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Quality Characteristics of Bamboo Shoot Liquid Fermented by Bacillus subtilis Strain
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Abstract

To make fermented bamboo shoot liquid, we isolated and classified a microorganism growing in bamboo shoot and
investigated its quality characteristics. Crude fiber, crude ash, nitrogen-free extracts, and total sugar contents were higher
after fermentation. For free amino acids, only alanine was detected in the control group. Detected 13 kinds of free amino
acids were detected in fermented bamboo shoot liquid. In organoleptic test, fermented bamboo shoot beverage containing
20 percent strawberry showed the highest consumer preference.
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<Figure 1> Making procedure of bamboo shoot fermented liquid
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<Table 1> Morphological and biochemical characteristics of
isolated bacterial strain No. 47

<Table 2> The mixing ratio of raw materials for preparation of
Bamboo shoot beverage

.. StramBacz'Zlus subtilis Strain No. 47
Characteristics

Cell diameter >1.0 pm - -
Spores round - -

Endospore + +
Gram stain + +
Form rod rod

Sporangium swollen - -
Parasporal crystals - -
Catalase + +
Voges-Proskauer test + +

pH in V-P broth
<6 d(+/-) d(+/-)
>7 - R

Acids from
D-Glucose
L-Arabinose
D-Xylose
D-Mannitol

+ o+ o+ +
+ o+ o+ +

Gas from glucose - -

Hydrolysis of

Casein + +
Gelatin + +
Starch + +

z-, 90% or more are negative; +, 90% or more are positive; d, 11 ~
89% are positive

<Figure 2> Isolation of bamboo shoot fermenting microorganisms
from bamboo shoot samples on general bacterial cul-
ture medium.
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0 10 15 20
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Sorbitol
Salt 0.1 0.1 0.1 0.1
Citric acid 0.13 0.13 0.13 0.13
Strawberry 0 10 15 20
Total 100 100 100 100

<Figure 3> Growth activity of selected microorganisms on medium
containing bamboo shoot extract

<Figure 4> Measurement of amylase activity of microorganisms
isolated from bamboo shoot
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<Figure 5> Measurement of protease activity of microorganisms
isolated from bamboo shoot on Litmus milk medium

<Figure 6> Cellulose hydrolyzation of microorganisms on bamboo
shoot

Z XA, No. 4745 53 313}

6) #2] "AE No. 4742 4

HAE No. 478 tdoz nAEe] e, ug 2 Az
Aslsbs B4 58 HAES 3= <Table 1> oH, o]
of 22 Axg 7|xsl 45 58-S AAS A3 Bacillus
subtilis ¥ 5 I A2 o2 A,

8 Bacillus®: #45 ©]&3st] LaEAIA A& A8
ek A B4 Ay <Table 3> At} 58, e
A zAe] A4S gxFds AEg ¥ Foogi Ia
silom 2, X3, 7 TEAES] 49 TE A
oA ZHzF 1.1240.01%, 0.22+40.03%, 1.14+£0.02% = 2
B AR o ST iR E A) S5 2
AL 2.29+0.03%, ZAH 0.27£0.01%, F-F 0.91+0.02%

Bacilus subtils 32 Yot Zedgolo] ERAEY 237

<Table 4> Changes in pH, total acidity and sugar content of
Bamboo shoot

Sample pH Total acidity (%)  Brix
Control 5.68 0.36 0.7
Fermented bamboo shoot 5.60 0.47 1.8

2 Yehton, g Sl xohilal 2Ake tha 7h4s)
R ZAH TS SIS UERITE S0 ARzl
A 2L 2.70~3.50% (w/w), ZA S 0.15~0.30% 3F
29 Ve 2 (Park & Jhon 2006) &4 vk 241,
ZA 1.10, 24471 1.08°]8} B33 (Yoo & Chung
1999) Aok FASE A3 B} 7HA FAAES
xR dE Fofl 2002 F71sIlew o= Bacillusss
TFE HETo weh vt AL 2hgo) o3k 7 W
3l= wchE

Ao
Z40) pH, $4 % Pe] ¥4 A3E <Tuble 455 2

ok t2F <29 pHE 5.682 g8 FHT ok =4 1
EPt AFeE ABolA 047%E HE A AlBET 0.11%

=
S7FIAY. Bacillusss 71 pHolE 2 932 FA] &%k
T & 7 AU = A HE A 0.7 brixHrh 2E
=<

=9 9, 399, 72T #4 A3 <Table 5>¢F 2+
ot 29 24 A3 gizdA 0.03%I o, Ha $
0.22%= W& ARt M7k S7keidn. Sl 749 %
A 0.014%7F AEEHRo TE T 0.183%= HE HE
o 13ui7HE S7HERS B 4 A9l ol waagel 3l
28 7K @R 4Rt e R SHE] il =
Al YERETtHBae et al. 2001). ©]213 Azt W} Bacillus
& FFE 0|43 wado] Ut ZLnT) 1S Yl
tefet v Algelh ¥a d, & Alg 25 glucoseRt
AEHJL 2E A A5 9 1.37mgxelR o da &
o= 237 mg%z S7HHS & U

o] A=A A= <Table 63 7t A= a9}t 3
A% b ghe] Wshs A9l filon WrE Yeps HE L
(lightness)zke] 7-¢- & 5 247} 71.25+0.01, 58.48+0.01
29 do] HE ¥ Hr} A UEpES B F AT 0]
= B T BAEE G AkAele] HFEATke] dojH
o w} WAE= WstE A7E S ol AR wart &

<Table 3> Proximate compositions of Bamboo shoot (%)
Sample Moisture Crude protein  Crude lipid Crude fiber Ash Nitrogen free extract
Control 95.59+0.03 2.29+0.03 0.27+0.01 0.91+0.02 0.19+0.02 0.75+0.02
Fermented bamboo shoot 95.16+0.02 2.12+0.01 0.244+0.02 1.12+0.01 0.22+0.03 1.14+0.02
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<Table 5> Changes in total sugar, reducing sugar, free sugar content of Bamboo shoot

Sample Total sugar (%) Reducing Sugar (%) Free sugar (glucose) (mg%)
Control 0.03+0.002 0.014:0.002 1.37+0.01
Fermented bamboo shoot 0.22+0.01 0.183+0.003 2.37+0.02

<Table 6> Hunter's color value of Bamboo shoot

Sample % L (lightness) A% a (redness) 3T b (yellowness)
Control 71.25+0.01 -3.36+0.01 11.68+0.01
Fermented bamboo shoot 58.48+0.01 -3.33+0.005 11.83+0.01
<Table 7> Changes in viscosity content of Bamboo shoot <Table 9> Changes in amino acid content of Bamboo shoot
. (mg %)
Sample Spindle No. rpm 2%=(°C) cP
Control 63 25 82 23071 Free amino acid Total amino acid
Fermented bamboo shoot 63 2.5 8.2 9742 Fermented Fermented
Control bamboo Control bamboo
shoot shoot

& el Aol eRghe) wiske Feirka WeEt,

— _ _ _ Aspartic acid - - 9.32 41.89
Sl AES4 Avhs <Table 7> 2tk 54 A3 Serine - - 28.96 56.93
I AT 23071 cPROV HE §F 9742 PR 28 o Glutamic acid - 0.99 22.55 85.77
AAasATh ol Bacillusss 455 ©]8435ke] wrashl ue} Glycine - 0.82 18.49 42.19
i R TR So] BelFwin Awsh ofeld o @ Histdine : - 2616 3617
che), Arginine - 436 69.34 110.72
Threonine - 0.07 39.35 60.98
Alanine 0.11 2.35 15.38 4543
5. 774t Proline - 023 13.71 40.10
20 dhg AE G712F AR M3l= <Table 853 7+ Tyrosine - 545 16.51 27.48
o} tiZol A& Lactic acid 0.11£0.01 mg%, Acetic acid 1\\//?1111? . - i;‘g 4214112(2) 115'50
o o ethionine - . . .
0.15+0.01 mg%, Succinic acid 0.21+0.03 mg%7} HZ= % Lysine ) 112 16.03 9727
& ol Oxalic acid 0.05+0.01 mg%, Malic acid Isoleucine . 625 31.49 64.22
0.574£0.02 mg%, Acetic acid 0.62+0.04 mg%, Succinic acid Leucine - 981 36.89 91.56
4.1+0.05 mg%7]' AZHJT) Hg AT 249 {7)AF B4 Phenylalanine - 10.17 34.73 42.73
a)
A7} Oxalic acid, Malic acide &8 A A|BdAMe AEH EAA‘zb) 0.1 2;?2 ‘1“7‘45‘ :g ?322‘7‘
4 OJ—OI-O s & A X 7].7]. g . RURX
| @ton 2 § AR 0.05+0.01, 0.57+0.02 EAA/TAA (%) 77.05 39.24 38.97

mg%’t AZE AT Acetic acid®] A9 EE T 0.62 mg%

Each value is the average of three determination

298 A B 4uf o] S8kl Lactic acide WE YTAA: total amino acid
T AEHA &3drt Alek 28RS U= Succinic acid] YEAA: total essential amino acid (Thr+Val+Met+lle+Leu+Phe+

A% g Aol vjg] & Zow s o3 AAE His*Lys)
2 0 Bacillus®s 455 083 =g do] wrgxntt o
ot FHE ATT & AL Foz AlEHL Hou WRE 7A glutamic acid®] 12F9] fre|obr]i=qt
o] AZHY ¥ T F fFeoln Ak 61.88 mg%ol™
o
IR

o
o2

6. ot =4t I F dpobu e Ate 4768 mg%E F flobu|imite]
=00 oluial B4 A= <Table 9>9F 7t} S<09) 77.05% AHA ST LE F oAk lysine©] 11.12
frejoh =it AR tixt A ElM = alanine?re] & mg%= 7F¢ #=k3L phenylalanine 10.17 mg%, leucine
<Table 8> Changes in organic acid content of Bamboo shoot (mg%)
Sample Oxalic acid Malic acid Lactic acid Acetic acid Succinic acid
Control ND" ND 0.11£0.01 0.150.01 0.2120.03
Fermented bamboo shoot 0.05+0.01 0.57+0.02 ND 0.62+0.04 4.1£0.05

DNot Detected
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<Table 10> Sensory characteristics of Bamboo shoot beverage containing different amounts of Strawberry

Substitution levels of Strawberry

Sensory characteristics

0% 10% 15% 20%
Color 5.25+1.20%" 5.45+].23% 6.00£0.97> 6.30+1.08°
Flavor 3.10+1.65% 435+1.53° 5.15+1.38™ 5.60+1.50°
Taste 3.15+1.42% 4.70+1.26° 5.10+1.02% 5.60+1.09°
Chewiness 4.80+1.39* 5.50+0.88" 5.55+0.88" 5.80£1.15°
OverallAcceptability 3.10£1.21° 4.60+1.04° 5.25+1.11° 6.05£1.19°

DValues are mean+standard deviation of triplicate determinations

Means with same letter in a column are not significantly different at p<0.05 level

9.81 mg%, isoleucine 6.25 mg%%] g oYL A FO=
AFHE T 5o opn ke SE § AR Tl 9
dske AE7F Eedl AAle] SEE 200F0] A &
Aol webd Age FAHER I F 15RO ofr]ito]
g e AA e sddE S glslth 59
isoleucine, leucine, lysine, phenylalanine, methionine, threonine,
tryptophan, valine 5] o} =4k Q17ke] AUjelA] =
A @AY PHAAE FaFSE FATIA Fele Dot
Ao B2 SAES FElA dads Fadl Fojoftt &t
© ofu|i=Ateltt, o] g drotu|ieqhe: W Hurh whE
T A3 B2 dol VRS ¢ Aok TS 98E
ato] Axdk A= T S Ba 5 B subtilis
THlehe T Eaf g4ne] 289 polypeptide—peptide
—amino acid® T3 ¥o] &8} FE7] 42 FEHE dot
SS9t Uoo 1996). HIS F42 AR WRSGAT 2
o & AHgStel WEY A3 wE A B} B ofr=
sto] AEEE & & AATH(Bacek et al. 2012).

ot eake] B4 W A AlEX e F Aok
P2bo] 44543 mg%ol™ I Hpobr ke 174.82
mg%E & FAJo| ko] 39.24% A G TE F A
B9 Af F 7ot Ate] 95894 mg%= HE A AR
o vl 2wl o] TS B I F Dot ik
373.67 mg%= & /3ot =4ke] 38.97% AEASHITE. 43
oA AEH 02 AW RH 29 79 arginine©]
69.34 mg%= 714 =3 methionine 44.92 mg%, threonine
39.35 mg%, leucine 36.89 mg%<2] ¥=F ol Ta &
A &9l methionine®] 115.50 mg%= 7P =7 Yebs:
3 arginine 110.72 mg%, lysine 97.27 mg%, leucine 91.56
mg%e| oF Lo = HAEHAnh 53] Aol F=3) opr]e
2kl lysine Wra MRTh whg Fof enl7tF Skske] v
& 3402 sl ST} ARl G oe)r) A
3 & 4 JtK(Chung 1976).

—

B

A =71 20% F7F A8 B7] 15% A7F AR, 271 10%
A7 AR, F3H7F AR Boh =& ghol YERITE A(color)
o] AL D7) 20% H7F NE7F 630+1.0802 7 E&
ATE Ao 15% HA7F Al5(6.00£0.97), 10% 7} Al
F(5.45+£1.23) 23 F-(E)H7}F A E(5.251.20) =02 o}t
Rttt 20% H7F AE7F Y £ HeE Wkt 3
(Flavor)?] 73-9-% 2(Color)#t 7ol 7] 20% H7MA &7}
5.60£1.500 2 7Y =& A48 B, 15% F7ME(5.15
£1.38), 10% H7MA18(4.35£1.53) 28] FEEI 7T A&
(3.10£1.65) <=2 2 YERit} Shtaste)> B7] 20% 7} Al
7} 5.60+1.0902 71 =L AFE Ao, SO

15% Z7F A 8(5.10£1.02), 10% J7F A F(4.70+1.26) 2]
I FEE)yE7E A EG152142) o8 YEhuth A7
(Chewiness)= 20% 7} Al&7} 5.80£1.150.2 71 =4
UEREO ™, 15% A7l A E(5.55+0.88), 10% H7F A&
(5.5040.88) 2] 3L F-(EYA 7} N E(4.80+1.39) o7 7%
5 Bt 1A #5AA B8 B 2] gl 23
5 22 AFE T2 S ¢ F dAT ANy JEe
(overall acceptability)®] A% 4714 I A 5420 A
(color), @ (flavor), B(taste), 217}(chewiness)? 72 A3}
= Ho] B} 20% H7FE A 87T 6.05£1.19% 71 =
AFE AQgom atksoz 15% HA7F Al8(5.25+1.11)
10% 7 A E.(4.60+1.04) F-(E)H7F A1 5(3.10£1.21) =2
2 Uehdtth olgldk Aag Hol <= g @] 20%
£ Artsle Zo) 7HY 22 HAFE wken ol Ak
2 Ay 7] S0l 2 A 58 250 A8 e

7Fs7dol leg & AUl

V. 20k g

=

AE

Zeeo] R % tre AEkgel 4857] 9
P QIR Z48 old WEAS Axdle] FASHE
2 A B3 2o F4 Aol EAlska v
ASE0] ST $5T T 1A Bel BelE v
B 2 Pelsl AGBH0] S5 FFE Ade No.
4783 BHete] o]F o] ol g Or], Faeln 22
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3 #E 5 No. 470] opdehd] AEEs] 484z =2
oA EAEA, Afa wIlSTA P el AT S
Wasto R AN o5 ST A3 Bacillus subtilis
77 e 2 A9 2o s A=

g, 2 2] 79 Rt ARV EE F A
SR oA A e, 24, 238, 7R FEA
o] A% 2a F ABoA zHz} 1.12+0.01, 0.22+0.03,
1.14£0.02%% 28 A AFEHT oi =74 Yepdoh dix
9 pHE 5688 W& THU =4 Yegy Aee
Bacillusss w55 ©o]-83sto] LA AlRA 0.47%Z U
ZFHT 0.11% F718HRa B B3k IE S<eollA] 2u)

e

BN

A= =9t

St g A 0.014%7F HEHR oL HE £ 0.183%
2 2 SR s 2 o] wg 3 W vt
Al Uepskom wg dRTh g $of v Ak

glucosetro] E2Hon thxawt Hadr} o 2o
FS Uetder /714 & 2E ddde 2
Oxalic acid, Malic acid®] &g F AZHUSM Acetic
acid®} Succinic acide & 22 Z78IT

frejobr sk 2o X= alaninedte] AZEE Ao} 2
FE A glutamic acid & 1252 fElop|=Ate] AEEUT)
g T F FEol Ak 61.88 mg%llH 1 F ol
2R 4768 mgh® F Frelobr|ate] 77.05% 2SI,
8 5 AR A = FAol Aol 95894 mg%E WHE A
Alge] sl 28 o] VRS B 1 T oAk
373.67 mg%= & o=k 38.97% XA St

7] T Swasdd digh A 5AAF A S da o
D7) 20%E H7Fste] Az AlFo] Z|SErelA TP F
2 A& W) o] g AN oY 71A] o] 2k 4H

S w8 A8 T = 7ol 52 & ATk

o]

Al 2
AT B - (hEgEE R el sle] A
o o1 ROE olo] FALEFUIT,
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