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Abstract: Kiwifruit NFC juice is characterized by high nutritional value; however, quality deterioration is readily induced by
conventional thermal sterilization. To compare the effects of EBI and UHT sterilization on the storage quality of kiwifruit NFC juice and
to identify the optimal irradiation dose, the juice was treated with EBI at doses of 3, 5, and 7 kGy or with UHT at 115 ‘C for 6~10 s, and
subsequently stored at 4 ‘C for 28 days. The microbial safety, sensory and physicochemical characteristics, bioactive components, and
aroma quality were systematically evaluated. It was shown that commercial sterility equivalent to that achieved by UHT was obtained by
EBI at doses of 5 kGy and above, while pH value, total soluble solids content, and color stability were better maintained. Among all
treatments, the highest retention of total phenolics, reducing sugars, and key aroma compounds was observed in the 5 kGy EBI group;
specifically, the total phenolic content was decreased by 15.29% in the UHT group and by only 4.73% in the 5 kGy group at the end of
storage. Severe loss of fruity aroma was caused by UHT, whereas slight flavor deterioration was induced by the 7 kGy treatment. In
conclusion, microorganisms are effectively inactivated by EBI at 5 kGy, and the sensory, nutritional, and flavor quality of kiwifruit NFC
juice are maximally maintained; therefore, EBI at 5 kGy is regarded as a preferred non-thermal processing alternative to conventional
UHT. A theoretical basis for the industrialization of non-thermal processing technologies in high-end fruit juice production is provided by
this study.
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AR, JERCREHIARE NFC Jt i AR FFSUSA A 7 H . Horpl s 4038 (High Pressure Processing,
HPP) AR B i, HnTidid 400~600 MPa [k IS AR ROR B, ARAAE R &1 . TR R A
A A A PRSI, M2 R, EBI /EN— R A R EHAR, BAREMR. SeFK. "hEsiut
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R T -kt i 1.0 mL R3S, KM 0.3 mL 5% NaNO, (58 6 min). 0.3 mL 10% AI(NOg); (##
# 6min). 4 mL1mol/lLNaOH, EZZ 10 mL B 15 min, 7E 510 nm AbMER I 6E, LA T ArdE &5,
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Table 1 Sensory evaluation form for NFC kiwifruit juice
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7~9%  EWIE. MERE, FEE  KARMHFIEMBERER, LE% HRBENSANREER, ESERL  RAEE

149 T E9H

SHHERSENIE. IS mL AR T 20 mL THZSHA, 40 ‘CF4 10 min, FH PEN3 BTl . fEmkas
BEFE 10 @B LR, TEVEITIA] 300 s, PIENTIA] 60 s, AUAAUE 350 mL mint. MRS EEINE 3
W, BOT AT R0 # (Principal Component Analysis, PCA).
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Table 2 Electronic nose sensor performance
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FEAN FS-SE-54 BANEFE (30 m>0.32mm, 0.25 um), AEIE 40 C, #ACNELE Noy WOEFET: #1465 2 mL min™ {2
F 5min, 5min NZMEREZ 10 mL min?, FLE 10 min MR A 100 mL min? 425 10 min. IMS %4F: 5%
EHRE 45 °C, 5 No, 0 150 mL min™. ifiid GC-IMS Library Search #4:Hett NIST il Pe 2 M R 1t LAY,
KAV TRIAR A — AT A R B AR B &, SR DURE L (%) oK.

15 HEaar
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HFBER <20 CFU/ML (<1.3 log CFU/ML), KIZBE AR . AFAEFEAALE 4 CIE 0~28 d NI P4E R
AR 3 fim. STRRAAFEN A 21 d I, VRSOl B IEARIRIE, 28 28 d & B R BE B R AHEERR . AR
AEFEYTALE 4 CHAF FALREIRAFL) 2 MM % 4. 3 kGy 4RIBALFELAE 28 d I 1% 74 B 8T+ % 4.08 log CFU/ML,
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R, AYEERITE 5 CWactE T, XHIRA R L7 27~32 K Py R AT I 21 Ji 0 {8
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Table 3 The impact of different sterilization methods on the microbial safety of kiwi fruit NFC juice

= 68, B 18]
[ & ECEoN PUELA R
0d 7d 14d 21d 28d
CK ND ND ND 2.5540.35° 3.4440.20°
BEHABAH LXK 3 kGy ND ND ND ND ND
/(log CFU/mL) 5 kGy ND ND ND ND ND
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UHT ND ND ND ND ND
CK ND ND ND 3.1140.01° 3.5140.13°
—— 3 kGy ND ND ND 1.9140.13 4.0840.04%
X
5 kGy ND ND ND ND ND
/(log CFU/mL)
7 kGy ND ND ND ND ND
UHT ND ND ND ND ND
CK ND ND ND ND ND
3 kGy ND ND ND ND ND
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L 5 kGy ND ND ND ND ND
/(log MPN mL™)
7 kGy ND ND ND ND ND
UHT ND ND ND ND ND
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Fig.1 The influence of different sterilization methods on the color of kiwi NFC juice
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) AE AENIIIAE 3.0 LUR, REIFAACNT P RURHBR IR AR AL B, o X PR IR B 2K S BUR AR
AR R S 8 5 B A R SR SR = 5 BB AR e T IR A S AR A AE R L b
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KeERZR TSS & BB E m T S4RR4LK CK 4L, 0d N UHT Ab#d 7T TSS AT CK 41487 T 7.02%. T
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Fig.2 The influence of different sterilization methods on the pH value and TSS of kiwi NFC juice
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3 FEIFEARIBREE NFC BT REHE S RIS
Fig.3 The influence of different sterilization methods on reducing sugar content of kiwi NFC juice

224 REIRN

4 REEREARITHMENE NFC SR EEE RN RS20
Fig.4 The influence of different sterilization methods on sensory evaluation of kiwi NFC juice

AJETR T S AR RAERE NFC FYTIE-58 0 d I IR B AN 45 2R o & AHAES UL 0 35 22 5%, 1 3 Gy 15 kGy
PR DR Z T B3 5T UHT F1 7 kGy 41, Hrf 3 kGy S TVF /i i R4, 7 kGy 41
SIRTPAS B, N 5.25 4, UHT LSRN 550 4. i, 7 kGy 4lSWATF/MK AT BE S w7 a5 R vk
F 5 UHT AUSRIE IR T il K B FECE SR A 250k P0. T 3 KGy AbBHAH B RE BT (R Bk
TERRHIR IR RUIR,  (H AT T A2 e ek R . S75 K%, 5 KGy [ EBI FE4ERE R T 5t 7 THI
T UHT Rz A7)

23 A RAHH A NFC 55 % & 40

a nw b 70

K 3kGy  SkGy v TkGy <+ UHT €K 3kGy © SkGy + TGy + UHT

1050 4

60 o
1000 4

1

) (ueGAE-mL™)
%% Wil (ugRE-mL™")

1] (d) EF 4] (d)
& 5 FEEREARISIENENFC Rt ol KHIS 2N
Fig.5 The influence of different sterilization methods on the total phenolic and flavonoid contents of kiwi NFC juice

E: BahBmes: AbAELRAEE.

PR B Wi SR UG Ly, B B AR S AN RR R T SO E IR R AR RE
O, hnE 5a Ffor, BT ACERALA I & AT A K 2 TR . o UHT 410 d I & 8 53w T34t
HH, ARG S IRAC PRV BRI ZOR AR SRR TR 2R S UHT 41 TSS WG E T R — 2
{EILAREE O d I BEME SRR, 28 d IfIA 15.29%; 1f 3 KGy Fl 5 KGy 4Ly & & U 2 35 = 1 UHT Al 7 kGy 4,
Horb 5 kGy MR IRAR, X 4.73%. AL, & Bb Frws, WHEAETARANIAG & e, (HREMRE R, %
fiff 2Rk 59.91%; 1M 48 HEALAN UHT ZHIYRERESZ R TIR, Hr 5 kGy ZHFFfiR% N 35.16%, UHT 414 26.37%.
XAT R T BT EBI ATl S i s, Rl 2 Iy e R, AR R
R TR P T UHT A0 G S HEE R e, (HIEB R, 47 EFTR, 5KGy fI EBI Xk
Ttk NFC S e By RS B A 1 DR B RCRAR X LT

24 FF AHE Ao NFC R A & 8 % o
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6 TEIZREHAREEN NFC Bt FESH
Fig.6 E-nose analysis of kiwifruit NFC juice under different sterilization methods

E: BaheFHEAR; BbAHETHPCA LRI HATE,

P aEAR (K6 Tix, SAHEHMHEENE NFC Hytxt WIW. W5S. W2S. W1S £ BE25 i NAK 5 5
UHT 417E W1S Rl W2S - FrImil S8 376 1o T 5 SR IR 4., 36 I il SR e A R M oL B2 A i, 722 78 2 ek B,
AR Z I EEN S CK ARG, T IASE AT RERE S U s R B BRI VT I IR 75 SURFiE. PCA 43
#r ([ 6b) 7R, PCLl Y PC2 ZiTTikiA 87.6%, B n] A HERAEA RN Sk ZE 7. CK 4K
WRAEA = E AT PCL IE2E4, &R & UHT AbFRZLYm PCL ffik AE e, Hrh UHT A mBREERAN
B, S B H W2W RSN . W2W R BRI S TS, 2 0TI T A A R R,
g LRTR, EBIfE4ERREREERE NFC Sy &R AL T UHT AbEE.

24.2 GC-IMS % & M50 #7

KH GC-IMS XA A% B AR EE 5 FBRERE NFC S R M RIR S A TASIN, FFAE B SE IR $RE0ERE
72 5 B AR AT PTAUE 0HT . AASAEBRAL R AR NFC i R L %5 Y 42 R R VEYIR . B2EHE (K Ta)
IR, CK A5 &4 A B SO, 1 UHT A ZE SRR, fRgEi (B 7h) EoR 3 kGy
R B B CK 24 25K (F 7o) DL CK NS, 3kGy HAMXIERZ, RIAR L/ 5kGy 4
DU BL AP, FoRPIRTH 7TkGy HA WX R E L UHT AN DLREE A T, RFRERLK, W
LT AR R AN B RO A BB

BREpk i U A S E RS . BRI R DTk, Hoh pORCBE, ZRRCOBR. RRT RS R A& HE
B R, % 4 B OR, 5kGy A g 2R S B M CK 210 0.28% T2 0.35%, | RS TAME HT 0.05% 1%
0.09%, HIKEET s, FElRH EaSE M RFFER m/K s 7 KGy 2 DUSRAE & 895 0.90%, B3 ET 5kGy 4H
N 3KGy 4, TZYFRE R R I AR . UHT 4 2-mkms FH S &5 ik 1.04%, 5 CK ZH1 1.89 1%,
2- TR I S B N I TR f s, X A R R B R Y, RN R TG 3-FIRE T B L FRER AR R A
fiE g e,

ARG R, EBI REISA AR BRI R A B UMY, 5 kGy B EBI MUBERER JRA XUk, IEAEE
THBAAE B SWR, W RE S8 B AR AR R4S & A AR P, UHT 280k P T35 5t
8 S S ANFAGAR, T 7 kGy LRI B KU U AT RSk | s R 5| o i i el s U NP, 22 Bk, 5 kGy
EBI AbFH 5 St I XK ZH s e B SR ELR 43 A A S B AR 2421, T 7 kGy AT UHT AREEII BT 5437 PA H
H SE LRI N g 42 SRR AT I I AR 25748
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------ Table 4 Relative content of volatile aroma components in NFC fruit juice of Kiwifruit in each treatment group

a5t A2 1%
£ 5 wgetils  HF X W IR A CAS &
CK 4 3 kGy 5 kGy 7 kGy UHT
118.82 CeHy,0 2-T H-1-B2 928-95-0  4.7540.13*  3.9240.07°  3.2940.07° 2.7940.10°  4.7340.03°
192.98 C:H,0 2- KB 6032-29-7  0.1440.01°  0.1540.01°  0.1440.00° 0.1440.01°  0.3240.03°

267.30 CsHy00 3-9 HK-3-T Hi-1-82 763-32-6 14.8840.15%  14.8440.24* 14.6740.49° 15.0340.10° 14.8140.42°
294.58 C¢H1,0 B A -3-T Hh-1-B% 928-97-2 0.1340.01° 0.1640.00°  0.1820.01"  0.20#0.00°  0.1420.00°

A (104 322.50 C4H100, 1,3-T =8 107-88-0  0.44#0.03°  0.4120.01° 0.37#0.00° 0.3640.02°  0.440.03°
331.83 CeH1,0 1-T82 111-27-3  0.13#0.01°  0.1620.00*° 0.1540.01®  0.1620.01°  0.1440.01%

343.18 CeH1,0 2-TH-1-B5-M 928-95-0  1.6620.06"  1.8840.01°  1.75#0.03"  1.75#0.02°  1.9940.12°

360.96 CeH1,0 %oz 626-89-1  2.6540.06°  2.53#0.05™ 2.6240.03®  2.4640.04°  2.2840.07°

621.37 CgH100 B-RTEE 60-12-8 0.2820.01°  0.3120.13*  0.3520.13*  0.3420.02*  0.2920.01°

638.81 CgH150 2-CA-1-0 B 104-76-7  0.2740.01°  0.4120.03°  0.5120.01° 0.6140.03*  0.2640.01°

121.72 C4H3g0 ETE 123-72-8  0.1240.00°  0.21#0.01° 0.2420.01°  0.2620.00*°  0.1420.00°

316.91 CsH3g0 B X -2- 18 B 1576-87-0  0.5140.04°  0.5420.06°  0.6020.02*°  0.51#0.01°  0.5940.07°

£ (64) 374.30 CsH40, 2-7k 7 ' BE 98-01-1 0.5540.03"  0.2440.02°  0.13#0.01  0.1040.00"  1.0440.12
524.02 C/Hy 0 Y323 111-71-7  0.1240.02°  0.1740.03"  0.2440.03°  0.1740.04"  0.0940.01°

557.38 C/H;,0 B R -2- B Ve BE 18829-55-5  1.4540.11°  1.4440.17°  1.7640.14%°  1.3940.09°  1.3640.13"

621.51 CgH140 J R -2~ Vh Bk 2548-87-0  0.30#0.02°  0.30#0.03°  0.3620.02*  0.3240.02®  0.3040.02"

211.05 C4Hg0, 7 B P B 554-12-1  11.0340.12% 10.8240.23® 10.4340.75° 10.7120.06®° 11.23+40.29%

249.09 CeH10, 2-F A TER P Es 868-57-5  0.2540.02°  0.25#0.03" 0.2840.02®  0.31#0.01*  0.1740.01°

B £ (7 #) 340.07 C/H1,0, T B 7 B 638-11-9  0.0540.00°  0.0840.00°  0.0940.01*°  0.0940.00°  0.0540.00°
373.83 CeH1,0, B P B 624-24-8  19.2840.24®  19.4440.38° 19.3740.21*° 19.7620.11*° 18.7340.50"

407.85 CHuO, 3-FPATACHA 123-92-2  8.2320.18%°  8.1940.23°  8.1740.08°  8.3340.14°  7.7530.32°

621.37 CgH160, i B P g 106-73-0  9.79#0.24°  95940.17°  9.8620.05°  9.9240.09°  9.230.78°

4 A A A 34318  CyHyi0; FAREL A 60047-17-8  0.0440.01°  0.0440.01°  0.0440.01°  0.0440.00°  0.0440.01°

10



(4 #) 581.73 CioH1s B- A S 123-35-3  0.5740.05°  0.6140.06° 0.7620.06°  0.6140.03°  0.6040.05°
614.85 CioH1s s B 2 138-86-3  0.1940.01*  0.1620.01° 0.1640.01° 0.14#0.01°  0.1840.01°

630.85 CyoH10 1,4-47t & 470-67-7 0.1140.00°  0.1040.01®  0.1140.01° 0.1020.00®°  0.0940.00°
135.03 C,Hg0 2-T & 78-93-3 0.8440.15°  9.7940.16°  9.0840.02°  9.1840.07°  10.2340.32%
155.19 CeHy,0 3-T AR 589-38-8  0.0440.00  0.0540.01°  0.0840.00°  0.0940.00*  0.0440.00°
£ 6 155.98 C;H,,0 2- 3 BR) 110-43-0  1.7440.06*°  15040.03° 15140.02° 1.4240.04°  1.4530.12°
AR %

186.41 C4Hs0, 2,3-T =R 431-03-8  0.9640.14°  0.9640.13®  1.1540.15*  1.1640.13*  0.7840.08"
314.98 CgHp,0 4-9 & -2- X BR 108-10-1  0.1940.01*  0.1640.01°  0.20#0.00°  0.1940.00°  0.1440.02°
606.08 CgH1,0 1-3 M -3-R 4312-99-6  0.0940.01°  0.1040.02°  0.1620.03°  0.1020.01°  0.0940.01°
. 140.69 C,HgO v R % 109-99-9  0.23#0.01Y  0.5840.01° 0.7740.03°  0.9040.01°  0.2340.01°

ok il KA A 4
(3 4 144.49 C¢HsO 2-T kv 3208-16-0  0.7640.07°  0.8340.05°  0.7240.02° 0.7340.01°  1.0440.09°
511.43 CsHgs0S 2-vk i T HiEE 98-02-2 0.4640.03°  0.5640.05%  0.6240.02*  0.5520.05%  0.4020.04°
A 2 215.65 C3Hs0, 7 B 79-09-4 0.3540.02°  0.3940.04°  0.4840.02°  0.4140.02° 0.3740.02"

L

329.01 C,Hs0, T 107-92-6  0.6240.07*  0.5540.03°  0.63#0.03°  0.6140.01°  0.5440.06°

305.29 C4H;NS FARFUBR S R BS 2253-73-8  0.51%0.01° 0.2240.02°  0.13#0.01°  0.1020.00°  0.5840.03°

SR BRI T B F R ABEE (2 4F)
558.33 CHyN,  2-TA-5-FH=ts  13360-64-0 0.6540.08°  0.78#0.11°  0.8530.07°  0.7440.06®  0.6020.09°

Wiz £ (LA) 236.74 C;Hy, 1- B b 592-76-7 0.4240.01°  0.4240.01°  0.4140.00° 0.4040.01°  0.5140.04°

EE & (1A4) 192.98 CsH;,0  2-F A4-2-FAFHL  1634-04-4  4.2840.17° 5.1240.30°  5.4340.08" 5.8240.04° 5.0140.10°
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