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Whole Oat Solid-state Fermentation with Lactobacillus casei Zhang
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Abstract: In this study, the whole oat powder was used as the only medium for the solid-state fermentation with Lactobacil-
lus casei Zhang for the purpose of developing a fermented grain food with prebiotic effect. In order to obtain the high viable
count of L. casei Zhang, the optimal fermentation conditions were obtained through single factor tests and the orthogonal
tests of the moisture content, inoculum size, fermentation time and the initial pH of the medium. In the optimal condi-
tions (moisture content 55%, inoculum size 9%, pH 6, fermentation 36 h and under 37 °C) , the highest population was 6.32 x
10° g™, the titratable acidity was 9.93 mL and the amount of lactic acid was 0.45 g/100 g. By analyzing the nutrition compo-
sitions of the oat before and after fermentation, the following conclusions could be made. Almost no change was seen in the
p-glucan content, which was 1.61 g/100 g after fermentation; the content of a-ammonia nitrogen and peptide whose relative
molecular weight is less than 6 000 increased by 0.06 g/100 g and 10.62%, respectively.
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PR AL E LA BEE Wk, DEA TR TR, W40 5 B LA
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1.1 ER BRI

MeAZ , T, SIS RE R A, i 20 H .

TEEFLIF 1 (Lactobacillus casei) Zhang, N5
O R “FLRAEYHEAR S TR” #HE T E LK

B A RE AR Tween 80 Fpfka¥:
ai s AW OB R % . 2R . K,HPO, |
MgSO,47H,0 F1 MnSO44H,0 2535 4 Hr it 7).
1.2 BEFE

MRS HiFdE: M 10 g, 4 RH 10 g, BEEEE
5g,KoHPO, 2 g, ¥R =% 2 g, ZTREN 2 g, A%
20g , MgSO47H,0 0.5g , MnSO44H,0 025g ,
Tween 80 1 mL, Z&i%/K 1L, pH 6.5, 115 ‘CKH
20 min.

HEUE IR AL . MRS AR T3,

THEZ [ R Wb R0 - ) HEZ By PO A — 2 i 1Y
K, SR JE PR HE PRI 5T, L W) 1R B 7K AN (]
IR B 2R, 115 °C K4 20 min.
1.3 BMREK

BUb B FHIME N TR FLAF R Zhang

MRS Zifig P FXI2E, BRECHEEY5 H MRS [ AR}HAT
KRR T A AL A, INIEALI) MRS [EAAR} A
Br Rk FHRIGE B R A MRS WA IR
37 CHEERSR 20h, R H G B VR
W) IV (RGFRIE) = SR EHEA MRS AR KR IR
H, 37 CEFERESE 16 h, il U T4
1.4 LEHE
141 AREAFEESLFAEHHAT A

XEAN [ 4R 25 K & (m OK) /m (5555 3E) = 50% .
55% . 60% . 65%) HEAT LA R L0, HEF R 8%,
37 CHEEESE 240 Ja, 7 h DL b S R R SRR
R TR R TG R, MU E R 3 K.
142 BAZAFRIAFAEALG YA

FE IR 2 1 EK SRR L, FLfh AR AR,
A [ 3R (m (R fm (B3R 3E) = 5% . 8%, 10% .
119%) AT BRI R LI, 43Sl 6] DI 1 285 Je i o A
R T B FLFF RS R, AL B E R 3 Ik,
1.43 A BEaF R 2 T B& SUAT ) 7 1 2ah %ok

TE_ R B 0 1 1135 K T RS R A A I St I, Hopthy
FAEARAE SR FRAFIR] (12,24 .36, 48 h) AT FRLRI 2
SEHG, A% LA B AS & R SRR R R T T EE LA A
TERRTTEL, AR A 3 UK.
1.4.4 337 HAn%s pH LM SLAF B & A 2009 %ok

TE A 2 1) 2SR TR 77 25 R 3 |, Hodth
FAAAL, XM REFREEWILG pH (5.5.6.0.6.5,7.0) #1T
PATRIRSEI , A3 SN LA [ 285 % s S R R A 5 T 1
FUFF RS BT, AP 3 IR
145 TR B B SR B R LM ER LI

TE_ R BRI RSO0 A JERN I, BEFRAS TR AY 3 4>
I AP IE AT S8
1.5 ®iUFE
1.5.1 F®&35UAFA Zhang & & 40

FREL 10 g 37 [0 2 ke it B %6 90 mL J¢
B A R K B AR, 203 15 s, WA 12 10 A9FE
ST SRIG R BERR R, TR BRI A R B e R bR
GB 4789.35—2010 #E41i% B4
1.5.2 pH F= %82 & (TTA) ¢4 €

R AACC (2000) 02-52 J7i:", FREL 10 g fie
[ A R W1, TR, A 90 mL G CO,
ZRIEK, FRE 12845 FE 30 min, #'E 10 min J5H pH
T Bt foeHY) pH; 9 0.1 mol/L NaOH ¥
&, H pH THIER EZ s pH 8.6. Urifs 0.1 mol/L
NaOH %R AIATL (AN mL) BN BERE. EA 3
HCF AL
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ATV PRI (27 4 O 1 1) E # BR AACC32-07 5
R B R BRI 4 IR AOAC995.16 5
PO o G SR I E R A B =R B kT LR
et A 2 TS A T
1.6 HmEZHRIEMRPH &

HUHeE AR 10 g, SIIRARIERRS |, B T Ae
VI 5 A E AP ER KTE 4 CiR4E 4h, 7E
4 500 r/min £50F F ELOBCRIER, BT BO R
20g, MK 50mL 743 % fi# , 3000 r/min &5 0>
15 min, BUF1EW, 2 0.45 um (ALIERS 8. BA R

1.7 SHEMSFRES HRUE™

3 5 . (%4 GE Superdex™ Peptide
10/300GL (10 mm x 300 mm) % AT ; W sh 40 K
50 mmol/L BEMRFLZZ v (pH 7.2, % 0.15 mol/L
NaCl) ; #EH/NF 1.8 MPa; Jiifir 0.7 mL/min; K65
K 214 nm; FER O E R AR 10 uL. DA R
C (M, =12 500) . FAKREG (M, = 6 512) | EALHEA BT
BR (M, =615) 38 B4 BEH K (M, =310) | T &R
(M, = 75) AHXS 43 BT br o .
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Fig.1 Effect of the moisture content on the growth of L.
casei Zhang
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Fig. 2 Effect of the inoculum size on the growth of L.
casei Zhang
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Fig. 3 Effect of the cultivation time on the growth of L.
casei Zhang
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HE 4 alAE, BRI pH XTI FLAT I
Zhang % ECH — & I5EI, >4 pH 2l 6.0 51 6.5 I,
AR 6.17x 10° g Fl 6.18 x 10° g, ZZHIA
HHZ, {ELEE pH g 5.5 A1 7.0 BT B AHT .

22 EXTWHEREEFEH

TE R PR SO0 (R FE A I, SRR IR 3 4>
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Tab.1 Results of orthogonal experiment of oat solid-state

fermentation
T &K% ERR/% IR pH HRRUg!
1 50 9 32 6.0 (4.10 £ 0.26) x 10°
2 50 10 36 6.5 (5.80 + 0.33) x 10°
3 50 11 40 7.0 (3.20 £ 0.17) x10°
4 55 9 36 7.0 (6.10 £ 0.30) x10°
5 55 10 40 6.0 (5.60 £ 0.26) x10°
6 55 11 32 6.5 (3.10 £ 0.10) x10°
7 60 9 40 6.5 (3.70 £ 0.17) x10°
8 60 10 32 7.0 (233 £ 0.23) x10°
9 60 11 36 6.0 (4.80 + 0.30) x10°
ki 4367 4633  3.177  4.833
ky 4933 4577 5567 4200
ks 3.610 3700  4.167  3.877
R 1323 0933 2390  0.957

R 1 AT X RS FLAF IR Zhang 16 TRIEUE
4 =B YRy 2 A I s ] > B /K i > pH > $e R B
WCHRAEHE N FKE 55% . AR L 9% . & BE I [A]
36 h, K531 IR pH 6.
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Fig.5 Curves of pH and TTA of oat solid-state fermen-
tation with L. casei Zhang

pH
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HE 5 ATLE H: FERPIR 0~ 4 h 1R
B R R R ZE G, M RESRIEN pH Ok
() 5.67 Wk FF&3 4.75 Z247;4h LA, pH HER
WAYAE L 24 32 h LUG, pH N 4.13 FHLAFAZE.
i P 5 2 T st 1) %) S T 86 0, 3 2 - B AL AT
I Zhang J7IR , FR AW R30I EE T, YA R
36 h B, SR IAE] 9.93 mL.
24 EBAIEHRERSHTWL

W DL I 15 31 (1) JHE 32 61385 & e = W itE A 7 o0 A%
ot 45 5R WK 2, 3R 3.
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Tab.2 Comparison of compositions before and after fer-

mentation
J4y &/ (g/100 g)
MR Al
% =l B 7
e frof g BHEIRKE e IA BN
KEEET 2.19+0.10 1.63+020 0.11 +0.02 0
KWEJE  2.08+0.11 1.61+0.14 0.17+0.01 0.45=+0.01

®3 AREMSFRERNERESRIESH
Tab.3 Oat peptide of different relative molecular weight

+/ = ZIKE =%
AR 23 o e P
<1000 55.05 + 0.52 58.55 + 0.66
1000 ~ 3 000 12.02 + 0.71 16.45 + 1.03
3 000 ~ 6 000 10.94 + 0.73 11.30 + 0.54
6000 ~ 10 000 7.16 £ 0.55 7.22 £0.02
>10 000 14.84 + 0.75 6.48 £ 0.75

1S 2 T : TV PEIE 27 4 h R BERT Y 2.19 g/
100 g 7274 2.08 g/100 g, ABAbA i 2 5 K51 i
RWEE T A A, A B R R
1.63 g/100 g 75K 1.61 g/100 g, LTI FEAK, X Al
RE A HY T 1 1% 7L TR 0T 5 SR 0 5 A BB ) 22 38 7
M - @ IERM T EH 011gi00g I =E
0.17 g/100 g, [F], =AW ZLER w4 0.45 /100 g. -
IR BERE S R I | BRI AR , FA AT 0 PR AR
H. T A AR S B T AW, AL
SEHERE 7= AT ELA o8 At AR AT A 17 CR gV .

WEmEEdEH GPC B AR A T4, B
AL A5 FIRE S 22 K0 AE X 4 5 8 A A v R (3R
3). & 3 HATLIE ) 78T EEFLAT A [ 8 R e &
36h Ji, 525 FIXIRAAE S, Mo i KT
10 000 A2 RK (R0 S 3= FERT 56.33%, AHXT 43
TR/ 6000 ZHIEIN T 10.62%, Hrb, AHXT
A FERAE 3000 ~ 6 000 FIZ ARSI T 3.29%,
FEXS 2> TR AE 1000 ~ 3000 B2 k& REm T



20 -

36.85%, HXI o FBUE/NF 1000 B/ NF-RE & bl
T 6.36%. MiAHiE K (BAP) 5 1Y 1F & — 2 AHXT
SrFRiR/NT 6000 2K, HAEARA IR, F1IH
Fim, FHEFREE, BRAPUSIE, PrnfIg .
MU BUE  BUEE | 97 1 IR AL & 2 R agl. sz
WM, TRAFLAFH Zhang K WEeE iy A rp 4
ST U ER U, AT (AR 1 UK AR A /N TR A

LR, AT NS L i
3 & it

AR SIS T AT RESZ A T WS LA IS Zhang [
e W HE A 18 TR RO K o L B R | R IR 1) D R 8%
FRERPIG pH SFA TR R AIE A0, 1595 T
RS Bk i 55% B 9% . R B2 [A]
36 h KEFREAIR pH 6, FESLACA R FHaREEE Ryl — Sk
kAT R TS T B FLFF I Zhang TG TRECH 6.32 x
10°g™, BBREE K 9.93 mL.

Xof bl & PRI J e B A3 i AR Ak, 1S T sk
TG B2 4R E 2RO 1 p- SR LA B
% FLER il 0.45 g/100 g; o~ LA SR T
0.06 g/100 g; AHXF 43T iE/INF 6 000 [ Z K3 T
10.62%.
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