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Physicochemical Characteristics and Biological Activities of Rice
and Amaranth Fermented by Bacillus subtilis KMKW4

Su-Jin Yang, Rea-Hyun Lee, and Joo—-Heon Hong

Department of Food Science and Technology, Catholic University of Daegu

ABSTRACT This study examined the cultural characteristics and biological activities of fermented rice and amaranth
with Bacillus subtilis KMKW4. These samples were made with various amounts of rice and amaranth [100:0 (R100),
90:10 (R90), 80:20 (R80), and 70:30 (R70)]. B. subtilis KMKW4 was used as starter for the fermentation, and its
cultures at the lated logarithmic growth were inoculated for final concentration of 2% (v/v). Number of viable cells
of fermented R80 (7.67 log CFU/mL) was greater than those of R100, R90, and R70 (7.48 log CFU/mL, 7.38 log
CFU/mL, and 7.09 CFU/mL, respectively) during the fermentation period (120 h). Amylase activities of fermented
R80 and R100 were 57.77 U/mL and 19.91 U/mL, respectively. Furthermore, amylase activities of fermented freeze-dried
powders of R100 and R80 were 24.31 U/g and 9.12 U/g, respectively. Free sugar contents of R100 and R80 increased
after fermentation, and that of R80 (5,454.15 mg/100 g) significantly increased compared to that of R100 (4,274.85
mg/100 g). The free amino acid content of R80 was higher than that of R100. DPPH and superoxide radical scavenging
activities of 5 mg/mL of fermented freeze-dried powder (R80) were 44.21% and 89.76%, respectively. ACE inhibition
rates and o-glucosidase inhibitory activities were significantly higher in R80 than R100. This study suggested that
fermentation of R80 might be a new potential source of antioxidant, anti-diabetic, and anti-hypertensive agents applicable

to grain enzyme-containing foods.

Key words: Bacillus subtilis KMKW4, rice, amaranth, amylase activity, a-glucosidase inhibitory activity
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AAsL E 710~ NCM Jisico, Seoul, Korea)® &4
ste] 27EA(0.491 mm)E S93 EES ARESIGITE W
vl 9 opnlgks W & 9jete] AR M AE-S X ZHE
B A% Bacillus subtilis KMKW4Z o] &3} tH9).
3,5-Dinitrosalicylic acid(DNS), soluble starch, glucose,
maltose, 1,1-diphenyl-2-picrylhydrazyl(DPPH), etha-
nol(99.9%), phenazine methosulfate(PMS), nitro blue
tetrazolium(NBT), B-nicotinamide adenine dinucleotide
(NADH), rabbit lung acetone powder, hippuryl-his-
tidyl-leucine(HHL), a-glucosidase, p—nitrophenyl-a-
D-glucopyranoside= Sigma-Aldrich Co.(St. Louis, MO,
USA)9] A&FS 283} 3L, hydrogen chloride, sodium
chloride, ethyl acetate, methanol, ethanol(94%) 52| &
= 4+ A2 (Duksan Co., Seoul, Korea)2.%2, HPLC &
)= J.T. Baker(Phillipsburg, NJ, USA) A &S AF&31S)
t}. Nutrient broth, agart Difco(Detroit, MI, USA)2] |
F& AHEESTH

Starter H{jQ¥oH H|=

W) o} ofmbek At W) 100%(R100), W1 90%ol o}n}
2= 10%(R90), Mu] 80%°l ofatets 20%(R80) H ]
70%°0 olvtd2 30%(R70)E 3fo] ojwlehx £ Hl%g
gdElstgion 7tz 20 g AtAEetade Wi A &
W 40 mLE 7}8F tFg shaking sk, &gk wim] 2
olmfg 2 wkgo| o]&3 B subtilis KMKW4+ nutrient
brothol] E3d}e] 37°Coll A 2443t v F3te] starter) ©
2 ARg3giTh
Hio| 2 otojEtAQl W

% /\17‘540]] 1; =1 Rt ]9}
et ofutA s E3ste] ARESEGon, wWin] B ofulgt
29] 21| S 2|3 R100, R90, R80 % R709l B. sub-
tilis KMKW4Z o]-83}o] A %3} starter NS 2% HE31
o HE F &-27](LIS-2005RL, Daihan Labtech Co.,
Ltd., Seoul, Korea)oll 4] 120A17+7+A] 37°Cell A 160 rpm
© 2 shaking 3t 2aslgion, da o] wjks 5EALS

vlof] =53 T d S B EE}7)

Hjofo] A= St vl Al SA e A S #
Aol AR /\]s—it WgES TAARZ 3 e -72°ColA
BastEaA Age ARSI

Wl AT 2 853k AlRe 17 B w23 A7 &
AAZFS Fot] AFPol A&t Aitrs g 1 mL

.85% NaCl €9 9 mL& &g3lo] 104] s]Ayo =z g
A a1 3]A 9 100 L= plateo] H%3}aL 1.5% agar’}
A71% nutrient brothE o] &3 A S AHHO T HHFE
=738kl ek Z4H7+e] plate= 37°C w7104 2441 7F v <
% A% colony & AS3AL 1 colonyel M u+E
H3ke] A& mLY CFU(colony forming unit)= YeRJ AT

pH+ pH meter(CH-8603, Mettler-Toledo Inc.,
Schwerzenbach, Switzerland)E& AF&-3F¢] 10 mLe A&
& AFsta 33 b 54 Faks YERSith

Amylase &8 &£H

Amylase 42 50 mM sodium phosphate ¢+%-8
(pH 7.0)ol €313 0.5% soluble starch 0.5 mLE 7|2 &
o] g3te] Win] @ ojujeh s Wty Eo] A5 05 mLE &4
Ao Hrtstar 37°Cell A 3047 WA AT ojw A
H AT F§FS DNS B8 SAs o, &
Aol e @4 A 1 unit2 1% 1 umol9 glucoseE
ksl Gaagor Aolsldr).

Qe 3y 24
FEY WFE A L ojulels WER FAAEYY
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100 mgell 10 mL &#/F4= 713 S 0.2 pm membrane
filter2 o }gF & HPLC(Waters2996, Waters Co., Mil—-
ford, MA, USA)E #4313t} o] columne carbohy-—
drate column(D 4.6%x250 mm, Waters Co.)& AF-&3}%
© ™ column oven &%+ 35°C, mobile phasex 85%
acetonitrile flow ratex 1.2 mL/min®| Q3L A& F=UHF

20 L& 3}9] refractive index(RI) detectorZ o] &3}

o A&t EFEL glucose, maltoseE SHF =
of TFLAoE AL BEFH A5Y G AES
P2 AR AR vlaske] Slskola, e EF AR
2 7} aowe A% 348 g F peaks] WHoR
A=kl

| 94% ethanol 10 mL

£ 7Fato] 24A17F aRkgk ohg- fA412](4,000 rpm, 15+)

& skl Eeld ASs 40°C

ofglell A ek =N o =3 A== 0.02 N HCI 5

mLZ &3] oJ3(0.22 pm, membrane filter)3dF th2-

amino acid analyzer(L-8900, Hitachi Co., Tokyo, Ja-
pan) & A3} o},

DPPH radical A7 M =H
HAAE ol s DPPHE =& o] &3t SAs At
(19). = %Eﬂéi 343k A|& 0.5 mLell 4x10* M DPPH
2 M(99.9% ethyl alcoholol] £3l) 4.5 mLE 7}8lo] &
o] H37} 5 mL7} H =5 O}Oﬂ‘jr o] Hkg-olS ofF 103t
=3tsta Aol 303 WA g & FFF=A (Ultraspec
2100pro, Amersham Co., Buckinghamshire, Sweden)&
ARg3Ee] 525 nmell A FF s SAAT AATATS
A& H7F A5-e] Apol & o} o] MEEE YEhAAT
DPPH radical vengin Sampleapsorbance
ity o1 o) <100

Superoxide radical A7 &M =X

Superoxide radical 274 &4-2 Nishikimi(20)2] ¥
of wat v #Zol Stk A% 500 uLel 0.1 M
Tris—-HCl ¥%8 94 (pH 8.5) 100 uL, 100 uM phenazine
methosulfate(PMS) 200 uLE &338te] w2171 § 500
uM nitro blue tetrazolium(NBT) 200 pL % 500 uM B-
nicotinamide adenine dinucleotide(NADH) 400 L& A
7tate] Aol A 1083 WHgAI7] v B3 B EAE o] &
3l 560 nmol A SFE=E =A 3t} Superoxide radi—
cal &7 84S A5 H7F AFo] Aol & ofefjef o] Wi
2 e AT

Superoxide radical _( __Sampleabsorbance

. . . - ><
scavenging activity (%) Controlabsorbance ) 100

olef &

e

Angiotensin converting enzyme(ACE) Xaff &M

ACE A3 &4 Cushman®} Cheung(21)2] W4
galo] FAHsG o, a4 NS rabbit lung acetone
powderE 1 g/10 mL(w/v)] X2 4°ColA 24A|13F &
3 & A4 R (4°C, 10,000 rpm, 40%) dto] A5 AS =
oo ARgskelth 7182 0.3 M NaClo] g 0.1
M sodium borate buffer(pH 8.3)°ll hippuryl-histidyl-
leucine(HHL)S 5 mg/mL(w/v)¢] 3E& =2 3 7|42
AH83FA T ACE A3l 8442 Al59 50 plol ACE a4
o 50 uLE 7Fg ohg 37°CellA 587t ouukgS A7
% 714 50 uLE 748t vhA] 37°Cel A 1"] 1_9"\]}71‘4.
Bk % 1 N HCI 150 uL& 7}8fe] vhg-&
pLe] ethyl acetate® 7}3F t}g 183H E’_‘iﬁ}ﬂ LA
(4°C, 5,000 rpm, 10+) 3}¢] 500 pLe] 5 HS .
o] AT M 120° Coﬂ}\ﬂ 3087 A3 AFRAIA 2 mLY
methanol& ¥ ¥ 228 nmolA FFEE =
Z7E AR gl FH5E 50 uLE 7heke] A
ACE A3 &4 ofefo} Zo] YA

ACE inhibition rate (%)=

( _ Controlapsorbance ~ Sampleabsorbance
COntrOlabsorbance - Blankabsorbance

=

=
KeN
=

(g 03

N

)x100

a—Glucosidase A5l &M &3
a-Glucosidase A3l &4 Tibbot¥} Skadsen(22)9]
WS Myt FA4313 T a-Glucosidase(0.2 U/mL)<t
p—nitrophenyl-a-D-glucopyranoside(3 mM, pNPG)&
0.1 M potassium phosphate buffer(pH 7.0)°l -&3}|3}<]
Abgstg o, Zbzko]l Alg ol 50 uLE 0.2 U/mL a-gluco-
sidase &4 100 pLe} E3tsto] 37°Coll A 2043+ = uj

&g ¥ 3 mM pNPG 50 ulLg 7}ske] 37°CellAl 201t
WS el STh e F B HHEAR o] 830l 405 nmol A
FYRE ST ANER S AR

S7AIxz]

2e A= 33 OB =24 5 WHF+EEAXE e
loun SPSS 19.00BM Corp., Chlcago IL, USA)S o]&
3lo] ZF AlEmat 7+ SoALe HA=3 T X0.05 oA
Duncan's multiple range testol] wa} 2413}t

S

F<inl IR~

4

HHIA|ZHl [E YUS=o| M+ & pH H3}

i) o} ofmlgt~o] Egu] ol wal v AE APl H X
= 98-S HEs] 915k R100, R0, R8O ¥ R70] il
120A12F a5 v FAgbE BdE Fig. 1A YERNRL
o} %71 OAJZFell A 9] A4+ 5.33~5.37 log CFU/mLS}
owm vk 12417 9 2443 A 3ol whel R1002 7.48
log CFU/mL¢} 7.37 log CFU/mL 3, R90L 7.16 log
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Fig. 1. Time course of growth and pH during fermentation of Bacillus subtilis KMKW4 in rice and amaranth broth medium at
37°C for 120 h. Values are expressed as the mean+SD (n=3). R100, rice 100%; R90, rice 90%+amaranth 10%; R80, rice 80%+amaranth

20%; R70, rice 70%tamaranth 30%.

CFU/mL¢%} 7.18 log CFU/mL, R80 7.67 log CFU/mL%}
7.52 log CFU/mL % R702 7.09 log CFU/mL¢} 7.01 log
CFU/mLZ S5 o] ofupgts T &l w2 4709 A&
% R80OOIA 7M=& AL A4S e 2 a g
AGS 12417 B2 7S Bl FalEl o w2412
o] FHE = AR fadteE AFS JERISlTE weEbA B
subtilis KMKW47} win| o} olulgt~E gyx o2 2] &
2o o] g5t om HE vt & APF AL st W
n) 9 oojuigkao] wbg AEE 1ty 9l5ke] Al
5 wa & pH WekE Fig. 1Bol|l YeR STt s Ak
o] W& pH k2 0417kl A R100, R0, R8O % R700] z}zt
pH 6.58, pH 6.69, pH 6.73 % pH 6.755 Yehfo] oju}zt
27} "7 g wel pHy) okt Z71eS selsigd o, 12
AZF g A pHE 2H2F 559, 5.79, 5.53 2 5.88% UtERY
R80IA 7H¢ & pHE YERQIct W] & ofupgks &
ol e WaEEo pHe wEAIZte]l B3l ulhet
pH7} Yrolx] BE gt A wart dolweS 215k
3L R80°] 7 WAl A= et o= Kim 5(23)9] A7+l
A ExTbE FALE S o] 881 B subtilis® aA7l A
Yol A HEEA] ¢F-S wiA] 9] pH & 6.2791 WA wE
ok B A= 2441 7HA) pH #ho] 4.272 Yol dart dowk

A 70 A -e-R100 -0-R90 -4-R80 -»-R70
60
50 -

40 -

Unit/mL

30 A

20 -

0 12 24 48 72 96 120
Culture time (h)

o gRls A} AT ek 2 Ao A=
Algtel whe At 9 opH WskE wef @ o opteag
20% A7¥sk R8O 73+& AASA S 2725 W 100
%(R100)Z 3} A7t WE amylase &4 S 45}

it

HHQEA| 2ol 2 YUSZO| amylase &M

Ao (R100) % #w] 9} ofrgt (R0, R80, R70) &3
g By W B SAAZE G w7t wE amy—
lase 843S& =A3 A= Fig. 29} 2t} g Eo] A4
& O’*]{POHHJ amylase 4> R100, R90, R80 ¥ R7O
o] Z+Z} 7.34 unit/mL, 6.99 unit/mL, 6.18 unit/mL % 5.17
unit/mLE Ve o wjek 24X 774 & amylase &4
o W7t A WERA] kot vl 244 3F o] FH-E
amylase &g o] T4 F7Fete] wjF 4841 & 713
E2 amylase 435 YERISTE. #i g 4841 7Fell A R100,
R90, R80 ¥ R709] amylase &4 Z+7F 19.91 unit/mL,
25.12 unit/mL, 57.77 unit/mL 2 31.72 unit/mL= Y}E}S
on wnjuks ook o 3 wgEHTh o}n]—a}/\i 3%
ste] Ml st daEolA o A veue AS

= S AT
AR HFig. 24A). ¥ Ao A 9] amylase &AL Wa %7

sho)

-e—-R100 —A—R80

B 504

40

30 -

Unit/g

20 -

0 12 24 48 72 96 120
Culture time (h)

Fig. 2. Time course of amylase activity during fermentation of rice and amaranth by Bacillus subtilis KMKW4. Values are expressed
as the meantSD (n=3). (A) Fermentation products. (B) Fermentation freeze dried powder. R100, rice 100%; R90, rice 90%+amaranth
10%, R80, rice 80%+amaranth 20%; R70, rice 70%+amaranth 30%.
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A o] o7 Hasivrt vhA FohEE A S Ve
A=, o= FEHHE o] &3 HaE] a4 &4 WstE
SAE Aol TE 2dAdlE a4 o] Frtettt 39
A qh GAdo] Tl FFAEkglar, 49 o] HH &Aool T
Ao R FUtet(24)E Baek fAeRlnh e wE
B TAAZE L amylase 84S A% 27 daET
2o ABRE b9tk (Fig. 2B). 2858 SAARELS
amylase &4 °] 7 & R80%} thx7-¢1 R100& B3}
=], w g 484 4] RR0©] 24.31 unit/mLE FA
o] Mg Eo) tdt amylase 49 °F 42%E e AT

s B At W) ot ofutgd s g E(RI0)S i
24 T A 2AR &8 7S Rl o™ amy-
lase E4d0] 7HE =2 PR v 48A1%HS a2 R
Akt
dsE9 Ralg &
Wu)(R100) R Wu] &} ofw}at
°] T"r?ﬂ% geFs Ae A= Table 19 2tk R100
800 gfEol AE FEld2 glucose?t maltose=
AR g A R1002 glucose 765.3+39.1 mg/100
g, maltose 160.0£16.1 mg/100 g& &F3tL Yo,
g 48A1 7kl A glucose”} 4,274.9453.3 mg/100 go &
Y glucose el S71ehs #2158k AL maltoses A
=5 A Fdrh R8O La A glucose 1,828.8+56.3 mg/
100 g, maltose 147.44+29.7 mg/100 g©. & YE}} R100
Bt 27] glucose ol EokH], o= obmbghzol g
7] &olg dHIF Wol FHEo Ue ASE AlnEM
v A& ‘@Iroﬂ 5 A2 R8O A AFET} Y
o Aoz Fudr ¢E F R8O maltoses HEFHA
13 ;}_OJE] glucoses 5,454.2+£73.2 mg/100 go. 2 3¥}&Fo]
Z718t9 =1 R100E.Th glucose o] =88 ¢354
t}. Glucose &% R100 ¥ RS0 &2F wrg & F7)8h¢]
FrAe A¥Es Rol Qe ol B subtilis KMKW47F

2(R80) TaE A%

M %2 AL
—D;UNEJ

>

SFEO X1
dRe Fi

rH

N &2
NI

A3 8= amylasedl 93l o] 3= glucose”} 4343
HASS & 5 A} Kimd Park(25)2] 2 AE Abg) ol

(

2 ARBINEAY 50 S P ATelN AR

Table 1. The free sugar contents of rice and amaranth fermented
by Bacillus subtilis KMKW4

Free sugar contents (mg/100 g)

Samplesl)
Glucose Maltose
R100 0h 765.3+39.1%% 160.0+16.1°
48 h 4274.9+53.3° NDY
RS0 0h 1,828.84+56.3° 147 .4429.7°
48 h 5,454.2+73.0° ND

”Rloo rice 100%, R80: rice 80%+amaranth 20%.

Values represent meantSD (n=3).

*Means with different letters (a-d) within the same column are
significantly different by Duncan's multiple range test (P<0.05).
“ND: not detected.

s
-E7Y

il

S 7% glucosed] A o] F7tele
A Abee] 27255 glucose
SR 2 T RAAI7 I AR Baste] B AT AT} f
ALttt ek Lee 5(26)9 H o] w2 amylase G4
08} W (Aspergillus kawachin g o) &3k & =2}
A daRdd F AEE 959 EaE Qe

H| 3 A] glucose, maltose?] o] Z7}stt}a s

a—amylaseZ ZH&-A1A
d) o] a-amylase”’}

‘E‘E’F—{E
2

RuAge:
ol
38 kal'

HER AT OE]O}U]i’L st g JEE‘r a7
3949 R1002 2a A 664.09 mg/100 goll Al 48417
g % 834.2 mg/100 g & F7}3 o, RO Htg
A 868.8 mg/100 gollA wa % 1,085.2 mg/100 g &
=7Vl T}, ol B. subtilis KMKW4-°4 protease &4l
oo win] 9 olmghof FHE|o] 9l T o] ofv| e
Ato & Bale Ao w AR ET Ryuet Lee(27)E Bacillus
subtilis CT-DE ©]&3 7 LaE] 4 54 AolA
g & fEobu| Aol FUE ATk HaEkel e, Park
528)& B subtilis® WaH stz fg ot ite] W
T S7hgtaL watste] AEFdss Bolshy B subtilis=
A S Fate] frEoprits SRS gl
oh W3 ofupgh = wim o} Bl Al T gheko] 7]
well ofmpehrt EjtE o] 9l R80IA ] frefobm] it
FgFo]l ol e Ao AAEY vhte JSde] F5E
u2f %&7} O 2 ol o2 AlmEth #A4¥ of
=4t 36% & aspartic acid, serine, glycine 5= &3
?51‘301:0] A ———Eﬂ o]‘— Hliﬂ- 2] SEE]qu] =+
v AEEo] fFEolnAiks A dFE o
?ﬂ'ﬁ‘r—b Choi 5(29)¢] 15" A¥}e} FrAbekGlth HaE

ZRTo F9 fFEoln| Ao 2 = asparagine, gluta-
mic acid, alanine, y—ammo—n—butyric acid 5°] £45
A= 8k BHS Y= glutamic acide @& $ R100H
ok R8OAIA H =7 UEMS L &3S A valine, leucine,
isoleucine 5 R80OE.T R100°1A4 ¥ AS &4 4 A
Ao, @uke U lysined] 44 Ha duo wa 5o
& T7hske As gQlskal on R80°| R1I00K T 52 3
< YER AT

2

(

st

oy}l oA Woll A &A radicalol o3 =312 JA 5=
=y
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Table 2. Free amino acid contents of rice and amaranth fermented by Bacillus subtilis KMKW4

EIEE2 545

(unit: mg/100 g)

. . " R100" R80

ree amino aci o h 43 h o h 23 h
Taurine 1.4£0.1” 3.840.2 2.6+0.7 7.540.9
O-Phosphoethanolamine 1.3+0.1 4.842.4 10.8+1.1 65.8+1.2
Urea 7.5+0.3 28.3+1.7 29.1+0.8 92.0+5.7
L-Aspartic acid 59.2+1.1 - 96.1+3.8 -
L-Threonine 5.54¢0.7 3.4+1.4 11.6+1.2 -
L-Serine 19.2+1.6 6.5+0.1 23.1+1.6 -
L-Asparagine 246.8+5.3 13.7+£0.3 226.947.8 163.5+3.4
L-Glutamic acid 118.5+4.5 6.6+0.3 152.6+0.5 40.2+1.4
L-Sarcosine 22.3+3.1 21.4+1.2 49.3+0.1 11.8+1.9
L-Proline - 31.6+0.9 - 32.3+0.2
Glycine 10.7+0.2 2.84+0.6 20.8+2.1 7.340.1
L-Alanine 46.7+2.4 15.6+2.7 57.5+2.9 41.9+0.7
L-Citrulline - 25.244.5 - 6.14£0.8
L-a-Amino-n-butyric acid 3.3+1.9 28.9+0.4 3.3+0.6 31.0£2.4
L-Valine 9.8+0.7 60.7+5.1 18.1+0.5 19.540.8
L-Cystine - 0.8+0.1 0.740.2 1.840.3
L-Methionine 1.1£0.6 23.240.2 5.940.2 18.2+1.5
Cystathionine - 10.1+0.8 - 9.2+1.6
L-Isoleucine 2.240.2 17.7+1.8 8.3+0.4 3.840.7
L-Leucine 4.0+2.4 69.4+7.1 9.242.1 21.3+3.4
L-Tyrosine 4.7+1.5 63.6+3.7 10.4+0.7 33.1+5.7
B-Alanine - 4.0£1.1 - -
L-Phenylalanine 3.6+1.3 62.4+0.6 7.7£1.5 23.2+1.9
D,L-B-Aminoisobutyric acid - 1.1£0.4 - -
L-Homocysteine - 5.0£0.9 - 4.3+0.7
y-Amino-n-butyric acid 29.7+0.9 31.2+1.2 32.9+£3.2 51.7+4.4
Ethanolamine 5.4+3.2 20.5+0.3 5.6£1.1 19.3+0.7
Ammonium chloride 27.1£2.6 443422 32.8+1.6 151.8+2.4
6-Hydroxylysine - 4.9+1.3 - 0.3+£0.2
L-Ornithine - 21.2+0.7 0.4+0.2 37.0+£2.8
L-Lysine 7.8+0.9 73.6+1.9 15.4+1.3 103.1+£0.9
1-Methyl-L-histidine - - - 1.6+£0.4
L-Histidine 3.542.1 28.6+3.5 6.1£1.0 17.3£1.5
L-Tryptophan - 7.6£1.8 - 13.7£2.3
L-Carnosine - 2.7£0.5 - -
L-Arginine 23.6+1.7 89.0+2.4 31.6+0.8 55.6+0.6
Total amino acid 664.9+39.4 834.2+543" 868.8+38.0 1,085.2+51.5°

”RIOO rice 100%, R80: rice 80%+amaranth 20%.
Values represent mean+SD (n=3).

"Significantly different between 0 h and 48 h by Student's t-test at P<0.05.
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Fig. 3. Comparison of DPPH radical scavenging activity in rice and amaranth fermented by Bacillus subtilis KMKW4 with different
time. (A) R100, rice 100% fermentation freeze-dried powder. (B) R80, rice 80% and amaranth 20% fermentation freeze-dried powder.
Values are expressed as the mean+SD (n=3). Means with different letters (a-e) above the bars are significantly different by Duncan's

multiple range test (P<0.05).
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powder. Values are expressed as the mean+SD (n=3). Means with different letters (a-f) above the bars are significantly different
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