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Monitoring the Vinegar Aging based on Electronic.Nose
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Abstract: Four kinds of vinegars were detected by PEN3 electronic nose. The volatile compositions emanating fromthe vinegars were
collected by the systems, and their response values were obtained. Principal component analysis (PCA), linear discrimination analysis (LDA),
fisher linear discrimination analysis (FDA) and multilayer perceptron neural’ network (MLPNN) were used to distinguish the vinegars from
different aging time. The results showed that LDAwas able to identify different agingtime of vinegars and the contribution rate was above 90%.
The identification of vinegars from different aging time by LDA was better than that by PCA. Moreover, LDA showed that the changes of
vinegars volatile composition had an increasing tendency-during the aging time, and had a great agreement with the total acid of the samples.
FDA and MLPNN were also employed to predict the aging time of the samp les, which indicated that the FDA prediction rates of Feng Xiang,
Long Xian, Jin Tai, Wei Bin vinegar were 100%, 100%, 98% and 100% respectively, while the M LPN prediction rates of these samples were
100%, 100%, 96.92% and 100%, respectively. Therefore, the prediction rate monitored by electronic nose combined with FDAwas better than
that with MLPNN.
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Table 1 PEN3 Electronic nose sensor array

FRERS HABAEST BEAARRE
1 wicC FERE
2 W5S RAMA
3 W3C EE
4 W6S AR
5 W5C PR
6 Wi1s Lz,

7 Wiw A4
8 W2S TEE

9 W2w HALA £
10 W3S ER R R

1.3 REBF B

¥ 4 PP S EEEBCE AE 30 CE RS AR P 2L
AT 5N HRBR L. BAH 15 B4 7 sEmt di 7l
o BHE R E % GBIT 5009.41-2003

TR R ORARE 5 A5 IR BEFE & 5 mL, ¥ EA 30 mL
P, SAMESEAE SR TE4 0 min 5, KA
EHIFER) T L E AT R o AR ) 2 2
WHE: SR 5s, BREREN5Ss, FEi
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25 & 300 mU/min, #EAER & 300 mL/min.

14 HAEa#
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Fig.1 The response graph sensors to volatile composition of

vinegar

2.2 % RE A5 e 1 A R LI B R Al e

Kl 2a. b. ¢ d 43l 4 N EEEFEATE 10 ALk
3 b i S I 250 (n=40; S5 RLLX s ERD.
M2 FRTLAEH, PURE S AR WES (B L
A, WIS (HigE) WIW (BRAbED A1 W2w (Biifk
225 M RAERE . WIC (5EHZ). W3C (&
F). WES (). W5C (Jild). W2S (ZFE).
W3S 5 EfilE) MRS AEAR AR, 1B Gl fERR AL
R EERREM . Pl L ERMER L S
A PUFE R AR B gD, TR R i 1]
SN, RN SR

als Cll!f
L E m=m2}
16 f -
14 224 H
- I
S 12 ENCRE
:-’, 10
E Kt
2
»_2 6F B
4t é ; § ?
2t |H 1 :':" | |
0 N e (6 = ol AE M R ]
WIC W3S W3C W6S WSC WIS WIW W2S W2W W3S

e B85 )

AN |

Aok "<J -

10+

SN ((G/G)

0 o | I e 5 ll
WIC W3S W3C WaS WSC WIS WIW W28 W2W W3S
(LB

300

C 7r 14
2 =2
| -l
2244
s357]

6F

SR/ (G/G)
4=

i s 1

" s W : s < L s i
WIC W3S W3C W6S WSC WIS WIW W28 W2W Wis

i 1 55

d 7 i 1 H

~ =2/

6r -

| 224}

ol | 5 5 /1
C 4+
o

: \MC MS W u‘ v‘ﬁsi"S(‘ 'IS \l\-’ \'2 2\\-‘ \'RS
(LS R
El 2 REREMRAZIEDERBMNENTLESE
Fig.2Trends of sensor response inthe aging process of vinegar
E:oa: KB, b: REE; c: 268, d: BEE

2.3 REEHy PCA 2 #fn LDA 247tk

2.3.1 PCA 7 #7

B 3 & X PUAHEE I 5 MRS R M) T H
F BN AEEAT PCA S HT 453 3@ I 3 v LA H
RFES. BB, 46 B R 2ATTIRER 5N
88.00%-. 96.03%. 87.82%#1 90.87%. 4k EFTTHk
ROLIEF) 85%LA I, (HAZFFEA RIS N
WX 3JF, wrUABRGE e &N, REEHA
H AT PAX 537 s H HAEAERERIA 1 40 P47 HE oy
. FTLL PCA 3 M i A B2 HARCR . 2 LDA
Ji AR — o0 #r.
2.3.2 LDA 7 #7

B 4 2% DU Bl 5 BRI AP T
S AR AT LDA M SR . B 4 da] LU H,
RS, PEEmE. &G BRI BT SRR 5
J& 99.7%. 98.2%. 97.5%F1 91.9%. BATTERFIL K
T 90%, UEHIXIE AT B A T FTA TR AAEAE R
HAMEE, U RACREEFE B ERE . B4
AT RUE H, BRAGES 1~2 A IR Afite 4 By, Bk
3 3~4 ARIFERATEA T 77, BRAGES 54 AR
SIARAELEN . BEEMRAL 1~5 N H IR 575 B B0 X




MR ERERE Modern Food Science and Technology 2014, Vol.30, No.7

7y, BT LDA R E T REIZE SR, JRR R K B ELEATRE S LD2 24D, @B ER) LD1 42
&, BT BLIX 23 HOREL PCA 19, AR/, VLRI R R R BB ;- BIRRALER §
2

S (== R .~ . AHIE, 55 1~2 AL LD A LD2 #3R4E THREK
| el " .’ 2 254k, 5% 3~4 AL LD1 R4 TR, Fr
P e A a 259t N e N N .
& ost oo o Bencdsd s DATERRAEEIEE 5 A H BT 8 R 1 AR
- - o L3
3 of > ¢ BT+ 3 8 TT i 28 238 4 S
% 05| e | R AP
g -usf gk o £ st ks
2t ¢ . % 2 '_.a?;. %
= g A : ) 2
-3 2 -1 0 I 2 = H | S o
PC1/ (71t #63.72%) 8 -Ir £ q'.%:.;
b 2r - 2 g ¢
Ll i » 1 Al 1 1 A A )
= It :'-: ,gg‘-', by 460 -40 20 0 20 40
2 ')'3' > o ‘;';v'.‘:-.-, a3 LD1 / (1A $98.0%)
a Wi - o paapi 8- a4l
o | LA b 1H 2] +3H +4H +55
aé -1k v 6r K "
= sl @ e = 8 8.
% e £ .
rz 2L TR : " ~
25k s 1 «2H <31 <43 «5H @ i - -t.%:..
-3 L L A L Il J § ok g CanA pon
3 2 -1 0 1 2 3 B % 55t
b .‘ -
PC1 / (7 #4:72.18%) o 2 sost
c 3 Y ;‘ﬁ.
6l da ~ &4l 4 N 1 L L i
Aba 5, - -6
= 4 $ af ~ N -40 -30 -20 -10 0 10 20
8 sl > 4 gt F LD / (Fikk#495.10%)
o & - @ - 5
% ol ~ismg. ~e 8,0 5 c ‘g( «IH «20 «3H +4H «5H ]
é ..: - . - 2 I —
= a2tk L% B\ 6| s .:.“..-_
~_-: X '.'#)' - & L :.,“'.-'-I
a bk ] -'.-v. 34 f‘? 4+ N
E * * t‘ ; 2+ “.A
ol B e *3% % «1H a2/] #3J] +4H +5H ¥ b as
= OF »"s
_8 1 L 1 1 J = 2l o )
-5 0 5 10 15 20 SR R I
) o A -~ .4 o
PC1 / (U #76.92%) a i s S &
d 3 a2 38 <af «sh 4 ¢ g+
: - B -
2+ - & A # L L 1 1 )
- . - 'l
= iy AR %0 -20 -10 0 10 20
- [ o ";.‘.'.‘ :'-'i*'.“; -‘}I{;’-:’.:.’.' LDI / (Fi492.60%)
” - LN, - L
£ e d 27 11 a20 +35 w4l o5
g - » a s &
£ o} ol % 15t AERE . @ 20
| b ¥ g wr STAMAD Q¥
r‘g - .' | L] sl =y
E arF * C . L E ;)-
g 4 2 0 2 4 B S ._‘F-f - ';%’
PC1 /(T #£77.40%) .Lo‘. 10+ . ,&
& 3 Aft PCA S E = st o
Fig.3 PCAscore plot of vinegar % O5 b S o s 10
E:oar AAEE, b: REE; o 268, d: HEE. LD / (514 T76.60%)

LDA 737 77 15 E Tl U PR3 284K, BRAL 56 [E 4 & LDA HH7E
1~2 MHB, RIABEFEERS ) LD B, B Fig.4 LDAscore plot of vinegar
i A1 < 6 WY LD2 AR/, Ul IAE RIS H T Y E:oa: RS, b: BB o 268, d: BREL.
FE RV AN RS 3~4 N H I, RS, B B[R] PRI, B SRR e FELE PR, Tl B

301



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.7

e R BB FIE SR BUR AR 2R OB, 3 AR T
BRI R AT o B AR T RORRI AR

LR PR, MR TR S A VE R 3 (1 S
K, HEEERRALR R8N, R BHE RS 2
WS .

® 2 HRIRIR AR Z T s, RS 1~2
H, BREZERARE; BHHH3~4 1, REERBA
B MPALS 45 AZREE. HR2TUEH,
P TERR AL BRI AL S Fe - S IUET LDA 73 #r
HA B — k.

%2 TR ZERE BNS BHRER

Table 2 Multiple comparison of vinegar during aging time

R FNEE I, BB 5B IR B

AL
. HBR/ EREE B/ EREE HER/ E2REE R/ EREH

(10%gmL) M (a=5%) (10%gmL) B (a=5%) (10%gmL)  H(a=5%) (10%gimL)  PE(0=5%)
1A 4,532 a 4.847 a 4.289 a 3.914 a
2 A 4,552 a 4.854 a 4.294 a 3.918 a
3A 4.828 b 5.285 b 4.431 b 4.404 b
4 A 4.831 b 5.295 b 4.442 b 4.408 b
5A 5.325 c 5.664 c 5.065 c 5.216 c

. : AHN 30 A, TRIMAREAZE N 101~ FIH Fisher H
2.4 A [E BRGHA B BBy Fisher # 4

FeRAe 1~5 A H VDR R BERE i, 3% 200 fFEA
B oapise, Horp 150 i FEA S AR, HoR

T TR RIS 38 150 MEAAE D Fisher 15 (38 &
BN, B 1. 2. 3. 4. 5AEJy Fisher HHI 25 M
AR BRI TRL, SR HX T 4 ANZERE L) )

50 A7 FEAHis R TN, B AR frmi i 4> T ) e iihe
3 3 RPBEFORE B AR AV ELH B R B

Table 3 Canonical discriminant function coefficients of Feng Xiang vinegar and Long Xian vinegar

bR K, Y

F R R R 3. % 4.

HRE A FR B 2B

5 Y1 Y Y3 Ya Y1 Y2 Y3 \Z

1 677.051 -491.751  -0.259° 306.364 -98.28 1.153 210.146 1018.92
2 8.756 -7.400 8.232 0.378 -3.543 -2.098 0.668 -0.494
3 -154.072 728399  -204.985 . -343.324 72.881 16.835 23554  -855.418
4 50.289  -13.439  40.025  -66.196 68.672 54,738 -30.252 -22.979
5 -167.791 111479 358276  154.946 96.914 82.621  -144.745  -107.515
6 -81.119 -0.727 -16.582°  18.516 48.995 5.815 9.665 31.778
7 -3.757 -1.025 3.455 -0.854 2.862 3.172 0.092 1.401
8 85.972 36.771 -6.465 4.076 -32.892 -21.681 16.517 13.754
9 10.110 9.848 -6.874 -1.412 -2.663 2.739 -2.381 -5.899
10 143423 .-14.908  35.190 54.156 -187.258 52.307 -87.312  -126.791
#% -504.731 - -301.204 -245.613 -133.078 58.572 -209.535 94.47 87.733

*® 3. R A PEFEEAE I 4 DR T
S AR IR AAE A5 N ERE LI ARRAEL, T 4 SR
R T S BRI EAR R BR[O B, T TR
ATy BB I O REE,  FEBSRNRAG ]
PR BT, AR A AR RE S T A PRI AN
Fisher JIBIZRNKE, ARG Bl BLERRE S ) B 98 E
RGE SN MRV E SRR RSPkt M 07F
BB HRAEIEFFA 100%, A& XIGHIE ERfZ
T ZH IR 25009 98%; TR Y F SRAIE IR A T
DAL IER )09 100%, 28 XIGUE IERZ0Y 98%. 48
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* 4 ABEFBRE AN R B R

Table 4 Canonical discriminant function coefficients of Jin Tai vinegar and Wei Bin vinegar

R 68 IR B
5 Y1 Y Y3 Ya Y1 Y2 Y3 Ya
1 257.442  -175.068  -87.009  403.416 24.02 -55.004  -43.279 -23.826
2 4.407 2.223 -2.493 -0.247 -2.433 -1.929 -2.082 -2.722
3 145.873  403.651  79.906  -60.452 21.298 119.861  -37.373 123.033
4 -15913  -65.298  -20.603  -42.789 23.582 15.547 4634 -27.618
5 -218.509  234.379 74.46 -34.507 3.668 -154.604  286.819 178.388
6 -18.597  46.687 1.158 29.942 -34.813 5.972 18.429 24.491
7 3.535 -6.334 2.37 0.508 3.514 -0.007 -0.75 2.809
8 12.614  -18.296  -6.418 -9.012 29.237 -28.176 -31.62 23.804
9 -1.662 10.737 2.379 4.202 4298 6.498 4303 1.579
10 95.035  -90.405  19.507 -130.5 35.72 6.295 -1.516 -35.84
R -175.98  -232.455  -55.689  -36.304 -119.244" . 85.124 4193.86  -259.577
#= 5 TEIFRICERREEHY Fisher F5
Table 5 Discrimination of vinegar with-different aging time by FDA
RESFES  Fisher &MHFIA 1A 2/ 3A 4A 58 -FHEHEY
AfdEEHE 100 <100 100 100 - 100 100
R XXBIEEHFE 100 100 100 100 - 100 100
FAAEHE 100 100 100 100 100 100
A%EEHE 100 100 100 - 100 100 100
b, B B XXBIEESFE 100 100 1000 100 100 100
MM ZAEHHFE 100 1200 100 100 100 100
BIedE EAFE 100 100 ¢ 100 100 100 100
&5 RPEEAHFE 100, 90 100 90 100 98
MM AEHFE 100 100 100 90 100 98
A%EEFE 100 100 100 100 100 100
HREE T LPMEEHMHE 100 100 100 90 100 98
MM EH%E 100 100 100 100 100 100
25 4 EREBmEMERGBELHsR o W RHRREDS Softmax . 6 LA
Mty Bl B <5 SIS A1V RS FTE AL ) MLPNN 527
7l () I R AR £ AL IR T B S AR T

MLPNN- 3T 4 R N 8 1 —Fh N T2
&%, BT ZZIRE Mg, —BRHmNE. BE2E
ik Z R K A Btk B Fa Sl s SR (3t
200 MNMEHEFEAD SN ERNNREE, Hrhilgs
135 4, MREE 65 A4S, ATESL MRS EN 1 EM
MLPNN #8,  Hrhigy N2 AN RIR AL B (1) 4% Jk
PRI, BT BON 105 PEJE B 20 B Bt 3K
PR S BRGRTTRE S =, Sty 808 5,
By “1~5” 2% 1 A, 2 H. 3 H. 4 A5
HAEAAI . b, B ZE0E R Eoy X =Y ik

AN 100%. 100%. 96.92%7F1 100%, 4= &l
AR LA 2 HRIREARGEAA L H, ¥ 14 3 AR
KirHy 4 H, BFNEEEE 1~2 H. 3~4 AR
VIR AT, I T R A, B ISR
IR A w0 25 AS Bk A D) T 1 #E B 2% 35 K T
90.0%, PEHAZSTAY MLPNN BERIRE G0 Aol Ak i
B FEAT B M TN o

Fisher ) 7111 22 J2 JE0 21 280 265t BAAES 1 ) #0
EFH 12 A, 3~4 A, XATRge FFRGE A
B, ARECE R AR, HT SR I AR A ZE AN
B, A, &GRS Feher HIHITMIERR & T £
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Table 6 Discrimination of vinegar with different aging time by MLPNN

JUETY ¥ K S JF A 5 FHE
WE% 17 28 34 44 54 HEM%
R30S 100 100 100 100 100 100 100
B BB 100 100 100 100 100 100 100
L HE 100 100 91.7 929 100 100  96.92
B % B 100 100 100 100 100 100~ 100
3 2t [21 fIBREE BRPHe & T4, 55 A T e F 2 I B BRI 7
- YR A I]. A L 4R 2012,12(5):168-173
3.1 ST VUFP ST F1 B JERaR B A ) AR R HE Yang-chun, CHEN Dan-ni, ZHANG Qian-jin, et al.

R EEE T R, REREE M. e
PO BEART R (P4 o 1o BT g, o e £
T P ot o A AR PR S

3.2 FIHPCAFI LD AXI A BRI & BEdE A7 X 2
(R Fe2t SRR W, LDA 43 #7748 T PCA. il it LDA
3BT 7 AT R B AR A T R sy A B SR P AR
feia®y, B BRI TR K, B g R i AR
A R pEs, SRR, Rl
DA FH 427 1 1 P 22 55 DX 73 A ) A L R T e £«
3.3 FIH Fisher ZePEH1 573 4, E-L T EE WAL TH]
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T MR G5 G Fisher L2057 L R T e B A B (] 6
eI 47 4k

3.4 FIF 22 BIn a8 R4, G 7 BRG]
(N B o R BEEL . S R B ) T 1
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UE T T 888G 2 R NAR PR 2% T DL SIS
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3.5 Fisher | AR (EAf Tl 261 T2 2 AR A2 )
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