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Abstract: The effects of vacuum concentration, membrane concentration, freezing concentration and thermal concentration
on the nutrient composition and antioxidant components of crystal pears were investigated using polyphenol oxidase (PPO),
5-hydroxymethylfurfural (5-HFM), total phenol content, titratable acidity, vitamin C (Vc) content and antioxidant activity as the
indicators. The results showed that all four concentration methods increased the total phenolic content, total antioxidant activity,
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and ABTS" and DPPH radical scavenging capacities of pear juice, with insignificant difference in reducing sugar content. Vacuum-

concentrated pear juice had the highest sugar content (60 °Bx) and showed the greatest antioxidant effect, althoughhaving a

higher PPO activity. Thermal-concentrated pear juice had the highest total phenolic content and the lowest soluble protein

content (0.015 mg/mL), while causing the generation of 5-HMF (which was not detected otherwise in the juices treated by other

methods). Freeze-concentration and membrane-concentration affected the titratable acid and V¢ contents of pear juice to different

extents. Correlation analysis showed that there were different degrees of correlation between the indicators, and the cumulative

contribution of the three characteristic factors extracted from the principal component analysis reached 94.53%, reflecting the

comprehensive influence of multiple indicators on the quality of pear juice. The comprehensive analysis showed that the pear juice

obtained via vacuum concentration had the highest comprehensive score (1.95) and significant advantages in concentration efficiency

and antioxidant activity; thermal concentration had certain advantages in improving the nutrient content of pear juice, but due to

the generation of 5-HFM, its comprehensive score was the second highest. This study provides a theoretical basis for pear juice

concentration and fruit deep processing.

Key words: pear; juice concentrate; quality; nutrient composition

PE A & AR, AR HEYE T ok
P, BURE S BT SRR AN AG, AR 2
MZGHAEM L —" s AR EGAE b i EE I,
0 B HL 24 B T (0 A 7 R 24 AN R b U R o 4
HEZMAL FRE S ZMETRND, BEYELER,
W, BB AL, X AR T
T2 BERBIIRG WE AR THOTRI . AR IR
IR, R A e A A . EAh, BURTE
BHMZH LI XE T e, H AR 3R E R g iR Sef
A A .

REFUR B A ML EZ P25 5 aHME, EH
AT B[ A M AT DL R A 5, HAER R T (723
WFmATEOISR . Wit BFELH 30% KEER™
BT SR RBE RPN B, 83 T RAEA
LGHCRRE L, G T E R RRIR Y. X
FRAE B g U7 X JE R, R T3 e DR P AL 32 22
PR, K AR AR O A AL R AR SR, PR A
BT, I AR b b A R T it TR e
WA, TSR S B A A BRI R I T B A R R g5k
Fa 7 ARAE T O IR E S RE DA R (A, 42
THECR ISR I AT, JE 2 BN, T2
W E, B RIRIR S, et A b i AT Rp st
KRR EE R .

FEARZ KRR N T 2, R B AR IZ W e B [H
o e BT . IR AR R T AN RE RS IR B AR B IR K
oy FURS XUk, IR BH 5 Tl e IS EE. R
KR, BEAh, WA RITE T kel Rl R
BB L EE R BRI,
H AR B GEBoR e Rk e 2 Mok, SR
KRB WRIRAEOR . JREBOR PRI A 45 55 .

REIRAFTTIRAE LRI IRGE I I, ey T A BRI
BAE I 5 TR, W RN IR 48 Rt e 77
By AR, AT AR A B . R,
N AP R RE R E IR IR B e B IR A A
it RN A E A T3 3O B 5 R 52 450
NEIE,

BT, ARSCHERE T ARG IR R TRIR
A AN FRIARAE DU P8 W HIRAEBOR, R GRS LA T
EATR AR i FLH v 32 B8 IR 5N T BE By BRI
W SR, B AAEIR I SR A T A A E TR
PURANERRCE S 5T R ARSI, D i SR 4 BT
Dol P SR ARt ks . XA B T mddiR
RGN T, SRR AR, &R HoAd AR
IR THRMESHREE

1 HMR5EREE

1.1 #5335

KEAL, RETT RIGTEMN ; BERS. &,
GRS WA TRITAN ZKEy . SN oK AR ER AN
LTREE. BERR AN, BERE A, RIETHRRIS
WA s WETR. WMEEER, KA A2 R HE
FRAT ; TAKHEE (Orfrai). ik g, 3,5- 5
ARk, RiEREMFRANAF s 3RER, | N
WA AF2K Wy, DPPH. ABTS, g mskqL
PHEA R AR F G E AR F S G-250
Jett i, HETREARE S, LR T AR A
FRAF ;s PLIAMER. #EAE (Folin-Ciocaltew) i,
IR AR R A s RIBIEME, AU S g
THEAERAH .

157




MR B

Modern Food Science and Technology

2025, Vol.41, No.12

12 &EH5E%

HP-100 7= 38 2 Dy 6e B WL, i VLK R 1 2@ i L
A MR A A ;s ME204 BT 20 1 K°F, B2 E4CE
A R 2 & ; Vortex-Genie2 % JH i& W g iR & 2%, 3£
Scientific Industries /A & ; N-1300 Jei% 2 &, HAR
AL AT ;s D3024R 6 A EEE R R OHL, 36 EEFRE
$## 5% SCILOGEX A # ; PB-10 % PH {i i, &£ iy
AFE] AP-55 BURKEEE T, N TR A IR A A
LC-20AT 7 20k (i . UV-1800 48 41 AT WL 43 6 e
it, HAREA T BCD-226STV BUUKAH, F &K
AR A BRAF] s FDU-2110 BUA A T1EAL, B2 B4
A MRAT ;1812 BU/MABEA G B 25, B Im g T
FEERAH .

1.3 SRk

13.1 ZLitehdl &

SRSt AE W EIIOR IR < T E AN 3y (D =h
T, FWTKSYy. BERUIBE, #FRABTIUES
200 HyEMEIE, 19205634, RIR il
132 REBR T84 &

1.32.1 AUk

HU2 L 247t -18 CHMF ¥ 24 h, il (25°C)
(RIATE T RS 2 h, 4 CORBIRESHAR I
1322 HEZHKYE

B2 L&, {EJE58 0.007 MPa. 443 80 r/min %%
PER, 40 TGN 2h, 4 CLRERESFRI
1.3.2.3  JEEk4E

B2 LAY, 752 MPa [R5k, RHRBERIK
5 2h, 4 COREAFESFEN .
1.3.2.4  #Hik%s

B2 L &4, /K&K 2h, 4 CHREIRES AR,
1.3.3 K% AL 2L R AR 49 M2

T B RGBT BRI, R T R
BT HIREE L pHAE. BEJE, A TLER— %KM T &
B 2 Wy S AL 1 5-35 PO MRS . S ) IR JERE
A ER. AR A. Ve MIPTEEE S &, A%
TR7KCHs BT BV 4 243 (18 BERR R 21 10 °Bx #EAT I E
1.3.3.1  BEEE R E

RS, SRR EE AR =K, BCFIE.
1.3.3.2  pHIERMIE

i pHAE T, SFEMEEAE =R, BCTIMHE.
1333 ZMWm%Efls (PPO) JEMEMNE

SIS Tk, iEBk. £30 CT,
B S L A% J00RE 5 B . 120 uL 250 mmol/L ) T3l 1% 4

158

T (pH 1 7.0 A1 30 puL 0 50 mmol/L 4B —
KIS T IR, 1E 420 nim P A 0 =2 3 1 ) Gt
FIEEAR, PARES> T OD,,, 224k 0.001 FT 5 1RG4
—ANEEE F1 A 3 (D 2 EALERE R R

A
—_— 0
C= x100% QD)

0

KF:

C—— 3 AMEEE KRG R, %;

A——RBE 8% 7, Ulg;

Ay——RIZAT G BEE S, Ulg.
1.3.3.4 SFRHILMER (5S-HMF) & &1

i P o0 255 R B YA I 45 AL b S-HMF®
U1 mL B9 EE . 03 mL g=10% H A7,
AR FE 30 mine FOHEIER, 1T 0.45 uL A HLIER S 1
o VBRI 52 264« CI8 (1ihE (4.6 mmx250 mm,
S5um), BHANHEE K (5:95 VIV, FEIRKEN
30 °C, AWK 285 nm, HEAEREN 10 pL, N
1.0 mL/min. FE & 5-HMF 285 bRtk 2k 1H4 .
1.3.3.5 & EmiE

% H] Folin-Ciocalteu £ W72 " W VE A& Mo 52 S £ Wy
e W1 mL AFIURES, NN 2 mL AR T, PR
RS G HINN 3 mL 10 wt.% BRERENVE, WL E
1 h, 7765 nm AL PRI F WO G FEAR . BFALFE i
WsE 3k, HRUEETRUERR.
1.3.3.6 & JEHE & S E

K DNS (3,5- ZHl K M) 1 s 15 Bt
AT RS . B2 mL AR S TR E T, 5
3 mL DNS #&WIRS), #KI# S min, #EIZE 25 C,
FFHAKANE S 15 mL, JB2), 1E 540 nm AL E BOB1E
FRAFE SN E 3 UK, MBRIHE 28 45 2106 B 1) 4 b
JREWEE, THEIEERSE.
1.3.3.7  AJ € B 2 & B e

Z I8 GB 12456-2021 J513:"" 5 FH R Bl i 52 72500 5
B PR R B
1.3.3.8 wEMEEOS 2R E

S 3 T TR G-250 ek, B
MIFES, 5% LUl SR A f5, 76 595 nm Abill e
W SEAE o BRLELRE SR E 3 9K, AAR G B EVEARvE i 42,
THHANEEEA .
1.3.3.9 Ve& =1

5 7o OBURR i VR AG MR 4 ALy T b Ve S
ECAFIIARE S, 3 0.45 um B HLERE G AF00 . A (A
M 5E 264« C18 i kE (4.6 mmx250 mm, 5 um), i
AN 0.1 wt.% R - FHEE (96:4, VIV), iR
WEN 30 C, KK 243 nm, RN 10 pL,




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.12

H4 1.0 mL/min. £ 5 Ve & sl brvE ih 22 1H 5.
1.3.4  REEF T EAIRATA N
1.3.4.1 BHUEAEE I e
SRRSO, BSEEM. B 0.3 mL £F
PR &, N 2.7 mL Bi#k & 37 C 1) TPTZ LAE
53 PR 5] 5 WEETHCE 10 min, 78 593 nm AL E ROGRE .
FH 0.05 mg/mL [ Ve ¥ BH 1 B o A 2R 5 I SE
3K, LA FeSO, ¥ BUNFRAEAEARHERD 22, THE AL
SPTEALRE
1.3.42 ABTS'H HEH A 10l 2
SRS, BSEEM. B 0.1 mL £F
TEESL, N 2 mL ) ABTS ¥, ek 10s, =
IRAAE N EEDECE 10 min, JELE 734 nm AOESE,
10N Ao SR T K B EWRARE ABTS TAER,
E TR EAE Ay 25 S FH K S BEARE B R TR
W5 W ACEEME Ao FH 0.05 mg/mL 1 Ve ¥ R A RE 14 X

M. %R (2) 4 ABTS H I EMERE.
A4,
R,=(1- )x100% @)
A,
AP

R——ABTS" A®AA&REET, %;

Ay—— = G LRB KA

A\ ——H SR AN

Ay——SF BRLAR AR
1.3.43  DPPHH M5 FRAE /1 (10l 2

S H RS T, AR EE. B2 mL £F
DAES:, I 0.2 mmol/L DPPH-¢=95% Z. ¥ 2 mL,
FEiR N EEOLEE 30 min 5, T 517 nm P K0 2
W EEAE, DN 4,0 SR LA 0=95% £ FE AR &
DPPH-95% £ BEVW W, I 7€ W FEAH 4,0 7 H 4 A
0=95% L BEARE FE S, W E WG FEAE 4. H
0.05 mg/mL 1] Ve ¥ ¥ BE 14 5 B $% 50 (20 1+ &
DPPH H HETEFREES] -

1.4 FHAE4AE

I B G R SPSS 19.0 B HEAT GE it 0, 4
i) LR T BT REAS ¢ A0, P<0.05 NZEREE, bt
B ES 3K, IR VFIME £ nlEERR,
BIKFH Origin 2022 HEAT 424 o

2 GRE5SH

2.1 R4 A HEE 5 pHE W
FUH R G S5 RS FE AN 1 o e e AL
99.9 °Bx #2110 °Bx. & ik4E)E, HAWRAEELTHE

JEILH] 60 °Bx, ARG S HIRGRIAE] 30 °Bx, JEHK
i R 23.5 °Bx i AR E BRIR AR BRI, H
YO URIRYE . S IRGE 5 IR Y8 5t TR B4 1 75 ok &
Beb, B JERMR R B .

LT v 4 A 5 1 pH E 0 B 2 Bion. JR T pH
N 4.54, 25t 4 Fh 07 RIS G 15 B0 AL pH 8 1E
4.34~4.63 JEIE N, X AT BER AR HE R 1 5
B2, SRR AR YR I FE o B BTk, (B #EAA pH
fEFEmE Ny, xR, ERRERSE T, RE
PR PR R 1) e BT By, AHE AT B R A R T
107 (0 T 1 AR SR AR R

80 [ wk4avpi
I R

60

40 +

FEE / °Bx

“Iom L T [ L

Bt AR BORGE AURRAE IR
i 7 X
B 1 RGN R R0

Fig.1 Effect of concentration method on sugar content

6r [ wk4iitpHit
I 7B 5 pHAH
4 -
Eou
jan}
o
2 .
0

Bt SUBRG BORE ARSI
AT
B 2 4R pH BRI

Fig.2 Effect of concentration mode on pH

22 REFAX LB A ANEE N

TRy FREAFAERE DR, PPO £ 5K &
SR, K FE AR R R, I SRR A R R
M5 50 SR A, A B B AR 48 72 1 S s g
w3 Fras, SR, @A F Rk gE 7 b
Ji RO k4 77 AL 2 By S AL B VE HE R AR, R
2 By SE AL Bl I T B . BLAS IR S 1 2 B AL
TR, Gk 1357 Ulg, AJRITIN S £, X2 AR
o PPO W M I & T JE 2900 40 C, S EOLE MR R
H B A IR ARG MR R D, AT 00l Bl A A P R A

159




MK E BB

Modern Food Science and Technology

2025, Vol.41, No.12

RIS JE AL AR . TR AR PPO B = 4E4h
), SHPPO BRI ; HIREEME, XEELS MR
s Rk, Ok RS B ALY T PPO RS T P
PPO i1t J2 PPO TR EA 253 7 132 U/g 1 48.41%.

a 1500

1 000

500 -

PPOIE T / (Ulg)

Bt BT ARG TR IR
Wi 75
b 600

400

200

PPOfREE % / %

it EARGE BRIk IR
Wi i
3 RAEA AN SHMELEEESREEHZM
Fig.3 Effect of concentration mode on polyphenol oxidase

activity and retention rate

23 WR4EH AXMS-HEFERE N R

120000 SFE LR
100 000 J~¥ R
NN R
£ 80000 Q\L
= &
> 60000 F L
% 40 000 »Lw“ LRI
E i ,
= JRit
20000 J“ /U}’E‘
UL
0 \ 2[5]

0 2 4 6 8 10 12 14 16 18 20
A1) / min
4 REETTHN 5- B REARE RN
Fig.4 Effect of concentration mode on S-hydroxymethylfurfural

5-HMF 72 HUE £ BRI A 8 5 A F Bl A S 8 5 9 4t
TR N A R, HATAE ARG B IR . WK Gi
J7 AR F T 5-HMF S22 gs Rl 4 fos. 2
R A B, JUR AR fR 4 05 3Crb, R k45 X
27 5-HMF, HET7 R a4t th R X

160

SRR 5-HMF K P it 7 #4433 B 4 I P (1 184 m vy &
JaRE "™, Cernisev "™ R B, {RFEFIEEAE 50 CUAR,
e AT R 1) 2 P4 I N R R A, TG Bk 7 i (1) 4 A8
TR TERLASIRYE . JBEUR AR RN VA VR VA i 1) A 3R I FEE 4
T A, 5-HMF RO Rr= A4 s g b,
24 REFANEBEENY W

Ty R I A A7 S S K SR, o i SR P XU
U R EE R E EEER . R AR
ROPTEALRE Y, BE68 th RGP (a4, FRITgE—
B HIEAC L, TR A R = AR AR R P A
R AE ALV B & B S . W4s a ALt
Py & E AL v A, Hod kg 7 NS & B
51> N 0.18 mg/mL, H NI G677 A3 B AL
HEBYE RN 0.15 mgmL ; XA GESe TR EmAR
NEE RS T AU AR R %45 RS RERHR SR
PRICAN AR FE X i AT 2 W & B I 45 AL, 7E 50,
60. 70, 80 CZ&M MR IR 2 60 "Bx, LM &=
SR 357, 363, 373, 382 ug/mL, K ILBES FREUR
EHITEE, A S R LS

020
0.15

0.10

S} / (mg/mL)

0.05 -

0.00
Bt BT ARG R URIRGE IR

Wi J5
5 IRAEF X BB BN
Fig.5 Effect of concentration mode on total phenol content

2.5 W4T RX R PR EAES BB

I JEURE 5 B 6 B R SRR b JBERT B A A 410 )
T EAEERW R R4 2ok 45 R e
JEBE & R B 6 Fros. Pk a9 LA ALK
g J7 2k B i SRR BN RS, BRI R
WES BN 65.21 mg/mL, R4 G L7118 JERE & 8Ok
63.08~64.68 mg/mL, KA RFZER (P>0.05), X1]
e RUER G R 0 I R 2 5 1 SRRl N
HEENRRNAERMEOEOER, RN, EREFET,
RN 2 AWK AR O SRR keI, Bk
I SRR ) 2B AT FE R BEAT S HERFAE BN AT HIRAS
IR LR T7 2 B LB U o R BN




MRE SRR Modern Food Science and Technology 2025, Vol.41, No.12
8or TR R A R e R A AR e, g
FAR AR T 5
5 60f
g 0.10
£
I 40r 3 008
% E
¥ ED 0.06
E 20t = v
{0
B 0.04
0 3H
JRYT ESIRGE EIR4E ARG k4 S 0.02
Wi Ty 10

6 MM A AT PR RHE S BRI

Fig.6 Effect of concentration method on reducing sugar content
2.6 IR %77 XA R B Y R v

I 58 TR AT S T R DRIE AN U R bR, 2
T2 BAR pH AR BE B SCBE A 32, I AT 306 35 1 11 2
K, ATTA B T8 b B RAF . B4R A Jm Fo ] i 8 R
MR 7 s . SRR RIS T A4 A B AT
SE R & 0 20.87 mmol/L,  FIRAH 55 ¥R 4 i % A
AT E R S BREA RPN, 28 RTRES
AR e AL BT E IR S TR, A E R
14.32 A1 13.63 mmol/L. PR HIFFARAT AEZ th T A4 T
MRAEMFUR LSRRG R, LS 2 FEERRIE A
IKAERTE. kA PRI, 3 Rt & A Rk 4
Je AT RE R A ARA RN, T 205 A R A e AT R
SERR T,

2571
20
15

10

T %2 R / (mmol/L)

Bt B BERGE A TRIRAE R4
w4 )y 1
7 R T IS AR E ERE 220

Fig.7 Effect of concentration mode on titratable acids

2.7 R F R BEME G

AR A SIE RN R AR SRR R, R R
PRGBS AREEE AL AL R 5 SN . e B
AR A SRR 8 Fin. 45 RIR B ARG,
JEHR 4 5 ¥ VR IR AR R BE B O R P 34V R B . T
e 77 B b AR ECR, AR A S
2 M 0.06 mg/mL P& 1% 22 0.02 mg/mL, FLA] 581 )&

0.00

JRt B BORGE  AURIRGE IR
Wi T
B 8 MEAXMAAEERSENFIT

Fig.8 Effect of concentration method on soluble protein content

2.8 LT AX VA ENFH

PR C (Vo NAKRLERNEFRE, HAZH
ik, EAREEZAT AR Ve, T8 &YsE 7240
ARG BRI, Bk, Ve SRR EERNE
Ffebrz —P, B9 R T R 4E 7 ok gE AL
Ve BRI, SRR, BRGSOk 4 b3
299 Ve S REZEHIN (P<0.05), 4514 36.00 Al
38.52 pg/mL ; M, BEAIRYE 5 ARG LB AL T
Ve e TR, b ARy b B S A
Ve S ERIK, ~28.93 ng/mL, WA SRS+
FRSEI R IR Ve S50 200N, (3 & 2K
AR AE T Ve FeZ8E K i i e 25 X SRR
200 T L 4 R A A B S PR ST I Ve SR R
*ﬁ(o

407

30

Ve / (ug/mL)
)
S

10 -

Bt FUEWRAE BURAR A URRAE IR
Wi T
9 REFEFHXX Ve SEHZ M

Fig.9 Effect of concentration method on Ve content
2.9 R4 H AXMHAMNE I

PUAALRE I R AT BIR A AT I E R bx, AR
WA 77 O PUEALTE R R SE M W38 1 fros . SR T
o MBI HATIRGE S, AT RO TR .

161




MR B

Modern Food Science and Technology

2025, Vol.41, No.12

L ARG AR R T RAERTUAANE, K
X ABTS' B IS Br e ik 8] 1 78.21%, JF T
0.05 mg/mL Ve [FLA . Dhumal 55" 5% F A [k
A 77 SO AR AT AL B, BRI AR 1 AL
WIEL T AR50, B ARAER B L.
F1 RERGEHARI BN E RN
Table 1 Effect of different concentration methods on

antioxidant activity

etia o X, (Fzsigiﬁlaﬁ{ ) ABTS*%%E%%/ DPPH‘O f%\i/
Ve 0.71 £0.01° 33.69£1.79°  95.88+0.94°
Jo ik 0.18 £0.02° 2036+ 1.63°  36.61 £0.98°
A2 R 1.04 +0.15° 7821 %245 9333 +0.35%
JiE R 4 031+0.01° 2593+0.71°  74.18%0.90°
AKR%  0.58%0.09° 39.63+£0.58°  91.72+1.38°
HoRYE 0.72 0.04" 50.81+1.26"  94.41 +1.38"

E: R P RRFEERTEFEE (P<0.05).
2.10 R4 7 R R T RS A TN
2.10.1  RERYE 7 AR SR A8 ATRAR K AT

X 4 ka7 A 11 TERARBEAT A SCHE AT, 45
RWE 2, HE2 WA, ERTEEIRT, HES
PPO i ME 2 A AEAR 2 25 1E A 9%, Mot R ¥0M 0.752,
HHpHME. AIMEREEEMM*X. pHIE S Ve &
i EEAM R, 5 PPO E N 2 B #E A%, PPO I
Y5 Ve Z B AF1EN R ARG . TETRE LA 48 br

BPUEALE S BERE . PPO i M AR IEA SRR R,
B5 pH (M TE AR . ABTS - 5IREE 1 SR
PPO 7M. EHUEMERI AR E I IEM K, 5 pH
8 2 5% Uk 06, DPPH IS FRAE I 5 HERE . MBiE
fLPE. ABTS™ /& BRAE S R IEAHG, 5 pH EE
BEGMI. MBS 4E REW, FIRbRIATT
FERFREEE AN, BB 11 N AR AL Bk,
BV FRANE LS % HAR AR R TS PR 2 DA G
A AT A ] 1) SR 3 A DS VRSB R T AL S ) 2 4E
IRFNHLE] . B0, S Ve 15N BB AR
AR E R AT PR RE ), IR — e R b
5 B KU 5 PPO ¥t M 5 08 52 1) R G 1 2 A il A1 46
A RE S E AR R R, B T2
) I P AAE R ALY i e S R M. T pH (B A AT
T 8 TR AL R R AN B AR B R R,
{1 T A2 2 T RO R 2 e R K (I A P O
LG, 9 7 S8 ff DT O AS () ok 4 7 0t 49
SRR, 3 — 2SR 3 B A R AR EAT 2 1
e, REY RS T 2SR R 2 8 -
2102 RREIRYEF XA RIT & 48R AR
K] SPSS 22.0 X AraEA AL B 5 i B 247 32 o
T, AR WE 3. WRIERHEE KT 100 BitrETT
BRER AT 80% 114 J5E DI 2 E A3 PO AN o Fhi3e 3 T,
TS 1. 2 3RHEE R T 1, ERs 3 MRS
9130, HRIHTTETTRREN 94.53%. DAL, JEHLUAET 3
AN E R E RN R A 7 R R ZE S VPR F A

&2 BUUEMEXRES R

Table 2 Correlation analysis of indicators

AR BR pHM PPOEE BB SRB THRE ga Ve i AR DRRH
AL 1
pH {8 ~0.64* 1
PPO &1 0.75%* -0.62%* 1
p3:7y 0.02 -0.05 -0.42 1
L JRAE -0.03 0.12 -0.11 -0.27 1
EREEE -0.63* -0.15 -0.51 0.26 -0.03 1
TR EE 0.24 0.11 0.51 —0.77%* 0.22 -0.58* 1
Ve -0.48 0.57* -0.81*%*  0.71%* -0.09 0.23 -0.68%* 1
BRI 0.87**  —0.82%*  (0.71** 0.23 -0.20 -0.28 -0.11 -0.37 1
ABTS™ # kit 0.92%*%  -0.84%*  (0.70** 0.16 -0.09 -0.30 -0.06 -0.43 0.97** 1
DPPH R4t 0.73%%* -0.60* 0.37 0.49 -0.20 -0.24 -0.11 -0.01 0.77** 0.72%* 1

E R TFAAME R (P<0.05); ** A RAAAMBEZF (P<0.01),
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R 3 AMRFEFXRTREIERER S A TOFHEER T ERTBE

Table 3 Eigenvalues and variance contributions of principal component analysis of juice quality indexes of four concentration methods

e HE AL /% RIBBITF 75 /%
HFAE(E 7 ETHkE AR £FTwkE FrAEfA Ty ETTRRE B ETTaRE
PC1 6.26 52.19 52.19 6.26 52.19 52.19
PC2 3.78 31.47 83.66 3.78 31.47 83.66
PC3 1.30 10.87 94.53 1.30 10.87 94.53
PC4 0.66 5.48 100.00
PC5 3.10E-16 2.58E-15 100.00
PC6 1.04E-16 8.65E-16 100.00
PC7 2.64E-17 2.20E-16 100.00

K 4 AAE AR 7 T BT HR AR IR A3 B
FERBE, B8 R 10 =2 B 52 U 2% 32 B 20 o iR 46 AR
IS FERE . B3R 4 /%0, PC1{E PPO V1%, FEE.
ABTS' {HBREET BT R E S EOR, FHAL
AR HISE 0955, 0.928. 0.887. 0.872, FHEAUE
TR AR [E I A PUA A T TH (S B s PC2
TEE M. & J5HE. PIEMEE B AT E R R, R
AHr N 0933, -0.851. —0.818, T AL TiE Mk
YiJsi U7 S S PC3 ERH E MR pHH. Ve EIE
WA K. £ EIR A HTa R, #/7 3 A E R
G AT RSy AR BRIP4 B

R4 AMREF BT REIERNER S B ERE

Table 4 Principal component loading matrix of juice quality

indexes for the four concentration methods

S4BT PCl1 PC2 PC3
PPO &t 0.96 -0.28 -0.10
BE 0.93 0.16 0.32
ABTS™ iR A 7 0.89 0.38 0.02
BREAE 0.87 0.46 0.02
pH 14 -0.78 -0.39 0.48

Ve -0.76 0.50 0.40

BBy -0.23 0.93 0.27

& oA -0.05 -0.85 0.13
TaANES 0.40 -0.82 0.16
DPPH- 7 & #E 0.63 0.65 0.25
T i# L BR -0.49 0.39 -0.78

2103 RERYE 77 KR o i 4 4260

W B REAE 1) 2 AR GBI AN & il TH AR
5y, I PCI~PC3 177 ZTTBRFRAF AEL, 7 alit &
AR, SRWES fror. PClLASH &2 H A
WHE A R 45, F W] PPOVEME. BEE. ABTS - %
BRAE 1 PR TR PR T T R AR AR,

3oL 3K Ak 4 7 X % B 6 TR PPO I VB v
B RARR 26 1F T s vE R D, BT R il g fie
WAL Hadkas)s, Frgddit K 1t
B TIRRL A RRBERG F 5. PC2 173 fie i 2
ki, FUIIRGE T e RIT P R B & RS,
Y NIRTS R =K S S SN ZULE S i
PC3 P70 85 ey (1072 JE A< 248 X R4 T m F RT3 2 PR B
Wi f5e K, T RE AR BT R G R A LR 5 A oKy
TR B T A T S BUR K .

LZiaiEarth, HAWRGT Re, X EHARTH
FEBARIRE (40 'C) MM (0.007 MPa) )26 1F F
A, A R0 G R AR O R, b B
JR AR TEMIBE S ) o il O, IF 25 3 AT I TR
MLRE ST RIR G R . IRAG I ER BV I AL 56—
R e AL FE 22 77 AR 5-HFM,  H k4 77 AU 3 At vt
B Ve AT E R & & [RIIA RBEAR PPO I& 1L,
M B EAE A, D BT BT AR AN i AR E 1k
PORGEAE T PR An LR Ab i A B 5 5, R EILAE
FTHRIT Hah ARy AT B AT %

R 5 AMREFARTHERS AR S ER TN T

Table S Principal component analysis and comprehensive

evaluation index of juice from four concentration methods

e x R B Lot
O RN AR
PC1 PC2 PC3 UL

ARy 3.98 -0.47 0.16 1.95 1

Ak R 0.82 0.02 -0.9 0.34 3
MR 4% -1.34 -1.04 1.8 -0.83 4
T -1.13 3.26 0.02 0.44 2

3 g

ASCHE T T DR AS R4 0 30 RS IRAE . ¥R
WG FRIRAGAEAR AT W BT 5 - 85 2R R 9
P VRIS A IR A BT Rl AT 0 € IR & B ek b, L

163




MR B

Modern Food Science and Technology

2025, Vol.41, No.12

HHRGR 48 TR ELT S AT Ve & Efs s (HSVRIKYE
MEBACH Ve B8 TR, b2 4E 5-HMF S
Wl R A, R BUE TR . IR SR 18 P I 4
Dmﬁmﬁ R JEORER A%, AR T TRt & A

FLWRAE A BB B de iy, 35 60 °Bx,  [RIE
A@%?WﬁiTmﬁEEQE%EﬁWmﬁ%ﬁm,
HHENEE R, R TIRGE A R %
s EIRYITUR B R RS, TR AT SR A S R
T HoAhvk 4 77 2.
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