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AE. ERMAAE. FiZRA . THEWAE, ANBAREL RS OH R, WESRIFNEAE, 4% BEAS
2 RF (P<0.05) MAKKLG ST pH, BLlAE Z8MAE, AHBLE. LA, EEWRALE. FERA.
ETER., FRB., HER. BEAMAESOCRERTFEZRS, H 4753 pug/mL; BERMRE 70 C R4 R
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Effects of Temperature on the Quality of Vacuum Concentrated Pear
Juice and Construction of Quality Evaluation Model

YIN Ziying'?, ZHAO Jiangli’, LIU Jinlong', ZHAO Guoqun', GUAN Junfeng*’

(1.College of Food and Biology, Hebei University of Science and Technology, Shijiazhuang 050081, China;
2.Institute of Biotechnology and Food Science, Hebei Academy of Agriculture and Forestry, Shijiazhuang 050051, China)

Abstract: Objective: To compare the quality of vacuum concentrated pear juice at different temperatures and construct a
quality evaluation method for concentrated pear juice. Method: Fresh pear juice was concentrated under decompression
condition (vacuum degree 0.005 MPa) at concentration temperatures of 50, 60, 70 and 80 °C, respectively. The evaluation
model of concentrated pear juice was constructed based on the browning degree, pH, total phenolic content, total flavonoid
content, Fe*'reducing power, soluble sugar, organic acid and volatile components of the concentrated pear juice. Results:
The content of tartaric acid, fumaric acid and pH decreased significantly with the increasing temperature, while the
browning degree, total phenolic content, total flavonoid content, Fe*'reducing power, quinic acid, malic acid, citric acid
increased significantly. The content of alcohols was the highest in concentrated pear juice of 50 °C (4.753 pg/mL), the
esters was the highest in concentrated pear juice of 70 °C (2.808 pg/mL), the aldehydes and ketones were the highest in
concentrated pear juice of 70 °C (12.478 pg/mL). This study obtained a model for evaluating the quality of concentrated
pear juice and found that 70 °C was best vacuum concentration temperature for pear juice. Conclusion: The vacuum

concentration temperature could affect the quality of concentrated pear juice, which could be well distinguished by the
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quality evaluation model. This study would provide references for the quality control of vacuum concentrated pear juice.

Key words: vacuum concentration; concentration temperature; concentrated pear juice; quality; principal component

analysis
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(DPPH)  43#rali, db sl kiRl A BRAF]; A
TR Ak sbral, Jb et RSESE R A R A .

STX1202ZH B F RV JbEFEZFIHiRl =
AUFRAT RS s PAL-1 BUHCAL TN T B 75 Rl
AR BRZN 7] s HU24FR3L I IhREMSIHHL 4
B A T AR Al UV2700 #2485y 66 FE T
TQ8040 RIS AH (A 3% BT W FHAY  H AR H A 7l
RE-52AA BIJiEH6 25 & dn W oR A bAUERT
SHB- M AEH /K HH AR AR T3
BRZNF]; DK-98- T B H BVE IR Ky REET =87
PR AT FR A F]; 1260 B RORAA @351 LeEEMS
BHEAEBRATE]; L-2130 BUSRGRAH AR RS
*h H L dETHE
1.2 L7k
1.2.1 MFEFRGTaHIAE Pk Iohs B FE et S5 AL
BUIRAL, K B FERLERAE | A%, DAl B
Yok, AT YL R R . B 500 mL B4y 38 A
1 L ZEIR0 T 325 e e 25 R e i & n s MR DB &
= #](20+1)°Brix, M4A 5K EA5EEA 0.005 MPa,
F%# 60 r/min, PR3 51°4 50, 60, 70, 80 C.
1.2.2 #AFFEFN pH f9IE  WIETERDEY & &
(°Brix) : SR T RFRI TGN 5 5 4748 B P A
T A 420 nm &b I OGEE (GK 22 1) 5 pH: 2R
pH T1HIE .
1.2.3 APPSR S R IIE AR R A ks
71 10 mL & FEL.OE, INAELLI/K 10 mL, 10000 1/
min Z.0> 10 min, B_EIEWGT 0.22 pm FFLIEAR, 15
VR R AF ISR o

{3 25 F: ik NH, UG80(250 mmx4.6 mmx
5 um), HEVE 35 °C, #FAHE LG 20 pL, Wi 1 mL/min.
TshAH: CNEHE(85%), 43 AT IE] 25 min, LIASAR
A it WG T ARURI VR B8 A T4 M [e U3, A5 AvR v il £ [m )=
J7 F: R 20 Y=133.66X—12.697, Z& 75 FEl 0.25~
30 mg/mL, 7=0.9999; S Y=161.91X—1.6475, £t
JEE 0.25~30 mg/mL, =0.9997,
1.24 HAHLRE N E 50780 @3 iE
ADME HR(250 mmx4.6 mmx5 pm), ¥E#& 30 °C, i
3# 0.8 mL/min, A sIAH: 20 mmol/L TiMR S 4L
(WEMRIENT pH=2.7), S3HTHFIE] 17 min, LASSHRAESS
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Table 1 Equation, linear range and correlation coefficient of

eight organic acids

HR ik LMFEE (mg/mL)  HERE
iR Y=1E+07X-19152 0.125~2 0.9989
AR Y=2E+06X+10811 0.001~2 0.9969
BT Y=1E+06X+5233.4 0.0125~2 0.9780
WIREZ  Y=1E+06X+4530.1 0.125~2 0.9655
BN Y=633940X+2946.7 0.0125~2 0.9730
N Y=419143X+3021.5 0.0125~2 0.9764
FHERR  Y=953894X+6074.5 0.125~2 0.9701
O Y=1E+08X+226317 0.0125~0.2 0.9995

1.2.5 RS ISPT R S AL 3 B 46 v
5.0 mL T 20.0 mL #£ &I, A NaCl 2.0 g, A
1 pg/mL 1Y 3-7Ffif 200 pL,

GC-MS %% 1/ : GC: >k JH SP2380 & 4H 4 +&
(30.0 mmx0.25 mmx0.20 pm); FFIRFEF: 40 °C 4%
$¥ 1 min, X 2 °C/min FHEZE 100 °C, LA 4 °C/min J}
#RZE 190 °C ARFEF 2 min, PL 10 °C/min FHEZE 230 °C
PRFF 5 min; HFFEE 250 °C, AN E L, HEmRE
1 mL/min, SR RHAE

MS: L FHLE R, T RE&E 70 eV, EIR)E
250 °C, B TR E 200 °C, B HILEN 45~
500 m/z, KH 7= Q3Scan,

AOC H shtFE 4 ZEWCLIRE 250 °C, ZEHL
USRS ] 10 min, £ESIFILIREE 35 °C, MRS [A]
15 min, FEFEEHPREEEE 450 r/min, AT E] 3 min,
27 E 65.5 min,

GC-MS il 4% S NIST17 R i i i
BAR ZEAG 2 A H, AR U7 BE FR 5, 7k t1 DO PC AR
F 85% M KA ALST, FIFH PIARIEETA L& &, PIPR
YyIgich 3-TH
1.2.6 . SOEERAYUEARE ST I E S
B (IS TR, mg/mL) 3% JHAEAR-By b @ 3E014,
B 0.5 mL BE5: T 25 mL EbAE A, A 1 mL #EHK-
Jiy S o 5], VR AT 30 s S5 I 4% Tk T8 NV TR
18 mL, FHEE T /RKERFEEZNEL, 40 C KB N
20 min J&, IZRIKR R S, FHA 736 nm 4L 5
eSGREE

IR S B (LA T3, mg/mL) R RS BREE
£a35000 B 1 mL ARG THRAE TP 5% SPAHBRENTE
W 0.3 mL, ¥&45) % 6 min, FFAITA 10% i BR 45 7
W 0.3 mL, ¥4 %5 6 min, A 1 mol/L & & 4b4N
W 4 mL, BN 0.4 mL 8T 7K, #2505 10 min,
DIZKARZR 2 bb, FUEEK 510 nm ABIIE OGRS

Fe* iR JF J3 %2 : B 1 mL AN 2 mL B
b (pH 24 6.7) A1 1% ERSALANA W 2 mL 1R
4], F 50 °C ZKHE 20 min. A 10% =& BRI R
2 mL J5 5000 r/min %5.0» 10 min, BU_E 7% 2 mL Jil

A 2 mL BSUKF 0.1% SALZIEW 0.4 mL, 520
30 min JS7E 700 nm AL E HIK OGRS
1.3 B

K Excel 2016 A #HAT AR ge T R4 &, 22
PER - ELERHEZE (X+s) oK, SPSS 22.0 FEF 744
PEAb R, TR T 25530, P<0.05 FRon2: 5%
H Y243 X . GENESCLOUD F1 Origin 2021 %k
PEAT A
2 BR5SH
2.1 REXHKAERGTAETE pH AISZID

T B X VA 4 B T M A B R pHL A2 e DL AL 1.
FHE 1A FTLUA Y, WRARBLTT A48 28 BE Bl R 2 i) T
BB e T AR T a ke, Hode, 50 C ik
HE Lo 28 AR (1.288); 80 °C MR4rZLITHHR A4S
B (1.650) X ATRERE TR T SE R B /= v A
£ ME A0 I N B I R 4 T R R X S AR A
S RIS 45 B — 3, 70 °C M 45 BL v 10 A
(1.417) &+ 50 °C, 1HAIKF 60 °C F1 80 C, iXFIHE
JEHT 70 °C xRS R EA BT BT ASOR, X T
fe At A8 e 2 T R A IE T, 3xX 5 RE R RSN 1Y
WFoR e 9 —3 ., I 1B Al LA, W4 HL 7 10
pH Bl (= S AR A, o, 50 °C #egi AT
i pH xi=5(5.34), 80 °C MRIAZLTTY pH FHAK(5.27)

A 1700 a
1.600 |- b

1.500 |- c

0D,y

1400 4
1300 -

1.200

1.100 : . .
50 60 70 80

AR (C)

B 536

a b

534

532+

T 5301 c d

528

5.26 |-

524 1 1 1 1 J
50 60 70 80

AR (°C)

B AR XA R LR (A) Fl pH(B) BRI
Fig.1 Effects of different temperature on browning degree (A)
and pH (B) of the concentrated pear juice
TE: [F]— B TR R, Rz g bR A b B 0] 77 e . 25 25 5

(P<0.05); [ 2, 5] 4 [

22 RENRGRTEAEREMRIES 2880
A JEOME B B A 2 AL T AR BRI U E )
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S HIE S N N (31 9 DO RS B BNk = 7
M BLIET 20 p P 2 AT, IR X AR AL e A A AN
HBEA SIS L35 (P>0.05) o SRy il s ol 3% i
SN IR T T 20, s N 2 5 SRR S
TMIRETHAE s BEIRLEE T T, BRI SR S N 1
JEl s AR il B, FUO P e s SR LT

ANSZIRERZ A

a ey
55| _1_ [ HAH

oy B AR

o
©

50 60 70
WARIRLE (°C)
K2 AR EERRGART i SO 5
Fig.2 Effects of different temperature on the reducing sugar
content of the concentrated pear juice

2.3 REIRAERTENER

AR R 2 A0 SR 5, IR il
A FPHEIS AR B BRI B2 A TRTR B X
MBI AV UL 20 B3R 2 Al AL M4BT
Hh FEEAA YU SRR AR . RO PR . WS
AT BRSA VLR & b S IR IRE T e T e i,
FH & BRI R : 80 °C>70 “C>60 °C>50 °C, Hrf,
80 C 4 ALt YA HLIR & &% &4 3.271 mg/mL,
50 °C HIEFELTAAE VIR B &N 2.423 mg/mL. It
Sh, TE 70 °C HeAEBLTT I 80 C MAAFL VT ALK il
AR MR o 3X 7] RESe: FH T A BRAZ IR A A /K
B, AT BRRSE BRI LIRS 3K, N ek H
xR

2 A[RHEREE AR AL AT HLR & B AR R
Table 2  Effects of different temperatures on organic acids
content of the concentrated pear juice

BB & b

(mg/mL) 50 C 60 C 70 C 80 C

iR 0.378+0.0009" 0.3670+0.0005" 0.374+0.0010" 0.375+0.0016"

AR 0.013£0.0024 0.002+0.0012° - -
Z5TRE 0.022+0.0008° 0.020+0.0003° 0.128+0.0751° 0.125+0.0695
SERER 1.05120.0167° 1.137£0.0140° 1.370+£0.2324® 1.560+0.2261°

FUR  0.095+0.0050" 0.092+0.0038" 0.092:+0.0078" 0.096+0.0103"
Z®  0.083+£0.0147° 0.133+0.0068" - -
FPEERR  0.758+0.1926" 1.017+0.0588™ 1.209+0.0233" 1.100+0.2440"
ESR  0.024+0.0003" 0.026:£0.00003" 0.016+0.0002° 0.015+0.0002°
T AT R, FoR %R AR TEA [ Ak B £ 75 0 3 22 57 (P<0.05)

24 REXRERHER MRS EIFNE
AN [RIIRE He AR BT B9 % A A il o3 FR P DL AT 36
HE 3 AT IR Y, AN Rl B e i i BT R 2 A

JE R 43N 225, 50, 60 F1 80 °C He4s HLvt v —35,
70 C WAEBRLIT AN 53—, BEAE, 70 C He4iBY
TR R S B s, S 21.860 ng/mL, PSR
Z, 13 39 Fh; 60 C WeAR BT BUHE R R & B i
1%, 2 10.323 pg/mL, FiZ&i/A, f 31 Fi,

BEAS NIRRT A 2>, By
JI RSSO R 5T, IS RE FERR AT . i
HWRAE 50 C kAR FTh & i i, S 4.753 pg/
mL; 7 60 °C #4554 &= mAIk, 2y 0.916 pg/mL.
AR MR A ZL T A & A 12 R -4-28 75 -1-
fist, oAb, 1o I BT B ST IR P, I -4-3% 4 - 1 - EL
FHECER B, 1,5-80 0. IECEE, ER-2-004-1-
Bk 50 °C We4ERLHA, o, IEC BEE A R
By | S AAE R, R 2- O -1 - A SR
R AR —HEEEEh 60 °C W4EALIT R, Hivp,
IR 2 EAT BORAY .

W T ST AT R, S B HE A AT A9 SR 270

EZEYITTAE 70 °C M4BT i b=, o 2.808 pg/

mL; £ 60 °C k45 247 b & & Ak, v 1.836 ng/
mL. ANENREHAERT T 5 SR s . T-ig
Mg, 2,2,4- —HF-1 3 R TR TR, C R —
(2-F BL P B g . 4B — iR LB 3R 7S ot £ BT
1,2-2K —HIPg X (2-H LD 3R . SR iR —T
P, b, SRR FE IR ) S SRR, RSP AR |
B YA TR R A e R A AU SRS
iR £ BRI 7SIt O WEBR MR AT D5 & . SRR RS
THEN 60 C MAEFRLITAFAT; IR IR 5 O liR-2-M- 1T
TPERE. 7,10-T/\KE AR R 11,14- TR
FAWE A 70 °C A1 80 °C He4uAYiH454 .

SRS 1 BRI | W Z B0 h B R A AN
FLRACI RS, RS JTAE 70 °C W HLt b
FrhEROE, T 12.478 ng/mLs 7E 50 °C RAEHLT S
=K, A 4.280 ng/mL., Hid, Z Bk A HEBEEE N
70 °C 1 80 °C HeAEBLITHFA; 3,5,7,10-PUFEHE-1,1,9-
L 2H- I 2,6 (1HD - HRA 2,6- U T 3k-4-
FRFL AP ELPR O -2, 5- - 1-E R 70 °C #4nEiit
gy, Horp, 2,6- RUT Sk-4-¥ 2 k- 4- LR B L2, 5-
Ta-1-E B A WA, A A0y, FLEK . BETEY
KBk, 1-2K3E-2-CL K 80 °C MARFLTHEFA -
25 REXNRGHRTER. DRIEMRELENIN
AN

S T 0 B S e A B A Iy B R L RN
Fe* R 5 1 s ULIE] 4A~IE] 4C. & 4A FiIE 4B
AT LAE Y, MRARESTT B R S R R S AR AL
EAERL, AR BETRLRE 00 i S I S e A TS B
T PR AR, S Z2 8K YK 70 °C>80 °C
>50 °C>60 °C, Fi, 70 °C ¥ 45 A4 iy Sy & 2
(362.03 pg/mL) FIE R S 22 (357.1 pg/mL) &=,
60 °C MRARZLIT Y A& 5 (324.00 pg/mL) AR Bl
i (299.95 ng/mL) 1K . XTI RESZ A TEiEa B
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26, T AR A IEFR CLIE-2, 5-—Afs-1— 1]
P 4.51
2-FH Y b 3.85
P73k :
+ Pk 3.53
b=t ) 3.20
BRFEE-1, 37 =FR[5.2.1.0Q2,6)1 %5510, 1" FR0%5]-4°, 8- :
- %;ﬂ}&fﬁ 2.87
R
e S 255
| 2. 2.22
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e | %ég 1.24
FS
A 0.913
T 0.587
JL-2-CL s 0.260
CE .
AR IR T R —0.0667
RS T ~0.393
1, 22 HHRRUL(2- FP LD 2 ’
7|37F H R 2 BRI /S ot R -0.720
11, 14-— 0 ARIR P R
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(2 S A i
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-E QH 2— - R
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R e e 2,2, 4-=HIHE1 375 5 5 TR
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e T
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1- TP
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&3 AN EE AR AL BOFE K o AR
Fig.3 Heat map of volatile components in concentrated pear juice at different temperatures
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Fig4 Effects of different temperatures on the content of the total phenol(A ), total flavonoids (B), and the Fe** reducing power (C)
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Table 3  Principal component eigenvalues and variance
contribution rate

%) FHAE(EA TrZETTRA (%) FAITZE TR (%)
1 6.061 55.099 55.099
2 2.033 18.483 73.583
3 1.068 9.712 83.295
4 0.713 6.484 89.779
5 0.358 3.252 93.031
6 0.302 2.747 95.778
7 0.232 2.106 97.884
8 0.133 1.205 99.089
9 0.074 0.673 99.761
10 0.022 0.203 99.964
11 0.004 0.036 100
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Table 4 Principal component analysis load matrix

izt PCl1 PC2 PC3
ST 0.902 0.16 -0.347
pH -0.863 0.24 0.282
W R -0.85 0.164 -0.131
Fe™ it i 7 0.843 -0.359 0.151
YRR MR RIS 0.84 0.407 —0.283
RN i 0.744 0.618 -0.195
TR 0.741 -0.109 0.48
SEIRR 0.679 -0.382 0.071
FPAFIR & 0.65 -0.161 0.501
AR RE 0.282 -0.781 -0.44
T £ 0.546 0.673 0.173
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Table 5 Quality scores and ranking of concentrated pear juice
at different heating temperatures

HESECC) Y1 Y2 Y3 F He#
50 -2.63 123 —0.12 —1.24 3
60 -2.25 ~0.84 ~0.05 ~1.40 4
70 2.92 131 0.30 1.88 1
80 1.97 -1.70 -0.12 0.76 2
3 4
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