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BLEERE B AT FR 2 m) 5 BAbBE . Bk, R
FITC % JH0] B, B IR mt A YRR R A v 5
K LB KABGE A G0 A PR A A
12 UF5EE

HL K 40 B0 PR A A AT R ) 5 42
THEHL, fEE Marin Christ 23 &) 5 HE G XL 82
F RS FRA R 2 R AR A BR A W 5
T REM BRI, b TOU R 255 PR ) 5 i sl 4
i, /N B8 FL AR B AT R 2 7 5 PR 2 0 B A, i
i A s\ IR AN B IR R R A S i
R AR, 55 [ Waters 23 7 5 AN 55 40 28 5, WM 1T
W22 D B S o AT IR ) g b, 36 A0 4 AT R
o8 A) PR G ) R TR TKA R AT il v
BLOHL, REUPRHERA AR A R A R 5 B
%, % [ Stable Micro Systems 2 F] ; 3 ot 4t 2 £
BHE, HAJE A,
1.3 RIWA=*E
1.3.1 22k HERBEW UL R BERF AT
¥yl EUEA IR UIREZ 2 mm B
ARETHEA T 60 C T REE, T2 EK
Fat 80 H i W , 75 25 = 4= #) (Jerusalem artichoke
flour, JAF),

WA FEL2B SRR 1: 7RG, A
1 %R R FUAF R Tk S FE S 50, T 37 “CHE R
RE SR A0 AT 12 h J5 15926 % K B2 (The fermen-
tation liquor of jerusalem artichoke, FJA),#ii$fy
A EEIAK: SR L I T -80 CURFEh e ok , AR5

H2S R T RS B L B 28 2F R T4 (Freeze—dried
flour of fermented jerusalem artichoke liquor,
FIAF), T 4 COKFE P it A . TEIR S B L Re vk AR
BUBHRR P4 B2 T AT 3t 28 R P 0 o v, ol T A R R T
AT B AL AR BRAEZOR B T H4E (] FIAF 5
BEK RS AT E . 72 HCE AR AR I & b 24 fdi 1)
FJA,
132 WRAFMALREIE %08 GB/T 24852-
2010 (RAK KRRy B PRI s PR SdORY B2 A3 )
Hh 1) 5 A PR G B 73 BT A (Rapid visco anal-
yser, RVA) IR & b3 80 Ak e 1, 100 552 3 ) o
THREAAY JAF LUK FIAF K5 S 5512 1062%
3.95% .5.51% (105 CHEFE T8 ) , % 1R 12%1% &
FOIEASIAE X HEZH O R AN JAF 8 FIAF 9k
K #5 (Brown rice flour, BRF), £ A4b ¥R ZH IR S 3 70
SILH B O3 KK Ky B Hie 5% JAF 5% FJAF 10%
JAF 10% FJAF,
1.3.3 RAB AR E RS AL
5 TR A A 1 PR 5T, 2 B Moreira 5521 J7
2, R H Chopin+90 g Mtk , # 4LIR A B JAF
5 FIAF B3I 7] 1.3.2 745, K & 75 14% 3% 5
ZRAETE 4 BB AT Y fe KA I8 2] (1.1£0.07)Nm
I S, A S Es

MR IF AR :1)30 “CIR A 8 min;2) L 4 C/
min (133 B 71 2 90 °C;53)90 CLEHF 7 min;4) LA
4 °C/min 193 FE BRI E 50 °C, RGNS %
Rt L 1,

®1 REREMNSHEREAX

Table 1 Mixolab parameters and their meanings
ok &
cl A SR K AR, B B B4R 0 R KA, TR Bk A
Cc2 AL MR T &G R B LA L
C3 AR RS R T S A WA A g ) 2
C4 AKFEE A T T 5 A 0 AL A AR
C5 T AFE L, A T U A 6 e R
C3-C2 FOT A MG M B AR R, AL A AL TR
C3-C4 FoT R WA BB R SR AR AR AR TR
C5-C4 FOT A B M BALAL ) e A A A 3R
B 1] B35 C1 &P E o B 1)
% 5E B I8 HAE 2 89% C1-C1 #Y 2 5 B 1]

1.3.4  BEKTE WA BEREVED 2 2% Tang %P
(975 15 AR I A, A5 LR K 1 AT iy S D7 L 3

2, S WEBE KU Al PR B TR R S 85
WP PR ARSI AR 2 P AE 1 min, K
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110 mL ) 4% 20 RS K i A 8] A 500 mL & & 7,
Pt IR 26 R T 37 CHEIE B R, TREE O,
10,20,25,30,35,40 min 30 5%k K 1w A 09 1 ik

W, T REER 40 min B, 45 41 100 A FF 45 H 9
AST)RE JE 0 35 B (R BB SR %), 40 min J5 9 &
B R BN D %, R0 45 SR H 3 vk %E AY S (E

®2 TEHBMEAREELRG R

Table 2 Ingredients of gluten—free brown rice batter

_— bk (L) HFR k@A ZEAH T ARG A
5% JAF 10% JAF 5% FJA 10% FJA
A& K% 100 95 90 95 90
B F201% - 5 10 - -
HF LRI % - - - 5 10
& B 4% 1% 2

F 85 /% 2 2 2 2 2
/% 120 120 120 85 50

TE 1) LAR A BT 100% , HEE ORI 78 I 4% H 508 5 0 Bt =22 FUTH 38 5 2) 8 2 2 T 0Im A k42 T R I TR A 110 4 4 4y Jo ik iR 47
THAR, RGP ARy A oK ek IO 0 25 2 T T I K A 5 3) =7 S SR TEE D AN U8 e o C A 54 ) el R RO R 5 A AR AR 1, AP T R K R AR R A

L KT AT S o [ AR

1.3.5  fE oK T M i 28 R R D 2 % Renzetti
SR T B AR B ek, A RS K T AT A TE T
AR e K EIR) 1.3.4 77, 4R, BT I 28 4
TN AR K T A 5 AN I b B e B, B R
T 35 R K T AT FJA B FJAF, & 21 ok &
FHTR o K 45 2H B K 1T A B e i i A2 A Y Peltier
AR 2R 40 mm A, S AT RS A T B 5
DT ERE N

) REmRRE &M RE37C, EHE
A 5 min, S48 F:0.1~5;

2) BRFARSME 37 C, LR OF
5 5 min DA BRER BN T, WA 0.1% , 414530 [
0.1~10 Hz,
1.3.6 KEAKAEEM RIS 2% Seiko P Iy IF
VR B, 45 2R OK T 1A 1 JE 75 Rl A O i [l
1.3.4 77, B im AR 100 g 43 58] A IR 4 2
(HA% 10.5 cm, B 3.7 cm) 1, 35 AR BEAR T 37
CE R 1% FR 40 v & B 30 min (MR 4 1.3.4 5 45 F 1
FE R BERT A 30 min), FHREE 7845 78 15 min,
FIRAH 1 h I TR E
1.3.7 REKAELLASME B KORE L 28 i I Ty vk
Z7% AACC 10-05(2001 ) f5 #E M 38 75 3224914 16
M BRI R ) . 1 25 R 4 K
W ST 3ME RERRE L RT3 A T

tlﬁ@(mﬂg)ziﬁgiﬁgg (1)

1.3.8  ROKAEEmALEG  Hmay k=
T2 H 1 h J5 09 RE KA Y] R 2 25 mm 19 KKK
Jr B A3 B R KR AT BRI 5
1.3.9  BEORKETA R E  FH ALY 7 AL R
KAEVBUEEZY 25 mm KAE R, SR B {300 s
KoL AT 4 A M i (Texture profile analysis,
TPA) , M 2 B0 € Ry - 48k P36R, Wi 2 &2 1.0
mm/s, PEGE B 1 mm/s, TG 3% 1 mm/s, fih & )
5¢, AR 50% , W6 K R 46 45 B3 B R 20 s,
TR S5 S 6 Y R 1T A
1.3.10  KEARAEBE A BTl i 2% Kou 51
J7iEIFVES s ek, B A AURE R KE R LI 489
BT E T 4 CUKARH, W TREOKREETE MR T
T Ak, oA TS 56 A o R) B I s 1) R 1,
24,48 h, 53 SN 25 41 H HL 3 HOKEE 7 BT A4 430
S R FE RN SR A A DL S AR T IR] 1.3.9
W I TERORE RORE AT A 8 R R M B AR R
T Al 3R (g/h) = (75 48 h AKE BT 3 I
1 h OKREEEAE FE )/48 (2)
BERIEREARE R (h)=(J"7# 48 h A KL B BE
RAYE-TEC 1 h ARG BE SR ) /48 (3)
13,11 REOKAEROMAS M E 28 AL SFEPIR )5
% BT IRAE 10% JAF 10% FJA 485 KAETE 4 °C
W3 48 h LU, FJT A EUKZY 10 mg 19—/~ oK
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k&, JH FITC (Jo/K ZBERC K 1 mg/mL #5390 ) F1 %
PR B(TE/K SRR A% 0.1 mg/mL % 90) Y (4, #F
A SE T 1 ml FITC I 24 h, K BEZ L@,
SRIGTE 1 mL B PHE B g E 4 h, KEETCEN
th o 05 1R IO 3 2R A R U8R (CLSM)
PEAT WL FITC FE FFH B4 & B K 0 00 o
488 nm F1 555 nm,

13,12 BAu A 25 50 Br B4 500 e i s 25 2
DL 31 A5 1 O 22 R0 o 10 25005 2R FH Excel Al
SPSS 19.0 #k {447 B 1K 3R U7 2 (One—way analy-
sis of variance, ANOVA) %t , Fl ] Duncan ¥ i
FTRF T, P<0.05 Fom A7 W25, i
Origin X fFiHEAT22

2 HERE5HMH
21 REBEEZBFFEHNEGHMLIEE
B %4 M

MK 3 AT LLEH, 5B AE b JAF

FJAF (IR 58y 0 V(8 25 B 4% (A 30 B R i A B
I AT U (ST ) R JSOR 0 S S R, R R
PR T RE 2 B KR Bl R R S5 VE R T I S R RRAIC
WA FEG TN JAF F1 FJAF J& IR0 (0 25 {6 25
R TR RGN EE, [BIZE(H W EREAR, WReERh
JAF Fl FJAF i 25 b8 e 0% 0ok 22 3 4 ol A= iE 7% 4
FRUER 25 R, WD i BRI B 5] ) ) VE o SR
(A IR E7

H T R 2R e 9 ) JAF 4R FJAF 41 B A
A ETER 70 T & i, LEEAH R AR LU B Y JAF
YR FIAF 20 22 18] 1) 22 71 R 0% I AR ) ZLAFF 18 &
% 4 2 4y X VE MR AL R R I 52 e, S5 SR R
FJAF 410 W {8 80 B A8 (B 80 B | e 2 86 3 A Il A
(B35 0 S5 A A0 R AR EL B 1) JAF 41, U6 BH FJAF
X VE R WA 1 5 i A R R R S B R AR T i A
A RE I 4 O 4 R T IS K Ff SR RGO R 0
T B v R A R R R (4 G R RS e b
TVER S K AT I

®x3 BREMMULBESEE
Table 3  Characteristic values of RVA parameters in JAF/FJAF substituted BRF

PUE AL FE B /mPars  BAEAEE/mPars R A E/mPars @ A{E/mPars LR /min - R AR E/C
0% 1072.0 +2.83* 1063.5+0.71° 1 900.0 + 9.90* 828.0 = 7.07* 6.8 +0.049* 94.0 = O°
5% JAF 844.5 + 14.14" 845.5 + 14.85" 1449.0 + 22.63" 605.0 + 8.48" 700 952 0"
10% JAF 648.0 +0.71° 650.5 +0.71° 1132.0+1.41° 483.5 +0.71° 7.0+0° 95.1 +0.35
5% FJAF 782.0 + 35.36¢ 784.5 + 36.06" 1317.5 +53.03¢ 535.5 + 17.68¢ 7.0+0" 95.2 +0.035"
10% FJAF 595.0 + 2.83¢ 597.0 + 2.83¢ 1 000.0 + 5.66° 405.0 + 8.48° 700 94.6 +0.11¢

TE B 45 R DL S (b M i 22 3 7R | 7] — BN [R) /NG 5 RE RS 25 2Rl i) 22 3 1 25 (P<0.05)

22 XEBS5EBFFEHITRKXEERARNH
4 R B %2 i

RAE R E R A B B A 21 1 I 25
RN 4 Pron, BT SE0UE BCWOR A8 B8 TR
P B BN A Y Be AR 2 i LA SR an 2 5
JroR B WER G by IR AL AR BR 4% 4 C5-C4 (Xt
N RVA iy [nl A ) (B G 35 22 5740, AR S 8K
E S B JAF A1 FJAF X5 1R G 00 Ak 45 7 9 52 i
MAES 2.1 —3, AR IR A I A R
HR K e RVA A R D B & 4UIRA #
A IR 7K 80T 7

22 4 nl, B JAF H1 FJAF 20 G 0 5
T, B K T AT 1 W K S5 AE 120 3 R AL, 32 22 ) PR T
DILRcR, i/ e A s & = AW =R T Tz s R R S P

% 5 PR A oML S e A S I 1 e 7 TR R A A
IR ZE S, Ry BT R AF SR KM 45 0 e 1R
B B b B U R RN T S R R R Kk 4, B
2 R AE U B OB R FEUE B T — 2 B, BHLAS T3
153 URL K 43 B 2 i, S BOWACRFEAR

X T IOR I 5, JB s [ S5 Bl T 737 1) 45 445 4
TV I 8 3 T ok o T) FRR: s sF Ji) K T A ) 7
SR A7 W5 2 I 4G RE 0 2 5 T A AR 1
2K GERA AT I, 1A 5 T AR PR, R 4
P52 JAF FIFJAF 08 AR f 1 P 9 % B s i)
R, 2 W T AT A 0 1 A 5 R o B U0 g Ry
AR HCHTE R 58, T JAF FFJAF P g 65
AR, FEICER T b 35 0 T BE B % 8 T
TV o558 M >k 1 Jg &k o v A i de e M. C1-C2 fH
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SR A B R R 55 A A G, R R )
T AL () TR 9 A R 2% . 25 R oR R FIAF 4
) C1-C2 {H & 3 & T X BR 4, T fiEJ2 i TRk B
B WU A B A R AIG, B FJAF
2R WG pH (HFRAC, 1 RE2s 52 i I ] vh 28 1T
PP P AR T RS ek

Fe# 6 3 o JAF 415 FJAF 40 /938 56 &5 S5 nT

15 FJAF 20 1 W 7K S5 R B e 1] A 545 4 [R5
FRLLBIY JAF 4, 78 i 55 2 W J % 4 1l A 1K 1 ]
WK SRR BT B P $E R FIAF 41 MK S —
BT BE N RE S KIS 405 R A R I R AR DG i
FJAF 2118 A 0998 s B B AR, AT AE /2 B T FJAF
41 H A5 A T R AT T 2058 W 0 s 5t B AR AIK

F 4 JAF/FIAF 318 & ## BRI R 82
Table 4 Effect of JAF/FJAF on farinograph property of JAF/FJAF substituted BRF

P4 B )% T A% B 18] /min A& B 8] /min C1-C2/Nm
0% 72.20 + 0.28" 1.78 £ 0.21° 9.90 + 0.56* 0.29 + 0.0064"
5% JAF 67.50 + 0.71" 4.72 £ 0.021" 10.10 + 0.56™ 0.28 + 0.012°
10% JAF 63.30 + 0.00° 3.74 = 0.20° 10.30 + 0.28" 0.33 £ 0.015®
5% FJAF 66.00 + 0.00* 2.06 + 0.16" 9.55 = 0.49* 0.35 + 0.032"
10% FJAF 59.85 £ 0.21° 2.54 £ 0.20" 8.90 + 0.28* 0.39 + 0.023°

TE < P 45 R LS S (b5 i i 26 37 | 7] — S 6] /NG 5 B3R 25 2R il i) 22 7 Wk 25 (P<0.05)

% 5 JAF/FJAF 338 & # S i R

J# M (Nm)

Table 5 Effect of JAF/FJAF on thermo—mechanical properties of JAF/FJAF substituted BRF (Nm)

LA

C3 C4 C5 C3-C2 C3-C4 C5-C4
0% 2.10 £ 0.029° 1.73 £ 0.019° 2.44 £0.12 1.28 £0.0035*  0.37 + 0.0099* 0.71 £0.11*
5% JAF 2.11 £0.013° 1.90 £ 0.018" 2.75 £ 0.027 1.29 £0.0085™  0.21 £0.0056"  0.86 + 0.0085"
10% JAF 2.08 +0.017* 1.94 = 0.013¢ 2.75 £0.074" 1.30 £ 0.0042  0.13 £ 0.0035° 0.80 = 0.061*
5% FJAF 2.08 £ 0.0064 1.92 £ 0.013" 2.79 £ 0.025" 1.30 £ 0.0064°  0.16 + 0.0071¢ 0.86 + 0.012*
10% FIAF ND ND 295 +0.13" ND ND ND

T A G5 R L I (L bR G 22 R | R — SR [R] /NG 5 B 7R 4% 2 R i 0] 22 53 A2 35 (P<0.05) ,ND AR A A H 45 28

23 REBEEABFFEMEMHEAERARTHGE
SSEA | o r
230 REEES K EEAE 40 xR K T A RS R
SRR AL R K T AT — P R LA S TR 1 ‘
SRy 45 2E R K T AT (R RS S I 3 R £k, 45 AR K T AT 1Y &
Z5h 0 ot 3 ) 8 A ) D T ARG, R T
SIUIRRAL IS, HAE 0~1 57 35 4) 3 R 5 [ N, JAF
A FIAF 20 B9 26 B = T 0 BRAH , HL 286 2 Bl 25 V8 7k
S f0 4 R >k T A A4 76 1 S P B0 T
DL KR T o AR AR R B ik A DG JAF A FJAF 4
ot oK T A 286 A 35 2 42 5 T BB R T R AR R
K,

—8—5% JAF
—&—10% JAF
—¥— 5% FJAF
—4—10% FJAF

100

i3
Viscosity/Pa-s

0.1 1

Shearing rate/s™
1 XTER4A . .JAF #1 FJAF Rk EEAMNRER &
Fig.1 Steady state flow curves of control, JAF
and FJAF substituted BR batter
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232 REWES A FESEF 40 X5 BE K T A1 2 245 it
REMESE I SERERLEL (G7) M AERL L (G”) 4%
)R W TR K TET AT Y R R R, L 2 SR ES
JAF F1 FJAF JE REK T A1 () G' AN G (B BE AT % 11 A8
R, S A B G R G E Y B R 34 i
B K, B G RT 67, F RS K 1f A1 & [
AR, Hoh s BT 5 IR T R

53t A AH L ,10% JAF F1 10% FIAF 7&K
USSR IS BEobe T o T i N R A = ME NS
BT E A, M 5% JAF F1 5% FJAF 5%}
MRk E A, AN E% 1~10 Hz N, H HE
T X B4 JAF A1 FJAF 4009 GME K T X Id 41 H.
Wit 5 5 0 KT 18 i 3 BT JAF R FJAF #§
A A% S35 B K T AT A e X R R ST SR 5
L2 B e b 3 1 /N A GTRn GME H
G' Fl G b6 25 5 Bl s in AR A B 0 1 T %
B, AR 1 D R Ay 5 A S R T A T 4 45 A
I 5 T AR K A 56 SR, AU rhoRE KA A
T A, HOREOR A O B I AR A A
PE,GVRT GME B K T B JAF FI FJAF 45 0%
F14) B J2 A R R R A M A O
24 REBSEABFFEMINIEATALZEBES
e3=0p-A1)

TR AT 1) 2 T 5 1 X e 246 7 it (14 ) BEL AR A 52 i
K, T T AR R = SRR 0 AN A Y
R R AR [ 3 R M T e i ad R 4% LRk
KT VAR A Ak R 5 Bt K T ] ) S K TrT
VAT (1) 2 T A R 3 16, X R4 5% JAF 21
10% JAF A9 #hZE7E /T 35 min JLF 22 EE A
1M & B 40 min B ,10% JAF 41 1 F & BT 76 38
Jin, T X B A T PR AR R R R AIG , R B JAF B9 i
o il O T AT T R R W R, (LR T
TOREKTE A B SRR e v, 5 2.2 1R 2.3 T R
ELER—H,

LR PR R TR 4 = o R oK T P A 2 A R 1 5 T
B, THT A % T B B A S o= 38 in i B, &
1% 2 30 min (5 5% FJA 4150 10% FJA 208 K 1
WA 44 FR 3 50 A 223 mLL F1 240 mL, #H b T %) B8
HIGINT 24.58%H1 34.08% , KT ,5% FJA ZHHI
10% FJA 217 AR 53 5 4E & 1 2 35,40 min B}
TRUG T RE, W1 FJA HURESS (€ Rl K T AT o e RE

(;/ GH

14000 - | —=— —e—0%
—— —p—5%JAF 7 4000
—A— > 10% JAF
12000 L |7 —m—5%FuAF
—o— & 10%FIAF

10000

G'/Pa

&
8000 - 2090 &

6000 |-

4000

1
e
Frequency/Hz

B 2 JAF 71 FUAF X#EKkEHR G’ G'HIR M
Fig.2 The effect of JAF and FJAF on G’ and G”
of BR batter

300 -

—— 0%

AE —e— 5% JAF

T sl —a—10% JAF

= —v—5%FIA
= 2 —+—10%FJA
s
Ei E 200
E 5

2

=

o 150 F

=

F

100

0 10 0 0 m
IR TR i)
Fermentation time/min
B 3 JAF/FJA 3K T F & B 1 ) % 1
Fig.3 Effect of JAF/FJA on gas—retaining properties

of brown rice batter

R, (AJEANAENS b 35 A8 RE K 1 AT (9 45 M F
P & I R D Y SRR T RE Dk L 1) S A
FLAF R & 5 FIA R G BERRAR, FJA 411 A bl
A= el R KA G S R, BN T R &
W S R o AR ORE 0P 2) FLINR I R B A FIA B
pH {E A, 40 2% B 00 A K A e RE % B4R 16 S
BRI, HAT FLER A S Rk P ) & R A £
sl
25 KREBSEABFFEWMIRKELEIHNE
i

] 4 RIS 25 AURE KRS HE 28 19 KNG A
10% FJA >5% FJA >5% JAF >10% JAF ~0%
JAF,BR 5% FJA HILAE R TX A SN HEd it
A HE R 45 9 5 & B 2 30 min R K 1 P AR
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45 R —3, FIRE 5 AS R O 38 = 28 v 48 H Y
REERGEZES . WX 201 b v by il ik
(52 ) S5 A G T Btk — 2D 98 . Kou S 58 &
B2 IR A R A Y 25 B FS (Fibruline® S30, 37 1)
DP<10) #1 FI(Fibruline® Instant, ¥ DP 2~60)
(R AR HL 9123 S 7E 10.0% 81 7.5% LA R IE, AR A #5
183k () FL 2 50 B AL L R, IR AR K F
AT I E Y FT 54— AR L B i B e R A
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Effect of Fermented Jerusalem Artichoke on the Quality of Brown Rice Batter
and Steamed Bread
Yuan Yirong, Xiao Ning, Xu Qianqian, Dong Jinyue, Liu Xuebo, Duan Xiang
(College of Food Science and Engineering, Northwest A & F University, Yangling 712100, Shaanxi)

Abstract To study the effects of the addition of jerusalem artichoke powder and fermented jerusalem artichoke on the
quality of brown rice batter and steamed bread, this study substitute 5% and 10% brown rice flour with jerusalem arti-
choke powder and Lactobacillus plantarum fermented jerusalem artichoke powder, respectively. The results showed that
compared with the control group, both jerusalem artichoke powder and fermented jerusalem artichoke powder could reduce
the peak viscosity, final viscosity and rejuvenation value of the mixed powder, and also reduced the water absorption
rate of brown rice batter, increased the batter formation time, initial viscosity and loss modulus. In addition, compared
with jerusalem artichoke powder with the same substitution ratio, the mixed powder containing fermented jerusalem arti-
choke powder had lower peak viscosity, final viscosity and rejuvenation value, and the water absorption rate of the batter
was lower. The effect of fermented jerusalem artichoke powder on the fermentation properties of brown rice dough, the
texture,, specific volume and storage quality of brown rice steamed bread was more significant. Compared with the control
group, the fermentation volume of brown rice batter at 30 min added with 10% fermented jerusalem artichoke increased
by 36.87% , and the specific volume increased by 25.30%. The hardening rate during storage decreased by 52.70%.
Through this study, fermented jerusalem artichoke could shorten the fermentation time of brown rice batter, improve the
specific volume, texture and storage quality of brown rice steamed bread, and its capability of improvement is better than
unfermented Jerusalem artichoke.

Keywords jerusalem artichoke flour; Lactobacillus plantarum; fermentation; brown rice batter; brown rice steamed bread



