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Quick Discrimination of Uniformity Degree of Zhenjiang Balsamic
Vinegar Grains Based on Hyperspectral Imaging Technology

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

Abstract; This study selected total acid content and pH value as characterization indicators and used
hyperspectral imaging technology and chemometric methods to discriminate uniformity of Zhenjiang
balsamic vinegar grains. First, hyperspectral transmission images in 432 ~960 nm of vinegar grains, total
acid content and pH value were acquired. Secondly, PLS and LS — SVM method were used to establish
uniformity indicators content prediction models after preferred variables which were selected by GA and
siPLS. The root mean square error of prediction (RMSEP) and correlation coefficient (R) for the test set
are 0.389% and 0. 775 1 for total acid content, 0.041 7 and 0. 797 4 for pH value. Total acid content
and pH value in each pixel point on the vinegar grains were obtained by the above prediction models.
After pseudo-color processing, the distribution map of total acid content content and pH value before and
after turning up the vinegar grains were obtained. In the distribution maps, the range of total acid content
and pH value in the grain were 3. 0% to 7.8% , 3.5 to 4. 2 before the overturning, and 4. 8% ~7.0% ,
3.6 ~3.9 after the overturning. By overturning the grains, the degree of uniformity was improved while
high local concentrations phenomenon still exists. The overall results revealed that hyperspectral imaging
technology is a promising technique to discriminate the degree of uniformity of grains after overturning
rapidly and nondestructively.

Key words: Zhenjiang balsamic vinegar; solid-state fermentation; vinegar grains distribution;

hyperspectral image ; uniformity degree
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Tab.1 Total acid content and pH value in vinegar grains

5] R AL AR b 3t Hl ¥ifE ES
SR R A BIF4(50)  2.391~7.800 5.713  1.369
B % M4E (25) 2.513~7.136  5.705  1.440
ol i KIEH(50)  3.60 ~4.22 3.88  0.092

T 4E (25) 3.68 ~4.14 3.79 0.142

1.2 SRiEEGREMRE

e 1a s, mtiE KGR RERGEFTEA &
JEIEFEEHL(VIOE HL, ImSpector, 55 ) (150 W J2F
i Z % (MA Fiber — Lite DC 9501lluminator %! , Dolan
Jenner Industries Inc, 35 [H ) . X B & F B &
(SC30021A B, Zolix, Jb 5t ) M TSR AL 4H i K
SR AR I B B A T T A 0 15 5% TP 4 AE B )
G b BOE BARPLBE G ]y 50 ms i 1 e 3
125 mm/s, TAEREA R step B R 9 &0t
TGRSR BB HER N 775 23R x 1 62845 & (HI A
B 7 B ) L iE Y F 2 430 ~ 965 nm, St i 71
BERN 2.8 nm, SRAE 618 DMK T RYEIR , & 18
2| — A K/ 775 B2 x 1 62858 3 x 618 [ ik

B moLiERE RS
Fig. 1 Hyperspectral system
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V,—— € I I FE NaOH ARyl i AR, mL

ky——PR2 9 ZE(FEFR 0. 060 g/mmol)
1.4 H4EALE
14,1 i 52 Humn i b 3

Vel mE S b b0 A28 100 23R x 100 {8 K 5

T R %8R [X 48, ( Region of interest, ROT) 4 iy BF 5% Xt
G, RALSE bR & 5 B SE 19 D 8 X34 5 B o )
ROT X0 o 3 4d 71538 ROT /Y 2% R R ot
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Fig.2 Extraction spectral data and pretreatment spectrum
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&2 siPLS X SEg#0 pH HEF R EMIEL R
Tab.2 Optimizing interval selected by siPLS on total acid ( TAC) and pH value
- 2 X [a] B 3 X[ 5 4 XA
k RMSECV k RMSECV k RMSECV
15 0.6798 18 0.603 4 21 0.573 6
TR S i 43 B 20 0.6851 21 0.594 8 23 0.5970
21 0.6849 24 0.613 1 27 0.599 8
12 0. 046 00 20 0.044 4 28 0. 044 28
pH & 13 0.045 39 22 0.044 0 29 0. 043 86
28 0.045 81 27 0.043 48 30 0.043 87

0.95 JE[AE S HE=R 0. 01 W), i o 28 B 303k X o 3%
PERE B, ¥t M OB R A I U K 850.95. 440. 14
453.41,609.58 . 435. 18, 624. 15, 625.01 , 848.32
442.63 610. 44 nm 3£ 10 7~ 24 GA S50k . B0
ol 200 Yo (R A ECk 50 LR sS R ME R 0. 95 K
K25 A% 0. 01 B, pH {E S AR P 12 4>, 4300
731.29 ,722.60 . 555. 02, 729. 55, 726. 08 . 604. 44 .
568. 61 .595. 04 717.39 ,719. 13 .734. 77 .723. 47 nm
(FETTHRF KB NHES) o FT s RRAE D K S EEE: 1) &
MR A WU C—H O—H 5 3E P KA
2.2 EEWMNEEET

2o 3 siPLS Hil GA i e FF Ak A48 5 , B F A8 5
P BTSRRI 618 MREZE 15 NLAT o XTI
19 10 A~ F1 12 4S5 028 BEAE R A i) &, R A PLS
FTLS — SVM 43 5il £ 37 FAE 8 b Fil il A5 A, 485 784 3= 5

=3

$CH (PCs, B 38 20 $0) 4 5 RMSECV 7z /s £k J5
W BB, LS — SVM g 5T i op SR A% 1) 2 B
$C(RBF) b % b8 §, RBF 4% 2 $010 16 4% 5% Fl — 3
W R A S5 S, i RBF % i1 1 )
By fl o’ BIMRIER N y=2,0" =2, BRI
M2 AN FE 3 TR . SR T R 4N B0 pH {E Y PLS
LS — SVM 5 45t 45 70 £ K %0 5100 4 B ( RPD) 2 K
T 0.3, U W 4 g R RE 45 vk o 1 T &5
o (MR 7T, LS — SVM A i ) 4% SR 3 47
PLS #5 W HE S %50h[1311.004,34.51 ], F
WA E0 R 6 ,RPD 5.8 , AHKL REU R H0.775 1,14
J7 3% 22 RMSE 5 0.389% . f£ pH {4 J5 T,
LS — SVMAI PLS i il % 15 RPD A3, th T PLS
B LS — SVM BRI A6 H 3R 40 B D, ik R
i1 PLS Bl pH {f .

SERESHF pH ERY PLS #1 LS - SVM #E &R Fi I 45 R

Tab.3 Results of PLS and LS - SVM prediction models for total acid content and pH value

B PLS LS - SVM
ik
PCs RMSE R RPD PCs RMSE R RPD
R A8 B IF 4 5 0.553% 0.639 4 3.9 p 0.347% 0.7843 5.8
T 45 0.580% 0. 608 0 0.389% 0.775 1
oH i W IE4E 4 0. 0402 0.8026 47 6 0.0396 0.8247 50
BRI S 0.0417 0.797 4 0.0326 0.805 3
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o i T v O 1 P 1 O S I AR A T Y T
B EB PR R ARDEIEERAA 2.2 Wik
HHY RE AR TR AR R I R G I AP R AR 4 AT R Y
R o i 2 RN pHL (B A3 B0, I DR Ak B, A
JHIAS T B30 €00 % 32 T WL 3 B T 7 2% S0 R JEE, 1 3
N LR, B R S A PR R A B0
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4.2, 50 A BRE AL s B S 0 Al 3.6 ~3.9. &

PR, VR Jot ik 43 B0 pHL (R 7E s 185 T 43 A o7
— B, B TR S MO W IR W) S s R e, pHL (ELN
P A P RS IR ) T, IR TR B R0 A Y BT A
J 5 IR i Je #S MG BE 2 5 K, O AR B R, e Al AN
S5 UG A, WG 20 A SO0 2 5], e FE 4/ EAK
SRAFTE o) IO U BE Al 1, 3 WD A7 75 T 1 — o e JEE R &4
LG, W H i B R MR AT 1 i

3 HFRiE

T O 1 P 8 R R A K T I B SRR 0 T
R e DI AT R, LLB R 3 JORT pHL (AR O I
i 249 2J P R AL FE 45, M siPLS F1 GA i 1 fie A A2
B, RN A AT O pHAE A5 AR AR 10 A2 4 B
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