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Effect of sterilization method on microbial diversity and quality of rice cake
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Abstract: In this study, rice cake was used as the research object. The influence of sterilization method on the microbial
characteristics of rice cake was analyzed by the trend of the total number of colonies during storage. The 16S rDNA V3-V4
region was sequenced by Illumina Miseq high-throughput sequencing technology, further study the effects of sterilization
methods on the richness and diversity of rice cake groups, and analyze the effects of sterilization methods on the quality of
rice cakes by means of qualitative properties and sensory evaluation. The results showed that the total number of rice cake
colonies with different sterilization methods increased with the storage time. The shelf life of the rice cakes in the water bath
treatment group and the ethanol spray group was 15d and 12d respectively. It can be seen from the Alpha diversity analysis
that sterilization methods are the richness and diversity of the rice cake group have great influence. Under the water bath
treatment mode, the dominant bacteria are mainly Acinetobacter (40.49%), Pantoea (32.61%), Salmonella (12.33%); Under

the genus Pantoea and Salmonella, the relative abundance decreased rapidly, and Acinetobacter (81.46%) and

WA H

FHEUH: “+=F7EFE SR THRIE S LD (2016YFD04012021)

BEAEETA: PMANE (1995-) (ORCID: 0000-0003-3338-0751) , B, #Wit#isd:, WETANEHimT. E-
mail: tonghuisth@163.com

AL R BRI (1963-)  (ORCID: 0000-0003-1157-

32370, &, #BEE, Wik, BAGFAERIN LTSRS, E-mail: cjie06@163.com
SEWEH R 2E3EE (1975-)  (ORCID: 0000-0002-4832-

38160 , %, #Z, L, BRI ARSI L&A EES] . E-mail: xueqinl216@sina.cn



W BRRZ RETY

Microbacterium (10.74%) became the main dominant bacteria. The Young's modulus, firmness, toughness and masticatory
power of the rice cake gradually increased with the storage time, and the elasticity, viscosity and sensory score showed a
downward trend. The change trend of the ethanol spray group was more significant than that of the water bath treatment
group. And the influence of the microbial flora structure diversity, water bath treatment is more suitable for fresh-keeping of
rice cake, and can better maintain the quality of rice cake during storage.

Keywords: rice cake; water bath treatment; ethanol spraying; quality; microbial diversity
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REFE PR B oN6mm CEAEREE R 5 FRAURE S FAT MRS ECT 241 .«

1.4 BEEVM
R B PP AN AR I e B TR, R AR S P AR AT £5 5 VPN, B VRO bR L3R 1

i@ LR

R FRBE I AME

Table 1 Sensory evaluation criteria for rice cake
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Fig.2 Trend pattern of total number of colonies during the storage of rice cakes
W REFREAR RS F — i B S RFAE 2 e (P<0.05) /NG = BEAR R 7R [R5 (8] R — 20 AR E 22 ek (P<0.05)
F P 2 AR I ) BT v S B A e 35 B R A5, SRR I e ) 1) T v 50 1] F) S KB 3G, 7E0~3dI
, B SBEKBONENE, fE3d2)E, KRR IE RNOR A ST S R AR KB, RN VR SO KR
o WER2PZR, 7% Rl 2L 0 1R TR 7 S O SR, 7R B 3 dIN B VA B Rk 35,37 x10°

CFU/g, CEEmZER (104 CFU/g) R FANE,; LB iR AT 46 B V5 5009 2.8x10°
CFU/g, fE3d2 o2& K, 12dn cHzirlot CFU/g, fE1SdE % SH0E%) T 4.5%10°

CFU/g; /KA b BEZHO~6d 15 B AU KR 418,  7E6dR AERE A B8 ¥4 2 £50°52.85¢10°

CFU/g, 5 Z.WWim MG 5 B 50T, fred)a b Komak, 78 15d0 B 75 84029 83.8x10°

CFU/g. TERGBUSFEF, KIS A FRLARE SR BV B AR T CREmHR AL, R R 7] e & L REmTIR BRI (1 5%
BAUR, HBEIERBZE, WEREN AR BEAE BN, TETC B0 AR th A ) 23 120 16 3 A 53 T ik A
KETH, MK AT A O SRR T HEAT A 8, 38 1T DA3E I A 28 0 AR P9 0 7= AR AL 1R R B AR08,

ARV EREAR R IIVIAETRVE R, ISR WA B (1 B 42



W BRRZ RETY

2.2 PCR¥ 4k

El3 PCRY 7= Hyra vk &
NEEARICIZ ARMA. KEARA, 2R Marker)
Fig.3 PCR amplification product electropherogram
PSR 2 R AL DNAFE 9 BEAR,  FI16S DNA V3-
VAXFREH G S B B (EI3) . Z500IE M, AT LA 2 5 S0 e sie g B SR 0o-201,
2.3 HMER Y VR 2 AR T
R2 FAEFEMAlphaZ R
Table 2 The Alpha diversity of rice cake

P! ik OTU ACEfE% Chao 146%t  Shannon#8%{  Simponf&#{  Coveragef
=H 73898 2995 228918.90 72876.63 1.95 0.28 0.96
KA 80324 3252 169309.68 54934.22 2.08 0.27 0.96
L TEW R 64555 2274 229453.44 78469.19 1.26 0.61 0.97
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Fig.4 The curve analysis of shannon index
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Fig.7 Microbial abundance clustering heat map with different sterilization methods(Genus)
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Fig.8 Microbial composition ratio in different sterilization methods(Genus,A,B,C)
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HAPRE R,

AR AL B 2H A 35 B B 2 B Acinetobacter (40.49%)  Pantoea (32.61%) FlSalmonella (12.33%) , i&FH
/b5 ¥ Pseudomonas (6.48%) Mlunclassified (3.12%) 5 KIBALIRLFE 5 AcinetobacterF Pantoea s T A
FEWARE f,  JRIR 5 B 2 U RE b 57T Acinetobacter Fl Pantoea® % , - FL VR /K IR RS TA] A & PLRFEAR & A 4
cinetobacterfPantoea ® ¥, A Hhr WHAAE TR, ENMEEREAERERE, MK NNARE: HT Salmonell
aff oy W EAT T L WRSEEER S R R 2 6e ), A /DED 1T R AT B R i R DA
Jof HAAS RIS (R THEERIAIARTS5) i 32 123+
31, BT AT AR = BT 12.33% ) Salmonella W REAE % K.

LEERTIR AR AT E LB R L Acinetobacter (81.46%) FlExiguobactericm (10.74%) , CLBEWTERA R
iR, HIER
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TR, Acinetobacterti J& 4 fir IR P HIAETG, BAZEHLME, W50 &Rl 27 G0 2597 A= 41
2y oo, Jei PR T B AR 1B WG AR R R o P A A M AEE TR, RIARXS L K IE T+ &1: Exiguobact
eriemJ& TAHAE KA, A5, BAAMTEERE, ZEEMEA R, ENMIREIINE
T 22 FE R AL Hh 73 B 45 B AN [R] BB T 1 s 7
W1, Acinetobacterf Exiguobacteriem M| BE 23 N £ BEMT IR 2L 55 J55 WU
2.7 R 7 ZO T 5B R AR 5T ) SR

R3 AR & R AR R AL

Table 3 Changes in quality indicators during the storage of rice cakes

TS B REE (M PHIETh (g-sec
Srei URSLRE () PP (%) Rt (grsec) W (@)

(d) Pa) )
0 0.117:£0.00a 472+1821a 73+1.12b 462.37a 7483+430.2a 13021£1280.2a
A 3 0.152+0.05b 582+20.31b 72:0.98b 46+3.12a 8629+372.1b 15732+938.0a
6 0.148+0.02b 593+27.49b 64+2.37a 47+2.89a 8321+522.3b 14798+1832.4a
0 0.118+0.02a 539+24.10a 76£1.73b 44£1.02b 7320+482.0a 14623+937.7a
3 0.130£0.01b 620+18.03b 78+2.03b 43£3.20b 7839+602.1ab 177081402.8b
K 6 0.1250.04b 587+10.32b 72+1.73ab 44+2.78b 7521+323.2a 16456+1608.0b
AbFRLH 9 0.138+0.02¢ 752+26.74¢ 64=1.03a 41+1.98a 8182+422.9b 19550+1882.9¢
12 0.145+0.03d 936+30.27d 67+2.63a 40+2.89a 9330+502.6¢ 20831+£1731.1d
15 0.1520.02¢ 890:£34.94d 64=1.78a 4242.05a 9204+384.7¢ 23941+£1283.3d
0 0.1032+0.02 568+23.23a 83+2.20e 47£3.21b 7492+202.3a 13723+1572.2a
3 0.092:£0.04a 520+17.80a 78+1.87d 52+4.08b 6701=350.0a 14382130232
L 6 0.122+0.01b 640+20.09b 62+2.03¢ 43+231a 7829+391.8a 17239+729.8b
IR ZH 9 0.143+0.00c 763+19.39¢ 57+2.53¢ 46+2.20b 9882+422.7¢ 18293+1332.9¢
12 0.151+0.01d 920+35.22d 52+1.90b 39£1.02a 11528+658.0d 23802+1478.6d
15 0.148+0.04d 974+26.38¢ 49+2.39a 47£2.31b 9472283 .9¢ 19852+847.2¢

e AN FRENEZOR AR EZR (P<0.05) S

HTSEREIE BRI (8] it S5 AR AR 3T 45, BB U TR AOSE LS, SERE IR R "SR B ANIE 45 i
G B T &, SRR RURE PR RO P e PR A T R SRR S AL SRR, SRR TIER
ot VER IR TER TR S A R B R E, T AR T Rt B P R SR AU R e A B E
T T B R AZ N SCHESE Ry [ A BRI 1 A2, B I 8] (RS 1, SCREVE R S MO AR B LUOSUR ey 2 o
i E S HEAR G, &, ELBEVE R AR R I 7 SCREVERY OB B, A SCREVE R 5 ELAE T e e K
3, RIMREER. SR BIEAE iz i,
B R A A S A2 RS SR K 7 & kb, SEUEEREFE MRS TERRC. = AR Eedif, 50d
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FERAHLE, KiYEFINHMB I E R EE R (P>0.05) , #MEFRE12.3%, #RBE. REMPIMHEEESIN (P<0
05) [ BHEFR IHEIE26.5% 25.6%H111.2%; 1E0~3d, ZEEWHRALREG MR IEbR I 5AKIB B %2R
(P>0.05) , fE3dZ)5, KIKHABHMZBEBHRA R R . WKL REZR (P>0.05) , Kkt
PR 1 SART LS FURE Sl 2T R S N 1 12.3%,  FIVERIIE I o) B F23.0% 83.9%, WAL BPE T 32
9%, PIPEFHEL) FFF26.6% 52.5%, CEEWTIRASAVE. FIVEFIE DAL LR, SRR AT R R UG
SATRAE Y B R, S ERE S TR S, REEHME. Bk, ARSI RRE, KigabEA
st DR B A
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Fig.9 Changes in sensory scores during storage of rice cakes

FERET RO R BV R ILIELO, AEREFE . BRPEL IR BRI KUK & TR 4 AL 43 B B A
AN (] PRI ZE A T FRAEG, BB A Tk R R A, AR IR MG 1R, e TR 722, HAFER BRI 2k o T
HI3d, FEMEMAKEIE D FMERE (P<0.05) KIBAEHAE ARESHREAN MR EIF S LR ELEER (P>0.
05) , Ut BHPIFP A B 7 238 Re A RO R AE Y AE K B, AR A RE WO DRAIE R B0 1) i 0 7E6d )
FEAFEMAA A, AR T EEBCR, AEAEHANE: WHNREIT R ERFREER (P
<0.05) , KIBALFRLALESS12d0T, S BUIRFFRAS, CREMRRE VP TR R, DUREEHARZE, 51
2disy, BEAE R TR VRS R HI W T AL ELARAR, KU AL PR AT R AL BRI K, R
s ERER K AL A O BEWTR IR S DT AR LT, K AR ] LA S S AR A B AR IR RR I, (KR
DAL A AT LA T, 25°CoR AN, SmEmEiR /K i AL BE T PR AR RS DR QT mT ik 120 15ds

3 4

(1) fE25°CII AR, SAFFMA. CEEBHRAAKIBAEIRA M5 5 3d. 12dR115d, FREFETESEL
WG MRS [F) (R SE 1) SR I BT, /KIS AL PRAL R R R AR B 383 Alpha 22 FEIERIY) Rl 73 28 73 Hr T 45
s PRIOR B 7 SO R RE R R 2 R RO . AR AR AR R R ERZ WA (36.06%) « A
PIFHEIE (34.55%) MPITREE (18.1%) , LEEBHRAMFAEIE FEELANHEIE (81.46%) FIfHU/INMT
WE (10.74%) , KALERHL IR FERANFIE (40.49%)  ZHE (32.61%)  WITREE (12.
33%) , FIFRE T NMEREEEWERRER, KBS ARG A WA DER S, JRERRA
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oA, KA A AL LA

(2) TEWIAN, TR IR RS, PIMERIE S Ddr b, sk, RS MR B VRO S 2 I T R 5
s 1E0~3d, CEEWHRA 5K EEA S FRIER SR EER (P>0.05) , 3d~12di, ZBEEmHRASKE L
PRAALLER, SR E K (P<<0.05) , WIMHEAIPHMED) R (P<0.05) , ZEA & T E Fabn i AR A
FIGRAE VR BEE 10 2 REVE RO RE I, KU AL B bE 2 IR i B G AR RR IR, 7 DBt A A B 4 (1 4 Rp AR A
JiE o ARTIR ST g S SR 1 0 o) O AR S R (R T 2 IR R A T 5% .
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