DR EmR Modern Food Science and Technology 2025, Vol.41, No.12

RaFEFFLEFRABRELZMUEmRENL

B, SAFEMR, FFAEYE, FARRER

(LARERFRGAFHEIRFR, LAAZFFRESERGURELFRE, LARKL 271018)

TR A TIRTAKRSF B T RILST LR IR E R SREA, VAR R A 24647, &£ H AFE 1547, 2 5T L IZH 18 (min ).
WA GE (em). FEE (kgm®) ZABRFRATERZ F8, #E—F 0 ORAREAm @, w8 ERERGT, F2)RERH L
HIZ, HFMEAKESF B THRLENE RFESERELMRRAS . SREN, FraBEHFA: LENE > LB ZHE > ERF;
o6 B B RACEA JE IR A AT KR B TR AR R )RR E T2 4 A 3min. LEFHE 3om. EHKE 1 kgm?, £
A TREAFES 98.11%. ARERE LE TUATREF & THRLE, E£43.14, ETHITLEN, EELNR T, LESH
KIFHRFELEET 31.68%; HEMREARS AW E, FHREZIHIK, HOAA, KEFBTEREARAXRARZ, 2
S RBEIE AR RE LERET AT BRIk,

KRR FRA; KEFBTR REBE; KFE; BB

DOI: 10.13982/j.mfst.1673-9078.2025.12.1329

Optimization and Quality Alteration of the Bacteria Reduction Technology
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Abstract: In order to study the optimization of bacteria reduction process and quality change of dehydrated garlic slices treated by cold
plasma. With bacterial reduction rate as the main index and color difference as the reference index, single-factor experiments were carried out on
three factors: treatment time (min), treatment height (cm) and loading (kg/m?), respectively. The response surface test design was carried out, and
the optimal treatment process was obtained. The content of allicin and volatile flavor components were determined before and after cold plasma
treatment. The results show that the order of influencing factors is: processing time > processing height > loading; After the response surface
optimization and considering the actual production, the optimal bacteria reduction process of cold plasma treatment of garlic slices was as
follows: treatment time 3 min, treatment height 3 cm, loading 1 kg/m?. Under these conditions, the bacteria reduction rate was 98.11%. The color
difference is 3.14 under the optimal bacteria reduction process, and the color difference has no obvious change within the acceptable range. After
treatment, the allicin content of dehydrated garlic slices increased by 31.68%; The volatile flavor components were partially decomposed and the
overall content decreased. It is concluded that the cold plasma technology has obvious bacteria-reducing effect and little damage to quality,
which provides a new idea and method for the bacteria-reducing technology of garlic slices.
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Table 1 Factor and level design
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Table 2 Sensory evaluation of color difference
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VRS =R, MR ANAEIE, 7 8 m/s KUl FRIHEWGEIETANAE, SRR OMRA0RE, TRk
F1 60% R, 0.22 pm FHLUEEIE)R, KA HPLC #4770,
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CEMNIEL DVB/CAR/PDMS B4 B A HURFEEHRA TS, HEHA4ER Sk, 80 C/KIMBAHL 30 min, #E4T
GC-MS 73 Hr .
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EARIERE N 40.0 CHERF 1.0 min, FHZLL 2.0 C/min FHEZ 130.0 C/EELREFE 1.0 min, LA 10.0 C/min FHEE
220.0 C/EfrEF 8 min; #H/X (He) Vii&E N 1.0 mL/min; 73kt 30:1; #EFEE 1.0 uL.
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Fig.1 Influence of different treatment time on bactericidal effect (a) and color difference (b)
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X E R PN RIS B T A A 22 a5 R — 8. MK BERS[E)0 4 min B, R7E 8208 3.341g CFU/g, P4
1.06 1g CFU/g, R ZIEE] 92.08%. G FERMNSNE, WARELESR (P>0.05), {HILH 4 21k5]5.03, @&
WA (B 1b), TACFRR Ay 3 min I (022 B3KT 4 min, Jy2.17, BERTIRE R WARRHER mKF. 45
EHRE, W B AEALPER 8N 3 min.

2,12 REVAIE G B AR h R E 2R e & £ 6706

FEACERI (A I — AR T, BB 9 1. 4 7+ 104 13, 16 cm, WFFCASFIACEE = FEXT 7
B SR S 2 R se e, 25 R 2 k.

FEARIRSE B AR AR, B SFEMRITEEEE 1 14 om B, Fr I RO B354k, 2 JaRE%E 4b
R IR0, IR R K, X S PMERIR IR S S AR B Y] A R — 8 2 96.47% % 2
69.63%. WUEHFEMRMER T, AR, MTUEZE . OHEEEE 1 om B, JRESCRRL, WK SR
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Fig.2 Effects of different treatment heights on bactericidal efficacy (a) and color difference (b)
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Fig.3 The effect of different loading rates on bactericidal efficacy (a) and color difference (b)
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F%0.98 Ig CFU/g. *4 4 BN 1.4 kg/m2 I IR B R N 88.30 %, T 74 MBI FEAIK 0.92 1g CFU/g, i 525 8 5 M 0.7 kg/m?
FAEG, SRR AR ZERARE . K 30 T, EARIRREE N AT IRIR A & AL B G (22 AN K,
BN 2, (HYdeaiERd 1.4 kg/m? ), REFEIRIEFFK. FEEELE 0.7 kg/m? A 1.4 kg/m? I (1755 7 IR
MRAAERE 25, HAEM A Rl L, G RElmE, FIE rE e R B N s E N
1.4 kg/m?,

2.2 w5 AR 4E R R AT
22.1 e M@ IRIE S R

PARRR R SEIG Y BEA, R ACES (], AL, RERCREEI T VR RIR, DR FNRAE, i€ %K
BOPRIERAY-11 0 1 HUE, o B i ie a5 AT A, AR L 25 H et 7 ROT Rk, IR 45 R 1 3 AR AR
ACTT R, B SRR E A, I ARIBR RS AR, WSR-S RN 3 P
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Table 3 Box Behnk en test results

%5 AL B2 Bt 18] /min A28 5 E /em KR E/(kg/m?) B F%
1 0 0 0 95.58+1.26%
2 -1 1 0 81.82+1.53
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3 1 -1 0 98.57+0.63*
4 0 1 1 90.12+1.37%
5 0 0 0 94.29+1.34¢f
6 0 1 -1 91.22+1.45¢
7 0 -1 -1 97.264+1.32%®
8 0 0 0 96.3240.43%
9 1 0 -1 98.21+1.45°
10 1 0 1 96.1+1.42%¢
11 0 -1 1 92.04+0.88<f
12 0 0 0 93.96+0.634
13 -1 0 -1 85.21+1.23!
14 1 1 0 91.72+1.28¢f
15 -1 0 1 83.27+0.97
16 0 0 0 97.1£1.04®
17 -1 -1 0 86.88+1.11¢"

E: R—2ARFEARREEZF (P>0.05), RRFHEHREEF (P<0.05).
222 o EARAIRIE T E AT
SHRIE I =AM (O KM RAE (YY) AT ZRZ clRIASHT, @A RERE (Y) SABRTE (A, 4
HmE (B) MEdE (O ZEBEIETTFER:
Y =95.45+5.934-2.48B-1.30C —0.454—0.0434C +1.03BC —3.834*> —1.87B*> —0.92C"
[R5 B4 R WK 4.
x4 EVNERFES

Table 4 Analysis of variance of regression model

73 B -7 Fa A WA 7 F1& Pk BEM
AR 43537 9 4837 28.45 0.000 1 o
A-2L 32 18] 281.08 1 281.08 165.29 <0.000 1 o
B-432 55 49.35 1 4935 29.02 0.0010 o
C-E&F 13.44 1 13.44 7.90 0.026 1 *
AB 0.80 1 0.80 0.47 0.5146
AC 7.225E-003 1 7.225E-003  4.249E-003 0.9499
BC 4.24 1 424 2.50 0.1582
A2 61.84 1 61.84 36.37 0.000 5 o
B? 14.72 1 1472 8.66 0.021 6 *
(2 3.56 1 3.56 2.10 0.1910
KRE 11.90 7 1.70
£ IR 4.84 3 1.61 0.91
ik £ 7.06 4 1.77 0.509 8
BAa 44728 16

E: *AHRE P<0.05; **AMEE P<0.01.

TR AL B HIPAEI<<0.01, NHEZERIZR, A BEA [E] A A B I 25 X6 25 B8 1~ ok B A SR A A 5 2
R C 1 PIH<<0.05, NEZFRZEK, BHERENSEE RSO B . ARYE— RIS N FAE AT LA
A3 = PR 20 25 B TR el A OR RS B 55 8 REFETF N ASB>C,  RJACERAS [a)> b 2 i >S4 i
223 ok d B A 5 KB AT

B 4, SHANE R — R, R TR B AR [ R R D TR AL [ — R, R
E RO P B I AR . MR 2R — e, R R S A B (R R I e T SR IR AR A EER
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) — I, R A FERE R R BRI . e — I, R SRR AL = AR R TR b F
JE—TEI, DR A R R B AT . S oA i, SO RA HAE DR R, nf&l 4, BC &2 H.
TER R, 5 ERT7Z s R —3.

AP (%)

& 4 AAERERZ BRI RERNFN
Fig.4 Effect of two-factor interaction on sterilisation rate
224 TZAHAMRACE IR IR
R [ YA 77 A2 TN K ey SE T R 45 SR AT, 49 A B A AR B n i BB T 20 ALBEIIE] 3.29 min, ALFEER
B 3.01 cm, ZEEE 091 kg/m?, FUNE HIRE RN 98.26%. LT 52brd:r sk, ¥ R TESHORE . AFEn
(8 3 min, ACPREEES 3 cm, FEEE 1 kg/m?, AT =HPATIRUESCES, WIS SEPRIRE 2N 98.11%+0.13%, 5Tl
EEREZR, HUNGZEN 314 (B 5 P, RIS aiiimpe 7 RE S 8w B ROCR, I 37>
524 84.01%71 88.82%, DAl T LAFE HH AR 55 5 1A AL Bl 1 ik b RICR O I

(a) ALEERY (b) A3EfE
5 LIERIERFEK
Fig.5 Color change before and after treatment
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23 RBESETHRAENERHAREZSE

KPR JE R PR R SR AIER 5 PR, 2RSS TS, 5 o3RS BB BT 1 31.68%.
SERMIRFI AR TR, 5B GR A GRIRIS G r & BRAN s 2 R M R TS R F A A K
RIS BAKRETIR 2 70§ HOURIR 2 R R B SONAE R 1 70T HRFR AN 1 20T 7K R, PR HEN 2 i THIRIR
R THRAEIMIRIANERT, BT KRN A ik, eSS T A SR ROR 1, 2
TR IRIR I SR sR 2, HAURA Rt — DO TTIE R . AU R AN PE, bR 5
K g BIALF=E B AT, AR AP T2 AR, (RIS & PR BR IR B T3 v BT TR,
St 7 AT m R G 2R K e

®5 REFEFMNENTFH AFR S BRIFE

Table 5 Effect of cold plasma treatment on allicin content in garlic flakes

KRR S B TR AT KRB THhALES
KFAFELERFELE/(mgg") 1.01£0.06° 1.33£0.05

i METERELERREE (P>0.05), RRFEHREEZFREE (P<0.05).

24 RIBSFE T BEE L ERR KSR
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Fig.6 Total ion flow diagram of volatile flavor components in garlic before treatment
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Fig.7 Total ion flow diagram of volatile flavor components in treated garlic
K P B R 2 PR A KRR N BRA L, B s B BRI SO e /KR Py AR RS 18 T AE B R 3E 25
S 37 FHERIEANA, ALBRJEICEEE ) 44 FERVEA NI, T EAE R MERR R YOS, X5 BT %
FICSRIBT S R —5. i 6. 7 A%, SMRIRSE FRMER T, A& EREE TEE. X
e TR S5 A P R R T S PR RS 2 A LR SR — R AR RN, BIOR T 2 MR B S A
WIS 3] P A AW BT RO PR [t S BOMAIE B IR &5 B O AR DA (VO C) T BR 3IE 90%~99%.
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BRULZ AN, BRALYIAIX SRR, MRS, WS, BRRAIERMITIEE (3R 6), RIPME RIS . RIknl BLIER],
IR 5 25 T PR PRAEIA 1 5 22 Rl ORI RIS, RS st i P AN R

* 6 RBEFEFIERTERKF R FEL M RIKEL 78I GC-MS £5R

Table 6 GC-MS results of volatile flavor components in dehydrated garlic slices before and after cold plasma treatment

, AAREF /Y%
Ve R RS W o-dh 4 AR PR G i 8] /min
A 22 AT Az
1 BRAL A 3.801 0.83 0.77
2 Mo 7R A T B 5.481 0.08 0.08
3 R EEE 9.861 0.04 0.04
4 M R SRR 13.569 0.78 0.65
5 2,5-= ¥ fokwy 14331 0.07 ND
6 (Z)-Hi P - P Wi F ik 16.03 0.14 0.10
7 34-—F Fogwy 16219 0.08 0.07
8 (B)-Hi 7 3 - 7 s S riie 16.528 0.17 0.12
9 2,4- =¥ Fogwy 20.194 1.44 1.27
10 (Z)-1-F H-2- T i k. —#R B 20.818 0.43 0.40
11 R A T A —mEk 21.995 2.16 1.81
12 (B)-1-F #-2- A i k. —#R % 22471 2.90 223
13 1 7 2257 7 A — i 31.796 0.22 0.12
14 M 7 28 P IR B 32.246 0.08 0.33
15 1-[(B)-1- A4 20-2-[(Z)-1- P b 3] — Ak 33.849 0.10 ND
16 A 714 1-79 A2 H-1- L — ARk 34.172 5.84 5.05
17 B SP 7.3 35327 20.50 19.71
18 (E) -1-4% A A-2- A b AL — sk 35.755 28.49 25.80
19 1,2-= ( (E) -A-1-%-1-0k ) —#ifit 36.762 0.10 ND
20 1,2-Z AR 2R -3-3R KM 38.006 4.13 443
21 TR M Rk = ik 42.135 8.83 10.72
22 (E) -1-% R A-3-R A = musk 42.675 1.57 2.30
23 A3 4= F D3-Sk 44.834 0.13 0.15
24 4-F1 312 3- ZHIRRIE 49.41 0.06 0.17
25 A R = A 49.726 0.18 0.32
26 3-THidh-1,2-—vE 4K 49.957 2.85 2.92
27 M R AR Z AR 51.675 14.99 15.86
28 2-THidh-1,3-—E 4K 52.959 0.54 0.52
29 2-RHA,5- = F Heked 55.74 0.12 0.13
30 3 4-—FHAEy 67.844 0.55 0.73
31 2-T THA[1,3] =5k 50.899 ND 0.08
R Fre 3612 018 010
33 FEL 57.011 ND 0.14
34 e JERER 62.75 ND 0.26
35 + =8 66.805 ND 0.09
36 EA SRR 69.724 ND 0.26
B T aAsE 313 009 011
38 i 2-F 2T Helk 11.16 ND 0.09
39 5-#2 T A Agm 67.331 0.11 0.34
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40 BRBR — T Bg 71.017 0.29 0.18
41 ) + R T B 61.096 ND 0.03
RS .
42 AFAR R 7 7R B 61.658 ND 0.06
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