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Abstract

Apple juice is one of the popular beverages in Taiwan, but after conventional heat processing, it
will destroy its nutrients and affect the appearance and quality that reduce consumer willingness
to buy. Polyphenol oxidase (PPO), peroxidase (POD) and Pectin methyl esterase (PME) can cause
browning of fruit juices as the key enzymes of affecting the appearance quality. In this study, we
utilize the high-pressure processing technique to destroy the enzymes activity and maintain the
nutrients. First, the apple juice is divided into three groups: untreated (Control), traditional heat
treatment (Thermal Processing, TP) and High Pressure Processing (HPP). The results show apple
juice has no significant change on pH, soluble solids, titratable acidity. However, apple juice can
reach the safety standard with 100 MPa for 10 minutes processing. PPO and POD, the key enzymes
affecting appearance quality of apple juices, do not significantly decrease. PME activity in apple
juice reduces at 300 MPa, 10 and 20 minutes treatment, 0.17 + 0.012 - 0.19 % 0.026 [AOD min-1 (g
of fw)]. For nutrients, the apple juice can reach the considerable vitamin C 145.9 mg L-1 content,
the same to the control group 200 MPa for 10 minutes treatment. Soluble proteins affecting tur-
bidity in apple juice reduce when treated with 200, 400 MPa pressure treatment. The heat-sensi-
tive apple juice with high-pressure treatment can achieve the same sterilization effect to conven-
tional heat treatment, and is better than the traditional thermal processing in maintaining the nu-
tritional value and appearance quality. Based on the above results, the high-pressure treatment
not only does not affect the physical ingredient juice, but also reserves better nutrients compared
to the heat treatment.

Keywords

Apple Juice, Polyphenol Oxidase, Peroxidase, Pectin Methyl Esterase

DERER

NEGIH: RET, B, WIER. SR EOR X SRR HLRE R SR R ] B S E SRR,
2016, 5(4): 168-176. http://dx.doi.org/10.12677/hjfns.2016.54021



http://www.hanspub.org/journal/hjfns
http://dx.doi.org/10.12677/hjfns.2016.54021
http://dx.doi.org/10.12677/hjfns.2016.54021
http://www.hanspub.org
http://creativecommons.org/licenses/by/4.0/

HO
oH
4
Gl

SEMIHEARNERRTHRENS ZREEW
Z 5

BERFHEERNFER, 68 &1t

Email: ‘chiehwu@ntu.edu.tw

Weks H . 20164F10H28H: F#HHEM: 20164F11H12H; &4 HI: 20164F11H15H

G2

¥RBEHAEABEZRRZ—, BEEGRMTARE, SBAHEFRSLAEMIPRRE, B0
HWHEWEIERE . ZHEE. TENEKRKFREESERRITHR LR, AYWEERRT IR
BZRBER AN AREHEERARXBBABER REFFEFRIER, Bl EREH 2 A=KRE,
A A RO R AL B R A N CAC BN SRR pH. AT E W) K PR B BRI B B AR,
TS A LL100 MPasbBE1043 8P Tk 24 A . BISERRHTIMNLR BN B R S H ALK
TEAEEH T B FRRAIZBOR, (B EA X3 R R R RS A W 3R T-300 MPastb # 10 &
20040 EiEE R4 E0.17 £ 0.012~0.19 + 0.026 [AOD min-! (g of fw)]. T EFRBRIEREHZ200
MPast 3105380 54 T A R AR S| AR M AR CE B (145.9 mg L), MR BB HER
£200. 400 Mpafs E0E T HE K. REUEER R & E AR A A B AifE SR b 28 A8 R %
HE, BAESFHEFRMERSINRE EEREUEZANM TR, FE5U LR, BEAEREMH
RSy, BT MG AR B R R B SRR R

Xiin

1. 5|8

R (Malus domestica) NFEFHRIEREHEY), HTESEFRD A RTHIPIELEE 1, Rk gt/E
EEE AL, H TR AR ZEANE % TR T RS ZRIRY, HiEE™Fr
A I I oK R I R 1], 7 6T 2 R R I TR i, R G i 8 A T Re AR T R
WpE . 28T, EIA e, HRERR 7 E SRR R B R RR L%, WEMANIRE[2] [3]. BRI
TR LI AL G N TR A Wik 22 4 AR, (ARSI S e Giml Aom LA 5 Bk 58 4
AR, WSS TR IR b, RV E N T FE v 2 AR AR AR A SR e
AR R (4], R0 A AT iy S PRI o 5 S R R, MDA BRI R D Rg e SR A
REAR E R, 2R E ORI R AR, B s R A, A R R E TR R
W Rt AW R 2 —, S R R U 2> 52 SR VR AR R, =3 B s ST R G R
A& 28 7 M AN T Ak B (pasteurization) 4 6 it 0 T b AR 7= B f R 38 b A58 IR R B VK (5], B 1 AT DARR AR
A B AT IR Z MR [6], R VE 2 SRR H R B T A B 2 PR P I [ 7] BIVE TR M
G RCRI R FER D, A A BRI ) S RS e 8]
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i3 AL 2 (High Pressure Processing, HPP) IR & df Tl BB M6 E AR [9], i AbEE o] BEAK = & il
AW R TR, ERAEE Sy, RIS R ) ZE SR I — R AR, 1N SO g i B s A
SN A0 R RS AT FL D BRI AR A 5 A S 2R 220E 1 [10], BB AT i R R E A, F
FH v i s g 228 w2 1 0T SR B P BN T 3 A SR, B R R A A, T B B o
RIETER R [11].

AT T8 LA G i A0 A BAN 5 R AL B R B AT R0, BRI # b B 5 v e A HE R 3 AR 1)
AR & B A B IR B4, FRE R R R AL B S O R R, 2 I R AL
TSI B R I TR R B AT W 2R R PR A o AR PTG R R A BRA BIR B ST g FR sy, H R ARG
Sri AN TACBRAH E B AR AR, DU, 3R R EAE G oD A3 B B ad B .

2. MMEFHE
2.1. A%
ARGFIUE RO R (Malus domestica ov. )R 1 K FERARY), T I RUUR S5 % 5 500 S A
%M
22. MEWE

22.1. BEEBNE
A o [ [ bR UE CNS10890 (1991)77 AT A8 B B 56

2.2.2. pH 3l
HEATMEFT LA pH 7 X pH 4 ArdAER 3 Al #EATRE, JF T %R TS ST pH A

2.2.3. AR MERNE
L R0 B AT R AT A YR E I, LAoBrix Rongs B .

2.2.4. TIEEBRME
B 1.5 g FESRINN 15 mL 557K, B4 5 L 0.1N NaOH ¥ %€ £ pH 8.1, ic 3 FT i ) NaOH
A, DLERBRRR

v 2y 1 NN HE‘ F .
Bl () = a‘; ;5(;) x0.0067
HH

F=0.1 N NaOH #1#r
0.1 N NaOH %% 1 mL [ & AH 24 T3F 1R 0.0067 go

2.2.5. ERE

I FH g 56 77 200 5 2 DR R, SRl vt R B, B0 800 tpm, 10 ZrBRESL, BRJEHE
TERIE LA Ye 52 T (Versa-MAX microplate reader)ill 58 660 nm T W 9 2 R G 1E
2.2.6. REAREBNE

HURARES 100 uL A 100 pL IN Folin-Ciocalteu 37, R )5 ## & 5 2%, 1A 200 uL 20% Sodium
carbonate, & E N 20 8, B0 10,000 rpm, 30 208, BX_LVEWRUE LU TR 750 nm N RN
M2 WA .

22.7. #ER CEEWUE
P HEAT 8000 rpm, 15 Zp8hES.Cy, HUEHE HIEWARIT AR 0.1 mL A 0.9 mL 1% WEEER SR, 7
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B 9 mL 2,6-dichloroindophenol (50 pmol/L), 7873V 21 J5 LA S BE VI 515 nm ™ R N2 G -

2.2.8. BHEW(TEAC)HNE
I 1 mL ABTS VAWM 20 pL SV TRES, BB N 6 73 8ha DL s I & o6 734 nm.

229. BEFWRENE
HUCSR A 5 50 ul N 150 uL FFE%, 100 pL 10% Aluminum chloride hexahydrate (AICls), 100 pL 1 M
Potassium acetate /% 280 uL k7K, ZRN 30 7085, UL demeEiHillE 415 nm N NP2 W AAE

2.2.10. IAMERSENE
I 50 L SEyTFESL I 150 pL Coomassie Brilliant Blue G, 7840 RA1E#HE 2 kb, LA Y65 i+l
JE 595 nm TSI WOGAE . AREIFE AR TS R

2.2.11. fHEEEEZEEL
Z WA S S S AR RO B 10 g RITHFEMIIA 10 mL % 1% Polyvinylpolypyrrolidone
(PVPP), 0.2 M TR Eh 2P ¥A i (pH 6.5)1R 515, 250 8000 rpm, 15 438, FTS Ly ik B W AH i A5 B
TR B A B A A OB : B 10 g SEYTAESL NN 10 mL 0.2 M SRR 5 28 i (pH 7.5) 1B 215, B0
8000 rpm, 15 Z0%f, Frfe b i R A S fie FF 16 i HH ISR

2.2.12. SEAFWEEFMENE

X 0.1 mL 9 S RE S BEREBOR, SN 3 mL 0.15 M Cathecol (¥ T 0.05 M 42 £ 22 p % ¥i(pH 6.5),
FITREI G LAY 5 TH I E 420 nm B RN A2 WOGE, WE By 10 405, ez —Ik, BEs
PR A B g e 2 B S
2.2.13. S ENEETFMENE

HY 0.025 mL F SRy FE S LB A B I 2.7 mL 0.05 M Sodium phosphate buffer (pH 6.5),0.2 mL 1%
(w/v) p-Phenylenediamine /% 0.1 mL 1.5% (w/v) Hydrogen peroxidase, 7873 VR%51JG, LA HormfE Tl e 485
nm NRMYIZBGME, TR 10 208k, Ba8hile —k, BT B e 2 A S e A
2.2.14. REEREEEGFEMENE

HY 0.05 mL ) ST AE SR B X BOR, %% pH 7.5, I\ 2.8 mL 0.5% (w/v)HHE R (pH 7.5), 0.2
mL 0.01% (w/v) bromothymol blue (7T 0.003 M Sodium phosphate buffer (pH 7.5)78 7} 18 515 LAZr o= i
HHE 620 nm N M ZBOGME, MR 10 28k, SEa8hle —k, BEE YRR 2 B
2.2.15. GioHh

R 56 B 45 oK R A 4 14k SAS (Statistical Analysis System)V.9.4 i 2 i#E 47 B ) A5 53 40 AT
(one-way analysis of variance, One-Way ANOVA), Jf:LIXBH [K £ A% (Ducan’s multiple test)% %4
L E) P B I 25 Sk AT LA, SRR 0.05,

3. BR5118
3.1. SEAEMERRANEMSEZ N

SER IR LS BN T A FR(65°C/30 434 )5, W58 iA R AR, 1F = R AL FEEE 5 )2 bt 25 Ab P
I R Ta N, A R B BRI, 24 R JIFE 100 MPa/10 28k RIATIK AR 22 4xhnife, 17 PA 400
MPa/30 43 b B a] £ 2 A2 E ZU 5210 CFU/mL F% % 3.5 CFU/mL.
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3.2. SEAIEXFERRITERM ST Z RN

3.2.1.pH &
SRRV Z A pH E 4.0 (8 1), EMBAK &R E I REZS, P2 b 5 AR 2 5o 3
Rt pH 1H.

3.2.2. AREER
AL PRI 3 R RV [ TR 2005 13° Brix (1] 1), EMN# S & R A S IR E A& 2, BRI
B AR 3 SRR TV R [ TR B AN R

3.2.3. AEER

SERF R TN E MO IR R, W AR R A A LR E RO ) AT T IR E N ROR . SRR
VT8 N AR A P IS AT 8 R A W i B (1] 1), T e A B R U A 0 g % B TR) G B S TE A O
3.24. AIAMER

SER R INIE TR AR R 1), HEN R A AR ] R R (E
2015), SR EL 200 MPa FE47 b BE W] ¥4 4 2 1 2 S B AL FE I [R] 3G i bE < T B, 300 MPa & 400 MPa
FIVATEEE ORI I S B Y, P AR S R ) S TR FR N [A] R L

3.2.5. HE

SR E I RIERAE 1), ATRERA A G RIL S E A KRR R, MAEEE
AR PRI (PSR R B S b T R A S, BARE A YRR A A F S, (HARR T A B B
B

3.3. BEAEMERRITEFRY DM
33.1. BBESE

SERRE R B S BRI AE S S PG, S R A B R T 3R T o B g, (AR
IS TRLAN s 3 2 TRD 9T S 5 A DR (B 1)

332. #% %R C
SER IS INAA IR fF YA C R R R PE, B 145.6 £0.002 P& 142.5 £ 0.002 (mg/L), i LA 200
MPa 43 10 7381 145.9 £ 0.002 (mg/L) ] DAIA 2R i 2 AR 24 1) &, oA 4 B 48 590 DI 8 B 0l 22 57 (5 1)

3.3.3. BHEHKA
R 2 AL TR 5 BT AL STEE SRR 4.10 £ 0.018 BFZE 3.41 £ 0.016 (mM/g Trolox), 1 LA 300
MPa 4bFH 30 20400 L, SPTEMSINE BT 4.33 £0.008 — 21.75 + 0.000 (mM/g Trolox) (% 1).

3.3.4. BAEER

SERIR 2 200 MPa 5 s A H 28 0 P S B AR T 45 il 2 R A2 D R B, 8.4 + 0.002 — 11.2 + 0.005
(ng/mL)H AN T B 22 5 (% 1),
34. BEAEMNERRTEREEEZFW

3.4.1. SEYEHES
SESR BT R 2y A ACEE L I AAE T S g B AR THA 2), AT R 2 EALEE T 10°C RNEERIE A
T7%, 25°C B ZIEMBOE S, 55 CEBEZIEEMIFEZE 59.6%, A E58 4 & TG W40 BL 100°C 3T
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Figure 1. Changes of pH, soluble solid, titratable acidity, soluble protein, turbidity, total phenol content in apple juice during
different processing treatments (Data bearing different superscript letters are significantly different)

L REMIAAEXFERRT pH. ALAMERY. FEERAAIAMEER. AESEBMA8TH. (EHRRXFE
FERFZBIEREREZES)



R

%

Table 1. Changes of vitamin C, total flavonoid, antioxidant in apple juice during different processing treatments

1. FRIMIAEMNERRITHER C. XRFERMEAXNTR

Vitamin C & & (mg/L)

Total Flavonoid & # (ug/mL)

TEAC (mM/g Trolox)

Thermal processing

Control

200 MPa/10 /34
200 MPa/20 434
200 MPa/30 /34
300 MPa/10 /34
300 MPa/20 /34
300 MPa/30 /34
400 MPa/5 /34
400 MPa/10 434
400 MPa/20 434

145.6 = 0.002®
142.5 +0.002*
145.9 + 0.002°
133.2+0.001%
135.6 £ 0.002*™
131.5 + 0.002¢
138.2 +0.003*™
121.3 +0.004¢
104.2 + 0.002°
131.5 + 0.004
133.8 +0.003%

13.3 £ 0.004™
14.4 +0.007"
11.2 £ 0.005™¢
8.4 +0.002¢
10.2 £0.008%
9.9 +0.007%
10.8 £0.005%
12.6 £ 0.002"
15.6 +0.008"
11.9 + 0.005*¢
11.4+0.001*¢

4.10+0.018™
3.41+0.016°
3.78 £0.017%
3.47 +£0.024°
3.63 £0.029%
433 +0.008
3.23+0.011¢
21.7 £ 0.000°
21.74 +£0.001°
21.74 +0.001*
21.75 + 0.000°"

(EARTESC T REA AR S R 3 22 5

ab

124 abed ode abc bede  abed  abede

0.8

0.6

PPO; FE[AOD min! (g of fw)]
POD % f[AOD min™' (g of fw)]

0.4

0.2

0.0 -
CON TP 200MPa 200MPa 200MPa300MPa 300MPa 300MPa400MPa400MPa 400MPa
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CON TP 200MPa200MPat 200MPa300MPa300MPa 300MPa 400V Pa 400MP: 400MPa
10mn 20min  30mn 10mn 20mn 30mn Smin  10mn 20min

PME& £[AOD min (g of fw)]
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10mn 20mn 30mn 10mn 20mn 30mn S5mn  10mn  20min

Figure 2. Changes of polyphenol oxidase activity, peroxidase activity, pectin methyl esterase activity in apple juice during
different processing treatments (Data bearing different superscript letters are significantly different)
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AN T AEBE[12], PRI AT RN AR BE AN i ikl BUBCOR B 2R A3k, T DA e s A B8 20l U2 T
BEERE, AH A AERR AR I A AR 2 s

3.4.2. FEKES

SRR o E AR I AR F A g R (] 2), BL 200 MPa AbEE 10 7 BRETRIRTE, HEN—ITaG
e SRR, 300 MPa A0EE 10, 20 3 Bhi B (e ki S LB 2R 7E 14, (HAE 30 20 EPET IR
[%, 400 MPa % kbHE ] o T B35 2 57

3.4.3. REHEGHES

SR SR R R N AR S5 R BE(FE 2), 1T DA 200 MPa HEAT R He Ak 2 JHL 2 2R P R 4 1 2
WEFER, 21300 MPa AL 10 738h. 20 080 S SN T FE, {HAE 300 MPa 403 30 4%t JZ LA 400 MPa
AEFE S Zreh. 10 23 Bh SRR F BR R R B, (VAT B T I AL

4. &g

SRR DAAAKE B R v A B L pH B nIVEPERETEY) - E WA 2, LA 100 MPa/10 4080 B Al ik
DAz A bRk, ELE A A FE I 77 I R 3G I AR B A PR S VA MRS DL 200 MPa AT AL B K
RERT IR, S5 &Ll 400 MPa/10 708 Ab B T e i fd, 48423 C & & LA 200 MPa/10 734 ik
AR RN S ALAR 20 5 8, 2 A ARG DL s T A B S 1 20 M B A, SR DD P Ak
FORESCR AL, R EREE LA 300 MPa AT b B G VE B AR TN, 286 LR seg st Warsn, 3¢
B L 200 MPa v 56 DA 2 bl BN R B E TR lifn Ko AP B2 4. AU B, Sk
AEFERTIUARAL G PR B HOR, IR BIACKAMAE D & & I, IRE RV E SR RCR, B
RT3 S ST 5 A T 3 s AR AN

B
WL SRS B RS G2, L
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