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Science and Technology, Wuhan 430064, China)

Abstract: In order to explore the effects of different physical field pretreatment on the quality characteristics of kiwifruit
Jiaosu, kiwifruit pulp was pretreated with ultrasound (US), pulsed electric field (PEF) and a combination of both (UP), then
fermented with Lactobacillus plantarum to produce kiwifruit Jiaosu. The results showed that compared with CK group, the
SOD activity in three kinds of physical field treatment groups significantly increased by 27.27%~31.81% (P<0.05), the total
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acid content increased by 0.77%~2.79%, the DPPH:, OH- and ABTS"- scavenging rates increased by 3.17%~4.39%,
0.9%~1.83%, and 1.88%~6.63%, respectively, and the soluble sugar content decreased by 3.23%~10.04%. There was no
significant difference in pH and total phenolic content (P>0.05). In addition, the GC-MS results showed that the relative

contents of alcohols and ketones in the three physical field treatment groups were higher than those in the CK group by

5.76%~56.75% and 14.71%~32.73%, respectively, and the relative contents of heptanal, trans-2-hexenal, and hexanal were
increased. By OPLS-DA analysis, the volatiles in CK, US, PEF and UP groups were distributed in different quadrants. In

conclusion, ultrasound, pulsed electric field and their combined pretreatment can all improve the quality of kiwifruit Jiaosu

and enrich the volatile substances of kiwifruit Jiaosu, and ultrasound pretreatment is the best.

Key words: kiwifruit Jiaosu; Lactobacillus plantarum; ultrasound; pulsed electric field; pretreatment
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Fig.1 Effect of ultrasonic time on the content of total phenol
and activity of SOD in kiwifruit Jiaosu
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Fig.2 Effect of ultrasonic frequency on the content of total
phenol and activity of SOD in kiwifruit Jiaosu
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Fig.3 Effect of ultrasonic power on the content of total phenol
and activity of SOD in kiwifruit Jiaosu

A I F2H 2V AR R (A RO T > e S e —
T, B A TR, R S TR A R X 4
MR BE o, MR B s T2 a4
B FLEFP Y, BEEEH5 8, WiEkERS DR sk
14 270 W,
24 BkPERIASEE X RREHEEE R BBy & 250 SOD &
pal:pA

Jik v HL A7 8 B X LI 5 LT SOD 14§ 7 114 5 i)
anE 4 s, Y00 R (P>0.05) . HiA S
HEAE K vl R SN 3.33 kV/em BB K, S 44.99 mg
GAE/100 mL; SOD 7% /7 7E 2.00 kV/ecm Bt &k, Ky
60.47 U/mL. B#EFE 583800, ARGk i i oy
P 22 DR JEC 3 1 L e SR Z2 T RS R, Al M S 581
IR, FIF NPT 1, RIERCRIG N, S0y 5 by
. AHPRASAS H 358 R 22 TR ) RN 7 2= 1 SOD 14
S1TC 2R, DI, T RERETS &, YeRElk iy
SR 2.00 kV/em,,

E 50l CISODV /1
s a aa a j_ a3 a 60 =
Sl 0N Oh Oy 2
Nl NN NE BN NE S}
(g” 30 - ; Z ) |t =
= 904 Z Z Z 2 =)
rg 20 ~ / Z i
% 10 / . ; ”

q 7
pis] 7 Z Z 2 ///

0 0

0.67 1.33 200 2.67
kbR (kV/em)
P4 ok e 375 BE 0 A pk 9 22 50 5 it A SOD T Y
Al
Fig.4 Effect of pulsed electric field intensity on the content
of total phenol and activity of SOD in kiwifruit Jiaosu
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Fig.5 Effect of pulse time on the content of total phenol
and activity of SOD in kiwifruit Jiaosu
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PSRRI 2= T i T VPR & Bfr e B R R
(P<0.05), CK H T #EPEbE & S B s, o 104.23 mg/
mL, UP ZH 51K, & 93.77 mg/mL. A [E]YELL ikl
HUF R SRS 2T, CK 4001 US 408 1R &
o E 22 55 (P>0.05), 5 PEF fll UP 42 5 ik
F(P<0.05) o BRAERK A g SHE | ORI AT S
5, T EBAE N FLER R AR AU TR e i, W
GERIM, ZerlilErs | Pkep b3S ] AR IE R TR
PEIE Y B K i, T BZLIR BRI R 9 5 nT I R o %
IS, WERR & BT, AR SRR W5 A& B bk o
FE A7 TIALD B RO A T A BN R P s T, S ASHE
FEMIEE R 3K,

1 A[EITAL BB 2R G ER AL BT

Table 1 Physicochemical properties of different pretreated
kiwifruit Jiaosu
4151 CK Us PEF 9)
pH 3.37+0.01°  3.37+£0.01*  3.35+0.01" 3.36+0.01°

AT (mg/mL) 104.23£0.58" 100.86+0.50° 98.46+1.22° 93.77+0.57¢
BR AR (mg/mL)  10.38+0.04° 10.460.04* 10.56+0.06® 10.67+0.06*

e AR A/ NG FRERR TR B 22 5 (P<0.05), 42, K3,

2.7 FREIFACIEXFREHE: R IE M B S Fin | A
HISZAE
PRSI I PRI TS R i 2R

BB 1 o A [ T Ak 3HBRAGE Ak R 2R 00 B ALk TE PR

(DPPH H &, 323t H HFEFN ABTS™ B i 3LiEkREE
e 2 fia. DPPH [ FHIEIERRR ., F23E [ 3%
WS ABTS'H HEIEBRE B E & T CK 4
(P<0.05) , Hirpr, US g, XF kb CK 41535148 5
4.39%. 1.83%. 6.63%. AWIFERHBEEMPLELILTE
PERT RS M & F SOD W AT ¢, R 4520 1)
BN S 5 HT SOD 7% 1A T AE, G5 R WEE 2 s,
AN [ T Ah B2 2 TR] S & AT W R (P>
0.05), SOD % Jy ¥ i 2 /& T CK £H.(P<0.05), US.
PEF. UP 2H5y 947 31.81%., 27.27%. 29.53%., £
My & E AR L S AT AR S RN, AT RE 2B nlig
PTG AN RS S 2L G Y A
VAR MEEE RS, AR R B R TP &5+ B e 2 128
Yy BTk B A W A, S M S EE R AR
., J—7J7M, SOD AW RGEHIERIEHEAE NI
EH R AR Z —, T AW T LUAE 3 & R R A
SOD =4z, REA RHB B LA I PR A 45457,
Uk, ZbFEZHARABEAR I 2R BT A LR RE D B T IS B
SOD & 1. X5 Li 4809 i sR 2L, /]
R IR & I 0 SOD 1% 715 DPPH [ H it
HRZ . ABTS' A HELERFR 2 B EAHG, B,
HBFS Tk PV A P AL BT BE AT LIRS IRk i 2 0
SOD &4, AT e tERE .

2 A[RITIAL BRI 2R (405 P AT R A
Table 2 Active components and antioxidant activities
of different pretreated kiwifruit Jiaosu

215 CK Us PEF UP
(mggﬂﬁ%mm 53.37+0.37° 55.52402° 54.26£0.16" 54.53+0.2°
S(%I/)H‘T'L? 76.45+2.46" 100.77+4.26° 97.30£6.50° 99.03+2.46"
3%%{2&% 59.63+0.04° 62.25£0.28" 61.52£0.15° 61.75+0.45®
Eﬁ%ﬁ/ﬁ 86.65+0.23° 88.24+0.43" 87.44+0.07° 87.67+0.29™
A%%gg'fz% 40.86+1.02° 43.57+0.66" 41.63£0.38° 43.51£0.67°

2.8 T EFAIEX BRI EE R E & YRR
FIFH HS-SPME-GC-MS $7 A X DU 2H A Bk i
TR RR Y BT AT o AT S o FiER 3 T,
LU 83 FhEE L M i, Horh AL A 20 Fif
RIS 26 Fh . ENZSIEG W 11 B BRI G
2 Fh BRAALG W 4 B IEmEEIAL G T R Bekeds
&Y 2 Fr AL B2k &9 11 Fh, PUFP L3
CK #H 56 Ff, US £H 60 Fh, PEF #H 58 Ff, UP 4H 55 Fh.
L AN R FAL BRI , BRAEAR TR 2 45 & e
R T —E A, TEITAA AL BRI Y 1-=5-
3-FE . IE CUEE . AU IIEE . PEEE . B RT(-) -4
15, T AR Dk I 2 K R L AHAE . AbERL
PEF ZH (A% P I B | 1E O B . o BE AR XT3 B B IC,
US 2H % UP H¥155 T CK 2H, (-)-4-i§ FHhEEAH &5
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Table 3 Volatile substance relative contents of different pretreated kiwifruit Jiaosu
jpg UREIH o CASE M P )
(min) CK US PEF UP

1 10.61 29571 96-41-3 - - 0.14+0.01° 0.14+0.01*
2 16.8 Uil 470-82-6 2.29+0.38" 2.66+0.03® 2.42+0.27° 3.22+0.16"
3 17.56 3- 587-3-1 - - 0.04+0.00 -
4 17.61 R 123-51-3 - 0.1+0.01° 0.130.00° 0.14+0.00°
5 19.84 IEC 111-27-3 4.1140.33" 4.1£0.15° 3.42+0.00° 4.61+0.24"
6 20.05 S -3-CU -1 928-97-2 0.59:0.04 - - -
7 20.48 3-CH-1-BE 544-12-7 0.15+0.00 - - -
8 20.68 Ly 928-96-1 0.18+0.01° 0.7140.01° 0.12+0.01° 0.5+0.25°
9 21.7 1-27J5-3-1% 3391-86-4 0.22+0.07° 0.81+0.03° 0.91+0.00° 0.39+0.04°
10 21.85 B 111-70-6 0.42+0.04° 0.39+0.07° 0.410.03° 0.47+0.01°
11 225 2-LHECEE 104-76-7 0.07+0.01 - - -
12 23.56 iy 78-70-6 0.080.00° - 0.16+0.02° 0.1:£0.00°
13 23.81 S 111-87-5 0.62+0.02° 0.79+0.03" 0.55+0.00 0.63+0.08"
14 24.94 (=) -4l i Pt 20126-76-5 0.23+0.01° 0.23+0.00° 0.22+0.03° 0.23+0.03"
15 25.73 2- 31 BR e e 20461-31-8 - 0.06+0.01¢ 5.57+0.01° 3.93+0.03"
16 25.76 1- LR 143-08-8 0.43+0.00° - - 0.49+0.01*
17 26.69 o= T 98-55-5 0.06+0.00° - 0.04+0.00° 0.05+0.00
18 29.36 3,7-H 5£-2,6-3F -1 624-15-7 - 0.09+0.01 - -
19 29.36 i 106-24-1 0.11+0.00 0.09+0.00° 0.110.00° 0.06+0.03°
20 29.84 2- IR 4826-62-4 - 0.07+0.01 - -

S
21 6.15 [5]123 123-38-6 - 0.05£0.01° 0.04+0.00 -
22 72 A 107-02-8 - 0.050.00 - -
23 12.28 B 123-73-9 0.47+0.11° 0.710.11% 0.89+0.21° 0.70:£0.03%
24 13.41 O 66-25-1 1.19£0.07° 2.43+0.41° 2.67+0.6" 2.04+0.36™
25 14.73 JL-2- U 1576-87-0 - 0.57+0.05° 0.42+0.09" 0.55+0.01%
26 16.07 PR 111-71-7 0.75+0.09" 1.850.56° 1.21+0.24%® 1.07+0.03°
27 17.02 J-2-C T 6728-26-3 13.03+1.03™ 14.37+0.4® 11.17+0.93¢ 15.20+0.80°
28 18.53 TEFRE 124-13-0 4.80+0.40° 2.7+0.04° 2.46+0.35° 3.34+1.37%
29 19.37 2- AT 57266-86-1 3.06+0.56° 0.23+0.02° 2.64+0.00° -
30 19.338 (E)-2-Pelims 18829-55-5 - 4.02+0.18° 4.37+0.02° 4.25+0.01%
31 20.75 T 124-19-6 1.85+1.09% 3.2240.19° 2.89+0.42° 1.36+0.46"
32 21 (E,E)-2,4-0 " JimE 142-83-6 0.070.00° - - 0.12+0.01°
33 21.7 -2 N 2548-87-0 9.65+0.41* 8.07+0.35" 5.98+0.09¢ 6.91+0.01°
34 22.18 (E,E)-2,4-BE —Ja T 4313-3-5 1.82:0.09° 3.22+0.2° 1.66+0.7° 1.81+0.3°
35 22.93 = 10486-19-8 0.06£0.00 - - -
36 23.49 AR 100-52-7 0.17+0.05" 0.30.00° 0.22+0.04° 0.18+0.04°
37 23.56 R -2- Tl 18829-56-6 1.57+0.02% 2.79+0.24° 2.14+0.34° 1.18+0.37°
38 24.6 2-2,6-T- % 17587-33-6 - 0.18+0.02* 0.17+0.04* 0.09+0.01°
39 24.68 (E,E)-2,4-3¢ —ffils 30361-28-5 0.06+0.01" 0.13+0.01° 0.1+0.02% 0.09+0.03"
40 25.46 B-AFTRERE 432-25-7 - - 0.05+0.00 -
41 26.44 cis-FrERE 106-26-3 0.16+0.00° 0.12+0.02° 0.08+0.01" 0.08+0.02°
42 26.82 (E.E)-2,4-F-—Jsit 5910-87-2 0.12+0.00° 0.15+0.01° 0.12+0.01° 0.2:£0.00°
43 27.37 PR 5392-40-5 0.21+0.01° 0.19+0.00° 0.31+0.01° 0.14£0.04°
44 27.39 S A 141-27-5 0.07+0.00° 0.17+0.00° 0.1620.00° -
45 27.99 2,4-5% I 2363-88-4 - 0.150.00 - -
46 28.93 J2-2,4-5% )T 25152-84-5 0.04+0.00° 0.16:0.00° 0.07+0° 0.03+0.00°

[EES
47 6.50 AR 67-64-1 0.06+0.00° - - 0.06+0.00°
48 13.04 B2 e | 6704-19-4 - - - 0.13+0.00
49 17.75 3-3 106-68-3 0.04+0.00° 0.05£0.01° 0.06+0° 0.07+0.00"




102 - B Tk B 20254 9 H
g3
g AT AT CASE FIATERECR)
min) CK Us PEF UP
50 18.81 1274531l 4312-99-6 2.15+0.47° 2.3140.14° 2.28+0.39° 2.84+0.39°
51 19.16 2,53 3214-41-3 0.13+0.04 - - -
52 19.17 2,33l 585-25-1 - 0.12+0.01* 0.12+0.01* -
53 20.65 2-T-fi 821-55-6 0.09+0.03" 0.16+0.01° 0.14+0.02% 0.13+0.03®
54 24.74 P T SR T 112-12-9 0.1+0.03° 0.15+0.01° 0.1340.02 0.15+0.00"
55 28.77 2-F = kR 593-8-8 0.04+0.00 0.05+0° 0.07+0.01° 0.05+0.00
56 29.26 KE - 23726-93-4 0.06+0.02° 0.06+0° 0.1140.03" 0.05+0.00°
57 29.65 it B R 3796-70-1 0.68+0.23" 0.92+0.05" 1.51+0.4* 0.38+0.12°
[iES
58 23.81 FHR=E TR 112-32-3 0.28+0.02° 0.82+0.01° 0.82+0.01° -
59 27.72 LIRS 112-17-4 - - 0.05+0.00 -
[ivES
60 21.71 vy 64-19-7 0.28+0.00 - 0.72+0.00° 0.33+0.11°
61 29.51 CR 142-62-1 0.21+0.07° 0.180.08° 0.2+0.05° 0.12+0.00"
62 31.64 2-HC W 149-57-5 0.06+0.00 - - -
63 35.36 SR 334-48-5 - - 0.080.01 -
64 16.21 XU 138-86-3 0.050.01° 0.08+0.04° - -
65 16.4 (+)-Friesis 5989-27-5 - - 0.05:0.00° 0.05+0.00"
66 16.51 AA 286-20-4 0.32:0.00 0.4+0.00° 0.3120.04° 0.4+0.02°
67 17.54 -2 932-66-1 - - - 0.06+0.00
68 21.4 3-Z3-2-F - 1,3-C0 T 61142-36-7 0.14+0.00* 0.1£0.00° - -
69 22.08 (-)-A-BEFE M 17699-14-8 0.060.00" - - 0.08+0.00*
70 2623 B2\ 1700-10-3 0.05+0.01° 0.06+0.00° 0.060.00 0.07+0.01°
SRS
71 20.28 SENEER O 696-29-7 - - - 0.120.00
72 23.81 P LI B 2114-42-3 - 0.08+0.00* 0.05+0.00° 0.09+0.03*
HAthA
73 43 N-C i 35161-70-7 - 0.02+0.01 - -
74 9.92 2-ZFEg g 3208-16-0 - 0.12+0.02° 0.12:0.00° -
75 13.02 2-FEE NI IR T 760-93-0 0.1£0.00 - - -
76 17.16 2-1E IR IR 3777-69-3 - 0.23+0.09° 0.26+0.00° -
77 18.11 (18] 57 PR AR A 535-77-3 - 0.07+0.00° - 0.06:£0.00"
78 18.14 4-FNHEER 99-87-6 - 0.08+0.00° 0.08+0.00° -
79 19.98 2 -3-CL s 928-97-2 - 0.60+0.01° 0.45+0.06¢ 0.73+£0.01*
80 20.9 R -2-CL I 928-95-0 3.96+0.62° 4.41+0.02° - 4.54+0.20"
81 22.46 2-Bi HE-4- A IEBE M 2103-88-0 - 0.47+0.05 - -
82 25.55 4-H JLwmgng 693-95-8 0.07+0.01* 0.07+0.00° 0.06+0.00° 0.06+0.00*
83 37.73 24-TRUCT BN 96-76-4 0.05+0.00 - - -

T AR

FEFTA AL PR i 22 5K i 25 (P>0.05) . AXHE CK 4H
RS R e =-3- Cld- 1 -BEIAREAE, [ =G-3-C k-1 -1
HAHRIR, S BT OL R 235207 5l e T
i, US. PEF Fl UP 4y Es2edy B AEXT & &2 [tk CK
ZHAFRIHEHN 5.76% . 49.11%. 56.75%, B2 EESEY)
o AT AR & PR i HLA B XURE

TEJITA R H R PSS P, AR B R Y
O BRI [ -2- OV | IESFIE A, o e e g
FAXT B A CK 4H B3 FRE, O . BRI AH T & 2 ik
EFEIE (P<0.05) , BEIE | R2-2-CVGTE R LB g Al
SERRBAR ) EEAA NSy, A H A AT .

JEPA, WFST & BRIk Ak B 25 7% A BN S v s £ B
PRI AT 7 -2- V7T . (E,E)-2,4-BF Il sdemg 4k
AWM, 40 PEF 4019 (E,E) -2,4-58 S b
CK #1 US £H43-5I% 8.80%. 48.45%.

FANRAGIN H 2-TR | 3-2 0 RS AR, 19
Y-3-M . B IS H AR | 2-+ = kel . F IR N R,
B4 o CK HARXT STt o 2-0 ., 3-
R, RS EAKR ., FH ., BES, ST
FRAGARTG FOBFTE—FLY P A BRLA AN HH
FESSANIRZEY) 5T, (HEA S HAhdE R JsoAH 5 AR
FEAR T FE I A, XX AU ELAT AR R ),
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OPLS-DA analysis and VIP values of volatile substances of different pretreated kiwifruit Jiaosu

T, H: SOD ¥ /1. DPPH. #3235 ABTS" A i ALIEkR
) 100.77 U/mL. 62.25%. 88.24%. 43.57%, 1= T
Xt RE . Bk op RIBCE AL ERLH . 3 FRFRI AL ERLE B

fift . ERSSAEXT B Ty, fRepk e 2 B T A4 XL
ok, YRR TAL B R TRk E 2w s an Be
P | S -2- OV AN SRR . 257 IR, B | Ik
MBS AL PR AT LIS TFRRGAIR IR 3 i 0T, 6
TR 2R AOFE L PR 5, RS T ke = i
K R NN P A I A R T i v i N RS Y
SR



- 104 - £ Tl B4

2025 4F 9 A

© The Author(s) 2025. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S 30k
(1] AfTiee, R, RiF&, 5. AL HIRR B &
A ERBAM G a [T]. F B ek, 2024,43(3):217-222.
[HE J I, ZHANG D K, YU H Z, et al. Effects of dual-yeast fer-
mentation on the quality and antioxidant capacity of red kiwifruit
wine[J]. China Brewing, 2024, 43(3): 217-222. ]
[2] WANGZ, FENG Y, YANG N, et al. Fermentation of ki-
wifruit juice from two cultivars by probiotic bacteria: Bioactive phe-
nolics, antioxidant activities and flavor volatiles[J]. Food Chem-
istry, 2021, 373(Pt B): 131455-131455.
[3] 2R, Ricd, 2RI, & 840 K BERBHR T 6 il a
HECSE R TR [T]. R e Tk A3, 2024, 45(5):301-308.
[ LAN T, ZHAO Q Y, WANG J Q, et al. Storage characteristics
and shelf-life prediction of probiotic fermented kiwifruit juice[J].
Science and Technology of Food Industry, 2024, 45(5): 301-308. ]
[4] XNFr, T8F, BAW, 5 BB LB IB BRI LR
R IEAF AT ], B S B TR, 2023, 44(4): 107-113. [ LIU
Y X, WANG M Z, WEN F T, et al. Enzymatic hydrolysis process
optimization and index analysis of Actinidia arguta fermented
wine[J]. Food Research and Development, 2023,44(4):107—
113.]
[5] KESA A L, POP C R, MUDURA E, et al. Strategies to im-
prove the potential functionality of fruit-based fermented beverages
[7]. Plants, 2021, 10(11): 2263-2263.
[6] OJHA K S, MASON T J, O’DONNELL C P, et al. Ultrasound
technology for food fermentation applications[J]. Ultrasonics Sono-
chemistry, 2017, 34: 410—417.
[7] CHENJ, WANG Q, WU Y, et al. Ultrasound-assisted fermen-
tation of ginkgo kernel juice by Lactiplantibacillus plantarum: Mi-
crobial response and juice composition development[J]. Ultrason-
ics Sonochemistry, 2023, 99: 106587—106587.
[8] LIUY, ZHU J, ZHU C. Effect of ultrasonic pretreatment on
fermentation performance and quality of fermented hawthorn pulp
by lactic acid bacteria[J]. Food Chemistry, 2024, 446: 134774~
138774.
[9] EL DARRA N, RAJHA H N, DUCASSE M A, et al. Effect of
pulsed electric field treatment during cold maceration and alcoholic
fermentation on major red wine qualitative and quantitative parame-
ters[J]. Food Chemistry, 2016, 213: 352-360.
[10] XULF, TANG Z S, WEN Q H, et al. Effects of pulsed elec-
tric fields pretreatment on the quality of jujube wine[J]. Internation-
al Journal of Food Science & Technology, 2019, 54(11): 3109-3117.
[11] EEE ATHF, BT, F. SRS o) LB A Ao B 1
BB R S RACT). F B F AR, 2024, 24(9): 322-332.
[ DOU Z X, HE X F, XUE Y H, et al. The fermentation characteris-
tics and composition changes of fermented kiwifruit extract by lac-
tic acid bacteria and yeasts[J]. Journal of Chinese Institute of Food
Science and Technology, 2024, 24(9): 322-332. |
[12] FARAR, 5, 2 BAM, 5. L0 PRBRIRHLEE £ & B T L ARALA L
RS 3 R AL FE i [T]. LR R o A 4L, 2021, 37(4): 224-233.
[CHEN L, SU S, WU Y M, et al. Optimization of fermentation
process for Hongyang kiwifruit Jiaosu and antioxidant activity in vit-
ro[J]. Modern Food Science and Technology, 2021, 37(4):224—
233. ]

[13] ZRZ, ATRM, 28, . FREL R ERLRANTA &
A [I). BB A3 R & $ 4R, 2023,41(3):37-46. [ WANG H X,
KE X N, WANG C, et al. Study on preparation and antioxidant
function of apple enzyme[J]. Journal of Shaanxi University of Sci-
ence and Technology, 2023, 41(3): 37-46. ]

[14] RAN J, TANG Y, MAO W, et al. Optimization of the fer-
mentation process and antioxidant activity of mixed lactic acid bac-
teria for honeysuckle beverage[J]. Frontiers in Microbiology, 2024,
15: 1364448—1364448.

[15] JIANG J, YINR, XIE Y, et al. Effects of cofermentation of
Saccharomyces cerevisiae and different lactic acid bacteria on the
organic acid content, soluble sugar content, biogenic amines, phenol
content, antioxidant activity and aroma of prune wine[J]. Food
Chemistry: X, 2024, 22: 101502—101502.

[16] YANG W, LIU S, MARSOL-VALL A, et al. Chemical com-
position, sensory profile and antioxidant capacity of low-alcohol
strawberry beverages fermented with Saccharomyces cerevisiae and
Torulaspora delbrueckii[J]. LWT, 2021, 149: 111910-111910.
[17] #RiE. L EREMT LB G HTA ¥ 2t F AR
HACH e AT (D], k. ®é K #,2021. [ YU S J. The func-
tional and in vitro digestive properties of compound vegetable Jiao-
su during fermentation and post-ripening[D]. Chongqing: South-
west University, 2021. ]

[ 18] OROIAN M, URSACHI F, DRANCA F. Ultrasound-assist-
ed extraction of polyphenols from crude pollen[J]. Antioxidants,
2020, 9(4):322-322.

[ 19 ] LIAO J, ZHENG N, QU B. An improved ultrasonic-assisted
extraction method by optimizing the ultrasonic frequency for en-
hancing the extraction efficiency of lycopene from tomatoes[J].
Food Analytical Methods, 2016, 9(8): 2288—2298.

[20] %M, 2izth, 0, . B B2 FRRAL A GAFE
FRae A AR ], Aotk 242, 2024, 40(2): 168-175. [ XU Y B, LIU
Y W, L1Y, et al. Study on ultrasonic extraction of tara polysaccha-
rides and scavenging ability of free radicals[J]. Forest Engineering,
2024,40(2): 168-175. ]

[21 ] JABBARI N, GOLI M, SHAHI S. Optimization of bioactive
compound extraction from saffron petals using ultrasound-assisted
acidified ethanol solvent: Adding value to food waste[J]. Foods
(Basel, Switzerland), 2024, 13(4): 542—542.

[22] FEAe, F&9, RN, 5. JEMY 7503 ERR
HHEETLRAUTL &% 4K AN F R, 2021, 12(8):
3242-3250. [LI S R, LI R M, CHEN B P, et al. Optimization of
high voltage pulsed electric field assisted extraction of Lonicera
edulis anthocyanin[J]. Journal of Food Safety and Quality, 2021, 12
(8):3242-3250. |

[23] JIANG Y, XING M, KANG Q, et al. Pulse electric field as-
sisted process for extraction of Jiuzao glutelin extract and its physic-
ochemical properties and biological activities investigation[J]. Food
Chemistry, 2022, 383: 132304-132304.

[24] SHOKRI S, JEGASOTHY H, HLIANG M M, et al. Ther-
mosonication of broccoli florets prior to fermentation increases
bioactive components in fermented broccoli puree[J]. Fermenta-
tion, 2022, 8(5): 236-236.

[ 25 ] HUANG T, XIONG T, PENG Z, et al. Genomic analysis re-
vealed adaptive mechanism to plant-related fermentation of Lacto-
bacillus plantarum NCU116 and Lactobacillus spp[J]. Genomics,
2020, 112(1): 703-711.

[26] DOS SANTOS ROCHA C, MAGNANI M, JENSEN
KLOSOSKI S, et al. High-intensity ultrasound influences the probi-


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/10.3390/plants10112263
https://doi.org/10.1016/j.ultsonch.2016.06.001
https://doi.org/10.1016/j.ultsonch.2016.06.001
https://doi.org/10.1016/j.ultsonch.2016.06.001
https://doi.org/10.1016/j.ultsonch.2023.106587
https://doi.org/10.1016/j.ultsonch.2023.106587
https://doi.org/10.1016/j.foodchem.2016.06.073
https://doi.org/10.3389/fmicb.2024.1364448
https://doi.org/10.1016/j.lwt.2021.111910
https://doi.org/10.3390/antiox9040322
https://doi.org/10.1007/s12161-016-0419-4
https://doi.org/10.3969/j.issn.1006-8023.2024.02.018
https://doi.org/10.3969/j.issn.1006-8023.2024.02.018
https://doi.org/10.1016/j.foodchem.2022.132304
https://doi.org/10.1016/j.foodchem.2022.132304
https://doi.org/10.3390/fermentation8050236
https://doi.org/10.3390/fermentation8050236
https://doi.org/10.1016/j.ygeno.2019.05.004

5 46 % #5174 07,5 NIRRT B BRI R

S| - 105 -

otic fermentation of Baru almond beverages and impacts the bioac-
cessibility of phenolics and fatty acids, sensory properties, and in vit-
ro biological activity[J]. Food Research International, 2023, 173:
113372—-113372.
[27] #0&M, AR, G %, Bob &3 T L3403 A BEH
HE &R Ha I £ &5 KB T Ik, 2020,46(15): 72-76.
[ ZHENG Z C, CAIJ L, ZENG X A. Effect of pulsed electric fields
pretreatment on the quality of cold soaked fermented wine[J]. Food
and Fermentation Industries, 2020, 46(15): 72-76. |
[28] ROSSI M, AMARETTI A, LEONARDI A, et al. Potential
impact of probiotic consumption on the bioactivity of dietary phyto-
chemicals [J]. Journal of Agricultural and Food Chemistry, 2013, 61
(40): 9551-9558.
[29] CHEN L, WU Y M, SUN G J. Variations of antioxidant
properties and enzymes activities during the whole fruit fermenta-
tion of two kiwifruit (Actinidia chinenesis Planch.) [J]. Internation-
al Journal of Fruit Science, 2022, 22(1): 860—871.
[30] LIY, WANG W, DENG Y, et al. Antioxidant properties and
changes in vitro digestion of the fermented kiwifruit extract pre-
pared by lactic acid bacteria and yeasts[J]. Food Chemistry, 2024,
442: 138416—138416.
[31] &k & 3F & Akt ) R B SUBR T A AR AT 49 Rk B AR
FALHF R [D]. 48 M 3% X 5, 2021. [JIN Z C. Study on flavor
and antioxidation of germinated selenium enriched rough millet and

its fermented beverage by lactic acid bacteria[D]. Jinzhou: Bohai
University, 2021. ]
[32] 7k, 245, HRE F L—RRAFZAWRBEIRBENRT
# & AR 2 o A ) A S A 2021, 42(24): 213-220.
[ ZHANG L, LIANG J, HUANG T Z, et al. Analysis of aroma
components of fermented kiwifruit juice inoculated with single and
mixed probiotics[J]. Food Science, 2021, 42(24): 213-220. ]
[33 ] DELBAERE S M, BERNAERTS T, VANGRUNDERBEEK
M, et al. The volatile profile of brussels sprouts (Brassica oleracea
var. gemmifera) as affected by pulsed electric fields in comparison
to other pretreatments, selected to steer (bio)chemical reactions [J].
Foods (Basel, Switzerland), 2022, 11(18): 2892—2892.
[34] WEI J, WANG S, ZHANG Y, et al. Characterization and
screening of non-Saccharomyces yeasts used to produce fragrant
cider[J]. LWT, 2019, 107: 191-198.
[35] % &R, shak, #eeik, 5. W2 B AHRFEIR GC-MS & 547
8 AP R AL R B RS (], RS AT R 5 I A, 2021, 42(21): 121
127. [LIU Z G, HAN L, XIE X L, et al. Aromatic components in
eight kiwi fruit wines by headspace solid-phase microextraction and
GC-MS[J]. Food Research and Development, 2021,42(21): 121~
127. ]
[36] YUNJ, CUI C, ZHANG 8, et al. Use of headspace GC/MS
combined with chemometric analysis to identify the geographic ori-
gins of black tea[J]. Food Chemistry, 2021, 360: 130033—130033.


https://doi.org/10.1016/j.foodres.2023.113372
https://doi.org/10.1080/15538362.2022.2144983
https://doi.org/10.1080/15538362.2022.2144983
https://doi.org/10.1016/j.foodchem.2024.138416
https://doi.org/10.7506/spkx1002-6630-20200809-122
https://doi.org/10.7506/spkx1002-6630-20200809-122
https://doi.org/10.1016/j.lwt.2019.03.028
https://doi.org/10.12161/j.issn.1005-6521.2021.21.019
https://doi.org/10.12161/j.issn.1005-6521.2021.21.019
https://doi.org/10.1016/j.foodchem.2021.130033

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 植物乳杆菌菌悬液的制备
	1.2.2 猕猴桃酵素制备
	1.2.3 超声预处理
	1.2.4 脉冲电场预处理
	1.2.5 超声-脉冲联合处理
	1.2.6 pH的测定
	1.2.7 总酸的测定
	1.2.8 总酚含量的测定
	1.2.9 SOD活力的测定
	1.2.10 可溶性糖含量的测定
	1.2.11 抗氧化活性的测定
	1.2.12 挥发性风味物质的测定

	1.3 数据处理

	2 结果与分析
	2.1 超声时间对猕猴桃酵素总酚含量和SOD活力的影响
	2.2 超声频率对猕猴桃酵素总酚含量和SOD活力的影响
	2.3 超声功率对猕猴桃酵素总酚含量和SOD活力的影响
	2.4 脉冲电场强度对猕猴桃酵素总酚含量和SOD活力的影响
	2.5 脉冲时间对猕猴桃酵素总酚含量和SOD活力的影响
	2.6 不同预处理对猕猴桃酵素理化品质的影响
	2.7 不同预处理对猕猴桃酵素活性成分和抗氧化活性的影响
	2.8 不同预处理对猕猴桃酵素挥发性物质的影响

	3 结论
	参考文献

