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Table 1 Sensors array of electronic nose
At 198 35 e B A A URh 2 A I 35 —— B UR %
: Senor !E%'& Sensitive : Sensor 1;:‘%% Sensitive
number Sensor aroma species number Sensor aroma species
1 wWIiC H: 2 Benzenes 6 Wis 3L 28 Methyl
2 W5S AL Nitric oxide 7 WIwW fiifb 4% Sulfides
3 wiaC W 4 Aromatic amines 8 wzs AL Aleohols
4 W6S k¥ Hydride 9 WZw fifi 4k %1 2 Hydrogen sulfide
5 WsC fidke Alkane 10 Wis 75 F e #8 Aromatic alkane
1.4 LRI OCRHY T 20 (1 1)
LR —> > K> B —> WA e
Jujube Cleaning Steaming Breaking Adding water acterialsee
HEH
Subculturing
GAFIH — il — B € 7,80 R B e
) Activate
Comprehensive Residues  Separating Lactic acid
utilization l fermentation
REEH  — HOSHE — #F — d
Fermented Ingredients Clarify Filter
beverage adjusting l
Hifh —— Kl —— #idk
Product Sterilizatio Fillin
P ar LR A R OB 2R
Fig. 1 Process flow for jujube beverage by lactic acid fermentation
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Table 2 Sensory scoring criteria
R BLE i il iFis
Sensory factor Weight Comment grade Comments
i i% Color 0.2 i Better BAT DR AT i 3t B Pleasant color and lustre of jujube beverage
i Good ZLAMLURL (L B #E Slight color and luster of jujube beverage
— it Acceptable 5£0%UCE A EFERH AT Not in conformity with color of jujube beverage slight
% Poor :rfoélﬁ‘ﬁi FHRE AT ) B B A FF Not in conformity with color of jujube beverage ob-
Bk Worse A F@ 08U B AT B FFE No characteristics of jujube beverage
1 Aroma 0.3 B Better R VEFRAE  Fruity and intense jujube aromas
I Good A VCEFHIM  Fruity and clear jujube aromas
-fif Acceptable B9 EFH A, LR Less fruity and jujube aromas, no odor
# Poor HE WERL, A RE  Lack of [ruity and jujube aromas, or other aromas
¥ % Worse FEAE N RE  Bad aromas. unpleasant
10 Tastes 0.4 IF Better  PUOBLEG AL SFIR Palatable . good taste and feeling
if Good Jo S SN L AR AEINE Y Fiuingly taste, sapid
—fit Acceptable R Taste commonly
% Poor PR EEEE A B AT JL b B B ELRE Tasteless. or lack of some tastes
B Worse BRI P SR Acid. puckery. bitter, light. or other bad tastes
E1 % Impression 0.1 O Better  SULMISESE AR HURF Perfect. special feature
if Good S BTG UK AP Clear feature
-fif Acceptable B LB Slight feature
¥ Poor AP A Unapparent feature
B Worse A FRAT AU RAEYE  No typical feature
17 Hdi b S WISCH ) \WIW (i {4 #) F1 W2S

A 7 B A B Winmuster 8044 % 20
SUPORE AR R W S AE AT 3 143 40 B RTG53
BT AdFH Ge it B SPSS 19, 0 % #2 e Y i HL T
B U0 BOHE HEAT BT 43 B s SR B BER 25 & VF HNE
X B VR G B AT b
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AT AEAERIAG 10 s PRI TN, B 45 s JGE& T
S22 o DAL abk 32 456 B 1) £ S EL RD 50 s A & £ J3 2% i
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Main axis 1 (Variance:98.41%)
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Fig. 3 PCA result of seven kinds of jujube drinks
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Table 3 Eigenvector of principal components of each sensory

le 2/ U EF U

F 4 F 4
Sensory/ _Scu{:il.ivc '_F{'i\)l} I T’;‘ig 2
aroma .‘\I)l.‘lfll.‘\“

WIC/ %2 Benzenes —0.884 —0.374
WSS/ # 5 1k¥  Nitric oxide 0. 822 0,514
W3C/ 253 Aromatic amines —0. 900 - 0. 360
WeS/ % k¥  Hydride 0,619 0. 754
W5C/#ite  Alkane —0,905 —0,311
WIS/ Methyl 0. 852 0. 502
WIW/ ik Sullides 0. 885 0.415
W2S/BE2  Alcohols 0,873 0, 404
W2W/ itk 43¢  Hydrogen sulfide 0. 864 0.199
W3S/ H Fhide  Aromatic alkane 0. 241 0. 942
e —1.030%
3 038 X
J2 5
% 5 —1.040F
%5 8
IH:‘S —1.0451
ﬁ & —LO50F
S E —1.055F
Lg
Eg _1060' N 5 i i i

—630 —610 —590 —570 —550 —530

A (OF Z TR 489.79%)

Main axis 1 (Variance:89.79%)
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Fig. 4 LDA result of seven kinds of jujube drinks
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XZWI1S+0. 123 X ZWIW + 0. 121 X ZW2S —
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Table 4 Factor score and ranking of samples
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ki o RARBESWERS K 1055
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Table 5 Ranking and score of the sensory
Comprehensive Sampls o1 LI EC R BR Coprehensive
ran jujube drinks socre
1 3% Goutou jujube 87.0 92,0  83.2 81.4 86.42
2 JEHE % Huping jujube 89.4  85.2 74.2 77.0 80, 82
3 4 4 Junjujube 87.0  83.0  60.4 72.0 73. 66
4 FIE E A Hetian jade jujube 75.2 746 67.2 66. 2 71,40
5 HEUT {4 %245 Masterkong jujube beverage 80.6  78.8  64.0 58. 2 71.18
6 $ MO KD Goutou jujube (defective) 83.4  65.6  53.4 58.6 63.58
7 At AN Ziziphus jujuba 68. 4 70.0 44.2 51.0 57.46




« 154 [Nl

&k

¥ 24 %

M5 BRI A GE R G VR A R LR G
135 55— 4 W 2 A Sk AR R KRR ORE, Ok A
1N =2 B S 1 L o v QN I R R
POl Jg — 2 a /N, Horpof) S AR A
AR IR A 4y 45 B S T Sk A (R ) L B i A
ALK A O BRF8 65 45 40 (K T 20 Sk AL AR 8
IV AR R A, 3K A LR R ORE KUK
JBE AR T e LR i A A0 A [ o 2 3L R K
BERBRAS [F] AN [7] 57 & (10 40 4 % 3158 & B ORI
B LHRAT IR KA REm 1% 45 5 5 o SR I
SO R B, AR R A A /N TR Y
POBH AR R F I AR R SR TR T
BAHELGERA 8. EREWFESRITER D,
& e N HRARRE A S AR AR IR N RO BT T N
T BF9 N —ME.9 NIk ZE .7 NIRGEZE.0 A
K EMRENFERGFERE. TLPEEFER
FRARR PR E AT 7 N T Sk R (BRJO F R
FRARVFZE 5 NIK, I HLz i T F AR FE o (B B
ORI R 2 2 NG BRI AR 2 1 Nk AR
A IR A N 0 AR . RE A REY
ZHOF RA EIF &L PRES, FTFHAS R
T EH A2 PCA 2 Ja o MRAE A [7] F 40 43 il |2
{E FR) DT R TF BT A BT LA AR 4 0 HL A K
A% e R I /N B B RE e (RT3 o R HE 44, 4y
B & 2 W 4 22 /N YO AU o IR T 19 4 i
. ML E (E 2-B) 0] LA H 4 2 /N RO
AR A AR WSS CRUE A ) 1 oy 7 2 FE B B
T A RE o R A A 2 — B AN PRk
F - 4 B PR A B Ay B R R R R
Rk RTINS o I A R R e R =
BA B, A EEHL SRR PR 25 BT LU
S 93 H £ IR VR AT U T AT L G B . R E A
SE T R ARE YA AN E WA &
Bo Bt AR R H o7 SR 45 & L g iRl
VAN 0 7 3 o 40 A LR ORI S R HEAT 0 #r . 3X
FhOT LR T FIRE AR VLI T E M.
PR VT A R X 23 21 R ORI E

3 WiE4E®

JA & A R T R AL i Rk i AT
T BT S VR, S5 R R T LT 2 e A U A X
3 AN [5) i  FEE BE3U0 A AA A B R AL A
Farnworth %5 §f 5t & 9L fL 7 5 v LAAR 4F 3 %
Il DI J5 A S AR L S AN [ A T A R DL R AN TE

RGOS I B B A RO ZE 5, A T SR 4

SR O R % R S I o 5 R A A R A

FIRIR A . 5K 0% S 58 R T ST BOR M

AN [ Ak B3 7 3208 0 4l SR T U B B W, bl SR

FRAER AT E AR B AY P 288 A H 4k

L2 H AR A K . T 53 PORHA

R F VP A 3 B2 AR P 7R A [R] UK (9 30 B R o IE 3%

B SE T AR B B8 E o i Rl E e R

BT R 23 TR 7 45 23 e 20 A ORE KU 3 AT % R

85 R 5 RE I AT Bk
AW FE LA il A8 A AR A g % B8 UAS [A] 4 b

RO Ak 20 A e 9 LR OB A I TR R B T

T EEOR AR E P A X 20 R ORI A 5 EE AT 23

B o 45 SR 2 WY 20 A0 L R A I8 ORH A 48 4R U AR T

JRIE U R SR 5 A [ it Al AR () 5 0 40 AR LR R

I R B XU AT A0 K B ) 5 HL T S A SRR 2 N R

W 5w 7 A R 2 BR 4r MTR GE T A R ORI R AE

A T R B AR R 0T LS ke

eI ERACY) (BRI B A R B T S T R

) £ AR YRR AE 7 A RE W8 HE Bl [X 20 AS TR 40 ALK

5 X6 7 0B A I 45 R 0 R 5 4 T T DA AT

M R YORE B B FVE O 4R S R R A R

A — 5k,

24 300k Reference:

(1] F &% ¥, % 5 auimusmesll] ma
£ B . 2007,23(6) 1 42-44,

WANG T,GUO F, MAO L,et al. Preparation of a red ju-
jube lactic acid bacteria drink [ J7]. Modern Food Science and
Technology,2007,23(6) ;42-44Cin Chinese).

[2] B %, Pl dor 55 B & 76 OO BV b i R

[I0. it 1 B A 2 B 22 40 CE SRR AR R L 2014, 14(2) .
113-117.
ZHAQ J. YU H Y. Applications of electronic nose and
electronic tongue in quality evaluation of beverages []7.
Journal of Shanghai Institute of Technology (Natural
Science Edition),2014,14(2):113-117(in Chinese).

[3) & 3.0 g Bl S T o BN A
BURL A F R (0], o [ ARG L2014, 33(5) 1 67-T1,

GONG X, LIU NLLTER H,et al. Model for wine sensory e~
valuation based on electronic nose [1]. China Brewing .
2014,33(5):67-71(in Chinese).

[4] MOURET J R.MORAKUL S, NICOLLE P,et al. Gaslig-
uid transfer of aroma compounds during winemaking fer-
mentations [J ], LWT-Food Science and Technology 2012,
19(2) . 238-244.

[5] IVANOVA V.STEFOVA M.STAFILOV T.et al. Valida-

tion of a method for analysis of aroma compounds in red

wine using liquid-liquid extraction and GC-MS[]]. Food



11 3

Vo A T O A A L R ORI S 4 AT .+ 155 -«

(6]

7]

(8]

£9]

[10]

11]

[12]

[13]

[14]

[16]

Analvtical Methods ,2012,5(6):1427-1434,
SUN S YLJIANG W G, ZHAO Y P, Comparison of aromat-
ic and phenolic compounds in cherry wines with different
cherry cultivars by HS-SPME-GC-MS and HPLC []]. In-
ternational Journal of Food Science & Technology 2012,
47(1) : 100-106.
gL aRMEC LA LS. HPLC-ELSD i i 44 3%
B4R B o 2 0 & b [0, o B BE B OK 5 4 4R, 2014,
3101):41-50.
LIU Y,ZHANG Y W.LI Q.etf al. Determination of poly-
saccharide in suanzaoren decoction by HPLC-ELSD [ ] 1.
Jowrnal of Shenyang Pharmaceutical University. 2014,
31013 :41-50(in Chinese),
AR A R S0, H T TR RORE R 0 b ey SR L. ARk
TR %] ,2002,18(3) : 146-149.
ZOU X B.ZHAO ] W. Application of electronic nose in bev-
erage recognition [ J]. Transactions of the Chinese Socicty
of Agricultural Engineering ,2002,18(3) :146-149(in Chi-
nese),
BEOEL A EGEXOT. AT R AT SRS A BT
WL R B s AR (AR REE D . 2014,32(1) 5-11,
CHENG CH,ZHOU ZH,WANG X P. Application of elec
tronic nose in food science [J1. Journal o f Hubei Universi-
ty for Nationalities ( Natural Science Edition ). 2014,
32(1):5-11Cin Chinese).
BRUDZEWSKI K.0OSOWSKI S.GOLEMBIECKA A. Dif-
ferential electronic nose and support vector machine for
fast recognition of tobacco [ 1], Expert Systems with Ap-
plications ,2012,39,9886-9891.
GIORDANI D S,SIQUEIRA A F.SILVA M L C Poeral.
Identification of the bio-diesel source using an electronic
nose [J7]. Energy & Fuels 2008 22(4),2743-2747,
SHICH H.LIN Y J.LEE K F.et al/ Realtime electronic
nose based pathogen detection for respiratory intensive
care patients [ ] ]. Sensors and Actuators B, Chemical,
2010,148(1):153-157.
DENTONI L.CAPELLI L.SIRONI S.et al. Development
of an electronic nose for environmental odour monitoring
[I]. Sensors (Base!) .2012,12(11);14363-14381,
AR BB B DL S RO A o B L D R e Y
S ATCT . B R . 2014(3) : 53-55,
LU X L. ZHANG Q ].CAlI X Q. Application of bionic
electronic nose in vellow rice wine detection [J]. China
Brewing .2014(3) ;53-55(in Chinese).
AR E R BT A A RS A RE D (] AT A
i FEL) ], Aol TR 48, 2005, 21(4) 1 113- 117,
ZHOU Y B. WANG ]. Evaluation of maturity and shelf
life of tomato based on electronic nose [ J]. Transactions
of the Chinese Sociicty of Agricultural Engineering .
2005,21(4):113-117Cin Chinese).
PRAEFFE 1R R L R T L B B R R A A
iy e WU LT, o [6] £ 5 52 48 . 2006,6(5) : 111-118,

[17]

[18]

[19]

L2o0]

[21]

[e2]

[23]

[24]

XU Y D.2WANG J,ZHAO G ]. Identification of adultera-
ted *Yili’ milk based on electronic nose [ 1. Journal of
Chinese Institute of Food Science and Technology 2006,
6(5);111-118Cin Chinese),

TR . 2B 6, Niamat Ullah, 28, frESPE{E W 81 7 B ph B
L)), BUAR A R . 2014, 40(7) - 298-305.

QIAO Y X, LI ZH X, Niamat Ullah.er a/. Monitoring the
vinegar aging based on electronic nose [J]. Modern Food
Science and Technology, 2014, 40 (7): 298-305 (in Chi-
nese).

SEHLER . L T S T B E R A R A R A
) b 2T CD DL Aolk TRE 23R . 2011.27(5) :358-363,
JIAH F.ZHAN Y. HE ] H. et al. Recognition of yak
meat.beel and pork by electronic nase [ J]. Transactions
of the Chinese Socicty of Agricultural Engineering .
2011,27(5):358-363(in Chinese).

R SR ARE IR0, R AR KGR A R A e g R
FYEr e e (D). d AR, 2014,37(5) . 80-84,

DU L N.CHAI CH X.GUO M J. Application of electronic
nose in quality detection of aquatic product [ ]]. Electronic
Measurement Technology . 2014, 37 (5): 80-84 (in Chi-
nese).

BLEIBAUM R N. Comparison of sensory and consumer
results with electronic nose and tongue sensory for apple
juices [ ] ]. Food Quality and Preference, 2002, 13(6) .
409-422.

AR EE R, AR, . AT HOR £ AV R L R
B VP W ST AR R . 200609) :27-29,

ZHAO ZH H.YUE T LoWANG Y N,etal. Study on sen-
sory evaluation of cider based on fuzzy comprehensive
evaluation [[]]. China Brewing , 2006 (9); 27-29 (in Chi-
nesel,

HoOECRESE  EL S BT R T R R Bk Rk
B4 B 5 A A LT ] b B % B S R G R R D
2014,32(4) ;364-367,

ZHOU ZH.ZHU Y CH,CHENG CH., et al. Analysis and
evaluation on overall flavor of rosa roxburghii juice by
electronic nose [ J1. Journal of Hubei University for Na-
tionalities ( Natural Science Edition),2014,32(4); 364-
367(in Chinese).

FARNWORTH E R.MCKELLAR R C.CHABOT D.et
al, Use of an electronic nose to study the contribution of
volatiles to orange juice flavor [ 1], Jouwrnal o f Food Qual-
ity 2002,25(6):569-576.

FRAN A A B SR 58, AN IR A B T2 M LT Ak
Ay B H T SRS LT D Aolk LB 2 4R L 2010, 41(12) 2 134-
137.

ZHANG Y J.HE ] M,JIANG ] X.et al. Electronic nose
monitoring for myrica rubra juice using different treatment
techniques [ ] ]. Transactions of the Chinese Society for
Agricultural Machinery.2010.,41(12);134-137 (in Chi-

nesed,



+ 156 - [ | PR S S (4 24 %

Quality of Jujube Beverage Fermented by Lactic Acid
Based on Electronic Nose Analysis

YANG Zhi, WANG Nan, Niamat Ullah, LIANG Yanhua. YANG Xia,
CHENG Zhengli, FENG Xianchao and LI Zhixi

(College of Food Science and Engineering, Northwest A&.F University, Yangling Shaanxi 712100, China)

Abstract Flavor substances of the jujube beverages (five different kinds) fermented by lactic acid
were detected by electronic nose technology. The quality evaluation and the comparison of discrimi-
nant method of jujube beverage fermented by lactic acid were combined with pattern recognition and
sensory evaluation. The results showed that the effect of linear discriminant analysis for different ju-
jube beverage aroma was better than principal component analysis. The response values of aroma from
electronic nose sensors by using PCA indicated that characteristic fragrance substances were made up
of benzenes. nitrogen oxides, aromatic amine, alkanes, methyl, sulfides, alcohols., and hydrogen sul-
fide. In the factor analysis of electronic nose data, the higher comprehensive factor score was Ziz-
iphus jujuba and Goutou jujube beverage. In the sensory evaluation, all of the {lavor of jujube bevera-
ges fermented by lactic acid were better than CK (Masterkong jujube beverage), but each of fermen-
ted beverages made by different varieties of jujube had different tastes. The results of sensory evalua-
tion indicated that Goutou jujube beveraged had the best flavor, while Ziziphus jujuba was the
worst. The quality and variety of jujube had a larger effect on aroma and taste of the lactic acid fermen-
tation. Electronic nose could accurately distinguishs different flavor of jujube beverage. It showed that
electronic nose could be effectively used in lactic acid fermentation beverage quality evaluation because
of consistent results with sensory evaluation.

Key words Jujube; Lactic acid fermentation; Electronic nose; Sensory evaluation
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