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REL M =2 AR 32 kiER
(1. Hifr B Lol BB A S TP, 22M 730070; 2. H & S wiom THARBH .0, 22 730070)

B E: BB R R ERELES & B A . 5 R Lo LRI L R R 12, S
B 120 TR AL TS R I . TR e SR ™ i b R B LR . SRR 0T 5 i IR Y it I A 52
R OMARBEE R ERALT AT EDE A . BER . B S E R BORRB B E FTHP<0.05), MEK
BRI 0.3 g/kg . BEARIRE 45 °C . BEAFATIA] 2.5 h, pH 4.0 I, BB SR &8 W5 80(92.2120.07) g/L, L
RBEFRRATBET; 29.27%:; WIKG AT . B A WEH R AR, WIS 73.7%, GRS 1(4.9+0.02) g 100 mL;
BURE 7 G 7 R E B LR & 5 0 25 5, 17 R EUERR SRR, AL R it LT, SRR A ORI
BHEIR S EH(18.5120.12) pg/mL W/ Z(11.95£0.01) pg/mL. 53¢ SR T4 HE, KEEE kb
VAL BRI BB, A TRT

IR AURHE; WERALES, A

Effect of pectinase on fermentation quality of Zaosu pear vinegar

ZHANG Ji-Hong'*", KANG San-Jiang'?, HU Sheng-Hai'?, ZENG Chao-Zhen'?, ZHANG Hai-Yan'”

(1. Agricultural Product Storage and Processing Institute Gansu Academy of Agricultural Sciences, Lanzhou 730070,
China; 2. Gansu Innovation Center of Fruit and Vegetable Storage and Processing, Lanzhou 730070, China)

ABSTRACT: Objective To study the effect of pectinase on the fermentation qualities of Zaosu pear vinegar.
Methods Lo(3*) experimental design was used to optimize the enzymatic hydrolysis process of pectinase, and
analyze the effects of enzymatic hydrolysis process on the content of organic acids, amino acids, sensory quality in
alcoholic fermentation, acetic acid fermentation and fermentation products of Zaosu pear juice. Results After
adding pectinase, the soluble solids, total acids, total sugars, total phenols and light transmittance of early crisp pear
juice increased significantly (P<0.05), under the conditions of 0.3 g/kg pectinase content, 45 °C, 2.5 h, pH 4.0, the
total sugar content of Zaosu pear juice could reach (92.21+£0.07) g/L, which was 29.27% higher than that of
unhydrolyzed juice; the fermentation rate of alcohol and acetic acid was higher, the ethanol conversion rate was
73.7%, and the titratable acid content was (4.9+0.02) g/100 mL; there was no significant difference in the content of
7 kinds of main organic acids in pear vinegar, the total amount of 17 kinds of amino acids decreased, and the
proportion of essential amino acids increased, the content of glutamic acid related to browning decreased from
(16.55+0.01) pg/mL to (12.02+0.02) pg/mL. Conclusion Compared with the process without enzymatic hydrolysis,

the fermented products taste harmonious, mellow, clear and transparent, the quality is better.
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FURSCEHANE ., 4R UPRR . EAR. IR
BBk BESEHTYIS, ARONEA . WAL R R
R REZ DR, A L R U AL RN T
FEERERT . BUE L BN BN AL AL ANGRE Sk L,
AR RCRIAESI . IR HFIEFR D FA R
FHX W, BB RAMBRE . TE2E N, . T
B BRPGR SRR, WS RORHETE 10% L E, F5h
SOBE L RERE . R ADRE S T AL R, R RS K
ARSI A B RLAFAR IR . B4 PRI . . B TR T
ARG, NS A e AR R ™
A CHE . JRMAERE . WESCIER, RIEEREA O R
HRR I, R AR R TTR  EEE, JRRENG AR
(AT, S SR A R R

AT | 52 R AR T SR I 2 e i o T
DA A ARGEN Y, BRI R T R T | R A
L2 e ol A8 v 2% ) TR W) ) R — A P B b, i 249 2
TR b B T o AT ST R R Tl ) 1 R B A
TR BT AR REMRIIE S, A R T X TP R A T 2 R o35 i
ity b, DUSE SO0 bR, SR EExT B IR AG T 2N
SRR o SR Lo(3%)SE 8 AL RN WA 125, 43HT
WA T 200 BRGNS A1 . TR A I S R I 7 i b 2
S PR . BIEIRY) TS SR AL B, AL A
BT e

1 MR5ERZE

1.1 MR5RF

ERBLCH N A 2 SR BRAL = X)), Ze g oL 4 i
B B RERE B A PR D), i (A H SRS & P AP (L
AAR A AAHA R FD); SRR ER(EEE 3~5 J7 Ulg, T E A
[RBELEMIH ARG BRAF]; TTKCEE., 5. Hhig. &
BT, TR, NSRRI (O Hral, Kbt
B FD; 3,5- " AH KR (3,5-dinitrosalicylic acid, DNS)
AR | AR A AR (bl JE R ERHA IR
AR, LSRR IR B . . T R W DR
IR . BEFRR(GEal, I TERRHE A BRA ).
1.2 UFE5E%

BSA224S-CW HiLF R F-FRZFIHFH#A AL 5t A R
23 al); YXQ-LS 37 30 J7 7873 K B (L i R Sk AT FR A
F]); ZHJH-C1112B ## TAE & At B R R A R A
ri)); ZWY-2102 fE B SR H% 5 # (LRI B (s s A

FRAE]); LRH-250 A= AbBE R4 ( i —E R =AU A PR A
Al): TGL-16MC ¥ B 0L V4 /R B8 2.0 LA TR
2 F]); PAL-1 BEEEH(ATAGO &3 7 [ 4r/A #); Agilent
1100 7= 85 AH A (36 B LR AUAR A F); Rigol L3000
150 RO AH A8 T A (TR N 5 U5 B B AT RN WD ); UV2400 55
HNA] LA ST i s AR R E A A BRA F)
1.3 LWHE

131 I Z##

BRI VT - B — A T o2l B TR SRR L
B HI TR K T — BE TR K 18— 8 V78 — BRIR— K TR —
FEhh
132 HMERE

BERFUE UG 23T, myt i — a2 2 0 Rk
fiff, FAFPERRIREE pH, Pl BRI AT B, B S
FAVUZ At WA T, AR E 8% (10° CFU)JIE
Rty 20 cCERBEFE, f T BIEY & S AE T
Femt, AR E 10% (108 CFU) Y IE Ak s 2 14 W,
31°C. 140 r/mim # R AR RR & B RUE B, 1R METE .
KW, AT FRARR
1.3.3  RigBastFBRELH R 69 %

W R BRALE R ANA 0.1, 0.2, 0.3 g/kg IFIR
fit, 50 °C. pH 4.0 F&MF NHEGAE 2 h, WAL ] 1 FETE
Y. BRR. B, SRS R EENE, B HES 3 IR,
1.3.4  FLitEsEfg T 24040

SR LT A SR A, DRI RN i (4) 1
L (B) . IHE(C). pH (D)YHIRER, SBES N R bR
VU2 =K IEAS L8, Lk RERARGT IR T8, BEZEK
I 1

R1 EXZHFEZKER
Table 1 Table of orthogonal factor levels

wp A s B R C ﬁ:%@ﬁ D/pH
(g/kg) FE/°C [8)/h

1 0.1 45 1.5 3.5

2 0.2 50 2.0 4.0

3 0.3 55 2.5 4.5

1.3.5 FBRELRES A B4

DA I BT AR B A T R IR A TR B | TS
TR KT, bk B R nT M R &R TR S
BR G828k,
1.3.6 =SB B s R o H

HA 4 GB/T 29605—2013 (BB Z0HT £ R R 45
IS ), 410 gk A RISF, XRLEEREE . AR,
TR WEHATLZATEM
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1.3.7 =SB0 38 47400

SRR SRS EIE R H A PAL-1 BRI E
ALEPEE Y &R R DNS BIE BB i RS
A EH R T R 1 R T

TR I 2 AT

AR S I SR AR s

RILPR ORI S IR S VR R AT A - OB
O FER I EREE P 17 MR &,

S S RS DI TR bR, SRR

FE G A R R I — R W B P TRV TR 3 7,
Yo LR, TR A
1.3.8 Bt

TR R R At IR A (DA

‘@*ﬁ%@ﬁ%/%F Eﬁ@ﬁé\%(g /100 g)

x100% (1
kS & & (g /100 g)x1.304 o M

1.4 HIEAIE

PN FELRAHTER 3 K, LRSS hrfE
i 25 Fm, SRAIE L BB F (3. 1) 847 Jr 22431, Excel
2007 HEATEHE ST

2 GR55HH

2.1 REEEXTRERELTR S HIR D

SERE L IRBL YT H I AN [R) ik B 19 SR g, 50 °C L pH 4.0
ST, WfE 2 h JRRUT R SRR LN 2 s, SRR
G BT R TR PE T . BRI . B LG
TR R ETH(P<0.05), Hrp# R T LR ECR, k%)

57.2%~67.5%, WHEEEHIN 15.7%~20.1%, EE &S0
12.5%~26.7%, BERTHIEEL 10.6%~17.0%, Al EEREEY
TN 9.48%~17.0%. MARMEHE, NEHARK . &
e KRR, MPAMRERIR, N EwSNGE, HitR, 1
TR RN SR B, s SR BT, R
WX BT T R A TCVE L, TR R B AR AN R
22 BRERFETEHBBIZEARSHML

ISR RRAS I . BRI . BFRl. pH WEER, B
WS BRI T 4 N 3 AP IERR S0 . NS 3~4 AL
B, Zm RERRIT IR AR EREEXLRN
D>B>C>A, BV pH>ff il > W i i) () > S RS WS n i o B
RGN A3B,C3D,, BIRIKEGAIME 0.3 gke. BEFEE
45°C. fifpfEntia) 2.5 h, pH 4.0, Xf FifS1EAS LU0 45 ik F7
T 2530, TE 452 K R v pH X B & B R
(P<0.05), I FAFEIM AL B AEIERS RN, FEM T2
T HEAT R ST, B S ROER AL BORES AT kA
(92.210.07) g/L, HLARFEMRITHET: 29.27 %, B F TR
K, TREBERR K I -

23 BUTENMABRE. BRER A E%

DN LRI, YRR & TR B BT ISR I 9 B R I
R, R R, AT R BRI, RN
() % B AT PEEITE R 4.9 Brix, SRR A& e AT
VRIS 5.2 Brix, A HCHABSRI T, Bt L
B R TR T R ALV AR B R S R,
RICHEAL IS, WSS TR A, (H A SO R B I B R 11,
RS & i B, R B AR

2 REREXFEERITROBEN

Table 2 Effects of pectinase on the composition of Zaosu pear juice

WS AR (e/kg) AT TR H)/Brix SR N(g/L)(h LR SR/ (ng/ml)  BBESR/(gL) BEE%
1 0.1 11.20+0.00° 1.61+0.00° 85.23+1.84° 83.41+0.23° 89.32+0.51°
2 0.2 11.97+0.01° 1.75+0.00° 96.05+4.24° 85.60+0.31° 92.71+0.27°
3 0.3 11.93+0.01° 1.69+0.00™ 87.61=1.32° 82.53+0.48" 95.14+0.02°
4 0 10.23+0.01° 0.78+0.03° 75.78+0.12°¢ 71.33+0.14° 56.78+0.33°
#: RRVNE FRERIRTE 0=0.05 K FEREE . FH.
#3 EXZWLE
Table 3 Results of orthogonal test
P A B C D SR /(g/L)

1 1 1 1 1 81.15+0.15

2 1 2 2 2 85.41+0.23

3 1 3 3 3 90.01+0.13

4 2 1 2 3 88.64+0.09

5 2 2 3 1 78.3240.01
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=38
s A B C D BB R /(g/L)
6 2 3 1 2 85.86+0.02
7 3 1 3 2 92.21+0.07
8 3 2 1 3 83.90+0.12
9 3 3 2 1 80.82+0.01
A 1 85.52 87.33 83.64 80.10
¥ 2 84.27 82.54 84.95 87.82
¥ 3 85.64 85.56 86.85 87.52
W2z 1.37 4.79 3.21 7.73
W D>B>C>A
7K As B, (&) D,
L& A3B,C3D,
x4 HESW
Table 4 Analysis of variance
E A 2775 AN A F F Il AHE Nk
SR EEAS N 5 3.454 2 1.000 19.000
TS 35.179 2 10.190 19.000
s [ 15.619 2 4.522 19.000
pH 114.905 2 33.267 19.000 *
R 3.45 2
e *FRIE BRI 95% KT .

12 ¢ —— IR 7 12 R FU LT LR PEAE TR ZE L S
L st 60 d Fﬁwﬂ’l%ﬁﬂim HIECE uuﬁﬁl:F/TE; ‘ﬂ—m/n%h%% f K
£10° —— SRR R B i 10 ~ b R, SRR A A AT R et o0 A o SRR . R
g —— SRR A o it e p
% 8 8 3 JRHRIR, SR H A (5 B o A, 2NM S HP B4 SR I
§ 6 6 @ W, WY AR . IR E L A 2RI R,
H , 4 m‘ﬂ BT R BRI RIS R A B O A R R R )
4 g BRIk M . B BB, SR
fE' 2 2 &

0 1 . . . 0

1 2 3 4 5 6 —a— RN & &
EEEREUd 6 —a— IR SR A B
~5 —e— RNRK SRR S &7 5 ~
1 BLTTIPIAS e I R v T R R = —o— ISR BB & TE]
kS & =28k (n=3) 84 4 8
Fig.l Changes of soluble solids and alcohol content during alcohol 2 3 3 ]
fermentation of Zaosu pear juice (n=3) uﬁﬂ ﬂﬂ?ﬂ{
Q2 2 4u

Bl 2 @%ﬁﬁﬁ@%%ﬁ“%ﬁ%ﬁﬁ%#R?@%L*%iﬁ%ﬁZﬂfi % 1 1 %

K HABRAYI R, TRR R AN, A TR mi 00 S 0 . . 0
Ko ETIE, WSO N I, b3k 73.7%, B 1 2 3 4 5 6
ot 4.9 g/100 mL, HCRIBERER A H TRARRE A ZRERRU

24 BRI ZNEEERE SRR

2810 il NG 2 AN ) A 19 20 I I R

K2 BHRR A EES R PR . B & A (n=3)
Fig.2 Changes of alcohol and total acid content during acetic acid
fermentation (n=3)
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®5 PHHEERERR

Table 5 Sensory quality of Zaosu pear vinegar

R b S

R Tk

Bl T 24 ™ iy

R R T i Bl @, Wk, A

PUOEEH | EEY . BLAPHE A BEE . UPRLEL, ORRAAR EREME . BUR . SR JERRIR
AR, ARREER, TRRE BREIE . BRIRRZEA . TSR

25 HEHRAIEBRIE

ZAUAL T2 A B IR B REAE o P oA PR 7
EGRIE 6, ARG EE S, 205 B RS 8
88.5% . 89.5%. XFHEHF MIARMHE T2 I8 BREUE A P Y
FEAPLR S AT 0=0.05 7KV 122 40 Hr, 45 RERW]
PIH TR EMEZES . X TR RO IR i AL
SRS B B TR RN R, AR IO R e R b R A
PriliRs . SRS BEMICRKR N SRR AR, T
PRAEHAR 6 R AR NERR & Ht 252 FORN I, e R L A
HS S B Fefl, SR B RE 10.5%(
L AL 207 a5, AR B o HL R R LT
BEA R 0k 55 AN UV RIS A SR I % 5 T R oL
i (¥ £ B 5 i TG S S, e A S VR 5 1 A A
WL AR, AR R b5 X BEAR HE B B
KRR D5 T e B 45 R — 2

*6 PHHNEPIEAIRSE

Table 6 Content of main organic acids in Zaosu pear vinegar

5 MLER 7% & /(ug/mL)
A HLIR
I it e J2 W 7 Vil T AR AL T 25 7=
WIRR 160.4+0.01 160.6+0.02
FLIR 18.1+0.13 20.6+0.01
v 4100.2+0.38 4458.9+0.42
PR 316.8+0.21 301.5+0.25
T 36.6+0.03 37.440.06
w5 0.6+0.01 0.6+0.01
NAZ 0.2+0.01 0.3£0.01
R 4632.9+0.26 4979.9+0.32

2.6 HEHMPIERSENE

Xof R FIA e A I L A4 mEAE i T 1 17 R &5
SFATINE, AR 7 PR, BERRRUCR G L RS A
Fith b o Z R S B4R (310.29+0.11)  (356.39+0.13) pg/mL,
By 7 Fbob FF A AR OE &R (153.3440.19) |
(163.64+0.21) pg/mL, 5 EZFERR ILHIN 49.42% . 45.91%.
AUt kREE R G kAR, b e MR A,
R TR R R SONE, 518 JEE I FERN 5-55 FH Jhe
1 (5-hydroxymethylfurfural, 5-HMF)BIE R, fil kEER 54
SR AR AR 3, R EOR IS | AR R A TR,

CORNWELL ZRURESE T e 45 B AR A7 R g8 22, A
A RREBRAFREEEH . HE 7 78, AR
KBS HLEEAE P AR BB R, LA S &

=)
FeAt, HOHFAERM T EILGIA S, fEAREEH
(18.51£0.12) pg/mL ¥/> % (11.95£0.01) pg/mL, XA RS

Bt Jo S BRI A 5« A8 LI IR R 22—

*7 RRABETRERIETHL

Table 7 Changes of amino acid content in Zaosu pear vinegar

IR/ (ng/mL)
HAEER
% it it it it
KA (Asp) 16.55+0.01 12.02+0.02
4 SR (Glu) 18.51+0.12 11.95+0.01
22 5 R (Ser) 19.16+0.02 26.97+0.21
H & B (Gly) 6.30£0.01 6.330.01
41 %42 (His) 26.33+0.21 22.35+0.24
Hi %M (Arg) 56.32+0.32 37.64+0.05
INEIR(Thr)* 22.160.03 25.54+0.26
N (Ala) 5.19+0.01 3.2340.31
it 2282 (Pro) 5.060.01 1.56+0.01
Fifs 22 8 (Tyr) 35.81+0.02 34.68+0.03
255 FR (Val)* 11.06+0.01 11.54+0.01
R (Met)* 6.40+0.01 7.09+0.02
kB2 (Cys) 3.52+0.01 0.22+0.01
SEE R IR (Le)* 10.66+0.42 10.44+0.28
AR (Leu)* 33.70+0.23 30.42+0.35
RN %4 2 (Phe)* 33.35+0.29 30.71£0.14
#1242 (Lys)* 46.31+0.51 37.6+0.24
EAA 163.64+0.21 153.34+0.19
TAA 356.39+0.13 310.29+0.11

d: EAA (essential amino acids): Wit ZBEMR 2 Fr i, TAA (total
amino acids): A\ IERR &+ T LR .
3 SR

ARWFFE R, e BRR A A B TP mA
AT P R AR A R, BRI B, A
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it W T B AR . WG B AL Ry 73.7%, RR
(4.9£0.02) g/100 mL, JIrfste b AR BEREAG . IR IR . B2
JE . WEEEW, SR U nl W, SRR AT AL
KRBT MERTE, & Tl fbA: 7=, AAHE 5T v S
VST 4 It XU 490 S5 £ 2 i LA % 5 W AL EE T I S 58 3,
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