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Molecular Structure and Lipid in Starches for Mook

Koo Min Chung
Department of Food and Nutrition, Andong National University

Abstract

Mook, a traditional gel food in Korea, has been made from mainly acorn, buckwheat, and mungbean
starches (Mook Starches). Corn, rice, wheat starches (Non-Mook Starches) are not used due to their
weak gelation power. In order to know the effects of properties of starch on gelation, some physicoche-
mical properties, molecular structure, and starch lipid of these six starches were investigated and
compared with gel hardness. Both amylose content and gel hardness of starches were in order of
mungbean, acorn, buckwheat, wheat, corn, and rice and these two parameters showed a very good
correlation (r=0.95). The amyloses of Mook Starches had larger molecular size (D.P.,=1,080~1,580
vs 670~1,120 for Mook Starches and Non-Mook Starches, respectively), more average number of
chain (29~54 vs 1.7~25), and shorter average chain length (290~390 vs 390~450) than those of
Non-Mook Starches. Also, Mook Starches had longer average chain length (22.2~22.6 vs 18.9~21.3)
of amylopectin and less starch lipid content (0.12~0.49 vs 0.68~1.26%) than Non-Mook Starches.
These properties had good correlations with gel hardness (r=0.76—0.84). Consequently, the gelation
power of Mook Starches was thought to be derived from their high amylose content and other proper-

ties of starches.
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Table 1. Chemical compositions of starches(dry basis)

Starch Crude protein® Ether extract Crude ash
%) (%) (%)
Acorn 0.09 043 0.02
Buckwheat 0.22 0.44 0.09
Mungbean 0.08 0.22 0.06
Corn 045 0.39 0.08
Rice 0.05 041 0.08
Wheat 0.24 0.31 0.13

“Kjeldah! nitrogen(%)X6.25
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Table 2. Blue value and iodine affinity of starches and their fractions and amylose content' of starches

Blue value
Sample
Starch Amylose Ampylopectin

Acorn 0.45 1.35 0.27
Buckwheat 0.39 1.35 0.28
Mungbean 0.49 1.33 0.26
Corn 0.40 1.42 0.22
Rice 0.28 1.39 0.11
Wheat 042 1.38 0.22

lodine affinity(%) Amylose content

Starch Amylose Amylopectin (%)
5.53 194 2.10 28.5
5.23 19.8 2.84 264
6.43 19.3 2.27 33.3
4.46 20.9 1.68 213
3.70 19.9 0.59 186
4.73 19.8 1.23 239

“Amylose content=iodine affinity of starch/iodine affinity of amylose X 100%
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Table 3. Visco/amylo/Graph data of starches(based on 8% dry weight)

Viscosity(B.U.) at

Starch Pasting temperature (C) — - Ev—
peak 95¢C 95C—~15min hold 50C
Acorn 67.0 - 690 750 1050
Buckwheat 70.5 970 960 910 1190
Mungbean 66.0 1840 1760 1390 1800
Corn 73.5 745 670 500 1000
Rice 66.0 660 590 400 580
Wheat 85.5 320 300 310 500

Table 4. Some molecular structural properties of amylose and amylopectin

DP.; B-amylolysis(%) CL» .
Sample Starch - .C. of amylose
Amylose  Amylopectin  Amylose  Amylopectin  Amylose  Amylopectin
Acorn 1080 6500 89.7 57.2 370 222 29
Buckwheat 1180 7300 93.1 54.9 390 22.2 3.0
Mungbean 1580 9800 91.2 58.9 290 226 54
Corn 670 4900 914 54.3 390 213 1.7
Rice 980 7600 83.5 52.3 430 19.0 2.3
Wheat 1120 6300 838 47.9 450 18.9 25

“Number average degree of polymerization
PAverage chain length

‘Average number of chain, calculated from DP., and CL. of amylose
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Fig. 1. Sephadex G-50 gel-chromatography patterns of
isoamylase-treated amylopectins. The column(2.5X95
cm) was eluted with water at a flow rate of 24 m/ per
hour(6 ml/tube)
A; Acorn, B; Buckwheat, M; Mungbean, C; Corn, R;
Rice, W; Wheat starch, —; total carbohydrate(As)
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Table 5. Carbohydrate proportion of each fraction in
gel chromatography of the isoamylase-treated amylope-
ctin

Sample Percentage by weight F/F2
Starch F1 F2

Acorn 11.8 26.5 61.7 2.3
Buckwheat  13.7 278 58.6 2.1
Mungbean  12.7 255 61.8 24
Corn 8.0 24.1 67.9 2.8
Rice 3.7 276 68.7 25
Wheat 9.0 20.8 70.2 34
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Table 6. Hardness of starch gels at various concentrations®®

Hardness (Kgy)

Sample Starch

6% 8% 10% 12%
Acorn 088+ 0.03b 195+ 0.04 b 3.10£0.15a -
Buckwheat 052+ 0.05 ¢ 112+ 0.16 ¢ 147+ 0.16b -
Mungbean 123+ 0.12 a 230x£0.17 a 3.22+033a -
Corn 025+ 001 e 043+ 0.07 e 0.64£0.05d 0.78+0.08 b
Rice 018+ 0.01f 0.29+ 0.06 f 0.36+0.07 e 0.57£0.08 ¢
Wheat 0.29+0.01d 0.69+ 0.08d 1.01+0.13¢ 110+ 0.114a

“Mean and standard deviation of 6 measurements

®Means in the same column not followed by the same letter are significantly different at p<0.05 by LSD method

Table 7. Correlation coefficient between hardness of 8% gel and some physicochemical properties® of starch, amylose

and amylopectin

Starch

Amylose

Amylopectin

LA. DP.. CL.

NC. LA. DP., CL

Hardness of 8% gel 0.95 0.77

—0.84

0.84 0.65 0.61 0.76

“LA.: lodine affinity, D.P.,: Number average degree of polymerization, C.L.: Average chain length, N.C.: Average number

of chain

N

Force, Kgf

-t
—

OS> 2

10 20
Distance, mm

Fig. 2. Typical force-distance curve of 8% gels measu-

red by Tensilon Universal Testing Machine(Instron-like)
M; Mungbean, A; Acorn, B; Buckwheat, W; Wheat, C;
Corn, R; Rice starch, Hardness; force at peak

08622 ehtsich Clark S4V& dridez #4444
monodisperse o} U2 Q. A2] A G olUR A
=7t 42 A Ale] w2 A9 shear modulus7}
Z7h ok slgdch E, opdR e a9 ojuladdle &
FE(8%) & 7Fdsta 4Tl 52t AAY ohE A
webg WX (rigidity) B 4% AP P 9, o

Table 8. Ratio of amylose to amylopectin in starches®

Starch Ratio

Acorn 0.40
Buckwheat 0.36
Mungbean 0.50
Corn 0.27
Rice 0.23
Wheat 0.31

Calculated from amylose content in Table 2

AE wtbg Ao) ¥7) flejie ofdzerd oz
ol gk u)go] 0.25 o] (I 20% ofBR )]
ook ahu 1 o) Abell Al obHE 9 2 FEol H|HEl A
rigidity7} Z7Hgicta stqdel B Aol AR AE
9] o] 5 H]&-& ¥H(Table 8) &3 &4 7h7t 023
3} 0278 o} 919 &3 E wErhd g Ao 3
71e 3AE Ao dAEY, olv g Wik ArtEe R
A whhgts 24 Asete AP & 5 ek
2 olslat B4 FollHe olulR e~ Exi=7)
(DP.)7} 74%el ox Ax gL 715w (r=0.77)
ol o} 2 2 ~ o] Bx}7} F4F 79| shear modulus7}
Z7 ek AR dA)sigdoh opdR e ~9 VX
BgHo(CL)®E A9 7xst Anidz FAH(r=
—0.84) CLo| 8¢ 4% 7=7} Ak DP..3 CLolA
AxtR B JFFAAENC) 94 AaArL de
A(r=0.84)2 gdsic} 3
ol el o)y EAN Ao FEE »lms|
11, CLo] o= Ax #lo] & A2 vepdohr=
0.76). Kalichevsky 5"We] 2 7}z ZF/ AEI FF7F
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Table 9. Distance to breaking point of starch gels at various concentrations*"

Distance (mm)

Starch — - - — T
6% 8% 10% 12%

Acorn 15.0+03b 151+ 02b 1522 03b -
Buckwheat 136+ 10¢ 1342 0.7 ¢ 125+ 09¢ -
Mungbean 175+ 08 a 170+ 03 a 162+ 06a -
Corn 106+ 02e 94+£07e 9.0+ 06e 9.0+ 1.0b
Rice 115+ 08d 104+ 0.7d 10.3+14d 122+ 11a
Wheat 102+ 03 e 9.9+ 0.0 de 94+ 0.4 de 89+ 06b

4Mean and standard deviation of 6 measurements

"Means in the same column not followed by the same letter are significantly different at p<0.05 by LSD method

Table 10. Total lipid content in starches after extrac-
tion with 75% n-propanol in a boiling water-bath(dry
basis)

Starch Lipid (%)
Acorn 0.12
Buckwheat 0.49
Mungbean 0.16
Corn 1.04
Rice 0.68
Wheat 1.26
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