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Effects of different sterilization methods on the physicochemical

properties and volatile compounds of pomegranate juice

GU Junhua XING Xiaoke
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Abstract: [Objective] This study aims to evaluate the effects of different sterilization methods on the physicochemical properties, phenolic
compounds, and aroma components of pomegranate juice, providing a scientific basis for selecting sterilization techniques in pomegranate
juice processing. [Methods] 'Tunisia' soft-seed pomegranate juice is subjected to pasteurization (PS), ultrasound (US), high-pressure
processing (HPP), and microwave sterilization (MS), respectively. Physicochemical properties and volatile compound content are
determined. [ Results] HPP demonstrates superior performance in preserving pomegranate juice quality compared to other treatments. PS
treatment significantly reduces the redness value from 16.82 to 12.37 and results in the highest total color difference of 4.82, indicating
considerable color deterioration. In contrast, the HPP group exhibits a total color difference value of only 1.77. The vitamin C content in the
HPP group (22.18 mg/100 mL) is substantially higher than that in the PS group (7.35 mg/100 mL). The retention rates of cyanidin-3-O-
glucoside and cyanidin-3, 5-O-diglucoside in the HPP group reach 67.02% and 66.20%, respectively, significantly outperforming the PS
group. HPP better preserves major flavor compounds such as alcohols, esters, and terpenes, whereas PS and MS treatments markedly
promote the formation of undesirable furan compounds (the total furan content in PS group is 54.22 pg/L, compared to 0.28 pg/L in the

control group, CK). [Conclusion] HPP is significantly superior to PS, US, and MS treatments in maintaining the color, vitamin C,
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anthocyanins and other phenolics, and major flavor compounds of pomegranate juice, while effectively inhibiting the formation of

undesirable flavors (e.g., furan compounds). HPP is a highly promising sterilization technology for improving the quality of pomegranate

juice.

Keywords: pomegranate juice; pasteurization; ultrasound; high-pressure processing; microwave; physicochemical property; bioactive

compound; volatile compound
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Table 1 Effects of sterilization methods on the physicochemical properties of pomegranate juice
T TSS/°Brix TA/(mg-mL™") pH L a b’ AE
CK 13.2240.08° 11.92+0.11° 3.37-0.08 7.8940.04¢ 16.82+0.08" 0.52+0.03¢ —
PS 13.26£0.12° 12.3740.08" 3.1940.09 9.5240.05" 12.3740.09° 1.3840.03" 4.8240.08"
uUs 13.784+0.07° 11.98+0.03" 3.3940.07 8.78+0.03" 15.754+0.11° 1.17+0.02¢ 1.54+0.03¢
HPP 13.3140.09 11.8840.07° 3.3540.09 8.12+0.05% 15.2140.08° 1.2340.02° 1.774£0.03¢
MS 13.2940.13° 12.1140.13* 3.4140.08 8.2140.04° 14.8340.06" 1.28+0.03" 2.15+0.04°

T ESNG RN R AR Bl HAT 2 1 22 5 (P<<0.05) .
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Table 2 Effects of sterilization methods on the physicochemical properties of pomegranate juice
ENE W V/(10 *mg-mL™ ") TPC/(10 *mg-mL~")  TAC/(10 *mg-mL™") DPPH/% FRAP/%
CK 26.38+0.32° 178.95+3.15° 25.97+0.85" 92.34+1.35° 88.52+2.19°
PS 7.35+0.18¢ 137.57+2.89° 7.23+0.23¢ 72.8240.86° 67.82+1.82¢
Us 18.8240.53° 157.68+3.22° 18.85+0.78° 83.18+1.21° 75.37+1.76°
HPP 22.184+0.37° 167.33+4.13" 20.56+0.71° 87.55+1.24 82.11+1.87
MS 18.374-0.44° 149.3742.18° 17.24+0.63° 79.234-0.97¢ 76.2840.96°
T [RSNGB 22 5 (P<<0.05) .
23 MABTHREYRESENZMN T A I R R R T 2K R A AR TR R kR e A R

25 A 3 7 SO T R 28 L B 2 e A (0 1 2R T
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WP R B R A6 TR i A L T 28 PS AL ER S, 4 A s 4 19 B
EHRETHEBBCTRET 6.90%~47.47%) , X 7 GEIH H T

AETR B BEEL TR W W 32 die 55, W BB 5 3 26 W) o i 45 44
AR BRI (I3 TR 6F 32 2 R ) 1) T
ﬁﬁﬁ%ﬁ%f%?&?%%fﬁ@o it BRAETR (i % & TR R
5 I ) T B PR TR B i 2R 00 A S TR /N O3 T o B A
L%Lﬂ:fiﬂj,jwi T QB IK B £ A B0 T R (N R )
SH oy AR By A, S B 2R W) BOR L, 9 — A R A
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By 2R S G b £ R R 2 ) TR ) 5 A o A

A1 MR B 5 PR R R AR VR T oh T
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wiREE N R JE C3G M C3G-3, 5-digle, 2 (5 %) BAT:
P A EEENS% M L, AT PR T ENAE
%, CK#H 1Y C3G Fl C3G-3, 5-digle 7 e & . 43 Wil
15.89,7.81 mg/100 mL. #A1f, PS 4b B Xt ix 28 #4850 Pk Ak
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BYRIBEIR K, C3G & K IE TR %= 3.18 mg/100 mL,
AL Yuan B Y 4 R — B, BFESETOR WL AR
Zo b B AL 6 A B R E FRAR T 40% LI 1. US A
HPP 4b 300 X 48 €88 (9 03 B8 8OR By, JUH 2 HPP 4b 3
J& C3G-3, 5-diglc 1/} 15 %] 5.17 mg/100 mL, A] G & i T
HPP 76 BRI B 25 1 F RS54 T ot e T R BCHE 78 & 17
B R A . AR L2 T, MS b B3 A AR TE SR R s I AR
TR A — BRSO KPS i ¥ . AR
A E 5 2R AR T P R AL e R B S R Y e
ME AL, XF2EF EEARTEANNS T45H 2%
N v Y R VA NI T Oy I B LD G £
FE J7 (it 32 M7 e 2 22 700, M Z T, US AN
HPP &b # X C3G 1 B fif 52 1 AH XT3 /)y, HPP Ak 38 )5 ) £
BT RO C3G 3 (PR A 67.02%) , & B4R Puak 21
AE % T 4 b R B2 33 P PR T 1 25 AL S8 B M M ) RE 1
C3G-3,5-digle J& T ZME T, 800 F0 00 0 BE 45 40 R AR i T
TR (1 25 8] BEL AL, 3 BB AE — E R LB AR (44T 43
T R M W T IR B A B Ok 1 A AR B
TV IE B SR R HPP AL BEAE % B o 4 ek ot
HAE T 200 AR {H S T o HPP AR B0 2> i 4R AL
ER MR, P, RS E PS L PE R L, C3G-3, 5-digle #Y &
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Table 3  Effects of sterilization methods on phenolic content in pomegranate juice

mg/100 mL

AWHX WEFR FLARE  XORIEEHEER  unHERR WAL TR JLRER ARESR C3G  C3G-3,5-digle
CK 40.3540.48" 13.52£0.11° 3.1940.12  2.7240.04" 4.3420.12" 3.3940.13" 37.8540.43" 15.8940.24" 7.81+£0.07"
PS 32.274:0.38° 13.7520.15° 2.974:0.08 2.150.08" 2.284-0.09° 2.854-0.08" 15.83-0.38° 3.18220.15° 2.182-0.06"
us 37.5540.32° 15.554£0.17° 2.9640.11 2.320.04" 3.2740.11° 3.1240.07" 25.68+0.33° 8.56-0.11° 4.17+0.08°
HPP 36.8740.36" 14.37+0.18" 3.124+0.11  2.18+0.08" 3.7840.14" 3.2840.12" 28.4940.28" 10.65+0.12° 5.17+0.08"
MS 37.2140.43" 13.88+0.14° 3.0940.08 2.2740.07" 2.78+0.16" 2.88+0.11" 21.15£0.21° 6.210.08 3.86+0.06°

T S/NG TR R AR A BAT 3 22 5 (P<C0.05)

24 NABAEBSWREENEMN

AN [ Ak 38 2% 1 T AR T P i RO A R AR R
AP LRI BN 31 AL, o 8 Al 6 Bl
Je 3ANTERA 3FNERAS (4 POk g2 K 7 A A S R
T 24 s s 2 AR B i R A AR TR R A AL
4,45 Lu S i g 25 R — B

AR B Y AL HE OB 1R - B R 3-
O -1-BE 45 R T AR SR A S e LR S5 R
M7 SARAE o ARSI IE 2 R T, 3- 0 0 - - S o A AR 2R
R F A Tk R R i Z — . %4 (CK)
o BRSSO 110.07 pg/L. HPP AR IS | W2k
Y BT  Er i TR E 9112 ug/LOFRE T 17.29%) , i 7s

HPP X 28 (1 Of B &OR 84 . A2 K, PS \US K MS &b
AR 2R W) BT A A 4r il > T 43.81%, 31.62%,
33.28%. Yikmis %52 g8 R WY B 2R W TR A T T i
FB/ TS , 2 PS LB JS AY 41 7 P s Y A
W db ARG, L5 0 25 R — B, 7 T A T 300 A 2 ) o
B 1OV 3-C 0 - - A L v PR AT AR T R A
AR E T 27.56,38.65,15.66 png/L. TEX 4% 4 37 5
T 2B A B HPP AT CK 41 19 B & 7 i, T PS
AMUSALFE B 5 AR T Sl & it . X — R g2 it
MBI, LB 43 kAR ¥ R B Ak Dy T 28 B R 25 Ak
G, B4k HPP b FR AT REEAR IR A A TR TS
5 S W2 5, PRI L i e 3 6 R A . - T A B 4
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T4 REARXWERITESHIS=ENZT M
Table 4 Effects of sterilization methods on the aroma content of pomegranate juice peg/L
P RIS CK PS US HPP MS Bk
22 LT 27.56+£0.57" 13.574£0.35% 18.554+0.75"° 28.6540.23" 16.78+0.76° BBk ek
2-H FE -1 -5 3.484+0.16°  2.5840.21° 3.2840.13° 3.4540.12°  3.1940.18" Lk
-7 B 2.89+0.13*  1.8940.09°  3.45+0.21° 3.58+021°  2.8740.23" R
1-CL 38.6540.48"  25.3740.75°  30.284-0.73°  33.274-0.85° 31.2840.86" TR ALK
R 826+0.18"  6.38+0.37>  7.15+-0.42° 5.8940.25°  6.75+0.16° JE Bk Tk
3-C 0 -1 - 15.6640.92"  8.6740.42° 10214037 12.534£0.27°  8.69420.19° Hibk SRk
A Tl 0 -4- P 3.1840.18*  2.8740.15*  2.18+0.13" 3.2740.13*  3.1240.26° PRk TR
BT 0.3940.02°  0.5740.03*  02340.01°  0.48+0.02°  0.830.05° EEE FHk
S N3 13.560.68° 15.3720.27" 10.2820.55° 16.6840.82" 12.6940.24° FIEHBR
2-F T 22.38+0.85"  14.960.45 17.65+0.86™ 18.6840.85" 16.53-0.52°  FEWR WIHE
3-FEE TR 35.6640.96" 22.18+£0.76" 24.6720.76°  28.6740.73" 23.674+0.87°
A 12.1840.55°  15.7640.29° 10.58+0.24° 15.83+0.37* 12.69-0.31" ATk
3-F O 7.3440.68"  5.1840.33"  6.55+0.28" 5344028 5674028 ek Rk
(E)-2-3% I 15.8940.58"  8.6840.42° 11.3740.43" 15344028  9.660.76° FEFIE M Tk
fif 2 (Z)-3-C 95 3 R TR 4.56+0.49°  2.8320.03°  3.124£0.28™  3.5520.11°  2.8940.16° Rk LR
A W R YR 19.374£0.33*  12.8520.28° 12.7540.46° 15.6740.85" 14.2720.39° {0k JEFIK
L LT 72.8840.78"  42.38+1.32°  50.6841.73°  58.69+0.86" 46.38+1.26" Ik
[i7ES IR 13.1840.39*  11.1840.23°  12.3240.56™ 12.78+0.38° 10.55+0.38" fkuk
2-HIHE TR 15.66+0.48" 14.14+0.18" 13.55+0.68" 15.56+0.76" 14.39+0.37" bk U5k IR
2-FL T 1.38+0.08°  1.5540.15° 1.32£0.15"  1.2540.08°  1.1840.13°  EBfibk Rk
RIS 3-F b ND 12.334£0.44*  2.134-0.04° 0.384+0.02¢  8.8340.28" LBk A
2T 1k i ND 15374037 2.184:0.03° 0.64+0.04°  5.394+0.36" A Ok
5- FH S ND 22.9740.67°  6.5740.27° ND 8.53+0.65°  HfWk F5Ik
Y] -2 9K g T 0.2840.01¢ 3554004  1314021° 0.3140.03¢  1.8240.17° Wik
W2 a-FA B 23.6840.76" 13.580.38°  15.662-0.78°  18.554-0.82° 12.1130.67° FARIBE FriEmk
AT TR 6.38+0.49"  3.184+0.27"  4.28+0.43° 5.18+0.18"  3.2840.17" R
T 2.494022°  2.0940.15" 2374028  25140.11°  1.5320.16° MR H HR
A 7.68+0.38°  5.2740.49° 5.76+0.37° 5.63+0.09°  5.8240.34>  FARH
T A5 I 42.180.76" 31.28--0.83° 35.59-098°  40.28+1.23* 32.3841.08* Mgk . FHk
A-H 15.8840.53*  9.184+0.52° 12384054 15.68+0.96°  9.08+0.37° ¥tk FHK
P-4 AT 2.18+0.14*  2.584+021°  0.89+0.06° 1.37£0.04°  2.3140.11"  AkBk

T AT /NG TR AR A BAT 3 22 5 (P<C0.05) .

A e AR A ORI BRI T 0 A b JR S e D, AT RE S
I ff A AR G B 3 22 05 20 ) Jo ol S A6 7 1 g A iz
(¥ B2 BRI A 1o T AL B A T S
ol X AT RE S MR SR B4 T ROR R S
MR A K

T A ) Jo i e M O A e 6 ) R e A 2
BRI A (6] Ak 2 577 20O sk 46 B 26 Y 52 45 AN AR T o
15 PS Al HPP AL BN, 70 A T Hf & T 1 P T 25 AR A X
I T 2 A RS, kW] R A A s T e TR AR
i B A R B T Tk e ) TR A A

FEETE PS Ab BT i ¢l L 2 3 s TR A e A L DA
T3 1 i iy 12 o it 7™ ) ( ST R W I ) Y A= Bl US Ak
T 1 28 99 O HO) 5% 0 AFDGP IR AN, T RE S T USS A B Y
i) 5 e LU AN g, (15 T S ) T m e AL R R AR . R
T, %50 580 ) 75 BB AT A 2 5 S00A0 0 I 2 W) 4 kA3 2K
AL O FAb AL 7= 1, IR S . AL MBS T PS AR BRI,
A 3 Fl b B 8% B 65 412 i 1R SR W) SRS £ B L AR 01 HPP b
B E R T S R I (P T 28.50%) ¢

i & ) ool e W7 AR R A B AT
S Te) b 28 7 5O i 26 0 o 5 i B R . CK 41
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Mg 25 W) o0 A A B B oM 96.81 pg/L. PS.US . HPP }
MS b # )5 B TR 28 A E Ay 9 T BE T 40.03%, 31.26%,
19.52%,34.37%, PS &b B 21 5 R 25 9 i & i T i 5 o WA
8, 1R A Uk 0 TT RE S PS Ak B R Y R T EER 26
T 1) IR A B4 P AR RN B B TR R R R L R
LSRR . FFHPP M USKB R, L LB B2
B 11 2 R X AR e T R R Ay sk e b 1 O B AR
FORE R RS . R ISY R (I £ 1R 2-FP SE P IR A0 2- 1

AREE XAEFXNARTEABEREREYREENTM

B TR ) W A0 BT IR R L ORI IR IR S AR AT o X 2B TR
e & W 0 AL Ak 32 B A ] A 31 5 Y B8 3% B2 e . 7E PS
US KR, £ 45 BR 2 W) 5 35 Syl /b , mTRE 2 (R 4y Jn B4 0
AR AR BN T RIS A R AE A . HPP AR B X R 2R W)
T3 F) 52 W A X 352 /0N, AT RE R PR O IR 2% 18 R R 28 W B 1Y
PR MR . LA, PS AL A w5 I Ak B AT BE 5 BT 25 W)
JBE K BB 3 — 2 A B A e ™ 0 . BRI, AN [ A
By SO0 R 2 W) I B S R A/ L 3R W AR A TR

x5 RBEAXNWNABTESKASMEHERSENZ '
Table 5 Effects of sterilization methods on the types, quantities, and contents of aroma components in pomegranate juice
CK PS Us HPP MS
GES i/ T/ T/ k) it/
it (pg-L™h At (pg-L " it (pg-Lh) it (pg-L'h) it (pg-L™h
i 2 8  110.074+3.68" 8 61.90+2.58¢ 8 75.33+14.15° 8 91.12+4.28° 8 73.5143.17°
[iES 6 107.0145.37 6 75.1344.32¢ 6 78.103.76° 6 96.54+5.67° 6 76.91+4.18%
fis 2 3 96.81+5.18" 3 58.06+4.37 3 66.55+4.66° 3 77.914+4.27° 3 63.54+5.37%
[i7ES 3 30.2241.28° 3 26.8741.39"™ 3 27.1941.87" 3 29.5941.12° 3 26.1240.95°
UNES 1 0.28+0.01¢ 4 54.22+3.57° 4 12.19+0.79° 3 1.33+0.02¢ 4 24.57+1.83
[IFGES 7 100.47+7.56" 7 67.1645.34 7 76.93+4.12° 7 89.20+4.64° 7 66.511-4.14¢
&1t 28 444.864-23.57° 31  343.34+13.83° 31  33629+15.67° 30 385.69+17.34° 31  331.161-14.88°

T EATNG TR R AR B BT 22 5 (P<<0.05) .

A1

Cluster heatmap of the aroma composition of pomegranate juice under different treatment conditions
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EHFERM BT

it A7 AR T T IR R IS A e A A vk e 28 g
Bt 0.28 pg/L, W RG2S 9y o IR 3> A AR T A R AR R
MR AR o e R 2 6 & 1 19 2B I 5 9 4 s g A
ST Ko PS Je MS Ab BRI 25 B0 Tk i S 4 S5 Y
o, Rk S B A Ay B B T 54.22,24.57 pg/L, Al
B R TR 0 TR 28 5 SR IR 1Y 3 P4 A AL S
T, DT A B 22 (1 e i S Ak A T A R U Ak 3
A AE — 5 AR AR T Ok I I R Y A L, T e R
T B R 8 e VRORT 1P B 7R AR O, AT N 3 T 36
TR . HPP AL BT A4 84wk meg 254k & ) & A B AR,
X5 H R BRI G T SRR N . A
BT AR S FEEMEEESEER. XEALED
(0 AR b 5 45 R PE A AR AL R BB DDA OG . CR AL, il M 28
YIS B 100.47 pg/L, PS K US Ab B IS B0RE 18 259 it
T TR MR, 5 PSALAH L, US K HPP 4b 31 & 3% 2
TR 2 T A R (o IR T 14.55% K
32.82%) o £ SIS 3] F 085 A 2 v oA TR T R AR A
B 8- F B ds Wb v S AR T S R AR 2 L X
1,15 Esposto ZP 1 i 58 25 S — 8, RRIAFL&ME T A
I T 32 B A S 0T i 0 AR AR RS I 2 B
A5 ks 5 — 30, B HPP 4 3 G % 5 4 M0 B2 A R T Y i

W R W AN RE E S W NIR A Y, A R
(LB AT (Z)-3-C 0 s ) () R I (8- IR I v
i a-FN BN - AT I ) 76 A A S 52 R (9 T v i
EEEM, X 5RESER -8 efEENEE A
T Ve B A AT S KR L [ R T A AR AR Y
IR o 3R 28 43 BT 44 TR g 0% B 2000 b i 7 S [ Ak B 2% 14 %o
AR SRS BN, I E TR HPP AR 3] 5 CK 4]
A —2K  US K MS Ab B 20 7T 3 Sl — 2% PSS Ab BE 4 AL
N —2 . K2 HPP AL HRE 0% T A b AR B AR T AR R
TR B A3, B IAS R IR (o i 5 40 J5 ) A 4 1) 7 A
3 g5

ZWESE RGN T B R A B OB 7 I o T A 3
U A T 4 R B O 2XO6F A R T 6 B R AR R D R
PE R B 43 1 5 ) 45 SRR B FE T LL B R v
JE A 1 7E 25 6 O A M T o BT TR A e 3 Y AR
Fo BARME B R B R T Aamitmx
SRR (AE(EBRAR N 1.77) , B K BR B #4407 4 % C
(Fritky22.18 mg/100 mL, %5 E FC 2 B A0 B i 29 200% )
T2 P B 2 Ak A 1, A0 2% 72 2 -3-0-4 A B AR
HE A5 R -3, 5-0- WU 45 4R B 300 ik 67.02%,
66.20%. [FI B, B = AL 3R 6 AR VT DA R B LT A
JEAF R KR A 0 A O R AR e, BB E M T R
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