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Abstract

The effects of extrusion conditions on the physicochemical properties of extruded chestnut fruit were determined by
analyzing expansion index, specific length, bulk density, water solubility index (WSI), water absorption index (WAI),
reducing sugar, DPPH (1,1-diphenyl-2-picrylhydrazyl) radical-scavenging activity, total phenolic compound, flavonoid
content and tannin content. The extrusion conditions contained moisture contents of 22, 25 and 28%, screw speeds
of 200 and 250 rpm, melt temperatures of 110, 120 and 130°C. The expansion index decreased as the moisture con-
tent increased from 22% to 25%. In contrast, the specific length and bulk density increased along with increasing
moisture content. WSI and WAI were found to increase through the extrusion process. The reducing sugar, DPPH
radical-scavenging activity, total phenolic compound and flavonoid content all decreased. The tannin content of the
extruded chestnut fruit was 2.94 to 4.23 mg/g lower than the non-extruded chestnut. Based on these results, extru-
sion-cooking may be useful for tannin reduction and applied in value-added chestnut related products such as

snacks, noodles and beverages etc.

Key words: extrusion conditions, chestnut fruit, tannin content, flavonoid content, water solubility index

M B

e ThAA Fhut el &dhe ihuEe] GuifEA] 29
(17%), W31 (15%), -5(68%) 2= o] Fo]A] lom W52
FEFFE oF 64%01H, AT 1%, 28T 1%, 32 1%,
el 3%, 7he TFA2E 30%, HE A, B, C 2 K,
Ca, P 5 7712 Aol dF50IATHON et al, 2011). EF
Hhroll = Aol o] HA] gdot 2lF o= AF 8Nk st
valine, leucine, isoleucine, methionine, lysine 52| €40}
v =2ko] ghrE o] T ARa TR 2.00-4.70%= A
njel fAfsle] AL FUXEFSEE dEA Jlon,
catechin, polyphenol 5-°] EH-f=]o] gt} o o] FF3taL 7]
SE7F =2 2 Fo]tk(Seo et al., 2009a; Jin et al., 2001).

gko] U39} #4591+ coumarin, gallic acid, catechin 5
o] o] Atsta s YERT didM 2] S48 F

pu

T

SIA

*Corresponding author: Gi-Hyung Ryu, Department of Food Science
and Technology, Kongju National University, Yesan, Chungnam, 340-
802, Republic of Korea

Tel: +82-41-330-1484; Fax: +82-41-335-5944

E-mail: ghryu@kongju.ac.kr

Received May 29, 2014; revised July 2, 2014; accepted July 3, 2014

203

7INA MAS7EE-S HEbdtJoo, 2013). ] ol

+ ferulic acid, caffeic acid, sinapic acid 2] &4t} A
o] EAsta, we] W= ellagic acid, syringic acid
59| phenolic acids”} ©FF TFEo] gom, FZ gallic

acidZ ©]FojZ thaFe] Bhd AJE-o] EoJ31tkSeo et al.,
2009b; Kim et al., 2002). BFd Aol #ste] g 2

N3, YEFRE, FEE AAS 2

of ajetarl o] 2 Qg 4G STHThAL WAL
v} ITHKim et al., 2000a; Hwang et al., 2001).

BT 9, B, 7rE, A9, dxek 2

~

A Fol ARg-3ted
JEA FepiY, AE, AL
5,4 A B ook kg 3
I AtHHan et al., 2007). &4 o] &5]+=



204 Qrd3 -

S 5] doju= AHo] Ath(Lee et al., 2006). Kim &
Ryu(2013)ll ¢JatH k=834 Soll A== e, 3L
o B yddEe] due] B Fx 5SS BEH0E
WA 7Tt Hsklon, 4EAP 3RS A5 i
I FAHTe] 2do] Thest E83 33E Fo] 9%
= F<e3tAZ 4 lth(Lee & Schwarz, 1994).
)

et al., 2009; Seo et al., 2009a), WO ZHE T4% 7
Frdsh= peroxidase®] 8] ¥ AAE S 54 A
(Kim & Lee, 1987), BF3] wheo] Ao up2

A48 A 24 Wsl, &R g &
X+= 9 3Nha & Yang, 1997; Jeong et al., 2006; Hwang,
201159 bt A7 s ox 2o ot -y
oAl AitEE W] AAEF T FEELE O 30%,
ArE 20%, AAANE 15%, 7H-8 15%, 248 5%, 7]
B % 15%2 &M FEI e 2 o]tOh et al., 2011).
HT T8 FEAG A Tl ok A oF
32 B3 & 27 23 LRSS Y3

23 AJdolt(Hee et al., 2012). |23k o]F2 A=Y
3}

=)

it
by
oy
)
Ll
do
o
A
i
dlo
il
=
[
£
ojf
v}

Table 1. Proximate compositions of extruded chestnut fruit.
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&8 729 22(CD-15C, Mitutoyo Co., Tokyo,
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Material"

Proximate Compositions (%)

Moisture content Crude ash

Crude fat Crude protein Carbohydrate”

Chestnut fruit 12.06+£0.24 2.49+0.12

1.17+0.08 5.39+0.06 78.89+0.13

YUnextruded chestnut fruit.

ITotal carbohydrate was calculated by removing moisture content, crude ash, crude fat and crude protein.

2i2]2i3]3i3

1. 1/2 Pitch screw
2. 2/3 Pitch screw

3. Full pitch screw
4. 1/2 Reverse pitch screw & :3.0 cm

L/D ratio 23:1

Fig. 1. Screw configuration for extruded chestnut fruit (Model THK 31T).
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P,: bulk density of extrudate (g/cm®)

P,: bulk density of millet (g/cm®)

M: mass of extrudate (g)

M,: mass of millet in cup (g)

M;,: mass of extrudate and millet in cup (g)
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Table 2. Expansion properties of extruded chestnut fruit.

2Py - ol - A5

=k

Extrusion conditions Lo Specific Bulk density
- Expansion index 3
Moisture content (%) Screw speed (rpm) Melt temp. (°C) length (cm/g) (g/em’)

110 2.87+0.05" 47.05+2.33* 0.32+0.01#"

200 120 2.78+0.05% 39.8442.52/ 0.37+0.01¢

130 2.54+0.06° 51.90+0.58" 0.32+0.02¢"

22 110 2.75£0.07¢ 52.46+1.41" 0.29+0.017
250 120 2.83+£0.07% 45.50+1.40¢ 0.35+0.01%

130 2.75+0.05¢ 49.23+2.36" 0.34+0.02%"

110 2.27+0.06° 59.51+1.59¢ 0.32+0.028"

200 120 2.05£0.04' 71.57+3.89° 0.38+0.01¢

) 130 2.14+0.06" 65.42+2.44 0.37+0.02¢
3 110 2.64+0.07¢ 52.96+1.32" 0.28+0.20/
250 120 2.52+0.02¢ 54.95+3.28" 0.33+0.01%

130 2.10+0.05" 71.50£1.55¢ 0.36+0.01%

110 1.55+0.02 81.05+2.55% 0.43+0.03¢

200 120 1.38+0.02! 77.10+5.54¢ 0.57+0.03°

28 130 1.58+0.05 91.23+1.36° 0.45+0.04¢
110 2.44+0.02 64.59+1.38" 0.31=0.02"7

250 120 1.51£0.01% 82.73+2.81° 0.49+0.06°

130 1.02+0.04" 78.27+3.53¢ 0.61+0.05¢

YValue with different superscripts in the same column are significantly different (p<0.05).

Social Science, Ver. 12.0, SPSS Inc., Chicago, IL, USA)<
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Table 3. Water solubility index and water absorption index of
extruded chestnut fruit.

Extrusion conditions

Moisture Screw Melt temp. WSIV (%) WA (g/g)
content (%) ced °C)
(rpm)
110 32.45+0.95%)  5.22+0.56"
200 120 32.86+0.81%  4.91+0.00%
- 130 34.96+0.85°  4.51£0.13¢
110 41.19£1.08"  4.59+0.08“
250 120 39.80+£1.52¢  4.53+0.16%
130 4539+1.09  3.07+£0.09"
110 24.61:0.35%  4.65+0.23°
200 120 25.25+0.66%  4.28+0.07%
’s 130 24.18+0.87°"  4.69+0.11%*
110 34.18+1.559  4.03£0.41%
250 120 30.26£0.67"  4.61+£0.05°
130 37.17£0.867  4.70+0.13%%
110 23.05+0.04"  4.29+0.10%
200 120 23.61£0.12"  4.60+0.09°%
- 130 25.17+0.52%  4.95+0.36"
110 21.47£0.32"  4.60+0.10°%
250 120 23.39+0.34™  5.04+0.11¢
130 27.79+0.09'  4.9240.024%
Raw” 25.96+023  2.83+0.01"

DWater solubility index.

YWater absorption index.

9'Values with different superscripts in the same column are significantly
different (p<0.05).

YUnextruded chestnut fruit.
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Table 4. Chemical properties of extruded chestnut fruit.
MOiSturliXtrus10rls::er;(jltlonls\/[elt o Reducing sugar D:;;iig?é;al Total phenolic Flavonoid Tannin
content (%) speed (rpm) (°C) > (mg/g) activity (%) compound (mg/g) (mgfe) (mg/e)
110 20.09+0.19V 42.75+0.374Y 3.54+0.03¢ 0.39+0.02¢% 3.97+0.06°*
200 120 20.83+0.12b 45.02+0.46" 3.40+0.02% 0.40+0.027%% 4.10£0.06"
» 130 18.55+0.58¢ 46.71+0.28% 3.26£0.07" 0.35+0.00¢ 4.07+0.09%
110 21.30£1.58 50.10+0.467 3.37+0.014% 0.37+0.01¢ 3.69£0.01*"
250 120 20.02+0.62¢ 47.76+0.09° 3.3440.027%" 0.39+0.01% 4.23+0.12°
130 20.43+0.33%% 52.64+0.74° 3.49+0.02¢ 0.45+0.03< 3.85+0.08%
110 20.41£0.03% 43.46+0.09* 3.14+0.05* 0.39+0.00%% 3.66+0.01¢"
200 120 19.80+£0.25¢ 45.61+0.18¢" 3.33£0.05%" 0.54+0.014 2.94+0.10°
) 130 20.63+0.015% 46.71£0.09% 3.49+0.03% 0.38+0.04% 4.10+0.08"
> 110 20.49+0.16% 45.93+0.09%" 3.22+0.007 0.43+0.04% 4.04+0.10%%
250 120 19.77+0.26% 43.66+0.00* 3.3420.01% 0.39+0.02¢% 4.09+0.02%
130 17.2340.19" 55.11+0.37° 3.64+0.03° 0.50+0.00% 4.11£0.01%
110 20.21+0.39% 43.46+0.46 3.44+0.08% 0.38+0.00% 4.10+£0.02%
200 120 21.63+0.22° 41.44+0.18" 3.41£0.124 0.28+0.00" 3.72£0.17%
130 21.58+0.48% 44.31+0.377 3.28+0.018" 0.44+0.12% 3.90+£0.214
28 110 21.62+0.74° 42.29+0.09™ 3.09+0.00¢ 0.38+0.024 3.51+0.02"
250 120 20.28+0.34% 43.46+0.09* 3.31£0.00%" 0.40+0.00%% 3.76£0.04%
130 18.94+0.37% 46.91+1.66% 3.33+0.00%%" 0.46£0.00% 3.73+0.08%
Raw? 42.99+0.18¢ 72.80+0.37¢ 4.69+0.06° 0.84+0.08“ 5.36+0.02¢

The data were expressed as meantSD of three determinations.

YValues with different superscripts in the same column are significantly different (p<0.05).

PUnextruded chestnut fruit.
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