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Rapid Identification of Common Bacilli in Vinegar Culture

Based on Near-infrared Spectroscopy

Shi Jiyong Hu Xuetao Zhu Yaodi Shen Tingting Zou Xiaobo Xu Yiwei
(School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; Microbial flora and microorganism metabolites in vinegar culture are the key factors influencing
Zhenjiang vinegar unique taste and flavor. Studying the rapid identification of microorganism is uniquely
conducive to monitor community composition and dynamic changes and guarantee the quality of vinegar.
Rapid identification of five similar bacilli was acquired using near-infrared spectra. Firstly, 120 spectra
from five common bacilli (each common bacillus had 24 spectra) were obtained by near-infrared, and
PCR was applied to identify the microorganism of five bacilli ( namely Baclicus lincheniformis, Bacillus
pumilus, Lactobacillus acidophilus, Acetobacterium balch and Bacillus subtilis). Simultaneously, KNN
and LS — SVM were employed to establish identification model of five kinds of common bacilli. Results
indicated that the best predictive precision of KNN model can be reached when principal component
signals were four and parameter K was three, and precision rates of calibration set and prediction set were
86.25% and 85.00% , respectively. The precision rates of calibration set and prediction set were 100%
and 97.50% , respectively, in LS — SVM model provided the principal component signals were four.
There was non-linear correlation between near-infrared spectrum and characteristic of bacillus, and the
prediction and precision of LS —SVM identification would be better. The research results laid the basis for
rapid monitoring of microbial community and dynamic changes.

Key words: vinegar culture; solid fermentation; common bacilli; near-infrared spectroscopy; principal

component analysis; support vector machine
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Fig. 1  Form of five bacilli colonies
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Fig.2  Average spectra and spectra pretreated by SNVT of five bacilli



248 & o Bl B ¥ iR

2016 4

SRR B SR R, KB SNVT
AAL BRACR Be o 181 2b O 225 3% 05 1 AL 3L S fY)
D0y 8
1.4 KNN f1 LS - SVM #3018 5l i & A 7 12
K- 3It 4B 1 ( K-nearest neighbors, KNN ) Jt s f&
FEZ AR — D REARTERRAE 25 8] v Ay K A S5 AHABL (R
FAE2S ] 4B ) FEA TR R Z B T3 — 13k
SR R A R Tk AN e/ R S A 1
1 H1 ( Least-squares support vector machine ) J& 7 22 B
SVM Ry At b 20 Y, BE % E 4T 2ot AR Ze it i 2
TEHRE

2 HRE5H

2.1 HELHH
2.1.1  ERS T

ENON R USRI S W i D B UEAR A oy = S €T i
Fe 25, ol /0 0B A2 AR JRUAE o, O R A BE 2 i 3R AR
JEUAE 5 1 B R A T A 2R A R o R R AT B R
AR ARG TR T ARZ A B P IR
HEMERI . B3 085 Fhes 9 =4k E o i3 .

FE3F AT (8.58%)

K3 =4k
Fig.3 Three-dimensional projection of PCA result
JL/NZF FRAT L M AR 2 AL ARG 2 A
7 & 2 AT T , WE R LA R T LA R # e
ZERPAVERR o SRR AT R R TS PR AT R, R 22 IR

BFPE AT o o =2 I B A 0 B P 00 TR 118 e A X ) g 4
B SRR AN 3 BT, 1 R 2% G B
REMZ 55 4 Fhp 22 [Q P PR T R 45 70 JF , i 3 A 25 4
TR A SRR BE 5 DX 23 T, J0 H I b AR 28 0 4 5
Rl B 25 ST B 58 SR AR A — 8, 3 Sl B 2F AT
R A8 0 RN 2 AT T, TTRE 2 RO AT R 4
A5 K4 8y B o i D R ALL o W IR LA TR I R A T
A/NER o A T RE S O B AT RE AR L £ R AF
Jito A AT REWL R AT 3 A F o IR R B 42 A
K TR IR ot 0 o] 8 A S R A AR T g — A A,
L i Bk — 25 ) AR U Jy s g S R A
2

T 10 A T (R BT 2250 R T 90%
JLFRER T 285 2 Ik A g i AR LR
5 120 AT LN ETE SR BEAL 7 21 1Y O 2OH 4
Bl oy i 80 A HIVE I ZRAEREA , R T Y 40 4> FIAE
I AEAEA
2.1.2  FETF KNN % WLAT 1 i i 50

BRI 10 A 32 503 ot i OGRS (E B F 1 ~9 2
() A [a] A K3 3 52 B 90 E R £ 57 KNN REAY , DL
I AU AR g G A 45 R B EFI AR e . A&l 4b B
ARG ERITECR 4K 3 I R A AR U 3
85.00% , I J& T A UM R BEARFF AL . SR
Ky 3, For80h 4, BUNBOR FAt , Y1 2546 F 1t
H YL %3]k 86. 25% Fil 85. 00%
2.1.3 LT LS —SVM % AT B 51

R FAZE SUIRAIE 12 45 AR A8 Rk 0 2 80k A7 300
T, S AR R FORS 8 2 4> 25 JRZE I - ML A%
JREC10 x 10, #8325 RAR R B A S BT o 10 %
10, 7EAL e BE Al b, LA/ D K 240 B0t 8 R, LA
SERREEAC H I UE Y )5 1% 2% (Root mean square error
of cross validation, RMSECV ) f /N N 8 5, 0 & 5 1
B (y, o’ )HE (y BARIEWALZE, 0 FRET

WA=

(b) T£E

Bl 4 KNN #8205 51 9 42 1 4 A 4€

Fig.4 Calibration and prediction results for identification of five bacilli based on KNN
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