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Abstract: This study took pomegranate juice as the experimental subject and conducted single-factor and orthogonal exper-
iments using chitosan, xanthan gum, guar gum, locust bean gum, and sodium alginate, with the aim of determining the
optimal clarification process for pomegranate juice. Meanwhile, gas chromatography-mass spectrometry (GC-MS) tech-
nology was employed to analyze the volatile compounds in naturally clarified pomegranate juice and pomegranate juice
treated with composite clarifying agents. In terms of evaluating clarification effects, the transmittance of pomegranate juice
was used as an indicator to compare the clarification effects of the five clarifying agents. Through orthogonal optimization
experiments, the optimal clarification process conditions for pomegranate juice were ultimately determined: A compound
ratio of 0.1 g/L chitosan to 0.1 g/L sodium alginate at 1:1.5, a flocculation temperature of 30 °C, and a calcium chloride
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addition amount of 0.05 g/L, achieving a transmittance of 82.357%. Additionally, the GC-MS results revealed that after

treatment with the composite clarifying agent group, the relative content of ethyl acetate significantly increased, enhancing

the fruity aroma. The relative content of 4-terpineol increased by 61.49%, adding woody, citrus, and floral notes. The rela-

tive content of 2-ethylhexanol increased by 34.79%, contributing sweet and fruity aromas. The relative content of nonanal

rose by 54.75%. Nonanal possessed a fresh citrus peel aroma, which helped retain a mild aldehyde flavor and stabilized the

overall flavor profile. Moreover, the composite clarifying agent group reduced the relative contents of ethanol, (+)-a-terpi-

neol, n-hexanal, trans,trans-2,4-nonadienal, and other substances that might produce undesirable flavors, thereby decreasing

the pungent odor and rancid oil smell in pomegranate juice and further improving its overall flavor. This study systemati-

cally explores the impact of processing techniques on the quality of pomegranate juice, and its research findings can

provide a theoretical basis for improving the sensory and nutritional quality of pomegranate juice products.
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volatile compounds
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Table 1 Factor level table for orthogonal experimental design
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3 1:1.5 30 0.15
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0.25 mmx0.25 pm), A4l S5 AE MR, s
>4 1.3 mL/min. #FFE THINELE 250 °C, RSB
FHEFL: WG TR EE 40 °C 4E4F 3 min, B )5 LAFE5Y
fh 10 °C BYERZEFFZE 250 °C, IFAEEE 5 min, S4FHT
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Fig.1 Clarification effect of polysaccharide clarifying agents
with different concentrations on pomegranate juice
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Fig.2 Effects of the compounding ratio of composite clarifying
agent (A), pH (B), flocculation temperature (C), and calcium
chloride addition amount (D) on the transmittance
of pomegranate juice
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Table 2 Results and analysis of orthogonal experiment

miH A B C BEIEHE(%)
1 1 1 1 66.328
2 1 2 2 58.210
3 1 3 3 62.326
4 2 1 2 74.302
5 2 2 3 76.325
6 2 3 1 77.803
7 3 1 3 82.604
8 3 2 1 81.409
9 3 3 2 83.239
ekl 62.290 74.410 75.180
¥ifEk2 76.142 71.983 71.916
¥I{EK3 82.416 74.456 73.753
R(2%) 20.126 2.473 3.264
2.1% (i)
8.5% (@W%) | ; 8.5% (R
- 12.8% (1625)
s
(22
34% (REF) [P
[IEES
FES
h 34% (M%)

B3 RN BN I A
Fig.3 Circular chart of the composition of volatile substance
categories
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7.442%, YA IE IR 41.05%, A MRS SR T SRR
XTFEEZRN T, B 6 M 4-i5GEER 2- 2,3
O BT AR A 53 b3 A N T 61.49% Al 34.79%,
PE—2EFE T XK, [FIR), AR RN T —Lk
KUY T TR AR B 43 b s JRASTEA T, O
() -o-FATEE ., IECE . 2,2 -2,4- T Ialg g mf e
43 Lb E, IX ) BT A] feosy A I S SR AT AR 42 Ak
BREFAS R IXWRDO 455 G Vi AN, e ot il
TR E 43 LU BRAIG, AR50/ T A g v R d ) S =R
THHB B AR SE, PE— 2P s T AR XU
2.5 HEEAMYIRELGIS T

FL T3 R T4 1 L8 43 B, mT DA FE A4 |
PR AR T R Y R R R R R A A R L. TEH
SRV PN A5 VB I 700 R VAR i v e A T 3] 47 Ffe

K3 FIREETE AL A T AR T 0 R T KU 2
Table 3 Determination of flavor components in pomegranate
juice clarified by natural clarification and composite
clarifying agents

R R PR )
min) R AT
BRJE B SNMEE  CHO, 212 1.032+0.032 -
IR CHO, 220 0.565+0.011 -
LR CHO, 265 5.276+0.081 7.442+0.526
LR TR CeHj0, 570 0.243+0.036 1.0600.068
ORI CH,O,  10.06 - 0.293+0.014
R B CgHO, 17.16 - 0.634+0.051
[iz&S UKEATR C,H,0, 1739  7.402+0.062 8.871+0.635
2-PHETR  CH\(0, 2370 1.565+0.015 1.553+0.124
IF R CH,,0, 2556  0.560+0.077 0.694+0.091
EC R CeH,0, 2840 1.562+0.025 2.153+0.126
22 LB C,H0 3.19  14.569+0.12912.119+0.703
1E T CH 0O 792  0.435+0.076 0.744+0.019
ST CH,,O 957 0.618+0.019 -
IR CH,0  10.84 3.259+0.168 12.331+0.789
IEC CH,,0 1399 3.602+0.051 4.373+0.217

gl CH, 0 1493 - 0.290£0.036

3-CUf-1-BE CH,O0 1495  0.272+0.015 -
1-2F-3-0E CgH,O  17.03  0.991+0.015 1.191+0.028
2-C O CgHigO 1823 7.855+0.038 10.588+0.659
2-PEHfE CH, O 1886 - 0.578+0.008
4- i I CioHigO 2142 1.088+0.045 1.757+0.049
2-FM-1-BE CgH\gO 2193 0.440+0.071 0.736+0.042
- EMNMEE  ClHuO 2254 0.602+0.002 -
l?i;‘;é;ﬁ CiHyO 2256 - 0.568+0.140
(H)-a-FANEE CoH;sO  24.17  5.421+0.051 3.323+0.519
o C;HyO  31.60 0.417+0.057 0.983+0.143
[ i C,H,0 1.68  1.196+0.117 -
2-HIEE T CH,,0 292 0.507+0.063 0.288+0.109
S CH,,O 298 0.542+0.016 0.428+0.167
IEGEE CH,,O  3.85 4.092+0.061 3.529+0.855
IEC CH,0 589 22.249+0.11910.347+2.142
T B C;H,O 859  0.859+0.035 0.637+0.011
TR CgHiO  11.81  0.699+0.143 0.710+0.386
(Z)-2-PH#RE C,H,0 1295  0.916+0.064 -
IETo CoHigO 1513 2.380+0.006 3.683+0.707
E-2- /i CHI40 1624  0.512+0.016 0.749+0.445

B CioH0  18.38  0.909+0.068 0.862+0.269

R C,HO  19.10 0.913+0.063 1.300+0.145
2,5- ¥k
B C,HO;  19.81 0.769+0.047 0.711+0.062
YHRERRRE  CHO 2185 - 0.283+0.014
S R-2,4-F
ey, CH,0 2322 1.032+0.020 0.754+0.271
2,4- "W
i CoH;iO 2720 3.188+0.033 -
FiZ AR CH,COCH; 2.12 - 0.940+0.153
H Z Tl C,HO 2.79 - 0.921+0.313
FF 3 B A T CH,0 1341  0.979+0.045 0.862+0.181
2R CHO 2278 - 0.719+0.240
[l B-IRN CioHyg 771 0.486x0.165 -

TE: =7 RAIE
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FERANENSY, Horh, B FIIEE & i 22, #8016 7,
HAB Y 34%; FRZEALGH 6 7, i 12.8%; BHZE AR
KAAT 4 Fh, 2505 8.5%; MRS LS HAT 1, AL
i 2.1%.
2.6 EFRLEAEHERMERDHIRES R

1AL BRI S T AR IS AL BT A AR T HRR
nnE RN T R BUK 22 5%, S5 RN 4 Fros. &2
BENEORITT P LRR NS CRRANE . LR T FEAN
FHPR BEME SIS BRI 4- At IE LB, 2- 230
PSS AR XS 5 B R T AR AR A, IX Rl E™
A A R B U R 1, 14N 218 LR EA R A, 4-
AR 2- L EEC I RERE— DA E KUK . [RIRsE, BT
VLI T s D i s A AR S IS | B g s A
AU, BIAN, S G AIAL B AR IR T B
(F)-o-FAIEE | TE LRSS n] BE 23 A AN BRLXUBR 94
JoE, YRR R AR . AR S
FREHOR, PTAATAR VT XU, ST B s AR <

= 1 =

Expression
w2
1
0
-1
= )

WO
*IUTERE
| 1015 i
OB
=

B
LI
2

]

RS
RGEEC R
Pl
-3
we 52
m

hd

FRRERE

.

o
W,

)
i
ik
b
® o

B
-2,4-F IREE

N,
=

W RO
]
w

B

NN 5

-4- (1-PEZE) FCH

1

ke
TR R
mmﬁ' -3

k: ]
2]

| it W SIS g ]
NEEEREE |

(U
=

H@Tfﬁﬁ%ﬂ

"
m
40
®

K4 AREWEME SR I R IR
Fig.4 Heatmap of clustering analysis for volatile substances
in naturally clarified and compositely clarified samples

2.7 BBLEARTELA MRS TS O
PCA J2—FpgeitJrik, H T FEA Z Rl 19 22

EEEA2
EERA 3
BAARE_1

A 2

EAER3

a

04 Group

HEHH
FIRET

(=)

PCA2 (22.9%)

|
<
»

025 0 0.25
PCAI (70.7%)

K5 AR ILA R AT PCA
Fig.5 PCA of volatile components in clarified pomegranate
juice

S ITHA E S MAREAS 25 [A] 53 AT I QB AR 5B FES Y
T, B E SR B R E S e BT . A,
ZEABME A, (5 A BEGEY . anEl 5 R, FSRETE
PN G IS AL PRIV AR S eSS (8] _EARXS Al ST, A B i IX
43¥BE. H PC1 F PC2 19 RiTHTTHRA N 93.6%, 6K
T A {E{H 60% L1 I, Frl PC1 F11 PC2 )43 /2 LA
S RAT RIS A RIS S
2.8 OPLS-DA X VIP #3#f
il it 7 37, OPLS-DA R BIFH153 VIP 1H, % £
TSR FEE TR ST T T e, 251 6.
¥l 7 i/ . OPLS-DA J&—Fh ik, Bl ATl
AREHE R AR B2 (R AR SCHE, Sk EARREAS Z [R]11Y
2SR, INE 6A s, ANEETE AR A RETT
REAS 5 43 B, H OPLS-DA BiRI) R*X Fll RY
10 .
0 $ .
-10 °

—20

0 w0 a0 w0 2 w0 6
)
B o
051 | g
: e '
s v )
-1.0 -
1.5
_2.0

_25 T
—0.2 0 02 04 06 038 1.0

200 permutations 1 components

K6 EIHAPLLAAR T A MY BT OPLS-DA 1343151 (A)
FE B L (B)
Fig.6 OPLS-DA score plot (A) and permutation test plot (B)
for volatile substances in clarified pomegranate juice

IEC P L]
1EJGHE @

2,4- I LS H

(H)-o-FATHEE |

2-LF W A

LRI 1

L A

L

NERE

TR S5 PR i 1

PR

(2)-2-PHaiE |

VKT

FH Z, 1 1

LR TR |

VIP
3.0

2.0
2o

_..........

2 3
VIP
Kl 7 FET OPLS-DA LAY VIP 4347

Fig.7 VIP distribution plot based on OPLS-DA model analysis

0



- 258 - £ Tl B4

2026 4F 8 A

{E43-5128 0.807 F1 0.141, = BH H A #5558 1 i s AT Tl
MEEST . BEXEIBIPEAT T 200 YR AE i) 3,
Al 6B BT N, R*(0.288) F1 Q*(—1.37) ¥/ A H
1.0, it R BB RIAH SC RS Ar, HERM AR &, P
ot Ve i SR A 3R AR VTR R B e BT e
VIP>1 WHEE YISO R R SR,
B 7 ftas, VIP (B 1.0 i3 3A 10 Fh, 4351
EIE O, IEREE, 2,4- " HILZEREE | (+)-a- A0
B, 2- KOl MR AR S/ LB (BT EEFNES
PR S PN U iR, F2EHIX 10 Fhiy B vl LIVE A 28 bl
X 51 F ARSI TN E A 3 A BRI A AR T
3 Zhip

AT G R FH 2 IS I R X A A A T E s Ak
B FRFTH R MGEAE ] . LAV M3 e ie T
2o TP 51EASIRE, e i T. 22807
TSGR E N L 1:1.5, ZREREE 30 C. &
ALESE NN 0.05 g/L. ERBRMSGE T, B4 85T
ACPR N SRR T ARSI T ZH 1, B
TR ARTF | FE AL S RURERE, Hof 2,01
LR A-TE IR . 2- £, 3% O BN IE TR ARXT S 2535
ETI 41.05%. 61.49%. 34.79% Fll 54.75%. [6IAst, i
TTEA TR T LEERT(+) -a- PRI BEEEAS B XBR Y
JOT ARG L, PSS T SR S TR SRR, SR
R BEGf hE . a5 R3REH, B &3 IEA A E A
B IR T B W2

© The Author(s) 2026. This is an Open Access article dis-
tributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

Sk
(1] A, $OF, B, 5. 307 BRAA 2R 70 5 64
[J1. R A 4 3R, 2019,36(10): 1389-1398. [ CHEN Lina, JING
Dan, TANG Liying, et al. 70 years of pomegranate research in fruit
science in New Chinal[J]. Journal of Fruit Science, 2019, 36(10):
1389-1398. ]
(2] kb, i, 5k, F. 2 BLERS B BRERM TR
[J1. B 2 # X % $ 31,2023, 54(4): 421-430. [ ZHANG Jing,
LI Lun, ZHANG Mei, et al. Research progress on the chemical con-
stituents and pharmacological activities of pomegranate[J]. Journal
of China Pharmaceutical University, 2023, 54(4): 421-430. |
[3] VALERO-MENDOZA A G, MELENDEZ-RENTERIA N P,
CHAVEZ-GONZALEZ M L, et al. The whole pomegranate (Punica
granatum L.), biological properties and important findings: A
review [J]. Food Chemistry Advances, 2023, 2: 100153.
[4] COLANTUONO A, VITAGLIONE P, MANZO N, et al. Eval-
uation of microfiltration and heat treatment on the microbiological
characteristics, phenolic composition and volatile compound profile
of pomegranate (Punica granatum L.) juice[J]. Journal of the Sci-
ence of Food and Agriculture, 2018, 98(9): 3324—3332.
[5] ALPER N, ACAR J. Removal of phenolic compounds in
pomegranate juices using ultrafiltration and laccase-ultrafiltration
combinations [J]. Nahrung, 2004, 48(3): 184—187.
[6] TUNDIS R, LOIZZO M R, BONESI M, et al. Concentration

of bioactive compounds from elderberry (Sambucus nigra L.) juice
by nanofiltration membranes[J]. Plant Foods for Human Nutrition,
2018, 73(4): 336-343.
[7] KONRADT N, KUHLEN J G, ROHNS H P, et al. Removal of
trace organic contaminants by parallel operation of reverse osmosis
and granular activated carbon for drinking water treatment[J].
Membranes, 2021, 11(1): 33.
(8] A, 524, o & HAJ AR T b 69 5 AR [J].
KA, 2019(14): 75-77. [ LIN Mei, GU Yuhong. Discussion on
the application of membrane separation technology in fruit pro-
cessing[J]. Modern Food, 2019(14): 75-77. ]
[9] #4m, ZER. BOLRBEHERBERF T LHALI]. AR
& ,2019,21: 100-103. [ CUI Na, WANG Zhiquan. Research on
the clarification process of roselle waxberry fruit wine[J]. Modern
Food, 2019, 21: 100-103. ]
[10] BeX K, BT, MR, 5. Lo 2R B 7 Al 69 e A8
LML), A T kA3, 2018, 39(24): 209-215. [ RAO
Yanyan, FENG Jianwen, GONG Lifeng, et al. Selection of clari-
fying agents and optimization of clarification process for red rasp-
berry juice[J]. Science and Technology of Food Industry, 2018, 39
(24):209-215. ]
[11] FRtddn. A it i & 4808 b B R AR B AL 4 T
7% [D]. #M: #riT X 5, 2005. [ CHEN Jianchu. Study on the sta-
bility, clarification technology, and antioxidant properties of antho-
cyanins in bayberry juice[D]. Hangzhou: Zhejiang University,
2005. ]
[12] sUwedr, vk, 248t 5. R R & A0 3 L8 8 H 1 R
# AR [J]. Ao T42,2021(3): 46-49. [ KONG Xiaoyan, YAO
Gaoyi, WANG Shuqj, et al. Study on the clarification effect of dif-
ferent clarifying agents on quinoa wine[J]. Food Engineering, 2021
(3): 46-49. ]
[13] k48, 29, ARHEM, 5. H R BEE K T LA AIZALM R
47 [3]. F B vk sk, 2021, 46(6): 72-76. [ HUANG Yu, WANG
Kai, WU Yali, et al. Optimization of clarification process and anal-
ysis of physicochemical properties of sugarcane fruit vinegar[J].
China Condiment, 2021, 46(6): 72-76. |
[14] Y0 SRR EF T LA ], Hf AR LA, 2019(7):
44—47,230. [ BI Wen. Study on the clarification process of melon
juice[J]. Gansu Agricultural Science and Technology, 2019(7):
44-47,230. ]
(15 ] AR, 48, A, 5. BHRIEE KA 6 i LR E K
I EHALT]. B R 5 &, 2021,42(18): 65-71. [ HAN
Xifeng, LI Shuqi, CHEN Cunkun, et al. Screening of clarifying
agents and optimization of clarification process for pomegranate
fruit wine[J]. Food Research and Development, 2021, 42(18): 65—
71.]
[16] BA&R, &4, el Xk, ¥ BHERHEFLLAANI]. &%
Tk, 2018(10): 145-149. [ XIA Qile, CAO Yan, CHEN Jianbing,
et al. Study on the clarification process of blueberry liqueur[J].
Food Industry, 2018(10): 145-149. ]
[17] et k&% REL KRR TEFRRGFR
], & & = & #,2010(1):260-263. [ PAN Ye, HUANG
Huihua. Study on the clarification effect of chitosan and xanthan
gum on pineapple juice[J]. Science and Technology of Food
Industry, 2010(1): 260-263. ]
(18] R, A 4x, & &, 5. vo i @ik hALAL 5 46 8h W) £- 5%
RpEEFE T L0 &% T LA, 2020,41(2): 140-145.
[ HUANG Shuo, ZHOU Wenhong, LU Yihui, et al. Optimization
of ultrasound-assisted attapulgite-chitosan clarification process for


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.focha.2022.100153
https://doi.org/10.1002/food.200200258

%478 5 16

HRA, 55 ZHEIE AT T2 B SRR B 5] - 259 -

ginger juice using response surface methodology[J]. Science and
Technology of Food Industry, 2020, 41(2): 140-145. ]
[19] ERKAN-KOC B, TURKYILMAZ M, YEMIS O, et al
Effects of various protein- and polysaccharide-based clarification
agents on antioxidative compounds and colour of pomegranate juice
[J]. Food Chemistry, 2015, 184: 37—45.
[20] TASTAN O, BAYSAL T. Chitosan as a novel clarifying
agent on clear apple juice production: Optimization of process con-
ditions and changes on quality characteristics[J]. Food Chemistry,
2017,237: 818-824.
[21] LACHOWICZ S, OSZMIANSKI J, KALISZ S. Effects of
various polysaccharide clarification agents and reaction time on con-
tent of polyphenolic compound, antioxidant activity, turbidity and
colour of chokeberry juice[J]. LWT, 2018, 92: 347-360.
[22] &amwm, &, LAk, % HS-SPME-GC-MS 547 & G R
5p A A R 5 [T]. AR S AHHL, 2017, 33(11): 230234,
[ BAI Lili, DAI Hua, KONG Dulin, et al. Analysis of volatile com-
ponents in guava fruits by HS-SPME-GC-MS[J]. Modern Food Sci-
ence and Technology, 2017, 33(11): 230-234. ]
(23] HRIrE. SHEFABREIR S BEAA BT EF F 5o R
# At R [D]. AL ¥ X %, 2020. [ CHEN Hongji. Study on
the effects of polysaccharide clarifying agent combined with mem-
brane separation technology on the clarification and quality of bay-
berry juice[D]. Hangzhou: Zhejiang University, 2020. ]
[24] LU Cong, ZHANG Yuyu, ZHAN Ping, et al. Characteriza-
tion of the key aroma compounds in four varieties of pomegranate
juice by gas chromatography-mass spectrometry, gas chromatog-
raphy-olfactometry, odor activity value, aroma recombination, and
omission tests[J]. Food Science and Human Wellness, 2023, 12(1):
151-160.
[25] PANDIMA D M, SEKAR M, CHAMUNDESWARI M, et al.
A novel wound dressing material: Fibrin—chitosan—sodium alginate
composite sheet[J]. Bulletin of Materials Science, 2012, 35(7):
1157-1163.

[26] QIN Yimin, CAI Liling, FENG Deming, et al. Combined use
of chitosan and alginate in the treatment of wastewater[J]. Journal
of Applied Polymer Science, 2007, 104(6): 3581-3587.

(27 Zgeih. qoRRAR/ SR BN LG8 T A AT 09 L L A ALEE A
7 [D]. AL M. #it X 5, 2022. [ WU Andi. Study on the process
and mechanism of clarifying bayberry juice using chitosan/sodium
alginate composite [D]. Hangzhou: Zhejiang University, 2022. |
[28] ANDREU-SEVILLA A J, MENA P, MARTI N, et al.
Volatile composition and descriptive sensory analysis of pome-
granate juice and wine[J]. Food Research International, 2013, 54
(1):246-254.

[29] WU Feifan, LIN Kewei, ZHANG Jixiang, et al. Volatile
flavor analysis of flesh oil and liver oil from Doederleinia
berycoides based on HS-GC-IMS, HS-SPME-GC-MS and lipidomics
[J]. Grain & Oil Science and Technology, 2025, 8(1): 1-12.

[30] ZHENG Wenxiong, YANG Ronglin, SHUT Shanshan, et al.
Effects of hot air drying on muscle quality, volatile flavor com-
pounds, and lipid profiles in sword prawn (Parapenaeopsis hard-
wickii) based on physicochemical, GC-IMS, and UHPLC-MS/MS-
based lipidomics analysis[J]. Food Chemistry: X, 2025, 27: 102473.
[31] XU Dingyun, LI Chuan, LAN Hong, et al. Changes in
volatile flavor compounds and metabolites during processing of
Ginger milk curd from buffalo milk by GC-IMS and LC-MS[J].
Food Research International, 2025, 209: 116230.

[ 32] WU Songheng, CHEN Bingjie, WANG Xiao, et al. Analysis
of the effects of steaming and spray-drying on volatile flavor compo-
nents of sweet corn beverage based on HS-SPME-GC-MS and HS-
GC-IMS[J]. Food Chemistry: X, 2025, 27: 102478.

[ 33 ] KANG Chaodi, ZHANG Yingying, ZHANG Mingyue, et al.
Screening of specific quantitative peptides of beef by LC-MS/MS
coupled with OPLS-DA[J]. Food Chemistry, 2022, 387: 132932.
[34 ] CHENG Yujiao, LI Guijie, WU Houjiu, et al. Flavor deterio-
ration of Mandarin juice during storage by MDGC-MS/O and GC-
MS/PFPD[J]. LWT, 2022, 159: 113132.



	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 石榴原汁的制备
	1.2.2 澄清剂的制备
	1.2.3 石榴原汁的澄清处理
	1.2.4 透光率测定
	1.2.5 石榴汁澄清工艺单因素实验设计
	1.2.5.1 壳聚糖-海藻酸钠复配比对透光率的影响
	1.2.5.2 pH对透光率的影响
	1.2.5.3 絮凝温度对透光率的影响
	1.2.5.4 氯化钙添加量对透光率的影响

	1.2.6 正交试验
	1.2.7 挥发性风味物质GC-MS分析

	1.3 数据处理

	2 结果与分析
	2.1 不同浓度多糖澄清剂对石榴汁澄清效果分析
	2.2 单因素实验结果
	2.3 正交试验结果
	2.4 澄清处理对石榴汁挥发性成分影响分析
	2.5 挥发性物质比例分析
	2.6 澄清处理石榴汁挥发性成分的聚类分析
	2.7 澄清处理石榴汁挥发性成分主成分分析
	2.8 OPLS-DA及VIP分析

	3 结论
	参考文献

