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Abstract

Chemical analysis and enzymatic hydrolysis of certain Korean acorns were performed in order
%0 make use of the local acorns. Exclusion of tannin from acorns is aided in the processing. Studies
.of these were undertaken and the results obtained are summarized as follows;

1. Several Korean acorns were used to analyze their proximate compesition, tannin and major

inorganic principles. The content of acorn tannin was found to be 6.5 to 7.5%.

2. An Attempt was made to screen suitable strains in order to make acorn-tannin-hydrolyzing
"enzyme accumulated in the culture broth, and Aspergillus flavus and Asp. sp. AN-11, which
showed in their cluture broths, were obtained from the contaminated acorns.

3. Cultural measures for the strains of Aspergillus flavus and Asp. sp. AN-11 for an improved
tannase production and optimal conditions were determined.
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Adjusted to pH 6.8 with 2N NaOH.
extracted with ethyl acetate

Fig. 1. Purification of tannic acid
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Table 1. The Composition of medium for Ist
screening

NaNO; 2.0g
K:HPO, 1.0

MgS04- 7Hz0 0.5

KCi 0.5

Tannic acid (E.P) 10

Agar 25

Distilled water 1.04

pH 6.0 (adjusted with 2N NaOH)

v 23 #5l
(A) A& WA
(i) Tannic acid media (TA media)
Table 19 @Ke 714 13 B At Zow
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%] agar gbg A3t YA wiA o]}
(ii) Acorn powder extract media(APE media)
xez el 104FY FF4E Ml 50°C9
water bathef4] 1X17} #aid & Sz 22 o
£ 2N NaOH 2 pH6.0 2 =g wixle]c}. oluf wl
% ¢ tannin ¥ 0.54+0.05%° At}
(B) BRI B
13 BFlel o8 BHH EHES 27 TA media 9
APE media 50 ml 7} o] & 500ml A7} flask o) A
E53 30°ColA 964170 A< Al ok(120 strokes/
min)@ ¥ okl & o Hehe) MRS AT
©) B K@ \iis fFH

Table 2. Composition of the reaction mixture

Tannase activity

Substrate (0.350 w/v purified tannic

acid dissolved in 0.05 M citrate

buffer (pH 5.5) 20 ml
Enzyme solution 5
Acorn tannin hydrolyzing activity (ATHA)

Substrate (acorn powder) 0.5¢
- 0.05 M citrate buffer pH 5.5 20 ml
Emzyme solution 5

BE FREwY Ei-e Table 2 8 oo, of o B
(tannase)® t}-& 3 7o) tannic acid & 5FE3ch

tannase

Tannic acid+n HO — n gallic acid+-glucose.

HEW-L 100ml ALzt flask off o] 37°Coll A o 2%
T BRES 7T 3040 A AR F OBR E
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(D) B3 WEIEE WX

Es¥  EtEEEE  libuchi S@®2]  spectrophotometric
method & ok ¢4 @ W2 FHANT F BE
KiEw 1 ml& 3l 99% ethanol & 7}ébe] B RKIE-S
HNE 542 54§ Fo Shimadzu Model QV-50
spectrophiotometer & Ab-&3to] 310 my oll 4} RIS 2t
48 &A% kiR AEe £ B figd o
Z3te] &gyl

HR |82 water bath Aol A 10 3R HlEAA &
FAA ) BRES A8 2L 2754 Agsy
t}.
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Fig. 2. Standard curve of tannic acid solution
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Nagozd oF 0.4g/19 BiE7 A= £ ERRS
sbetel b HEI ol Wi ¥ EE EHe £X
¥) sz 8t
g)) &BE Aste 9%
£ SBES BES7) Adtd R WAl 4
e 46 BES Asd EE HESA 2ol W
T BE EHEE 54 vladgd



{262 ) §S§% .
1

BR Y R /

1. =E2|9] {L§ RS
B Ao L3 x ¥ (Quercus serrala Thumb
Seed) 1 A4-2)(Quercus acutissima Carruthers Seed)ol)
W FTE RS SHY HRe Table 33 2ok

Table 3. Proximate composition of some
Korean acorns used for experiment(%)

Ry

e g e | i o
Composition ~_ ers Seed
Moisture 10. 20 9.30
Crude ash 2.76 2.20
Crude fat 1.10 1.41
Crude protein 5.78 6.91
Crude fiber 2.66 3.05
N-free extract 77.50 77.13
Tannin 6.72 7.40
Ca (mg%) 92.7 87.6
P (mg%) 80.0 120.0
Fe (mg%) 3.7 4.80

ol 4 B ukst o] iR ¥ R wtel o2 #
ol Aqt & Eluele] e kGl 2~3
%, HMEhel 1.0~1.5%, HEAHE] 55~7.0%, ¥
Mol 2.5~8.5% Fxold, FHH BEEH ¥}
2 77~18%A Eolth. =g mEE ) Adale E4 4
Table 4.

EY BIAE A7)

¥¢l tannin & 6.5~7.5% A= ¥H=n gcl

o]l o2 29 Xy UdA=HEAE Wz
o] 853 9lA g+ AL F FF=o] 9l tannin
el falel ek AHFol REY evetz A& tan-
nin ¢ it BrEdle] tannin & tanninh 2 =g =¥
B B 2 fadh mIol RN o&F ZHel 7
=& ulo] ot '

2. Tannin 53R R £EEKS] Z3
1) 1= %5
Tannic acid & 9|29 FF diailxd duide sz
A£F BEES Jebile B3l el RIRE tannase
E HREE oA mEmSER oAt B
ol ¥ X tannic acid 7} FFAEY wl =to] o] Ew} i
ez 4EEYE BRY. 13 ®Bije] &R tannic
acid & 71 ©t4flo@ & Table 19 #KY LEiol
A ulmd ks g A% vebd @ 1548 Bk
25 BAE AEFch o] Fol Aspergillus Fiol 88,
Penicillium B§o] 7#Hg o, o5& 25 A&l o
2 skfao] RPIE EWE Beos #MEAgd.
(2) 2*R_ A
13 B4 Rk 15709 EEE A7 TA media
S} APE media o] 30°Cel4 96413 A& wikAsl ¥
wlokoll & EEFE o 3 Ble] tannase activity 8} acorn
tannin hydrolyzing activity (ATHA)E- ®ijilial E5f &
#HTelA &44 & Az Table 4 8 A3kt

Tannase and acorn tannin hydrolyzing activity of second screening tested molds

TN M TA media ] APE media
Stramm ﬁ?&ﬁre ATHA Growth ;Iérl“',‘l":;e ATHA Growth
Aspergillus niger KU 1 25.0 7.2 +-+ 73.3 4.7 +++
Aspergillus niger KU 2 13.3 4.7 +++ 60.8 3.2 +++
Aspergillus sp. AN-I1* 98.3 9.5 +++ 53.7 18.5 ++-+
Aspergillus oryzae 23.3 4.3 ++ 20.0 5.3 ++
Aspergillus sp. AQ-32% 81.7 5.6 ++ 20.0 15.1 +++
Aspergillus sp. TEO-101** 293.3 1.9 +++ 243.8 3.2 ++
Aspergills flavus 177.5 3.7 44+ 105.0 2.8 ++
Aspergillus flavus var coulumaris 28.3 3.1 ++ 178.3 14.6 +++
Penicillium chrysogenum 50.0 3.3 ++ 32.2 4.9 +
Penicillium expansum 73.3 1.4 ++ 20.0 1.1 +
Penicillium notatum 54.2 1.2 + 18.3 1.0 +
Penicillium sp. SP-85 16.7 1.0 + 20.0 1.6 +
Penicillium sp. SP-86 36.7 1.6 + 22.5 1.4 +
Penicillium sp. AP-91* 83.3 3.3 ++ 75.5 1.9 +
Penicillium sp. AP-92* 23.3 1.8 ++ 41.0 15.5 ++

»-

P 2R PR e 25
 EEYY da FEE ALY FF
+4++ A%, L+ B, Lo, - el

¥
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tannase 8] A4 & TA mediao]4 =% ATHEs 4
¢ APE mediac]Al .t} o]l4dq 3 Zgkew H
—iol A ZEREY £F KEE BEd £ #%
Aspergillus niger, Asp. flavus, Asp. oryzae, Penicillium
sp., Pen. chrysogenum o2 ‘iebyrol, &3l Z@Ek
vl} w7 -&o] tannic acid ¥ acorn powder & A7}
T EEEES Axdted NaOH @i Hakol o4 &
¥ EREE £ oy BREY FEF XH tannic
acid o] %ol ¢ end point o] KB 2 EEFE EH

44 Tannase ol k@ g9l Tannin K5 Sl MY W3R
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vt Zahsld §19) 2ol A e mEmERS A
A8k ot
(3) EFEHER B EF

2% EFIlA tannase activity ¥ ATHA 7} 723 &
Hsd dsld, F Aspergillus sp. TEO-101, Asp.
favus = TA mediadl], Aspergillus sp. AN-11, Asp.
sp. AO-32, Asp. flavus var. coulumaris, Penicillium sp.
AP-92 &+ APE media o] v} <}3}= A tannase 2 ATHE
JAL i) ¥ A5} Table 5,6 2 Fig. 3,49 79k},

Table 5. Culturing time and formation of tannase
\Cultuﬁng time | [ V—
(hrs)
wt i l 24 48 72 96
Strain T
Aspergillus sp. Tannase activity 69.2 292.2 219.7 189.3
TEO-101 (unit)
Dried weight of the 40.6 104.8 140.1 144.2
mycelium(mg/50 ml)
Aspergillus flavus Tannase activity 244. 4 390.3 344.5 128.3
Dried weight of 19.9 95.0 112.1 107.6
the mycelium

Table 6. Culturing time and formation of acorn tannin hydrolyzing enzyme
Nulturing time =
(hrs) ’
Content — 24 48 2 %
Strain ) D
Aspergillus sp. ATHA (units) 19.6 2.3 16.2 1 13.0
AN-1I Dried weight of the 87.4 209.5 241.3 | 343.8
mycelium(mg /50 ml) |
Aspergillus sp. ATHA 15.6 21.1 15.0 10.1
AO-32 Dried weight of the 70.3 106.8 129.1 132.4
mycelium
Asperillus flavus ATHA 17.5 19.5 14.3 9.4
var. coulumaris Dried weight of the 90.4 144.7 167.8 166.6
mycelium 1
Penicillium sp. ATHA 53 14.3 14.3 10.1
AP-92 Dried weight of the 36.6 80.3 104.1 135.9
mycelium
Tannase 9] A& Aspergillus flavus, ATHES A o sl ok3l fEBRE Table 7. @ Fig. 59 #2gtcl.
A& Aspergillus sp. AN-110] &4 55 484 Z Aspergillus flavus ¢] TA media o 4 & 10g/! i<l
7k Wl okAle] BEfEe] 2dEe & & U= =y #EE) v}bA o, Aspergillus sp. AN-11¢] APE media
ATHA 7} wlid okt Ae #K =Ejol BEEMAS ot osa A7a ge dae) muot A3sgs

FEHHE Fiedhe 2ol obdrt 4z oo A3

A& FIREV FRELS gFe] dox awmch

3. ME4ES AR ERRBC EREH
(1) Tannic acid #FES 43
TA 3 APE mediac] &#EE = tannic acid & A 7}3}

%3 tannic acid o) EEEIAE Aspergillus flavus 9]
48 U BH £ERC 449 Astfed, =¥ KE
o) glucose utol gl ¢ wle B 4£BFL FI3gd=
L7l EEH A0 AAHA g oL X B
%o} EEme s dEdCdT sE ABE 3 3
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Fig. 3. Culturing time and formation of tannase

—O—O— : Tannase Activity, Asp. sp. TEO-10]1

+-@---@-- : Dried weight of the mycelium, Asp. sp.
TEO-101

—A—A— : Tannase activity, Asp. flavus

<-MA-+A-- : Dried weight of the mycelium, Asp.
falous (TA media)
30} 4 300
°
H
-
£
2 ~
2 -t
< 2 1% %
n
s
= £
P =
:
< O
10 {0 =
a
A
1
]
=
| R
0 0

24 48 72 96

CULTURING TIME (hrs)

BHE - JikE

SEREEL R

Fig. 4. Culturing time and formation of acorn
tannin hydrolyzing enzyme

—0O—0— ATHA. Asp. sp. AN-1l

«-@---@--- Dried weight of the mycel. . Asp.spAN-1!

—A—A— ATHA. Asp. sp. AO-32

s M- A+ Dried weigh.t of the mycel. Asp. sp AO
-32

—[—[— : ATHA. Asp. flavus var. Coulumaris

~«l---M--- : Dried weight of the mycel. Asp. Aavus
var Coulumaris
—X—X— : ATHA. Pen. sp. AP-92
ceeX+e- X+ : Dried weight of the mycel, pen. sp.
AP-92. (APE media)
Ak, el Aspergillus sp. AN-11 8] 71-$ tannic
acid o] HMEAN W2 £Ho HEE 0A @sreol
X B iEttol tannic acid & Arbalxl & Y9
o)A vt A3l ol APE media &b ol
acorn powder-2.¥-85] #H% tannine] TFHHo o
W, 24 o o} tannic acid o o FitEe] 3z,

v
400} 40
>
e )
2 0 0 E
30 L B 3
> 2
; \\‘~ <
& (N
& 200 =
< L ~ 420
1] A .-
2 AN -~ -
g N o~
0 N Jwo =
> 100 \.’/
0 0
3T 10 15 FL B 36

TANNIC ACID CONC. {g/1)

Fig. 5. Enzyme activity and tannic acid
concentration
—O—0— : Tannase activity, Asp. flavus. TA media
v.@-+ @ : ATHA. Asp. sp. AN-l APE media

Table 7. Enzyme activity and tannic acid concentration.

Tannic acid(g/1)
\ 0 5 10 15 20 25 30
Enzyme actvity(unit)
Tannase activity 0 158 390 241 20 32 37
(Asp. flavus, TA media)
ATHA 26.5 2.1 16.8 8.3 13.3 16.2 18.1
(Asp. sp. AN-1l, APE media)
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¥l A 713 tannic acid ¢ ZXH x=.¥2] tannin o] X} o]
w5l Rez A7

(2) pHel & 43
TA 9@ APE media§ HClI =& NaOH fdo 2 7z
2 9& pHz =388 vyt & 5 ¥ B &
A £RE Fig. 634 A3kt

Z tannase Y} ATHE =% pH6 ¥-ZolA & i
€ vz A

400 { J 40
-~
+
r
5
LS
{ 20
&=
10 o

PANNASE ACTIVITY (unit)

PH

Fig. 6. Effect of pH of media on the production
of tannase from Asp. flavus and acorn
tannin hydrolyzing enzyme from Asp. sp.
AN-11
—QO—Q— : Tannase activity
ee@e--@--« : ATHA

) EX5E A7 9%

Table 8. Effect of additional nitrogen source
on the production of tannase and

acorn tannin hydrolyzing enzyme

Concen- | Relative  activity

Nitrogen source tration
8/ | Tannase* | ATHE**

Control 0 100 100 -
Casein 2.5 25 49
Peptone 2.5 460 167
Yeast extract 5.0 251 173
(NHy),; HPO, 2.0 400 181
NHH,PO, 3.5 454 84
(NHy), SO, 2.0 451 100
NH,CI 1.5 451 77
(NH2).CO 1.0 98 132
NH(NO; 1.0 495 181
NaNOs 2.5 430 35
KNO; 3.0 429 167

TA 9 APE mediao] 44 JE &E ZEES
Jbeta RIAE ikl o8 wgd ¥ F R EEd
2R3 $P e Table 8§ ¥ Fig. 734 Zgich

& £ ¥l vhsle] tannase activity ol ¥z &
43¢ ulAA o ATHA & HIRY &RE ehy
k. 2 & casein & wibd [RENC) FF o, tannase
1} ATHE 4Z&¢ 9% SXRBR 3lo] =5 NHe-
NO3 7 714 433+t

Control
Casein
Peptone ARNNARTANNRRRRY —
R
Yeast extractiNNNTITREIRNNY
(NHg) 28po, [mm—-——’

NH H PO, -

MR

3
NH,C1
{NH,) ,Ce
NH Noy I 1
NaNo r J
3
Xno, m__;!

100 300 s00

RELATIVE ACTIVITY (%)

Fig. 7. Enzyme activity and nitrogen sources
[ : Tannase Activity. TA media, Asp. Aavus
{77777 : ATHA. APE media, Asp. sp. AN-11
4 &BE Aot 4%
TA g APE mediao] 93 £8 £B@E A7t
Table 9. Effect of additional metal salts on the

production of tannase and acorn tannin
hydrolyzing enzyme

Concent- l Relative  activity
Metal salt ration

(g/1) | Tannase* | ATHE**

Control 0 100 100
AlCl;-6H;0 0.01 153 92
CaCl,-2H,0 1.0 144 18
CuS0Q,-5H,0 0.01 125 147
FeSO,-7H0 0.01 81 29
MnSO,-4H,0 0.01 138 4
(NH)sMogO2¢-4H,0 0.01 133 84
NaCl 1.0 136 18
ZnSQ,-7H,0 0.01 128 116
Tap water 133 63

*Tannase from TA media by Asp. flavus
**Acorn tannin hydrolyzing enzyme from APE
media by Asp. sp. AN-11

*Tannase from TA media by Asp. Aavus
¥*¥Acorn tannin hydrolyzing enzyme from APE
media by Asp. sp AN-11
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Fig. 8. Enzyme activity and metal salts
{1 : Tannase activity TA media Asp. flavus
177271 : ATHA, APE media, Asp. sp. AN-11
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tannase

Table 10. The optimal conditions of cultivation
on the production of tannase by
Aspergillus flavus

Tannic acid (E.P.) 10 g
NH,NO; 1.0
K HPO, 1.0
KCi1 . 0.5
MgSO, - 7H,0 0.5
AICl; - 6H,0 0.01
Distilled water 1!

BhkE - BIKE

B5-4] F 514 8] Xy
Initial pH 6.0 (adjusted with 2N-NaOH)

50mi of medium/500 m/ vol. flask

120 strokes/min

48 hrs cultivation

Pre-cultured on the agar medium of the

same composition

Table 11. The optimal conditions of cultivation:
on the production of acorn tannin
hydrolyzing enzyme by Aspergillus
sp. AN-11

Acorn powder water extract 11

(10% w/v extraction at 50°C for 1hr)
NHNO;
CuS04-5H,0
Initial pH 6.0 (adjusted with 2N-aOH)
50ml of medium/500m/ vol. flask
120 strokes/min
48 hrs cultivation
Pre-cultured on the agar medium of the

1.0g
0.01

same composition
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