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Abstract: The objective of this study was to investigate the imaging and. spectral characteristics of fermented vinegar grains by using the
hyperspectral imaging technique (HPIT), to rapidly predict the fermentation status. Initially, a primary component analysis (PCA) was
performed. The pre-treated spectral information was then combined with the partial least squares (PLS), interval PLS (iPLS), and synergy
interval PLS (siPLS) of the full spectrum to establish rapid prediction. models for total acid content, pH, and non-volatile acid content, in order to
select the best prediction model. Three characteristic images were chosen based on the different main components represented by the imaging
data. We extracted four characteristic variables (contrast, correlation, angular second moment, and homogeneity) by texture analysis, based on
gray level co-occurrence matrix. The K-nearest neighbor (KNN) method was used to establish a recognition model for fermented vinegar grains,
with apredicted recognition rate of 90.04%, whichwould enable a good prediction of the vinegar grain fermentation status. The synergy interval
partial least squares. (SiPLS) model disp layed the best performance, predicting the total acid content, pH value, and root mean squared error of
prediction (RMSEP) of non-volatile acids to be 0.75, 0.05, and 0.3, respectively. This finding indicated that the model could rapidly predict
important physical and chemical parameters. Therefore, it would be feasible to use HPIT for the rapid prediction of fermentation quality of
vinegar grains. This study providesan effective and rapid means of detectionto improve the process operationand quality of fermentation.
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Fig.3 Histogram of the hyperspectral image, and image after
threshold segmentation

TEREBEAT ARG, IR R LG &, ASIE
BT S A AR — AT AL B, B2 5o S5 2
R, B BEXEOCEERUG A TE R LBk AR
EFERE D FNELBRE R, RER D REERZE
ERER, REESE BRREERIRTE 5%
B BAREUR . WA EI3arh BT T AR, 1R
WEEAE Ay A 177V R2) b e T B R o v
B, AR R A BRI K BE AT A ). AR
7E900 nmPBHiz Mg (KI30) Al 515 SRk E 2
FIRON, 8 ER B S TR . AT TR A
BI{H 960, K43 28 A8 B A7 Amask BIR . &1t

121



MR ERERE Modern Food Science and Technology 2014, Vol.30, No.12

KRGS ERE B3R, WRABRG, R FARBTH, BEHR % /290.04%. i TR,
B AS 54, [0 X307 B R BRE R X ) FH et 1 PR A DR i A ) BREIR DL W AT

Z 5 2IPCAR M 4% 5 SEALE .

& 4 BREE RGB E&FIRT 10 MEA S B
Fig.4 RGB images of vinegar grainsand images of the first ten
primary components
BlArbr) (1) F1(2) SR ERFHIER ST B E i
HIRGBEIE, Bt IS B AN, PC1~PC10737 4K
F T HELEFEI0NMPCAEIR . A6 TR BIRARES 73
P BEEEAE AL SELERFAE, TR 7~ 101 B A W B
T BT, TP IRIE R S o R BRI -
2RI T BB, AR FE i L8 LU T
TS 28 iy e RAE TR A U HBR 4615 5+
BLER ERREE R, AR & EAE AR R
s A TR UG HR Rt B a6 8 - MR
O] SR EZS O AR 1)5'9: P i BU =t ¢ kAR At
B ZH, SRl i KA R S B R
FHEEME . A4 PCAR LS 1% H 3/ £ iy
%, RIEA4TPCL. PC2FIPC3.

2.2 BEEEH A B R AR SR X

T R BERATS S0 2R R R, e
I ) 93 A1 T o s PR P R I, 1T012% 23 AR 5 mT DA
o PG SO AR SRR N AR R R T K
FEAR R P 7 V0 25 BRSO RAILE 1) 32 o RGO AT L
HURFAESR AL, RIS LB . Mtk M B Al —
B ANGOER AR R . K AR S AR O )
0. 2B Bob K dfl EUSIKIE Jegfi RS), A5 % 6=0,
dIEFHERMEL, WAKERAE RS, 7Rl HREux 4
TES 8, —IERI2AN SO R, A AR
—EMIAH M. TR 2 BT L X EA T TPCA.
SR RIS R0 32 e 195y, K ooy A TESERN T
e BRI K- 180 (KNIND VRS E P4 B Y,
AR T AN TR R T () TR SCHARRAE , 33T AT R
R EKNNRAELR G S AR, 4N 3 o 3ont
B IR B 5 R B, &I, EET10
AN RO BRI TANKAE, A% KNNBERSEA TR AL 20 47
1) R A TR 0 2 SR 1 ) R ke AR M . 4
K=1, EMSECHI0N, HARKNNALELT & B B 1)

122

095
= 09 A
% 7\
- 085 L
i L
= 08 1 »
= 075 I |
07k "5,
0 & o 5. s T .
6 p = ___..—vz‘ B
)
) L S e
% o0 \ st A

B 5 R K EFIEA S EFHXT AR KNN R EIZE R
Fig.5 KNN model representing the different K'levels and

principal component factors
2.3 Btk Bk ot PO A 2 5
231 ks

00 .

700 |-
600 |-
500 |-
400
300 1

Absorbance

200 -
100

0 i 'l i 1
400 500 600 700 800 900 1000

Wavenumber / em!

b 400
300 |-
200
100 |-

-100
200 1 e

Absorbance
=

2300 == '

400 L 4 L A
400 500 600 700 8O0 900 1000

Wavenumber / cm!

c So0
450
400
350
300
2350 |
200 |-
150
100
50 -

0 \ ' L L
400 500 600 700 8O0 900 1000

T T

Absorbance
T

T

T

Wavenumber / cm!



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.12

d 6
4t
2 -
"‘é -
£ o0f -
Z
=
<« 5L -
4}
-6 L 1 L - L
400 500 600 700 £00 900 1000
Wavenumber / ecm!
e 05

04
03+
0.2
0.1

Absorbance
(=
T T T
—
—
e —
e S —
N —
e —
T —
1 1 1

0.1 V‘ }, |
0.2 |- '
-0.3 |-
04+ 4
0.5 i 3 Il 1
400 500 600 700 £00 900 1000
Wavenumber / ecm!
f 2
1.5
1k
3 05f
-
€ 0
Z
Z 05
-1
-1.5F .
2 I 1 I Il
400 500 600 700 £00 900 1000,

Wavenumber / em!
6 FEIF3 AR fERBRERHE AR RS T4k
Fig.6 Hyperspectral curves of vinegar grain samples after

treatment with different preprocessing methods
i H . MSCL SNV, — i R - 451005
T FRUALTR 70618 (KT H1431.05~962.45 nm)
TR B BEAT TIALEE o AN [RITIAL BE 2 i T G ' 1 il 2
Klefias. KledaEotil, bt ok, c/2MSC; d

Fz2 RER. oH EMTELEEE

M T: eR T FESNV,

WA 2 LT 1) 45 ST I H SNVAT BUSE 23 B
W2, A RCSEIN BRI IE. 1R RS
ke S o i e Sl R B R =) T S VAE TV X
A, JEPESNVIE AL FE.

R 1 TEITRALIE 75 £ A B EARA TR (AR AR I SR B R 45 R &
#r
Table 1 Results obtained for different models of vinegar grain
fermentation subjected to different pretreatment strategies
AL 77k 2 B -F4RMSECVRM SEPA £ & RAM & R

K 2 0.0756 0.0912 0.8159  0.7947
N4 7 0.0749 0.0895 "0.8314 ' 0.8071
SNV 12 0.0721 0.0879 0.8519 ' 0.8343
MSC 12 0.0734 0.0884 0.8427/ 0.8156
— M4 11 0.0785 10.0954 0.7523 0.7129
—hH 6 0.0832 0.987 0.7269 0.7011

232 mE MR E T

FG AL B 5 RE St v 2R S 40 5 K143 Al 5
FEFNTRINAE, SRJ5 HPLS, iPLSHISIPLSYZE A M7 28
IR, HAPLSIE A s VE FE 431~962 nmi 4T
R, AR RN,

D FR HIsiPLSAR B (1) 45 F AT PLSHFIIPLS 1) &5
o 5PLSHLL, BT ae AR K PEm, HAL
RIAE R TR KK fEifk. IPLSZ 4L TPLSAISIPLS 2 7],
BRI RN P, BTN RERE; EBS
X e Ho4nt, X IE[6 11 14 16]1f, 3815 &t i
R, HTRIAERIARSE 250 (Ry) MRS HIGAIF 47 K iR 2
(RMSEP) 4351l 50.80410.75 . )t it 1 pHAE { F siPLS
i, BRI TN e et . MG XA N4, TR B
N6, FELX[EIS, FRIF AR A, I Ry AIRMSEP
53 1 2590.93F10.05. @) AHE K IR IIPLSHL AU FE AN 5
IPLSHLZ R iy, FLim OBt RsiPLSEE Y, kA4
ANXIE], BEASIX (I, SR m RIS, HFi
£ FIR, FIRMSEP 43 51240.85£10.30.

B siPLS BAE R B MR R
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