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Abstract

The aim of this study was to investigate the effect of medium-temperature-assisted high-voltage
pulsed electric field (PEF)-vanillin composite sterilisation technology (PVT) on the sterilisation and
quality of raspberry juice. The lethal effects of electric field strength, vanillin concentration, water
bath temperature and treatment time on microorganisms were investigated, and their effects on
nutrient retention and storage stability of raspberry juice were systematically evaluated. The re-
sults showed that the lethal effect of PVT treatment on total colony count (TVC) and total yeast
mould count (TYMC) was significant. The storage experiment showed that the microbiological in-
dexes of the PVT-treated group complied with the national standards within 40 days at 25°C, and
the shelf-life was doubled compared with that of the heat-treated group (HT). Quality analysis showed
that PVT significantly enhanced total phenol and protein contents, but retained slightly lower re-
tention of anthocyanin. In addition, PVT inhibited polyphenol oxidase (PPO) and peroxidase (POD)
activities by 98% and 96%, which were close to those of the HT group, while effectively maintaining
juice clarity. This technique provides a new strategy for non-thermal sterilisation and quality mainte-
nance of raspberry juice.
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Figure 1. Effect of different electric field strength on the inactivation effect of microorganisms
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Figure 2. Effect of different vanillin concentrations on the inactivation of microorganisms
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Figure 3. Effect of different water bath temperatures on the inactivation effect of microorganisms
B 3. TREI7KA RN AE RGBSR S

DOI: 10.12677/hjfns.2025.143052 462 S EFRE


https://doi.org/10.12677/hjfns.2025.143052

TR &%

WK 3 Frow, BEEKIBIRERTE, SYIE S E. B BEHE OB R MR, o300+
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Figure 4. Effect of different PEF treatment time on the inactivation effect of microorganisms
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Figure 5. Effect of different treatments on total phenol content in raspberry juice
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Figure 6. Effect of different treatments on the content of anthocyanosides in raspberry juice
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H(CK) G2 2 % 7 (p > 0.05), KB PEF AbFER FEAC A BEML . HARLFE A (Vanilline PVT. HT):
et B Z 100mg/L LLR, REKT CK 41 PEF 4 (p<0.05), {H=4H[JCR%E 2R, B PVT
M HT B B EThE AT S B RHK.
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Figure 7. Effect of different treatments on protein content in raspberry juice

7. RERIES AR EH R EE RS B

ANFE AL 7 AT R AR S B 7 . 5E AN RYCK, BEARSEN 6.14 +
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Figure 8. Effect of different treatments on PPO and POD activities in raspberry juice
E 8. TRSEARMMETH PPO. POD SEMAISIN

AR AL EE 5 A LR BV PPO A POD 3 14 A4 R an 1] 8 Fiior. 5 CK 4iAHLEL, PEF AbEEE
F B PPO A POD %1, #1124 Hlik 94%F1 91% (p <0.05); PVT AbF 40| HUR 8 8 .2, PPO Al
POD %4371 N B 98%F1 96% (p < 0.05). {EfSVERRIE, HT AN P FhEE 305 28 e, PPO i

POD % 11 i1 2 73 51l ik 31 99%#1 98% (p < 0.05), {H 5 PEF Al PVT A &2 (p > 0.05).

3.9. FEIALIE X i IR AR 5 E 1 AR

Table 1. Effect of different treatments on TVC in raspberry juice under storage conditions at 25°C

F# 1 25 CHEFEFRH TARLES R WE+H TVC KR

it R B b 3y =

0
2
4
6
10
15
20
25
30
35
40

CK
283 +61

PEF
11020

50°C
103+ 15

Vanillin
63 +11
83+15

PT PV
93+5  37+21
- 43+21

- 70+17

PVT
<10
<10
<10
<10
<10
<10

10+10
10+10
10+10
10+10
10+10

HT
<10
<10
<10
<10
<10
<10
<10

e -RORAEYBE T E S ARE, 0 RERAF T G PIEEES, EERRNTHE £SD (n=3); CK:
AN, PEF: Bk IR A ; 50°C: MR AN Vanillin: BIREEEELAEA; PT: Jkebfin +
IR ANEI, PV: BkobEIg + FEEAFIA, PVT: iR + BkbElg + FHEEBARA, HT. #4eH4d, THE.

Table 2. Effect of different treatments on TYMC in raspberry juice under storage conditions at 25°C

2. B CHEEETARLESFRAHE T+ TYMC B0

fits 8 R H b 35 CK PEF 50°C Vanillin PT PV PVT HT
0 242+16 172+40 210+32 46+5 120+20 47+10 <10 <10
2 - - - 70 + 26 - 56 + 15 <10 <10
DOI: 10.12677/hjfns.2025.143052 465 5 E R


https://doi.org/10.12677/hjfns.2025.143052

S
4 - - - - - 90 +20 <10 <10
- - - - - - <10 <10
10 - - - - - - 10+10 <10
15 - - - - - - 13+6 <10
20 - - - - - - 17+6 527
25 - - - - - - 200 -
30 - - - - - - 20£0 -
35 - - - - - - 200 -
40 - - - - - - 200 -

T -FROR T EY BRI ) E SR E, 0 R A BS AT HE L (RO HME £SD (n=3)s
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Figure 9. Effect of different treatments on TVC and TYMC in raspberry juice under 25°C storage conditions
B 9. 25 CHEFHR M TARLIEA XX WM& 5 TVC. TYMC #Is2in

w1, %2 &K 9 BioR, £ 25 CIH&M R, PVT AR AI{E 40 KN I4ERE{E B X ArifE(GB
7101-2022) FRAE i Bl N (TVC < 102, TYMC <20). ML R, 5l PEF Ab B ZH 5k 4] A B HH B A= 0 =2
WS, HMEMEE . Vanillin MIESCREE, 7£4 d 5 TVC. TYMC ¥ibr, FCRAW PVT 4.
720d 5, HT AP EELGER, BEZE 40d )5, PVT AMAEYSERREFE R RMEEE N, BT H
fin 4. HT 4 EBAERTHI(0~15 d) R I RIFHIEIE, (HE5 20 K TVC i 24 fR1H .

3.10 FRIAIRSS G IR ARR E AR
25°CIRARAE N ARV ARER 7 A e U B2 A 3 KI5 10 Firos. AT (ER 0 K), #+41
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MRS (p > 0.05). 25 8K, PVT A ME S HT AH4H L B3 7% F(p > 0.05), HEZEMKT
CK 4 (p<0.05), HABALHEH L HILAIR AT WHVEM . CK 45 5k PEF AL LB & Z 5, 7] WLl
PEF A IR FE R H0EE . W ES 25 K, PVT 4 f/MEEE R T HA S 4 (0 <0.05), fRFF5
URRT ]

Table 3. Effect of different treatments on turbidity of raspberry juice under storage conditions at 25°C

3. 5 CIRERH TARLES AW E T E NI

AR BT R CK PEF 50°C Vanillin
0 0.15 +0.00¢ 0.15 + 0.00¢f 0.17 +0.00¢ 0.18 +0.00°
8 1.12 +0.00 1.05 + 0.02 1.04 +0.01° 0.27 +0.00¢
25 1.63 +0.02 1.63 +0.04 1.6 +£0.01° 0.74 +0.01¢

MR/ R PT PV PVT HT
0 0.15 +0.00¢ 0.19 + 0.00° 0.19 +0.00 0.26 + 0.00
8 0.98 +0.02¢ 0.27 +0.00¢ 0.28 +0.00¢ 0.27 +0.00¢
25 1.15 +0.00° 0.46 + 0.00f 0.32 +0.019 0.95 + 0.00¢

#: AR RPEYE £SD (n=23).

CK PEF 50°C V PT PV PVT HT

Figure 10. Effect of different treatments on turbidity of raspberry juice under storage conditions at 25°C

& 10. 25 CHEF &G TARAE SR HEHRENZ T

4. EREIIE

W AR N AN 0 o ORI e A VAN T AR e e OGS NAR RN R AR 2 i gk i
INTHEARKFEAHEEZ L. AFARERE, &R PEF-&HES &R WEARPVT)IEN &5
RS AR RO TR I 2 3 . IS 2R 6 75 SRk th e R AL B 26 11 FELIZ R FE 40 KV/em . B REIEIR Y
1.28 mg/mL. /KR % 50°C. PEF ZbEERT[A] 60 s. 7E&HF TR, PVT BERTH T oM EMEARSE
(p<0.05), {HALEAOFRHEBIRIEE, (HE HT A EE (@ >0.05). FE, HXZmaEEEPPO)FAI &L
VIl (POD)YE M Ml ORI HT 4. s iR W, PVT AbHLATE 25°C 211~ 40 KN TVC Al TYMC
P75 6 [ Z bR #E(<10% CFU/mL #1<20 CFU/mL), 52K T HARZH (p < 0.05), FR4UHREK 2 40 K, 1
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T HT 4111 20 K.

AHEFH, PVT ALBRAER BE7T AR B A S B AR FF T TSR I, T Re 5 & B PEF B P [ A .
A PEF Ref% 51 R AE BB, BB M A VI Re i 2 & BRI 26 KR IR e, i
T 0 4502 St 3 ol A i i T A8 o B 5| R R P 0 [19]-[22] . PVT I [ A P VI T 75 2 T 1 R A 2 P 4 i
5 PEF HLZEFLAAR B IN[17] [23] [24], AR IRKIGTE S At MO s i, i3 — D 1G58 T RAE %)’
WU [25] [26], 31X — WL iR R ik — B A 7 S SN A BN . S5 ARG Hvt
FRAHEL, HT ERE TSR hI B S Ik, (I IO, B 3 DRI #4424 98 P05 A 3 SO AR ke
Fr[27]-[29]. PVT ZELR B SL B J7 1H 56 AR, X 5 SR B S8 A5 UG, IF B E i 1) A T
A W S A ) e A BUAE30] [31]. AN, PVT 5 HT MREAEHE VAR R, Hhah, AR FIE
RILPVT AbEAE 58U ] Be A B w2 R EY R BOE[32], K BREEH . X RES PVT ALEEXT
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