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Abstract: A self-assembled pulsed discharge plasma device was developed and Zygosaccharomyces rouxii LB was used as the test strain
to study the effects of electrical parameters (voltage, ventilation, and exposure time), solution parameters (soluble solid concentration), and the
initial concentration of the Z. rouxii LB on its inactivation in apple juice. The differences in the inactivation effects on different strains of Z. rouxii
were compared. Moreover, the effects of pulsed discharge plasma on apple juice quality were studied by measuring the major physicochemical
indexes, and the contents of organic acids, polyphenols, and volatile flavor compounds. The results showed that when juice-soluble solid
concentration, juice pH, pulse voltage, and ventilation were 12 %, 3.84, 24 kV, and 150 mL/min, respectively, the Z. rouxii LB with an initial cell
concentration of 1.08x10* CFU/mL could be effectively inactivated in five minutes by the pulsed discharge plasma. The pulsed discharge plasma
had no significant effect on the basic physicochemical indexes, and the contents of organic acids, polyphenols and volatile flavor substances of
apple juice (p<0.05), and therefore could essentially maintain the apple juice quality. This study may provide an important methodological basis
for the application of pulsed discharge plasma in food sterilization.
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Fig.1 Schematic diagram of the experimental apparatus
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Fig.2 Effects of varying juice concentrations on the inactivation
of Z. Rouxii LB
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Fig.3 Effects of pulse voltage on the inactivation of Z. Rouxii LB
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Fig.4 Effects of ventilation on the inactivation of Z. Rouxii LB
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Fig.6 Inactivation effect of plasma on different strains
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Table 1 Effects of different exposure times on the basic physicochemical indexes in the apple juice

AT T pH LA b ®JE/SC ERE% &A%
/min B R 4/% /(x10%g/mL)  /(x10g/mL)  /(mS/cm)
0 12.03£0.06*  3.84+0.03*  10.20£0.02°  0.23£0.00°  2.07+0.02°  21.10£0.90  93.25+0.50°  45.88+0.57"
1 12.03£0.00°  3.83+0.02°  10.14+0.11*  0.23£0.00°  2.06£0.02° 22.67+1.53°  93.17+1.00°  45.98+0.47"
2 12.03£0.06  3.84+0.01°  10.15£0.06°  0.23£0.00°  2.06+0.02°  24.33x1.15° 92.57+0.42°  40.00+0.52
3 12.03£0.06  3.84+0.0  10.17+0.10°  0.23£0.00°  2.07+0.02°  29.27+0.80°  90.39+0.55"  36.96+0.45°
4 12.03£0.06"  3.84+0.02°  10.13:0.06°  0.23£0.00°  2.06+0.03*  30.27£0.99 89.89+0.82*  30.48+0.57
5 12.03£0.00°  3.83£0.01°  10.14£0.05*  0.23+0.00°  2.07£0.01°  32.33x0.76°  88.29+0.93° 27.41%0.74°

E: Rl =3 AR F A B A 22 A 18] s A8 AL 5 SR 46 ARG B eRE p<0.05 K EZ R R EE,

B 1 TN, Rkt i S B 1A A B0 3 v
AATEETEY). pH. BBR. IBEHE. SR R
FERZ (p>0.05), BEFIIORFF 13RI RIREA T L
AT, SRS FUGIR 5 B AR K B RO
i IR T A e B AR — 8. 5 AR AL,
AbFRIT [E] 3~5 min B, SERIHRE . FERMEEK
A REMWT (p<0.05). ACFRRFE] 5 min B, 3ERT
TR 21,10 ‘CHHE) 32.33 °C, Fhi 11.23 °C, 1B
REF IR, ¥ RITE LR B 93.25% 1K=

88.29%, F&#M% 531%; FRITCAHH 45.88%4 N
27.41%, B#fIK 40.26%

EARACH 5 SE R B ALE R R A AT, (HIF
A E A, BRIP A B TR AL B RS R |
RRFERYT ST
222 FRAKEMERTFANBRS A

K @ RGRARE N A BT 53R 7 M HLER
FEIHMTIE . B 2 ATA, kbR A S AR A
SPSERVTHRERER. JLUR. FERE S AR S =
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P R (p>0.05). SFAEMMLL, A
IFIA] 5 min B, SRR EER & &R E 5 (p<0.05),
M 0.12 mg/mL FHE 5] 0.18 mg/mL, JHE 50%; &7

1.00 mg/mL, F+5 19.05%
JHHTS L B B AR SE R R 7 R LIRSS
ARIRFEARTE, B OREE 1 3 R i

R EAE 4 min FAF|E S, M 0.84 mg/mL FHis 3
< 2 NEIEREXFER TR B S 2RI
Table 2 Effects of different exposure times on the organic acid content in apple juice

432 8 /min A LS Fmg/mL) :
FRE LR ATARER R REBR ATH I
0 228+0.01°  0.41+0.02*  0.07£0.00°  0.1240.00°  0.02+£0.00°  0.84+0.00° 0.21+0.01°
1 2.30+£0.001*  0.42+0.041°  0.07+0.00°  0.13£0.00  0.02+0.00°  0.86+0.04° 0.22+0.03"
2 229+0.011°  041£0.03*  0.07+0.01°  0.14£0.00°  0.02+0.00°  0.90+0.05®  0.20+0.01°
3 230+0.01°  0.45+0.06°  0.07£0.01*  0.15£0.01™  0.02+£0.00°  0.91+0.05  0.24+0.02°
4 229+0.01°  046+0.04*  0.07+0.00°  0.16£0.01®  0.02+0.00°  1.00+0.04*  0.21+0.02°
5 230+0.02°  045+0.05°  0.07+0.00°  0.18+0.00°  0.02+0.00°  0.98+0.02°  0.20+0.03*
i B —FIARR) FEAREF) AL IR AT 18] AR L su R FEARA) H R p<0.05 KF L ERFTREE.
223 FRAKIEHERTY ZHLZHTA
% 3 FRIIBRTBEINTER I+ B & 2R
Table 3 Effects of different exposure times on the polyphenolic content in apple juice
A % B4 /(mg/L)
AL Rl min AT A% R FEm® —
0 1.73+0.06" 2.28+0.02% 67.26+0.58" 0.04+0.00° 0.88+0.00°
1 1.73+0.02° 2.48+0.03 66.64+0.15" 0.04+0.00° 0.91+0.00°
2 1.73+0.05° 2.30+0.02% 64.86+0.73° 0.040.00° 0.95+0.01°
3 1.73+0.03* 2.25+0.02° 61.36+0.57° 0.04+0.00° 0.88+0.01°
4 1.73+0.03" 2.23+0.02° 52.01+0.21¢ 0.04+0.00° 0.90+0.01°
5 1.73+0.03* 2.33+0.03° 48.79+0.62° 0.04+0.00° 0.93+0.01°
&0 32 Bt 8] /min 2855 mgL) Z
FIEZE MR F A FTHLER A2
0 0.55+0.01° 0.22+0.00° 0.220.00° 0.04+0.00°" 0.22+0.02°
1 0.56+0.02° 0.230.00° 0.25+0.01° 0.040.00° 0.22::0.00"
2 0.55+0.01° 0.23+0.01° 0.24+0.02° 0.04+0.00 0.23+0.00
3 0.55+0.01° 0.22+0.00° 0.23+0.02° 0.04+0.00 0.210.00"
4 0.56+0.01° 0.23+0.00° 0.22+0.03 0.040.00 0.21+0.00"
5 0.55+0.01° 0.22+0.00° 0.25+0.03 0.04+0.00° 0.22+0.01°
E: Rl —FARR) TR AR B AL 32 A 1) AR AL ot T 4B AR G R AR p<0.05 KB L Z R REE.
TRIXTRE A 10 22 By g & B AT I E - HAR SERI A
3 A, KRR A AR S R 5 min, XPSER 224 FBFARK B ER A P ARR XA

RS E TR, BETFRAMEILARS 7 FZmyi
GEr BB BRI (p>0.05) o [l ALFR E] 1
I, SERT e A B RN (p>0.05) , &%
FR &8 BERIK (p<0.05) . 5EAREMMHLEL,
AEFIE] 5 min B, BNAERR & A 0.88 mg/L T F
093 mg/L, FHiE T 5.68%; SRR EM 67.26 mg/L
FAAIC3 48.79 mg/L, P T 27.46%. 55 B TR ML BN 3¢
St 9 FhZ Wi A TR BRI, U R
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s ARE A

IR 4 T, B b Hp A I 2 26 A R P XA
S T S = TG O I O i G R = VS D P S
R 13- 2R 2-TNE 1K SR TS 10 FiER
PEXIRY I & 5% A VR (p>0.05), Hrd
M. FRHEE, R2-EMEE. RRESREENTS
(p<0.05), ZFEE. FKFE. KOE. HER. 3-2¢Hd &
B IREMERK (p<0.05), Fl4 7 Fi)st HIA o 5
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BRI SS . A RO (RGN, SPIRE. SRR
FE A0 2,4- 0T FA ) & 520 AI7E 3 miny 1 min A1 1
min F % B KAE 10.09 ug/L-0.51 pg/L F197.54 pg/L,
FH SRR AT I+ DU e & &7 I7E 2 min 13 min ik
FIHRARAE 0.56 ug/L A1 1.76 pg/L, 2,24-=H3-13-%

TR TEREE S EAE 1~3 min FEFEMETE, 4~5
min I 2 PERRE (p<0.05). Pkt A5 B AR Ab 2
5 min [, XPSERITHOR R, PR OIS 20
P RN AR S 350 A R AR e, FE N 1
2-FIRIEE RN R, B ORE 7SRRI .

R 4 FRILIEFEIRTHE ST E R M NRYIR & 28050
Table 4 Effects of different exposure times on the volatile flavor compounds in apple juice

AR AL FE R 18] TR PR MM TS 2/ (ng/l)

Wt 2 A5 , , , . : .
0 min 1 min 2 min 3 min 4 min 5 min

LB 29.02+1.72°  27.80£1.09®  27.4£1.17°  27.03£0.30°  26.55+0.61°  25.96+021°
FAEE 798+127°  10.06£036°  7.85£0.93°  10.09+0.62°  9.81£0.217®  9.54+£0.20%
FRER 347£130°  3.85£1.05°  3.83+0.12% 4312027  4.44+£0.08°  4.98+0.07°
13- =8 2.14+0.57° 2.11+0.79* 1.724021°  1.94+0.76° 1.56+0.14° 2.36+0.02°
2-F Ak 1-58 2.28+0.22° 2.04+0.03° 1.93£021°  1.79+0.48° 1.64+0.18" 1.64+0.13°
KB 0.93+0.10° 1.00+0.12° 0.84£0.02°  0.91+0.08° 0.94+0.13* 1.05+0.07*
b2 AR 0.34+0.01° 0.33+0.05" 0.34£0.03*  0.34+0.02° 0.34+0.03° 0.34+0.05
S 0.67+0.07° 0.93+0.03° 1.19+0.02*  1.18+0.11° 1.25+0.01° 1.12+0.09*
PR 483143.57°  51.78£0.70°  46.41+0.17° 49.25+2.00°  50.19£037® = 52.70+2.29°
FE 0.80+0.13° 0.92+0.03° 0.90£0.15*  0.87+0.20° 0.87+0.12° 0.63+0.04°
S 1.52+0.18° 2.02+0.15 1.954£0.02°  2.17+0.17° 2.12+0.03* 2.15+0.12°
RS 2.74+0.21° 2.42+0.13° 1.8740.12°  1.69+0.26" 1.45+0.18° 1.47+0.09
24- =W HEF 1.72+0.57° 2.23+0.46" 1.94+0.15*  1.86+£0.05° 2.08+0.03* 2.17+0.34°
B2 il 0.00+0.00° 0.41£0.21° 0.58£0.02°  0.60+0.01° 0.68+0.01° 0.71£0.03°
AR 0.64£0.08%  0.68+0.00° 0.56£0.01°  0.60£0.02"  0.66£0.02®  0.65+£0.04%
3-¥F 7R 1.5240.02a°  1.58+0.11° 1344001  136£0.11*  1.15£0.07*  0.10+£0.08°
2-2R 4.54+0.40° 3.13£0.06° 2.5240.25°  2.40+0.29° 2.14+0.08" 2.35+0.07*
X LA 437047 3.214+0.53° 2.03£0.14°  1.7740.04%  139+023%  1.14+0.18
ek v BF 0.39+0.06" 0.51£0.01° 0.38£0.01°  0.40+0.06° 0.40£0.02°  0.48+0.01®
AL 0.59+0.01° 0.48+0.14®  0.51+0.12®  045+0.01®  0.3120.03 0.34+0.09°
E+ZNR 1.28+0.37° 1.28+0.03" 1.3740.03"  1.08+0.09" 1.43+0.33" 1.27+0.20%
EtwE 2124048 2.10£0.09% 2324005  1.76£0.06° 2.36+0.46" 2.37+0.01°
EtR 2.85+0.55° 2.90+0.25° 2.99+0.01°  2.81+0.33 2.95+0.52° 2.72+0.21°
et i 0.54+1.11° 0.51£0.06" 0.7120.01°  0.47+0.03° 0.65+0.19* 0.430.11°
224-ZFHh-13-R=_BE—F . . . . . .

N 3.59+0.65 4.53+0.28 3.61+0.44 3.34+0.13 2.26+0.33 2.32+0.24
2,4-— BT H KBy 73.28+3.20°  97.54+2.46"  83.11+1.79°  83.63£1.92°  72.32+1.06°  68.40+3.40°

E: B —ATARR FAEARE B AL ZE A ] i AR A bR 48 AR 6 Fa A p<0.05 KF EERREE,

3 ZHig

3.0 ARERHIKMTSREN, SESGRSSREI
BE, kbR A5 B AR RE RS A B R LS AP
SR P AT T TR AR P A AL
FEP AR s IS G A ST R KIS B
(S Ar G R i

3.2 ARIG LA ) AR I TR PR A A e B S R

S IRES SR T KT, 1 e e R Bk
RIHEE, BAE. BRI pH. AIAPERTEY).
ANFEFER SVTIGI AT TS, SRR, SR
AT MEREITEYN 12%, pH A 3.84, & RE:AEARE LB
WG 1.08x10* CFU/mL, fEHLJE 24 kV, @SE
150 mL/min F, AbFE S min s AEAEI5E R ERER .
IR, ARIGHE— BT T kit e 8 28 A TR G
SERIT AR IR . A5 RERE, AR ACERRT A 5 min,
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52 3RV AHLG, AH S SE R AR AR 7
FIA LR & & 9 P2y LA 20 P R XA
FEEAKERZEEEN (p>0.05). Bk LE, B
LS B IR BB DU R KR Ry & IR R, JF
BORRREE FORFE T SRRV A0, s f A s A
TEE AR B R N B2 APPSR AL T B KR
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