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<Abstract>

The rheological properties of acorn starch gel (9~13 g/100 ml) were investigated in
region of small and large deformation.
The properties vée're compared with those of potato and wheat starch gel. On the
physical characteristics and the effect of tannin contents of acorn starch were examined.
The results were as follows:
1. X-ray diffractogram of acorn starch showed C-type and its granules swelled gradully
with heating. At 60°C, the maximum solubility of acorn starch was observed.
2. Hardness, brittleness and both small and large deformation of the acorn starch gel
were remarkably large, also the concentration dependence of the acorn starch gel could
be recognized in small deformation and hardness.

3. The Young’s modulus of Hookean body (Ex) in small deformation and the rupture
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stress(Pf) in large deformation differed obviously from the parameters of rheological
properties in various gels. It was found that the Eg increased with the rise of concent-

ration of the acorn starch gel, however no remarkable change on the Pf was found.

4. Tt was found that the swelling power, viscosity and rhelogical properties were affected

obviously by the tannin.
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Fig.1. Schematic diagram for the manufacture
of sample starch.
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{Table 1) Size of starch gel

Size of glasgs cell
Sample Diameter ’ Height
(cm) (cm)

Texture 3.0 | 1.2
Static viscoelasticity 3.0 2.0
Stress-strain 3.0 2.0
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Fig. 2. HPLC chromatogram of standard gallic
acid.
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Fig. 4. HPLC chromatogram of tannin extra-
cted from acorn powder.
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{Table 2) Contents of gallic acid in sample

Gallic .| Gallic
Sample acid Tannin acid
(mg/100g {(g/100g |(g/100g
sample)] sample); tannin)
Acorn powder 105.35 3.01 3.50
Acorn starch 33.60 0.96 3.50

1) Mean,

4]

5 10 15 20 {nin} 25

Fig. 3. HPLC of Tannic acid.
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Fig. 5. HPLC chromatogram of tannin extra-

36—

cted from acorn starch.

Column: p-Bondapak Cis

Detector: UV 280nm 0.1 AUFS

Solvent: A-0.5% HsPO,

B-0.5% HsPO, in HPLC methanol

Flow rate: 1.5ml/min

Pressure: 4,500 P.S.1

Gradient elution: A pump: 100%—0%
B pump: 0%~100%

Injection volume: 20 gl

Run time: 20 min
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Fig. 6. Photomicrographs of acorn, potato an
wheat starch x400.
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(Table 3> Particle size distribution of acorn,
potato and wheat

Range(um) |Acorn(%)|{Potato(%)Wheat(%)
0~10 ° 75.70 — 53,04
10~20 24.00 10.9 18.1
20~30 — 43.5 16.9
30~40 — 13.0 12.0
40~50 — 13.0 —
50~60 — 4.3 -
60~70 — 6.5 —
70~80 — 4.3 -
80~90 — 2.2 —
90~100 — 2.2 -
Average* . 750 27.3 5.0

* Average particle size was expressed as size
of granules having 50% of total granuls.
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Fig. 7. X.ray diffration patterns of each starch.
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¥ig. 8. Amylograms of acorn, tannin free acorn, potato and wheat starch

A: acorn starch, TF-A: tannin free acorn starch. P: potato starch,
W:wheat starch.
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{Table 4) Characteristic values of acorn, tannin free acorn, potato and wheat starch
(6% solid basis)

Pasting | Peak Temp. | Peak heigh |Fe2K helght ati poy pign
Sample height at peak at 95°C 15min. hold at 50°C
Temp.("C) | (B.U.) | height(C) (B.U.) By (BU.)
A 5.5 | a8 | 95 388 448 : 578
TF-A 75.0 950 | 95 394 950 | 1,150
P+ 66.5 624 95 683 624 J 513
W 87.0 218 | 95 95 | 218 ; 222

1) Mean
*: 29%so0lid basis
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Fig. 9. Change swelling power and solubility of some starch.
P: potato starch. TF-A: tannin free acorn starch. A: acorn starch W: wheat Starch.
{Table 5) Viscoelastic constants and Retardation time of Gels at 25°C
Conc. Ex , Ey 7V 7N T
‘Sample (%) dyn/cm? dyn/cm? poise poise sec.
Tannin
X108 X 10° X108 X 10%
g{:l?cﬁcé’;{‘ 10 | 1.280-50.362%-5 5.575+0.947% | 0.783-+0.169% | 1.452+0.527% | 1.5
Acorn 9 0.903+0, 086t | 5.366+0.975 0.810+0. 136 0.69610.242 1.5
Starch 10 1.33040.123 6.919+0. 841 0.992-+0. 143 0.93310.185 1.5
Gel 12 1.627-+0.102 9.107+1.088 1.12340.118 0.943+0. 054 1.5
13 1. 90610, 558 7.993+1.986 1.506+0, 401 0. 965+ 0. 090 1.6
Potato 9 0.36310.041% | 2.294+0.306% | 0.583+0.129% | 0.14740.058% 2.5
Starch 10 0.40310.143% | 2.668+1.218% | 0.625+0.237% | 0.13310.048% 1.4
12 0.7141-0,025% | 2.7040.224% | 0.64874-0.140% | 0.140-0.026% 2.3
13 0.823+0.089% | 2.717+£0.471% | 0.65810.094% | 0.27540.07 * 1.9
Wheat : 9 0.535:0. 096% 1.631+0. 333% | 0.36510.095% | 0.156+0,132¢ 2.5
Starch 10 0.720+0.021% | 3.0847+1.214% | 0.60110.234% | 0.3184+0.151% 2.2
Gel 12 0.887-£0.042% | 3.3501£0.271% | 0.603-+0.158% | 0.45540.133% 1.8
13 1.412-70.189F | 5.104+0.974F | 0.845--0.248% | 0.55110.264% 1.6

t: Mean+4-S.D. #: p<0.01 significantly different from acorn starch group, N.S.: not significant,.
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Fig. 10. Variation of viscoelastic constants of Gels at different concentration (25°C).
—@—: Tannin Free Acorn starch Gel —{(—: Acorn starch Gel
—[]—: Potato starch Gel —A—: Wheat starch Gel
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Fig. 11. Model of stregs-strain curve of starch
gel.
&;: rupture strain Py: rupture stress
S: area —(Q—: rupture point
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{Table ) The parameters of rupture property in Gels at 25°C

Conc. ef Pt Ex
Sample (%) ’ (cm/cm) (dyn/cm?) (erg/cm?)
Tannin
N X 108 X104
free Acorn 10 0.499:-0, 021% 4.29-+0,34% 5,630, 44%
Acorn 9 0.488-0. 0401 2.024-0.40 2.6310.74
Starch 10 0.482+0. 049 2.85+0.29 4.1210.91
Gel 12 0.482-+0. 019 2.89+0.19 4.297+0.38
13 0.442-0. 046 2.92-0.08 3.45+0.31
Potato 9 0.622--0. 060% 1.42-+0. 18% 2.4810. 41V
Starch 10 ; 0. 540-0. 057% 1,484-0. 24% 2.5510.40%
Gel 12 | 0.531:£0.043f 1.56-0. 22 2,760, 35%
13 E 0.509+0. 029% 2.35+0.21% 3.4740.33%%
Wheat -9 0.4624-0. 030% 0.703-0, 09% 0. 7310.08F%
Starch 10 0.4297+0. 026% 0.84+0.03% 0.91+0. 06%
Gel 12 0.408+0. 023% 0.9810, 04¥ 1.16£0. 06%
13 0.387-:0.019% 1.267-0.09% 1.2470.09%
ef: Rupture strain Pf: Rupture stress E.: Rupture energy +: Mean-+S.D.

#: p<0,01 significantly different from acorn search group N.S.: not significant
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Fig. 12, Variation of rupture property of Gels at different concentration (25°C).
—@—: Tannin free Acorn starch Gel —O—: Acorn starch Gel
—[7]—: Potato starch Gel —A—: Wheat starch Gel
{Table 7) Texture parameters of Gel at 25°C
Conc. Hardness Cohesiveness Adhesiveness Brittleness
Sample
%) R.U R.U R R.U
Tannin
Free Acorn 10 1.510. 15¥ 0.60+0.120" %} 0.003+0, 0063 0.29-0. 10%
Starch Gel
Acorn 9 0.74+0.12% 0.431-0.045 0.006-0. 001 0.37=0. 10
Stareh 10 1.00+0.10 0.55+0.139 0. 002220. 000 0.58=0.05
Gel 12 1. 0440. 03 0.44+0.024 0.003:£0.103 0.7210. 04
13 1.8740.17 0.37+0.120 0.008=0. 053 0.97-20.27
Potato 9 0.4610.06% | 0.710.087% - 0.10%0. 01
Starch 10 0.4840.08% | 0.73%£0.113% — 0.11%0. 02%
Gel 12 0.73+0.06% | 0.6020,093% | 0.070:+0.014% 0.11=0.02%f
13 1.04-+0.07% 0.57+0. 130¥% 0.062-£0. 019% 0.1320. 03%
Wheat 9 0.33140.01% 0.52-+0.016% 0.041-+0. 018% 0.050.01%
Starch 10 0.43-£0. 03% 0.54--0. 034 %| 0.065+0.018% 0.06+0.02%
Gel 12 0.50-+0. 05% 0.53+0.031% 0.0690. 023% 0.0710.01%
13 0.63+0. 06% 0. 541-0. 425% 0.116-0. 036% 0.070.02%

R.U: Rheolometer Unit.

t: Mean+S.D.

N.S: not significant

#: p<0.01 significantly different from acorn starch group
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Fig. 13. Variation of Texture Parameters of Gels at different concentration (25°C).
—@—: Tannin free Acorn starch Gel —(O)—: Acorn starch Gel
—[]—: Potato starch Gel —/A—: Wheat starch Gel



T2z @i =9 T"Rheology 4= Tannin K55l H#el #1351 13

TF-: 52 BB 53 WEEEET 33 2 BWIESY & 2EE Jehedl tannin B4
gelolt}h. TE2] B¢ tannin(fatly acid =)o] FtkE R ol Hitkme] o B wAe FAoE
9 g S HHiEEEE ETA oA amy- AR, 2Ee] B gel & b L @ gel
logram o] 4 TF-=Ez @i 2t ZEAEE & Brh Bk =& Bu ohel fkFEE F7
o ¥hEest e A Ak HELdE. B (En) = %o hardness ¢} brittleness 7} =A| eyt
hardness v} WEfEEEsE WEY HEE et 3z A7
W o] AgellE zebA WS Fyet
N.& #

5. EEMETF RMEiETel BAGR

KBRS rheology #5iEel WMIES P} =R @B S AR A EE= B
SUNBTEIRS) theology #tkel Hookean body 22 rheology ##S BEslS ol & ARH:AERHS
o] #tkds Ex o} Newtonian body o KGR 7y HEMNM ABH BB RBHES 22t
- o}e] BUERE Fie 14l dJebdvh, 13g/100 ml 3 g 9 ks BB BaEtdoH REEne wE
B gel 5k 10g/100ml S22 F¥ ¥ 10g/100 B e BFel BET tannin K5l
ml TF-5 52 ®i% gel ¢] Hookean body o] ik gel o] rheology fikel] =& HEE &
peEe. 1,4x10%dyn/cm2e}l 1.3X10°dyn/cm?2 ¥] 7l Hadete ohedk e HREE d9th

25hA 2t BEETREST-S 1.26X10°%dyn/cm? &} 2, 85X 1. X-ray diffraction pattern-& X%z B
10°dyn/cm? 8 4,29x10°dyn/cm? 2 U i gel o] C-type &2 vtebkte},

o Kl 2~3 465 287 glvh. =§ 9g/100ml 3 2, Amylogram o] 4 EEe] BB WLBBR
2} @y gel 3+ 13g/100ml 2 @B gel & BN EE 75.5°C2 zabst ¥ @Y SU4AEIRE
FESS W sk ut En & 1515 Z7F et BEMEL 48B U 2= @mact dekod &

ol shzro] AMFEIRS MBTRMES BUNEY HpsEEE 578 B.U & ¥9rew, tannin 5ol B
IR EEMEE En 9 R vk ERE AEA 0ol WERGEE £+ el vAA @kov
& Fme) Htke]l ttEs] sl Roltx ALt BErE) HHREE 2A ETAZ

EE= @K gel o 7% tannin %G ikl wet 3. TR |n-e BEdasd et AA8 BE
3 bx10? 3 lx1o®

L o :

< v s12

$ 10
A13 10 - & A :ﬁ-A
1| 12 ?/PO TF-A =1f 9/313
1012 Dj//% : 1 i 1 B
9 1o 9A2:A/0 13,

91032

+ 0
1 2 3 L x10° 5 2 3 4 x105
tupty s SEB N
Rupture stress pf ( ayn/en?) pture stress ]’f(b.«-’\/cmz)

Fig. 14. Relertivity of rupture stress and Young's modulus of HooKean body of Gel.
—-@—: Tannin free Acorn starch(10%) —O-—: Acorn starch Gel
—[]—: Potato starch Gel —A—: Wheat starch Gel
Figures are concentration of Gel (g/100ml)

__:'45._



14

sgl e 60°Coll A RimFMEE Vel . tannin
o) WBE 97 uA e Aow eyl

4. BB KBTS o ob A 9@
#ogeldl w3l =R I gelo] =A vepyto
= BUNBRIR el A o] WM R
&) MiMEES yn o] tannin o] B#e] FWEs o).

5. XE2] B gel o rupture-strain g2 S
FiR RO R RS BBl —%Kslg on
rupture stress ol 3= tannin ¢ %]},

6. BUNBRHEE Eu ol ASMEE Pf Rl
© gel o] f¥ol wlel MEfEs] ©}& rheology Hii4:
+ vt on =Ee BE gel & AN =)
2}l En+ 24 vetyt o Pf & 10g/100 ml~13
£/100 ml @EFe) 4 & #WiLr1 glglst,

7. EER B gel & b @iRel v U B
2o} hardness 9} brittleness 7} 953 T 4k
+ Vel d 3 BE KPS tannin 28-S hardness
ol Al vk FEES o ¢l

8, EXEz] M¥Te tannin 5e] kel Hiﬁi&?
3 MWL, gel o) rheology # ol = B%o]

A2 #EFES G o} FrrfEel amylose %E——
B BREEE @l 9vh

ﬁh}zé @Hﬂ

2 2 X B

L BEEEZL - 50T - BEXTF : RROT 2
AFVRECT BP0, KEB#E 34(6),
1983, p.302~307.

PRETF - IIART - BAZEET Mﬁ'f»@
Vi e O —WRE(E—H), RBEE, 22
(5), 1971, p.302~307.

BARET - FIRET @B rrovt ey —
BB (B8, FEEm, 22(5), 1971, p.
308~315.

ERBEIYIE - RO X UEET  BRY
DS, #21k, 50(6), 1976, Dp.265~272,
FBHCE - MEHT - PRET - KERAE
YU HBUERRL O J BRI S AR, FEE
3k, 32(6), 1981, p.427~431.

R TF - RIRET : KE T B A FHSEE

zﬂ 239" 1% 1985

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2l

46—

DVAr Oo—WEEIZE LIFTREE, SEEE
35, 28(5), 1977, p.334~339.

BiChy

o ERRT - KRBT - FAOE « g T«

FER 7 ORI, REEEE, 3109),
1980, p.643~647.

PHREET - FAOX - hEETF : KTHAH
YADVF e —HHEIC >\ CREEBHEE,
32(9), 1981, p.660~666.

MARESE - NRIT - KBF - BEBT - k5
. B, BRovd e —WE, FERFE
#, 35(3), 1984, p.165~171.

&< - v~4 =B 3 RABHO L vy —
YRk, FEEBHESE, 83(11), 1982, p.591~597.
BT - iaiER, tiinomkREts
RBEEEE (),  FEEEsE, 320D,
1981, p.25~31.

o] s} - o]qkey o] Ael : Texturometer of
T A fringte] Texture s, @
s}&3] A, 6(1), 1974, p.42.

LA £ E el B A Eaerdo
T, desbg s ), 15(4), 1977, p.31. -
VEENTS - EEIE - FTET  BERL e
OB O, FKESBEHE, 3306),
1982, p.321~325.

AXF : =E2| 9 Rheological properties
o B Bi%, isbAeslx, 22(1), 1984,
p.11~18,

FESE « RRT © X ##e) Taninn f 5
Sh Mol BRI, 3o ke,
17(1), 1984, p.21~28.

Schoch, T.J.: J. Am. Chem. Soci., 16,1942,
p. 2954,

FEET  ERY LD v e U—FR, R
B, 17(4), 1961, p.197~202.

Franiau, R & Mussche, R.: Quantitative
determination of gallic -acid in tannic acid

ol ¢
F9E

-3

by Thin Layer Chromatograph. J. Inst. Br-
ew. 78, 1972, p.450~453.

PRERE - BHARER  BOMNEY Py 2
1982, p.174.

MacMaster, M.M.: Method in Carbohydrate



ZE% B% 5¢ Rheology #i4:5 Tannin k59 & #se

15

22,

23.

24.

Chem. 4, 1964, P.233.
SAEEY - RiBET  BHREAY VT 7,
BAHE, 1982, p.288.

p.22~27.
25, NEFRZR : BMRIE Y F 7y 2, HAEE,
¥R, 1979, p.74.

FTHRFW T - BIRET : KERABAY 2O 26. TEBHEHRE : MGRB~ Y ¥ 7y 2, WAEBE,

Mmoo T, Mk, 49(3), 1975, p.129~134.

HE, 1979, p.171.

KIETF - KAV S - hiREF  BRIAD 27. BHET : B LEROERITOWT, KRB

BB IOV T, FEEBEEEE, 29(1), 1978,

ek, 33, 1982, p.11.



