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Electronic nose analysis on flavor changes of cooked rice made of
rice treated with different pressures during cold storage
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Abstract: To explore the feasibility of using electronic nose to detect the flavor of cooked rice and to distinguish
between cooked rice with different storage time,and further to study the effect of high pressure treatment on
the flavor of cooked rice, electronic nose was used to detect the dynamic changes of volatile compounds in the
cooked rice made of rice treated with different pressures during cold storage. Rice that had been soaked at
40°C for 40min with ratio of rice and water(w/w) as 1:2 was treated under 200,400 or 600MPa respectively for 10min
at 15°C before being steamed for 15min. The rice without high pressure processing was as controlled trial. The
cooked rice was packaged with plastic wrap and then stored at 4°C for evaluation. During storage,the volatile
components in the cooked rice were measured daily by PEN3. Principal component analysis (PCA),loadings
analysis(LA),and linear discriminant analysis(LDA) were used to analyze the data obtained by PEN3 in the cooked
rice during cold storage and characteristic radar charts were further established. The results showed that pressure
affected the production of methane, sulfide , ethanol,aromatic compounds and organic sulfide in the cooked rice
during cold storage. The contents of methane, sulfide and ethanol in the 200MPa rice were the highest,while that
of sulfide,aromatic compounds and organic sulfides in the 600MPa rice were the lowest during storage in the
pressure treatments. W5S and W1W were more effective for identifying the flavor of the cooked rice. The results
of this experiment indicated that electronic nose was sensitive to the changes of volatile compound in cooked rice
and could be used to nondestructively test the flavor change of cooked rice. PCA identified the control sample or
600MPa rice with different storage time,and LDA distinguished the 400 or 600MPa rice with different storage time.
Key words ; cooked rice;ultra high pressure ;electronic nose;flavor;cold storage

o 4y 265 . TS213.3 SCHR AR RIS A IO H 5 :1002-0306(2015)06-0325-06

doi: 10.13386/1.issn1002-0306.2015.06.063

Y 3 2014-05-21

{1 1 BN (1989-) , Lo, BB S04, W9 907 o 0 7= o 1 5 0 L
* AR IS RUNE (19612, 53, 1k, 32, WESE 5 ) 47 i 10 5 T
K& H LihifE R A A 51 i & 10 H (BHU2012030D

(20155 om 329



Nz G E R KT Mz Y, BN T3S
RIS AT 38 B o 119 75 2R AR AN T 388 0, R4 17
il 1 T P A R B, S R AT AR L A AR T
SR B AP T R B I VA SRR R
AR —Fp, R R EBHAEN BT Mz —, KK
2 LT U2, A P i R e 8 AR I i SR
O AR S ey B S SR S S s br 2 —, B
i Hi $ A (Ultra—high pressure processing, UHP) {2~
— g SR I ) A N TR AL, B A T A SR Ak,
FoF T £ i AU B B2 R AATIF S R A 22—,
B 1 Ak B L R RGRRE 3 A AR T A O R
[P 5z 25, #R CLee A BF i .

H T i Celectronic nose, EN) J& — T 42 38 /2 i
HE R G HE (1 £ oty RO A T 5 A, LA 0 s A R T
S AT IR, R & JE T AT AR B, 2 A IR AR AR AR
S ) B R e AT ) A A 1 T A S
SIS TRJISs X 43 A~ (] 5 dar 28 DR A ) JRULE Rl 4311 [X 43 A
[ 35k BRI Y | A [R)IACEI S A0 A [ AR 9 SR O [X 40
FEANAE TR RS 5 B kA2 o5 43 AN 5] 75 i 2
X 43 AN [R] 110 1) 7 (U AR, e -7 S8 7 KK A L O
(AR I S5 501 P A B E N AR . B AT, A DRI
I B ] R 20 Ak, R e T A P e A R IR IR B2 i 174
W FeAHRT 20 L A S I6 BT 51 AR e HE Ak B 3 KU
VA S 3 1] PR 78 LE A 250 10 B2 IR, AR 45T H 7 S R AS [
i R B 1) K R 4T B 43 I AT R, S RO IR
JHE T R0 A AR A 7 R ot R M B A — s
e .

1 MBS 4%
1.1 eSS

fERICK i,

C21-RH2101 2 DhfE il AN LR
el 1 AT R 2 |] s HH—e U tHIR AR W dn o M [El 1
H 25T PR 2 7] s JAS003 HL 7~ RSP B ig s 52 1| F
BEAYHEAT PR 2N &) s HPP.L2-600/0.6 & JE i 6 i
1T TR 42 A Ao i R B 46 A B A 7] : DZ-500/2S 5 11 %%
BLAEEHL v Il T S AL A AL AT PR 4% F] : PEN3 HL T
b fE[E Airsense s 7 s MIR-254{IGIRAEIE B 774 =
PEERCEN I S

1.2.1 RIS T Z0E  OKk—-lk—mi—EEE
AL F—ZE A KK L Gwiw) D 1:1 s 3 T < 1Smin]— KAR—% H—
T 4 H— I (4°0) .
122 JOKHTALFE BRSO R K IFivE . Kk G
PR A A A7 B2 60, 3 9 25 A DK OK B (wiwd 122 (2R
R AE40°C (B RT [R]40min., HBES G, T ROKK
S W L O 28 IR T (19 25 48 (15emx 1 0em) 1
1.2.3  RAGESEACEET i AL T R O TN
i 1y H 1A% A 1 it s 5 2% J O e FL R I T AR TR A
(A o, X H 43 51 it 200,400 .600MPa ¥ [ 77, £
JEEF [E] 10min, AL FRIR BE15°C . )5 A48 & TR 4k
FHAG KKy Xt B 0. 1MP2 4bFHZH .
1.2.4 o S0 e J7 ik PEN3 Y AE 485 50 i -
(Portable Electronic Nose 3) H A4 S HE 3 7l 5 1] &
i ASUUE IR AR P ) (LB 100 & JE A AR 1 8D |
{5 5 A B -7 7 G AR U - R S48 45 2 Rl AR IR
A% 1 4 P b B R U R A Rk A RS e S ER G S A%
S A 220 ik b 3 P S AR 11 L B G 1 Ll L ik
A7 B A Ab AL S0 5, BURR Y R lm L/,
JRAEPERE WA, W A R R S
sE I [0 i, LT 43 AR (sample gas) £8 7 FEIHIE 52 N
P S0, L 0 o (A% S 2 R BRRE S FR S SR R
AR AT S PSR IOIF AR A T S L SRR S8 R
Jii - G2 PR R S 1T 7 2 (zero gas) P NH
- R AL IR AR AT I e R T AL B WA AR AR,

AR Og7E 2 IR P07 Lh (¥4 K IR T-50mLL
e HH I FH U2 R B B 11, AT O 30min, £
Ff: ot 118 IR ple 20 44 R 55 P i IR A S FH o 7 S 3G
HEAT WU 5E , BRSSP AT I E 3

B, 0 U 5 25 s R D s 1A B IR 1] = Lss B
HE A I 0) : 3 FF S I 18] : 100s; 90 35 1 - 1s: 30
VeI TE] . 90s s F sh i 2205 (8] 2 5s¢ [ 2h #6005 PN AL
2 300mL/min; FEFEREL: 300ml/min.
1.2.5 HdEsrdririk RSB RSEEIEEMN
WinMuster ¥ 14, &F 5590~92s P4 1 H 1~ £ 4% % PE ik
S W 52 E A 4T Rl 4> 43 B Cprineiple component
analysis, PCAY | 2 1% 4 31 43 #7 (linear discriminant

1 PEN3AY T2y 7 S e B3 i

Table 1 Performance of 10 sensors for PEN3 portable electronic nose
B 51 1 5 el A B P il 4 Sk

I wicC 75 A WAy 2R (C,Hy » 10mL/m?
2 W5S RIBBER, XA SR R “HAENOY » ImL/m?
3 W3C UK, X 55 R U % (CHY 5 10mL/m*

4 W6S FFX AT R 2 (HY , 100mL/m*
5 WsC BedE, 75 B Ay Pkt (CiHY » ImL/m?

6 WIS A E G R il 5t (CHY » 100mL/m?
7 WIW XA U Btk 2 (H9 , ImL/m’
8 w2s X £ EE U —% AL (COY , 100mL/m?
9 W2w J5 A AT A AT LI AR R it % (HS 5 lmL/m’
10 W3S A de R 4 (CHY » 10mL/m*

. 20154 6]




Ra :M‘El'ﬁl

o i 2

analysis, LDA) FIMEEZE TR 24 HT Joadings analysis,
LAY s ML T TE O 1 s 110 A Jk abis i) 87 41 42 S7 45 AE o
pE L}

2 RS540

21 Es i (PCA)

50} SIS A

45F 0d
a0}
35t 6:|@
30
251
w0}t 3d

4 E2_ 4 2d
e &

10F

PC2-9.73%

5 10 15 20 25 30
PC1-84.51%

80 @ *e6d B

60

0r 4 7d

40+ =]
14 5d

30

0F @23 0d

PC2-9.44%

10 15 20 25 30 35 40
PC1-88.30%
C
a0} S0
35f

30r
25k 3d

15k 5d Q

10+ 6l 1d

PC2-7.29%

Stes ?rf4'|
§ 10 12 14 16 18 20 22 24 26 28 30

PC1-88.31%
50 -
s ==>1 D
< 4ot
& 35F 6d___
< 30p e 7 5 od_
8 25} W=
=T
20k 3d
=
15 ‘f:;rﬁ 1d
A
0> e

10 11 12 13 14 15 16 17 18 19 20 21
PC1-81.00%
L AN [ 7 A B RA AR 75 A B4 BRI 13 A 1l 5 £
PCAZM T
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storage made of rice treated with different pressures
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