 min, 3135 BIEWK,
WL B AR 4l i, 28 /5 F 20 mL BMMY 3% 3% 5L 81 5 41
AL (7E 250 mL =ffJEH#E47) ,30 °C 250 r/min 55
#23iK 96 h, AP 24 h %M 1% HEs ik e allUs
PR W B T E 04,4 °C (15000 x g Z5.0> 5 min,
B DIE W ERE o, -20 CIVAT,

rPMET i fk 2 B8 Liu 26" 09 5256 J7 B A
10 mL Ni Sepharose 6 Fast Flow &g T-#0bs U S A 4
UE, LA S8 1 255 T BB s T 2 HR i A 50 mL
MISE G, FHZI A PR — T, 74 e e, Fhug s F
BT AT, A 10 mL 31k B # .4 C.
175 v/min #5357 15 min, 138 ; B 5 B FF R 2K 4%
1, A 20 mL 454 ,4 °C 175 r/min $E7% 10 min,
Tk, iR B 7R E) R Y BE R H im A 50 mL [y vk
W ,4 °C (175 r/min Pz 10 min, FH3E, T2 HIR .
IR IEW 4 CT R ENr ik, [ HEE 4+
Hoh 10 kDa B9 8 08 & .0 8 ok W 4. slifb s
rPMEI 7% f# T 0.02 mol/L Tris—HC1(pH7.0) ,—80 °C
W Ar£H o

$e B8 Laemmli (4 05 75 3364726 (1 T SDS—PAGE &5
WO PR 43 M R TR A e B SR BN - 4y B R
WE 12.5% , AR IR JE 5% , 1% 40 pL b 3E W AN
10 pL 5 x BRI iR &5 e &5 T ik ok
10 min, # 54 ¥ W L FE = 2 30 pL, bR & AR
Marker AFE A 8 wL, FUKHE 120 V, YU ETHy
BEAR A1 1 em B, 4550k FL K o 7 ] 8 P 131 2
30 min 5, #5028 R250 4e{0, 2 h [ H-3E1 1)
o 1 h, HL UK FHEE I AR R,
1.2.2 FEABTWENE AR BCA FR 0k 2
TXF BB s, I 4lifk 5 B TPMET RO .
1.2.3  FEyhl e S ACEE BOH B E R BT AR TE Uk L
ARGy R MU R, 25 .
1.2.3.1  F#AbE  BOBELF AR T 50 mL ik A 100 mL
i P A b B R4S A 90 C oKW v, TR BE
Frroes e VR R, A T L IR EE IS B 90 “C R, 1t
Bb 1 min, AbFHSEEE S B A VKIS Hp R 3, R e AT
HHSCFRPR BT E o
1.23.2 HEEEAAE  BREL T 20 mL 4358+
R ZEE LT, it B R B AR, 432 58 AR
JEHEZS B ML O, R e e S S LR T
ATk, A I RE A T R R N A, 12
FAG AT (A SZ 8 SRy oK) v, 35 8 TR R T RTeT
W), 4% MR PE Y BT ST 45 R BB S B RN - i
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WR S Wit

FE R 20 °C |, JE 145512k 400 500 600 MPa, 7F &1 &
R NRE 5 ming BT S BB E R 1 IR TERT, F)
IS AL PR R] S 545 @ shillt )R #8 e R AL B2 o1 s, B
ft Sz B A DK H & 3, P A7 A8 S 38 A 09 0 o
Xif HEZH SRy oA 25 450 8 v A R A YRR A o
1.2.3.3 @& RBG PMEL b3 EUAEL RBT
20 mL, 43311 A 0.0.30 .0.60 .0.90 .1.20 mg rPMEI ( B}
HeEE 435124 0.,0.015 0.030 .0.045 .0.060 mg/ml.) , iz IR
1.2.3.2 §y 5847 500 MPa #8754 FE 5 min, AbFE
SE ST B A VKIS FR & 31, SV 7 AH S8 AR A o
1.2.4  R[EJAL RS ff RS T AH S FE A it i <2
1.2.4.1  FS7Fea % B A S BRI e BT
V& BRI 22 BB GB 4789.2.2016 14 7 k4T, LG
B A HE 25 mL AE 5 B 225 mL SR Eh 22 v
W TCHHEIE I, Fo 40 1R A0, Wl ek 12 10 B9AE S 5]
W, 1 mL (YR RS R A8 WHR 12 10 B 5209 1 mL, ¥
ERELZMS I TR 9 mL B A L i E P, B4
AT, I 1: 100 POAE ST 5 [R B £5 1: 1000 [ 4
M AW o WHR 1 mL A 5 ST IO e - LY, 31
FEEEAKP AL, [RIET 5355 e B 1 mL =25 =1 i BV,
IRATHA T B ILNAEZS X RR . A HHE 15~20 mL
BHIZE 46 °C 1 F M ik B B g 35 3% 2 (] s F
(46 = 1) CHEIR/KEFE LR IR) - L, 354 3 °F
ILAF HAR & ¥ 5] Fr i &8 5, % 7tk 8 5%,
(36 +1) CEFE(48 +2) h, FHHHRIES , iC =5 B¢
5B AH R 04 B VR =

B 5 W R TR A I 42 BR GB 4789.15-2016 [ J7
VEBEAT . FRIE IR TR SOBURK I Ty v i SRR L RS B
MR , 2 s 20~25 mL ¥ #1546 °C (¥ e I P &1
BeFRIL (I UE T (46 = 1) °CIEE/KEFE h AR IR ) 5
L, FF s I IR &85 . fFmigstFE s,
B (36 1) CIFFRFA P IEIR, ML id RILFFEH
5d R, FHRBRILES , 10 53 B A BCRNAH Y 109 B
1.2.42 £yt PME &2 A PME 3% #£90
FE 2% Hagerman 25" (07 1k WS AR o B BEMERS
15 1 mol/L Gl b &N M Fe AR R L 1: 295, +
4 °C 150 r/min fHIEPE?H 1 h, T 4 °C 10610 x g £&
T ESCr 10 min, WAL FIEWE R M B , 98 pH iy
7.5, HU5 mL FSENCHILG 09 1% R T 10 mL B
L, I 100 wL 0.1 % 73 )85 7 5 Wy i /K 7 W 8 7~
7, FEATIRAST s FOMA iR 1 mL M B, 5o 1R 5.
0200 pLiEGW T 96 fLA i, 1 min PR 34 524G 0] I
OD,, 284, [H] BT TE] 0.3 s,

—A PME F3% 5437 52 X o 1 min 532 ODg,, 25 1k
10 7 BT i P il
1.2.43 BIHEFENE 28 Lozano 281 iy )y X
BT A TI e o 005 2 N R TR 45 1 TR AK
W EZEM AE" = (AL + Aa™ + Ab™?) 73
AEAE i B AR AR AR BE i IR, o L7 RN RE{H o
FORLLHE, b " TR Wi, AE " B, Fe B 32 A8 1k
FRBEAR S5

53 VBRI R BB AR 5 mL, Rl 4 H sh o 22
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BCMERE A L™ a™ b7 (B,
1.2.4.4 £y Ve ZE =88 GB 5009.86-2016 1 2,
6— S BEMWG B AT E . MES = BB T 20 mL
TRERR R, PR U WO A O e A 22 100 mL 7
L, IR R R AT, N 8 g B A e L I A )S 1
g, I AT E -
1.3 Zitoih

FIT A B 1 S =R AT I 58 1P M AE, S5 4
AL Excel F1 SPSS 19 #4753 H7 o
2 HRE5HH
2.1 rPMEI WifSRiE 54

HEHREI AW IKEE R NE 1 s, gife
IS A — R 5> T 2920 16 kDa 25 11554417,
AN 5 Z AT R IE ) R AR BRI AR PMEL (1943 F & 5%
AW G AR R I g 5 R AR R PMET fi 3
KIPEAT T 2805 T Pu 4k, [R] 0 78 122 35k DA A9 A AR it 5 | A
T gt A IR bR S TRk R H i
A LU S S A R S T R BEIR 45, R A BT
TP FRIL Y fPMEL, [F] 2880055 EPralifb iz
SR I HA AR, LA S HELRRE., [FifsR
B WP A E B R D, H B E AR &SRR
I R Z 40, X WA A M T EHE A By aife,
il ik BCA 2050 & i s 2li4k = vk e W b i 28 3 J5T ok
L4558 0.15 mg/mlL,

Bl 1 gifkiifE rPMEL (1) SDS-PAGE 4347
Fig.1 SDS-PAGE analysis of
rPMEI before and after purification
- 1 2 R R AR A B0 G Mo AR
M BB 4R350 180,130,100,70 .55
40 35,25 .10 kDa;2 . 4lifk ¥k 48 /5 /) tPMEL,

2.2 BEEAEMEHERTREYRZ N

B 1R S AL B X 5 A T 2 B 1) R i 2 R N 3R
1 7R, 5 A 200 8 vy e Ak B i X RE ZH F v H A B, 25
HE = R334 400,500 600 MPa &b HAE I, [R] A £
A 2A7 5 min B}, A% Y1 AR B 75 R0 R 1 344 0 T e
T (p <0.05), X4b3 241424 500 MPa/5 min A,
TR 7 B BB o 1.98 1g( CFU/mL) |, #5746 3R I ROk
AT AR HE : ANY/T 434-2016 Rt & i REETH IOk
HhOMLAE B TR 7 S B ( <2 1g(CFU/mL) ) o iyt h
AR B VB B FE SR 18 400 MPa LI EIAREER H
WECNY/T 4342016 S 65 R G TH OB BT 31
SEME R RS E (<20 CFU/mL) , [ /235 0
T T A TR G A T B Y R B FE R, A B 2 A B R
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71247 400 MPa AbFRETR] SRy 5 min B, B V& BLER B
BA% (p < 0.05)"  Ogawa 45 iF 52 T #8125 /& 300 ~
400 MPa AZbBRXF AN P 55 P PR B 109 7 IR AT B i
B KRR DL B S5 5 A S I 45 WAL
Wroe el il B B T Ak PR RE 0% 1 R v 21 9 20 i e
A% 3R 37 P , S B 00 L PN S 1Y) S 3 ) O N A A0 it T
— e, H AR S A W 04 2k PR e, O B
FFIE W BT A, TS KA o 25 BTk,
R T AR = RIS rPMEL £E H B, 88 7 b i i A
Wydg bn il 2 ANY/T 434 -2016 ¢ 06 5 R IK
BEY BRI RE A BEsR, [R]BR  vak 2D 45 R T T e 1
A7 AR R B85 I B S v R I A i BURE , AT SEAE
JE B S8 ROl A8 v TR Ak B 2% 4 B8 R 500 MPa/

5 min,
F 1 TR AL BT RS T A W B R
Table 1  Effects of ultra high pressure treatments

on microorganisms of fresh orange juice

AR PEE PR R SEOBUE DA BRI X RS
(MPa) lg( CFU/mL) lg( CFU/mL)
X HR 5.33 +0.03" 3.89 £0.03
400 2.53 +0.06" A
500 1.98 £0.05° AR H
600 1.60 +0.04" A

T i) — 3 rp A ) 9 307 B R R A I 35 1R 25 57 (p < 0.05,
HZS)O‘F‘EO

2.3 rPMEI RMEXT#EH PME & %R0 HE R
TEHE 5 JE 500 MPa  Zb BRI ] 4 5 min 45 F,
rPMET 3L 48 3 PME 35 P 400 1] 175 100 10 S 56 4
W 2 R, AHHL T ARAC PR, & e RN PRAE A
AR VT PME J5% 1, 5 R Ak B2 A7 7F B 35 1k 25 5
(p <0.05) o {H B — [y w5 R Ak BROARS J2L LA 58 42 4100 i)
PME 3§ 1, iX 5 # v+ 77 16 T J& 19 PME [R] T %1 45
X M R fPMEL AR 48, 2 fPMET
RN BE 3% (40 0.015 ,0.030 mg/mL) |, AH L T8 &
JEAR B ZH , IF AN BE B 35 % AR B 9 PME 3% ¢ (p >
0.05) . 24 rPMEI 0 He A 0.045 mg/mL Kz DL |
B, B8 5 JEIDE 2 vPMET &b BAH HE T8 25 )6 b B, i
FRLBFAL PME J5 14 (p <0.05) , 24 rPMET ¥ HIH J&
7 0.06 mg/ml K L) [, 4855 FEBE & rPMEL GE 4% 5¢
AR T PME 3% M. ILAR X R 712 90 °C 41
THALEE 1 min J5 , BEESE A1k PME 36 VE, 3X 7] fE
S TR PME X b F R fgosk v 2o B HE B
L33 v T 22 T 45 B 1 LR 4% R i WF 5T 45 R R 0,
PMEL 5 PME — 3 2 [a] Al JE 5 1: 1 3 fy 50 m) 3% 52

WR SRt

B S RIIE AT RERH 1k PME 5 2R i 1Y
S T PME f& 35 PR A RS20 1 309 4
S LSRR W, A 5 TR AL BRXT cPMET (1 400 i 15 4 5%
M ASE /N o PSR G R S cPMIED B 18 TR
i, BT LA R P4 v s X 7 38 T Bl il ) SR, ST
LLiz H rPMEL X PME 36 PR HIVE ] o AREA 5256
25 AE S5 SR I R RS rPMEL X8 T 5 5T 52
Bsf, vy PMEI Y ES N &% B~ 0.06 mg/ml.,
%2 PMELRIAEXHEH PME 554 o
Table 2 Inhibition of rPMEI addition

on PME activity of fresh orange juice

A3 T 5 fif (U/mL)
KA 29.12 +0.37°
500 MPa/5 min 24.08 +1.02"
500 MPa/5 min +0.30 mg rPMEI 2523 +1.81"
500 MPa/5 min +0.60 mg rPMEI 25.46 +0.53"
500 MPa/5 min +0.90 mg rPMEI 574 +0.71"
500 MPa/5 min +1.20 mg rPMEI S H
90 °C/1 min AT H
24 #HNB BEE.EBSEBES (PMEl XETE
EFRR
b R m R AN = R A rPMET X A8 v o
PESCI A SCI g5 AN 32 3 s, AH L X AR, ik

AT S 2 B TR A LB b (p <
0.05) , [ i S RAEARFE T Y o (B (p <0.05) , b4 i
U AE B (p <0.05) (A 5 SR AL BR XS #8914 L
B 0" B va " {8 . AE " {H B9 5% Wi 2 B2 2 35 /N T $huab 2
(p <0.05) . [G] B AH He T8 5 6 Ab B, B 25 6 6
rPMET JfR 23 @ 35 s A8 B v iy L7l b7 {8 a” fH.
AE"{E(p >0.05) , 2B rPMEI Jin A 2 #5 7+  IF B4
X H A0 3 7 A S PR OGR4 hPMET 4k B fi
AU HAR RS TE I (A . WP SY S I, v TR fig
At AR v v — B R TR R (9 P YR, L S R R A BE
SOOI, T R bR B e R R
YEH
25 MBEEES rPMEl X1&it+ Ve B2

AR RS hPMEL XV VB9S24, a2 4
JITAR A e TR AR A B £ . 35 B AR Y i Ve
1 (p <0.05) 555 AL BRAH Lb , Bhoah 39 3 % 1 v
oV e TR, 2 B B R VT VAR B ORAL R
8.3% , ¥t /N T M8 @5 6 Ab 35 o Ve R B R
(87.6% ) , 1% &% S 5 H b SC ik 19 52 56 4% 5 5k A< 4H
W R cPMEL 2688 7 R 09 i A G A i R
RV, 85 (p >0.05) , R B FEB A rPMEL fig

E R I NCILSE0F Ry waREEA )

Table 3  Effects of different treatments on color quality of fresh orange juice

Ab BT 5 L a* b AE*
Papils 4772 £0.17° 1.94 £0.04° 15.55 +0.15" 0.00 +0.00°
90 °C/1 min 49.49 +0.12° 0.65 +0.06" 16.10 +0.10° 2.26 +0.05°
500 MPa/5 min 48.53 £0.13" 1.05 +0.08" 15.88 +0.05" 1.25 +0.07"
500 MPa/5 min +0.06 mg/mL rPMEI 48.35 £0.19" 0.91 £0.05" 15.64 +0.06" 1.22 +£0.05"
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WR S Wit

Bl Rt Ve S h . Bt h S AEER Ve,
BZAL G RAE PRI , P10 38 3k 95% , RIMdiAE fmn Tk
A A D s 0 P AR A R Bl B G R R R AT 2
50% L) 1, AR ER LSS Ve EAREE , B IR /NG T
g A S, TR R R AL BN SRR Ve Hh g e
BN Ve ELAIRAT B ARRVE .
F4 RFEAEEEEXET Ve S asEm
Table 4  Effects of different treatments

on V. content of orange juice

. Ve & e
LR RS (mg/100 mL) (%)
popitct 18.00 +0.33" -
90 °C/1 min 1.50 +0.12" 8.3
500 MPa/5 min 1577 +0.21° 87.6
500 MPa/5 min )
1532 +0.10¢ 85.1

+0.06 mg/mL rPMEI

3 #ig

X BRI HETT 500 MPa # 5 FEAL PR 5 min, T
P& B R S R BUSTECNY /T 434-2016 25,
AR B RORE) BT E Y N, S
(500 MPa/5 min) ZbPEEEAZ B W B AAE 71 PME 35
P EANBESE 2 ik PME, [ 4 2 T1 18 7 b 3
0.06 mg N LA _F rPMEI, B 3847 #8 /51 AL (500 MPa/
5 min) BRAESE 2 4lifk PME, & & JREKG rPMET X748
VAP 2 W R BE 2 /N T RRAL ERAH (p <0.05) , [F]
BB = R BX A TPMEL X% 7 Ve £ 8 3R (85.1% ) i
TR BT Ve R R (8.3% ) o 4 BFTIR,
#15 E (500 MPa/5 min) B4 rPMEI(0.06 mg/mL) {E
JHTRIT A E AR 35 2 By b JC B 2K, [W] I BB 42 52
S| PME %P, I BLRENS 25 BB T T iy BT, A
T AR AS | e T 5 JE A 35 R R =g s Ak B BT AR AE
A TE) R, A S8 T 3R AT 1 52 56 45 SR A B i e X5 4 2R
BRI T M ST T I P14 DK Bt ) R

&% 0k
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