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Abstract: In order to provide reference for the application of non heat treatment technology and product development of ‘Xuehua’ pear
juice, the ultra-high pressure (UHP) treatment was used and the parameter optimization was carried out. The UHP treatment process was
optimized by single factor and response test, and electronic tongue and gas chromatography-mass spectrometry (GC-MS) were used to analyze
the sensory flavor and volatile components of ‘Xuehua’ pear juice treated by UHP. The results showed that the optimal process parameters of
UHP treatment were adjusted to pH 4.3 and continuously treated with UHP at 480 MPa for 16 min. Under these conditions, the total number of
colonies, molds and yeasts of ‘Xuehua’ pear juice treated by UHP were 0, and nine kinds of flavors were detected by electronic tongue, mainly
sweet and sour, and 13 volatile components were detected by GC-MS, including 3 aldehydes, 2 alcohols, 3 esters, 3 alkanes, 1 ketone and 1
olefin. There was no significant difference in flavor of the pear juice following UHP treatment. Therefore, using UHP technology to treat
‘Xuehua’ pear juice can ensure the sanitary condition and meanwhile maintain its flavor quality, which has a certain application value.
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Table 2 Factors and levels of response surface optimization
KF ALFEH/MPa BARERE/min C #745 pH A

-1 300 10 4.0
0 400 15 4.5
1 500 20 5.0

%3 MEEARHC T ZREES TR
Table 3 Comprehensive score table of response surface
optimization process test
745
024 3~54 684 9~10%
BE &4 (70%) >2 152 1~15 <1
BEEZAE (10%) >2 152 1~15 <1
BB (20%) <3 3~5 5~7 7~9
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M AT E .
1.3.8 HLX MRS
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B AN TR, BFIREEN 200 C, BT
ZiihE 70 eV; RE N Q3SCAN, VLN m/z
45~500.

SEMET: MRPEULEC R S EE E NIST17 M A%’
FeEOAT E T

L4 BdE AT

SRV 3 REERCFSELREZE R R RH
Microsoft Excel 2010 % f% f SPSS 21.0 # b3 4#s ,
LA Design-Expert.V8.0.6 #fF4x1&, p<0.05 K% 7 i
HHAG R

2 HR59Mh

21 BEERKRLER

2.1.1 R EE ARG EALILLE R AR
K 4 7751, 5 CK MLk, UHP A3 EHLFL T+
WM. BREENEBIYPERD (p<0.05), H
100~500 MPa & [ AN R R J 4 (0] 22 5 i3, 1t B
IR T S E Y KGRI N, 778 400 MPa B
IR CIE R EEIRES (<21g CFUML); &7k
F 500 MPa i}, 1 b BEVE S B0 B A T RE R B N
0, AIRESE UHP 2% 1F NAUMUBE sl PERNIS 5 M
W, MR ThREC, SR an gt T 1
HURBEZ ST, 2 AR a* (BNl . LHE A
bHESINIEE, 5RT 2 A8 5 CK MLk, UHP
AR ELERN a*(EICABM, LHER b*{E5 8 S
/N, ABRFIRCERE AT 2 R, B K0 o AL
T AR BIZRIEE ], BEOZEAE ¥ 0.5 24, it
B v e T A AL B AR TR, H R 17 R
s R, gr A2 R AL FEIE 108 400 MPa
B AMa SETHT 43 BT PR R 257K o
2.1.2 A afE T AT AR 5 R A AL R Y
E 0]

AbFRES (A1 i R 25 AL VPN PR bR o e 25
RIFE s, 5 CKAML, 7F5~25 min EHEPK, 4G
AL IR BRI VA BRI B A T B 850 I A B [ (1 2
Kol >, S AH AR 2 7B (p<0.05), 4b

205



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.3

FARFE Y 15 min B, HEMEEEHEKT 13 1g
CFU/mL, CfF& PAZEK, X5 ZHANG T4
R, RIAEK ARSI 8] AT A 808 ok 22 B0 B 1
T RCRM, A EE X AL a*E IO, ot
BEMER A ORI FE RSB 1 ol PO (S L
fH. b*ELHERC, ARGEN AT ER, af
FAE 1405 J6 A5, i B AL BR A (] 60 (K S AN B 35
ZEA 7% FE IR HU AL FR 7] 15 mins
2.13 RILRBATEFEA ARG ELILE R
EAG

HH# 6 1%, UHP ZbFE I AERY T Hh B 78 S8 S 57
T BT B0 55 5 PRI (p<0.05), {EACH VB 7T
ZE5t, TS ERERR R T2 400 MPa JIE 1 KB B
7% 5 40<100 CFU/mL, JE 2 YRE, R ATIA 100%,
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i, BUOASERE B, TR R AL ER A R i 4y
R, MR ARIRBEE, 518EAZE,
BT LA, (R R AR A . Frblix B
U e N G hEE
2.14 Rt pH A SRS/ ELALIELR
AR

HE 7 7I1, B pH EFFIC, UHP AbEES AL
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Table 4 Effects of processing pressure on indexes of ‘Xuehua’ pear juice

JE #1/MPa CK 100 200 300 400 500
B A S 3.93£0.03°  3.3240.04°  2.40£0.04°  2.14+0.05%  1.52+0.09°  0.00+0.00
EHBAHAHK  3.8240.03°  324+0.02°  231+0.03°  1.96+0.05¢  0.42+0.39°  0.00+0.00
L*{& 42.87£0.16°  42.37+0.19°  42.41+£0.10° 42.40+0.08" 42.39+0.17° 42.41+£0.24°
a*A -0.26+0.09° -0.22+0.08" -027+0.04° -030+0.05* -0.25+0.02° -0.27+0.03"
b*{& 4.19£0.02"  4.02+0.06°  4.05£0.08°  4.06£0.07°  4.03+0.05*  4.02+0.11°

AE 0 0.53 0.48 0.49 0.50 0.49

x5 AIEREIX BRI EIEIREIRNE

Table 5 Effect of processing time on indexes of ‘Xuehua’ pear juice

B 8] /min CK 5 10 15 20 25
ERSSE S 3.84£0.07°  3.50£0.02°  2.03£0.02°  1.53+0.10°  0.49+020°  0.00+0.00
FEHBARS 3.76£0.03" 347+0.02°  1.90£0.05°  0.91+0.13*  0.01£0.00°  0.00£0.00°
L*& 4291£0.17*  4239+0.12° 42.37+0.08° 42.40+0.08° 42.39+0.17° 42.45+0.09°
a*h 2027+0.08"  -0.24£0.07*  -0.22+0.03°  -0.24+0.03"  -0.25+0.02°  -0.28+0.06"
b*{& 4.19£0.01°  4.06£0.09°  4.08£0.06°  4.06+0.07°  4.07+0.04°  4.07+0.08"
AE 0 0.54 0.55 0.53 0.53 0.48

*® 6 AIBRB BRI B ARIRHIZNT

Table 6 Effect of processing times on indexes of ‘Xuehua’ pear juice

KESK CK 1 2 3 4 5
B %A 4.004£0.03*  2.16£0.04"  2.16£0.04°  2.17+0.06°  2.18+0.03°  2.17+0.03
THRERS, 396+0.02°  2.01+0.03°  1.97+0.05°  2.00£0.04°  1.99+0.04°  2.00+0.04°
L*f& 42.88+0.14"  42.42+0.08° 4231+0.07° 42.40£0.03° 42.39+0.17° 42.42+0.06°
a*{h 2027+0.09°  -0.25£0.06" -0.31+0.05° -0.26£0.07" -0.29+0.06"  -0.24+0.03"
b*{& 420£0.03°  4.09+0.02°  4.10£0.04°  4.04£0.04°  4.10+0.04°  4.05£0.04°
AE 0 0.47 0.58 0.51 0.50 0.49
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Table 7 Effect of pH value on indexes of ‘Xuehua’ pear juice

pH 14 CK 5.7 5.0 45 4.0
HE g 221+0.05°  2.03+0.04° 1.78+0.07° 1.00+0.18%  0.00+0.00°
EHMEE 2.19£004  2.00+0.03° 1.33+0.11°  0.85+0.14°  0.00+0.00°
L*4 42.91+0.08°  42.75+0.06°  42.22+0.02°  41.79+0.09  41.35+0.06°
a*fi -0.04£0.09°  -0.04+0.01°  -0.11£0.02®®  -0.19+0.03%  -0.23+0.03¢
b 4.18+0.06°  4.10£0.02°  4.04+0.02° 3.97+0.02¢  3.89+0.03°

AE 0 0.24 0.71 1.15 1.6

22 N ERRER

CAZEA A3 43 e AR, 38 3k I TV 6o R e R 2K
W7 BRI pH (BT 00T, 35677 M
SER WA 8.

% 8 MEEMRLARIRIT SR

Table 8 Design and results of response surface optimization

experiment
Zkm5 A B C %Zewy
1 0 0 0 8.40
2 0 0 0 8.60
3 1 0 -1 8.78
4 0 1 -1 8.32
5 -11 0 7.94
6 -1 0 -1 8.18
7 -1 -1 0 7.13
8 1 -1 0 8.21
9 0o 1 1 7.85
10 -1 0 1 7.10
11 0 1 -1 8.21
12 0 0 0 8.64
13 1 0 1 8.20
14 0 0 O 8.68
15 0o -1 1 7.20
16 0 0 O 8.66
17 1 1 0 8.63

H Design-Expert 8.0.6 #fxt# 8 £dfadk47 ml )5
ST, FRBZ 0 IR AR Y=8.60+0.43A+0.25B
-0.39C-0.098 AB+0.13AC+0.14BC-0.22A%-0.39B-
0.31C%, HFENHEERNE 9. Wk, HAZEREE
( p<0.0001 ), 2K L ITAH X T 4l % 2 A B #
( p=0.5405>0.05 ) . & 7 ¥ 5 R # R*=0.9829,
R%,;=0.9608, Wi WIiZ AR L5 A PE43 (1 Se I 5 Tt
A BA B G . B3 7 R AL (coefficient
of variation, CV) N 1.34%, FEAXTHAK, FTHH1ZSLE
BTSRRI R ] T 25 AR R A R A%

o R FAERRDN SR R BUR BB R A, %5
PR 20 e L K TR AR BT SR 5 VP o3 S i ) S 2 e
REPIMRIRN: B3 (A >H146 pH B (CO > 1E] (B).
AB. AC WIUXZREPFIERELM, BC XLRaIF
SRAEE, HAT AL B C. A% B CC AiBE
AL PRE ARG LG TR IR R (p<0.01).
R 9 EIHERFES
Table 9 Variance analysis of regression model
FERR Fik AWE ¥HF  FAA P1&

AR 4.81 9 053 44.62  <0.0001
A 1.51 1 151 12573  <0.0001
B 0.50 1 0.50 4135  0.0004
C 1.23 1 123 10296 <0.0001
AB 0.038 1 0.038 318  0.1179
AC 0.063 1 0063 522 0.0562
BC 0.073 1 0073  6.09  0.0430
A’ 0.21 1 021 1769  0.0040
B? 0.65 1 0.65 54.67  0.0002
C? 0.40 1 040 3310  0.0007
KRE 0.084 7 0.012
KPR 0.032 3 0011 084  0.5405
iz £ 0.052 4 0.013
BEF 489 16

CAZEAVF-73 el AR 22 1) 4% 8] 2 110 v 7 g i 4]
T HTALIEE 7 REBRIS TRFIWIAG pH {8 8] )28 BAR
H, S5 0 1. iz AR S i B R TR R AL B
C PEER—MEENEKTR, HRWNMEENLEE
a2 L A AT S i T N A S AP E )
CRAVEr IR O, (H AN R AR A AR
I, — AR S — MR R IR RS 5
(IS AT AE 22 5 JEBRIE /7 (A) S ARFER 7] (B)
WHIE S (A 5HIHRIT pHAE (C) s HAE AR
2, ACEIRE (B) 59146 pHAE (O ZZHAEF R,
5 B R—E

e AR S AE R A 2% b )
481.46 MPa, ALFERFIA] 15.69 min, #J45 pH {4 4.28;
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TEZE A FEAE T, e ERRL HIVE 2 TNE 9 8.8767 47
HEEB|SBRATE, KA T 24 S HOR % A b
FEJE 77 480 MPa, AbFERf[E] 16 min, 45 pH H 4.3.

FARA I AR AT 3 UCTATRER, 45 T,
1SRRI L5 A VT SEBME D 9.05 43, Ui B AR
WEBRT 256 AT HE, AT T aebrar=.

B4

=1
é/\

=
=

B 2 10300 0 AJER

LrA Ty

12 350

B: [T A: £

E 1 ERREMNESELESERTLRE TSGR M E[E
Fig.1 Response surface diagram of the influence of various

10300

factors on the comprehensive score of UHP-treated ‘Xuehua’

pear juice
2.3 UHP AR EFRATRE &

TERA T 2560 il &l s R e /A, I
Al EFEF GC-MS X 7= fi 18 RS RN R 1A o
H Rt AT 73 H7
23.1 RIAFE

RS 73 HT R G0 A2 T DA B ARG PR 1) 22 il i vk
DAL A 1 BRI S S A TR B,

208

IR 5 S AT BB 80P, 7R B B R i 2y
MR T 2 o RSO B/IERLT IORRIR . TR TR
BERR R EHREEAT T AT, AR R REAE R 0L
2. HIEAUT IR BIRRIR . 5k, VMR, IR EIE.
TERREE, SRRk, EEEE. R, SR O B, g
IR g R . Fd 8, UHP Ab3A CK AL
THOMREAREE TR (B 2), PR A RER
U (PR BE S5 AEAL T (BB R
12 mg

I EmCK mUHP
10+
8r fif
R IS
2 6f
= ¥
4t o W n 'S E,E
o i
S EEEEE B
TR B
R Bk
0 1 2 3 4 5 6 7 8 9

&2 ETFGTIRTEHHE
Fig.2 Taste characteristic of ‘Xuehua’ pear juice

232 GC-MS #rm2sR

CK 5 UHP FAEEL i Sa0 E) 13 Fhg R ik
gy, FRmESK 3 Fh, BEK 2 Fh. BESE 3 Fh. bk 3
fiby EESRANEIE S 1 Bl BB, AR SEK
PERGMMRAI S B B2 (3R 10), #iH] UHP A&t
HN FARHE RV SR BB, AT LA A IR B
RO A ST -

R0 FHRHEL MR
Table 10 Volatile compounds in “Xuehua’ pear juice

A%/ (ug/k
ET TS (hghe)
CK UHP
TE 0.032+0.015  0.035+0.016
Bk ESS 0.023+0.002  0.024+0.004
B2 3173 0.006+0.003  0.008+0.006
o 1-TE 0.013+0.008  0.0110.005
S o
1B 0.003+0.002  0.0030.002
TBR ELBS 0.004+0.001  0.0030.001
fig £ + e B8R F 5 0.002+0.001  0.003:0.000

ARRZWELZTHE  0.001£0.000 0.0010.000

BE  6-FH-5-BH-2-B1  0.003£0.002  0.003+0.001

Bz 0.613+0.052  0.701=0.070

wRE  22FE—Fumi 0.001£0.000 0.001+0.001

5-F AR 0.001£0.000  0.004+0.001

Mk & oA N 0.001£0.001  0.002+0.001
%z - 0.703 0.799
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AFFeEE iR, e A RS e AY T
M EYEE, HASS IR RIAR G, SZIEFR IR
B AR, B pH A B AT 3 K RO,
B S N T N Sl AN T ok S S S VAT ]
RIGEE RN, SHREREN UHP TR 5P
IS 7] (A >HIE pH A (C) >BfE (B,
AB. AC WHFEXNLEEVFA TR EFM, BC XLkE
VPR, SRR RAERL, UHP 4 A #E
PRI B TG R . AR R
AERI B R T 25k R Bt pH A 4.3, T 480 MPa
TR IRFFEEALEE 16 min, JCAALEEJE I EAEZL T (15
AEWFERRI R B R PARRIEESR, B RIRTE, W
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