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1.2 NE5E&

TA-XT Plus J5t#4 73 #7{% , %€ [E Stable Micro
System 72 ) ;7890A/5975C < A € 1% — I 1% Bk
1, 3 Agilent 24 7] ;PEN3 HL 7 & | 18 5
AIRSENSE 723 A ; [B A 8 2 BU T 3h #ERE T4l . DVB/
CA/PDMS (50/30 pm)£F 43k | £ [# Supelco 24 7 ;
THZ-D &R IR Z A%, Lo KO L 8% &
I
1.3 RIEH*

1.3.1 REREREREMMES  SHBEFI I
B I RAE B e, A RE R AR e IR 122 o L IR
G5 BRE, LURRR L R 15:11 Y Ee i 2K TR
A, AR B 17% 0 A0, e Rl (B B R
BoALAR by . Bt R A LA . AR KB
“EMT)ET 32 CHIR LR, INA 0.25% /N5 4T
FEA P L 25 CHE & 15 min, Z& il 20 min, il
oA & .

1.3.2 Byl I % 14 . P/SOR 443k , TPA
B, A IE & B 50 mm, P AT B 1 mm/s, UK
F1 1 mm/s, ML )5 3 mm/s, JE4E TS & 35% , i3
S5 S 3 Y T A

1.3.3 A E  PEN3 B 1 A s i
10 B A 7] 9 Al 27 A5 OGR4 A%, R ) 4% 28 oA
AR PERE (L2 1), FREL 10 g BES TR 04,
B % T S 30 min S5 AR A 4R
HEME 3 K, &% Kachele ZESH J7 7% % AL i idF
IR R B o, BARSEON T g Yes ) 110
s, FEMMERITE S s, MEnE 120s, A
350 mL/min, ¥ & i 300 mL/min, 3@ i3 H T 5 H
AT 98 s BRI UEAT A M

1.3.4 FERMERNERY BRI 7E Lee SFU90 JE Al
RSEE M, Tias SPME 454 ERf AR 5.0 g KE
i T SPME T2 i o, % &, 3 A F-sh i FE 4%, 60
CAKVEE T PRS- 15 min, AEHCK T4 %
B 40 min Ji5 W 4T 4 B A2 Gk O 57 BV A A
FEE IR EE 250 °C) o #A4f# I 5 min K, GC 5%
1 . HP-5MS {2355 # (30 mx0.25 mmx0.25 wm) ; 2%
S M 46 He (99.999% ) 5 it 74 15 mL/min; T
PR W AR IR E 40 °C, 4R 4F 4 min, LA 5 °C/min F+
JEZE 100 °C, Ph 3 C/min FHEZE 220 °C, 145 14
min ; A 730 A % 0 ZE 3R 1) ] 3.0 min, MS 4%

x1 BFEEESERWEYR
Table 1 Electronic nose sensor and response substance
. A AR TR/
RS PR AR A
mL-mL™
Rl x5 &b KEZHK 10°
R2 TR AAMH K 10°
R3 &b A XZHK 10°
R4 &M K 10*
R5 sz 5 A& P R4 10°
R6 &AL &-4h XA 10
R7 AL AR A 10°
R8 B — e F F kb R4 10*
RO xt 35 A kAL &4 A uE AL R A 10°¢
R10  #fkeie R4 10°

PR F T (ED B FIR 70 eV & F IR E E 230
C; PUZHFF IR 150 °C5 HL 350 V5 & 5 HL I 200
A

1.3.5 JBESIE A LIEER 30% Ak 20% |
R 20% 67 15% B0 15% , i oK & A
EPFEbRE(WLEE 2), PEHM/NH 20 4 (B &
% 10 N) & W 9= E 85I HBA &Ll FR
FNZEL AR, AR 2 HP A0 0 S A o Xof i K & R A T
105, FBRidse iy KA o3 Ja BOF- 35 43 S e 408
TELR,

1.3.6 ¥4t 5408 R H] SPSS 19.0,Origin
8.0 UL I Excel BAF: X i 46 £ ¥ de 17 4 B A 1K I
G300, B DAT S R AR v O 22 1 T2 XU3R0R o

2 GZBRE55H

2.1 ML

211 ANTR) A R 500 s o Ko A K R S A R Y
P XM ER 0.3%,0.6%,0.9% ,1.2% ,1.5%
FE W FLAF 1 sk PR B, 10% ,16% ,22% ,28% “ &
AT AR AR K R G R AT BT R R P I, o A AR P
AN 2 485 SR T DAz it oK ARG R IR BT, R
M) == 2 3% IR Ry B R 5 R K R R Y o JBT 5 B 6 A
oK, MR B IR BNAR KB B, KRG i & B TR
ZE100 B PR R SR M 5 RORE I A Y BT S E R OG
S B RN R AR R G A ZURE; BER
PRI RN E T R AL I, 358 3P R Kk
RGN TEE SR M /N ) R LA RORE BRI i



2286 H8M

B R B &L S b KB R R R AR B R 0 B e AT

287

®2 RBRETERE

Table 2 Sensory evaluation criteria

R B AP b A o AFE e B/

0 LR 45 #) (30 4) MR I A4 25~30
A FLE N LM FAn 20~25
ALK BB R D L% 5 15~20

SR W & <10
A7 (20 &) FLAT R R R B0 4F R A A 15~20
B BB A A BRI 10~15

A& A Rk 5~10

H ok <5
ek (20 ) B R B R Ak B R kR 15~20
H R BER AR R EOR 10~15

ok — R BR ek R Aok 5~10

A K Mk <5
&&F (5 2) He e, LH—Ffe 11~15
ARG A — 7~11

& 3~7

AE ke HEFRY— <3
FEM (15 2) FhE BORAZEE P 42 TR B 11~15
FEME BN M AR B AR AR B — & 7~11

R R AR AR 3~7

Fo T RMARIR T R AR IR K <3

LSRN TR 1 o Bl S 500 AR 0 py 3 22
P A5 2R A 2 S B RS s B A, BB
PR 22 B ST /0N 84 DR ) e T < TR A o
TRERERZ WA K, MERE R B LT R e FL R
B, 1F A I 2o e v A 42 1R R IR IR A T, 5 20 M
FBCEAF K 2> 19 0™ A B 55/ o3 TR
B A R R SR A ELEETE R
IR PUE B R B N R, B AT i i
fE— R b aWRAE, YA & AR
o LB D B R B L O JE T R R S A H |
ENS Y 3 22 (0 8 A R R B BE SR PS5, AT
UCRERE R R AR B A T, T S 2 I R R R

12 e fRE K SRS IR B A TS 3 B 43 L
SR G RN R B O R SR T R R
RS T AN ARG 22 A R B 30 1
i3 1) 245 25 A A0 B A R R A P O™ AR A UM, [T
“E AR, AR LR B A B )
BRI R, A O3 A 2 1 5 RS A T B A
JREAR 2, DA T e e oK A R S AR RE SR 8 A, T 44 %
e o 22 i R A B 7 A A AR R B
DR VA 100 265 254y i oK R 3 T 33 I, A L A
BERTET e, 1 Al4s 2B 1. 2% FL A
A 0.9%FLIR Wk , & T " IR & N 16%
il K S K SO R P e

=5 i1
e 1750 1.00 1980 - B0
15008 |- peg g : | EEEE 5
3 {000, . N L 095
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0 1400 0858 o0, s ' =
o ] ﬁ%% F16%0 0L ol o £
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Influence of the addition amount of starter on texture characteristics of brown rice cakes
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2.1.2 T H] X RE K ARG B REMESZ e R
BCAE P 2L AT DA . LR DA 1) 2 I 79 & e 1 I % ol
1,2,3,4 h,“&1H" kBRI HITE 13,14,15, 16,
17 h, B 25 R ANE 2 Fron, B & I B ) 4
o, A R IR 2 B S RS DN Y e e R
SRR T GG KRGS, KRR WG T
VR, KBRS BEBE TR 7 SAN R  FLIR AN
RE 743 M AR L BT e W 45 K5 W B, LA VE #
T, BRI 2% SRR E S B e R
BN WA 2 T (R SEE K AN ) T R ] 2 472 B3 ) 4
ML e MR A RE2E Ae D5 559 5T, 1 S R U
o R v [t V%, LB TR U R ELBETE R I B
2 AT AT P HES 35K T TR A R I 58 i
B BB BUNTRES G 1 R8I AL EUE E
() W B R AP LR TR A I A (R BILIR | 2 0
E R RE SR E AN E AR, SRR R
R TR AR R B ™ AR 22 T D ) R T 3 DA T e i

PRI R SRR W O, R EE DR/ T e R [ Ao
KPRt 2, 5 808 BEAE R UES | [ B e B
BRI A RE 7 RIDRE 2K R 6 I I 4% B R MR 72 A 5
M), fofF 550 R R P T o 5 < S T R R P ) 2 ol
A ) R AR R R AL R P EIAE T R AR
ALK B M2 FLEE M, [ 2 US54 5 T SR A
R B AT A 1 1R B A K TR (] A AE K
TR R 2R P FLIR TR T R TR 4 TR R A AR R e
AR T T VAT PR A0 R R R AR K PR RE
R AT [ 6 38 T B o & e B 5 BORE oK & K
PIRE T RRAR R OR RAE R Z IR0, WAL
AY, A BN A A SR Y R RER B TE
NS A Y RN W NS € R R N
PEFIEER M R 25 b B2 BC A A FLAT A sl L R T
KEERFEI Ry 3 h, 1" K EERT A 15 h B 64
PR RE DK R RE AL R P e 1

e T T —
ik i - i
—— FEEME 100 —— BEEAE —— R 0.95
1800} @ 1680 095 % 21001 X 2
095 & I 050l 090 ... £
201700 0903 8 501610 #Ho 20 i)
2 : = 2 085 X2 2 2
il £ 1600 085%% i & 1540 iz i £ 1960 08587
= Pe gL 080 25 =5 1800} * : B
& 1500 080 \%D EE 170 . - E% = 1 O.SOE%
= 1400 * 1075 B S T 1400 070 & £ 1850 0755 =
2 — =) 1750 )
1300 1070 5 1330 0.65  f 070 &
1 ) 3 4 1 2 3 4 13 14 15 16 17

LW FLRT B K I ) ]

(a)

FLIR 1A 2 1 I (1]

Fermentation time of Lactobacillus plantarum/h  Fermentation time of lactic acid bacteria/h

“RT "R WETTR]
Fermentation time of “old mouth7/h

(c)

B2 % B A HE K & R A 1 R

Fig.2 Influence of fermentation time on texture characteristics of brown rice cakes

22 HFEHNW
2.2.1 FHYIFUFT R K BEXTE L SRR
TS A R G % A it 45 M AU ) 1
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JBT (R AR AL i 7 1 2 7 A% SRR AR 1) AFTRT L BEL 2 (G
Go) A a2

1 & 3 AT A ) FLAT B AS (R ES in AS [R]
R RS ) 6T 10 9 R K K RE B AR A AN TR] 1361
AN TR S I R T B[] 77 A= R 47 P XU ) Jo A
e E 2SS, K 3 ATHE R2 AL IR i R A
R 2 IR S TP AR B R R HE I FL
FFE RN R 0.3% 1 0.6% I A A AL ¥ & & 61
WS WINELE 0.9%M 1.2%0 2 89 & & &

%, ELWFP R 0 AR 0 A B R B
255 WA R WE R 0 4E K ZUE R 1 i R
Wik HAEREE3h A 4h IS B2 5. i 3a
A5 AL IRAS RS AE AL 3 d B B R ) FLAT B A
R3S L REOKR R AR T EER Y S IS £
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T < A P R X o 2 JE B RCR P R T
B3 EYWINAERBETFEELAE

Fig.3 Electronic nose radar diagram of Lactobacillus plantarum fermentation
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Fig.4 Electronic nose radar diagram of lactic acid bacteria fermentation

223 ARKEEHE AR ESWAEm o WEARk d Sa M 5b AT%1 RS R6 RS HE K, %
Kl 5a F1 5b A1 BEE <IN INEMIE 2 LK WIS EAREZWEE K S HEREEY,
BF ) ) 2B R2 Mo (B R A8 Ak b 3, TR AE 2 b, B Gl BRI R 16% , & BT
229 R2 Wi WA e K, IR I 7E 16% 0T 56 15h,

TS, KREENTE A 16,17,18 h i, R2 Wi B {H

R1

—n—10% —n—10%
RI0 fgg R2 o 16% *— 16%
A—22% A 22%
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R3 R3
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R6 (a) i R6
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180 A 15h
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R3
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(b) & R I

E5 “EWMABBERFEEZE
Fig.5 Electronic nose radar diagram of 'old mouth’ fermentation
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A 3 A R0 o0 S0 AR RS K KA, R GC-
MS 0 A% A AR S

16 3 R, RE TR A IC AR A FLAT A A T
K AKE B R BRIy 24 Fh, Horp Ay 8 Pl
Y, 6 FIREAL G W), 4 FHEESEAL G W), 4 T
RACEY),2 PHERZE A5 5 7 B T 52 150 LR 1 R
K AE LA 26 Bl KUK P 5,6 Bl R AL &
Yy, 7 FhBREAG W) 4 FIRERALG Y ,5 PR AL
B3 PR S Y, B A — Bl ) AR
ST BORE K SRS AG It 28 T XU ) 5
9 MiEERAL &Y, 6 PRI G 4 FhBERAL S
Yy,6 MEERACG Y, 3 FhESAL G W) . 70K B
R T LR M B R BROK AR S AR
Jo0 ™ A A e A R W I, LR TR A T,

BB R A O NI , 1285 Fr R AR
WA — R IV EY e B AR B MR R
BRI, X — R IV R A S Y007 A 0 R
oK R K B3GR R XA R 81 1 ke A A TP 3
Tl K K6 KUK A X 3 o e 2 RS
A ZEAK , B I A 7 2 A5 AR R R AR AT
| R IR 30 Jit A5 S W AR DG, SR AR BLAT 0T A
R T7 B S RP R A, 5 B T A7 B ) A
F 6 XU 7 A AT B RS MR A A T i o I ol
X TR XA R, T MR BCIR G
FLRR B R HA Z Yy, T LU 2 Fh ik
AW RO U AT, 3R U M0 SR R A
JE 6 S e Wy NS 8 R S A, i DL 42 B
KR Y J 2 B 2 R AR ik GC-MS A il 25 R 3%

£ 3 3 MEERRBEAIRKS

Table 3 Analysis of flavor of three kinds of brown rice cakes

. . A X B F /%
1ot 4 AR #% @ oF 14 (RT)/min e LT T m
T B 2.75 9.10 9.56 10.30
2,3-T =& 3.16 0.12 0.13 0.14
T BE 4.70 0.21 0.21 0.20
1-T 8% 6.07 0.08 - 0.05
% B 7.30 12.38 11.29 12.10
TR LB 7.90 0.06 0.07 0.07
H & 9.01 - 0.13 -
3-#L-2-TH 9.31 2.50 2.61 2.55
1-T 8% 10.84 1.03 0.80 0.65
3-F K -2- X 11.01 - 0.06 0.04
B3 11.84 0.50 0.53 0.53
RS 12.07 0.03 0.02 0.02
2-F B 12.49 0.11 - 0.08
F ;LB 12.90 0.20 0.27 0.29
B IR 13.42 0.75 0.61 0.63
g 15.10 0.35 0.40 0.43
1-F 8 15.84 3.39 - 2.50
2- A AR 16.15 0.42 0.31 0.40
R T B 17.70 0.06 0.07 0.05
-+ 8% 18.22 0.30 0.32 0.30
2-F A TR 18.61 0.48 0.37 0.40
T BR A B 20.02 - 0.22 0.16
2- % BE 21.65 - 0.02 0.03
KB 23.60 11.42 10.20 10.10
FER 26.60 0.20 0.20 0.15
=i 28.58 0.07 0.07 0.07
A AR R T B 30.08 - 0.04 0.05
+ R LB 30.10 0.07 - 0.08
IR 30.50 0.04 0.04 0.03
vk 33.43 - 0.10 -
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WA, P S B T R ) 1 )RS K AR XU ) Joi
ST AE R B B LR KUK 4
R, X TORE R AR R R XU R T B R
W, BT A LA L e 2y T R T A

24 HWARBEELAMYRRARMEEIRTR
RESH

X 3 BRI AN ) & T ) RS K R RE 5 & 1
Yo KRR AT AT BT, R MR I
KA FAEAE RN )7 22 STHR R AN SR 4 3R 5 iR, 48
faf KU 6 B 7 i o RS OK AR 5 R PR LR )
BT EBARPAEAT 4 D FE NSy, RIFTOr Z Tk RN
97.282% , ¥5 J M R 1) Jot b 2 = B4 i AE T 2
F g, Bt Jr 2 5k R 99.989% , AL b AL
TR E BB B, R KRR PR
LTRTATR 3-FR 52— | L5 F IR 416 T
T S5 ) O B AE AH G, T S 2-F L R LR R R &
Fist O TEE L fRoE s SRl A AR B UM O Sk
K RREHE K M R I RS 2 | PRS2 1 3 OF
FHOC M S PRS2 W E ARG, Tl LR sk
St (FLIE AR W T RS K K RE A N i PR Y
R, TRERTR T RE K R ARE—E T & R R,
- AR EHR,2,3- T A Uh &,
KRR T 77 i IR A HD, K8 A REK
RAER J M IR BT SR 2ot I, X SR 284 Hr I
HEAT 4 AT, N R 212 7 Fh R P

PC2(24.963%)

PC1(53.927%)
B 6 HEK &R & MR B AL 4 # T
Fig.6 Principal component load of volatile flavor

substances in brown rice cake

R4 3TEERREELRMERRY R ER S HHEE
MAERHE

Table 4 Principal component characteristic values

and variance contribution rates of volatile flavor

substances in three kinds of brown rice cakes

P . FERKE RHiE
% Ak F /%

1 16.178 53.927 53.927

2 7.489 24.963 78.890

3 3.470 11.566 90.456

4 2.048 6.826 97.282

®5 SMEREREARMEERERNKITERS
BEEMAETHE

Table 5 Principal component characteristic values and

variance contribution rates of different kinds of volatile

flavor substances of three kinds of brown rice cakes

FETWRE  RitFERKE
ES VU 2021 : .
% %
1 4.765 79.411 79.411
2 1.235 20.578 99.989

JoT Ry B Ry — e, = R R NG ) e e SR — A
TR B RO — A, SRR R IR OB RO — A, K
BRI ARG T3 o3 AT I v 25 ) B0 B
éél:%#%io

A HE
BMAELAY
S /.mzfswe%
o0
>~ 0
i
S
= IR a
<1
-2 0 2

PC1(79.411%)
B7 BREBEREREYRMETRS HEE
Fig.7 Principal component load diagram of volatile

flavor compounds in brown rice cake
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Fig.8 Cluster analysis of volatile flavor compounds

in brown rice cake
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Table 6 Sensory evaluation results

of brown rice cakes
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Analysis of Volatile Constituents and Quality of Brown Rice Cake by Natural Fermentation
'Old Mouth’ and Pure Breed Fermentation

Xu Xinyue', Li Jun", Cui Huaitian', Li Jiayi', Lu Miaomiao', Zhang Chunli’, Guo Yuxuan',
Song Hong', Zhu Danshi', Liu He'
('College of Food Science and Technology, Bohai University, Jinzhou 121013, Liaoning
’Liaoning Fuxin DeMeiKe Food Co. Ltd., Fuxin 123000, Liaoning)

Abstract Natural fermented "old mouth’ and pure yeast mixed with Lactobacillus plantarum and yeast mixed with lactic
acid bacteria were used as starter cultures to make brown rice cake. The volatile flavor components of brown rice cake
were analyzed by gas chromatography—mass spectrometry (GC-MS) combined with electronic nose and sensory evaluation.
The results showed that: 2% yeast compounded with 1.2% Lactobacillus plantarum, 2% yeast compounded with 0.9%
lactic acid bacteria fermented for 3 h, 16% 'old mouth’ fermented for 15 h, the volatile flavor substances of the three
brown rice cakes were similar. The results of principal component analysis and cluster analysis of volatile flavor sub-
stances showed that the sensory evaluation results were positively correlated with the contents of propyl acetate, 3-hy-
droxy—2—pentanone, acetoin, ethyl octanoate and nonal. The principal component analysis of volatile substances showed
that the sensory evaluation results were positively correlated with ketones and esters. At the same time, the comparative
analysis of the texture characteristics of brown rice cake showed that 2% yeast combined with 1.2% Lactobacillus plan-
tarum or 0.9% Lactobacillus fermented for 3 h and 16% 'old mouth’ fermented for 15 h had the best texture characteris-
tics

Keywords brown rice cake; natural fermentation; volatile component; GC-MS



