Food Engineering Progress
Vol. 14, No. 2. pp. 127~134 (2010.5)

Ho 2—

ArE=AlO] O|5EHA

PRy

Food Engineering Progress

!'.

Sd1t ofuX[ate] M=

T-EAY - Krittika Norajit « 7713 *

1% @ ey A
Tt AFe st

Physicochemical Properties of Extruded Defatted Hemp
Seed and Its Energy Bar Manufacturing

Bon-Jae Gu, Krittika Norajit, and Gi-Hyung Ryu*
Department of Food Science and Technology, Kongju National University

Abstract

This study was to develop high-nutritious energy bar from extruded hemp obtained by extrusion process. Mixture
of rice flour and defatted hemp was extruded at a barrel temperature of 110 and 130°C, and moisture content of
20 and 25%. Properties of extrudates such as bulk density, expansion index, breaking strength, apparent elastic mod-
ulus, water absorption index (WAI), water solubility index (WSI) have been analyzed. The antioxidant potential was
determined by the DPPH-radical scavenging assay. The expansion index was the highest in rice-hemp extrudate at
130°C barrel temperature and 20% moisture content among the other hemp-added extrudates. The WAI was
increased with increase in moisture content, while the WSI was increased with increase in barrel temperature. The
peak viscosity of rice extrudate had higher valule than those of extrudate added with hemp. DPPH scavenging activ-
ity of rice-hemp extrudate at 130°C barrel temperature and 20% moisture content showed the highest value. Sensory
properties, moisture content and color were assessed for quality of energy bar. The color values of the energy bar
indicated decreasing L (lightness) and b (yellowness), and increasing a (redness) after 30 days storage at ambient
condition. The highest overall acceptable was the energy bar added with rice-hemp extrudate at 130°C barrel tem-

perature and 20% moisture content.
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al., 2009).
oA A Aol F FEOIA T o 2HE] Hivl=
Q3 Fujjol] 5= o] THC(A-9-tetrahydrocannabinol)
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1. 1/2 Pitch screw 3. Forward paddle L/D ratio : 24:1
2. 2/3 Pitch screw 4. Reverse screw element o 3.2 cm

Fig. 1. Screw configuration used in this experiment (Model THK 31T).
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olglgt YEA ] ol H T ATAS FYAA HE F&
ste] a3 S AXA &2 YA ASAHS BEt] Wols
DASE AHEate] T A Aol {7t T 23T WelgS A2 AP E] A7 S A F2(CD-15C, Mitutoyo
I bl o] 93t oA ks AR g 71 Co., Tokyo, Japan)Z 93] =73l AlET-9] 243} EAE
ATEA A A dEAFEY] olsiE S4S v = AN Ao R A=tk
B o g2 A ouAntE Alx & FEAEANS
ZAbskaith HEU=

HEAF =Y AL e ARE o] &k TARSH S
JEPT 6

3] RHEste] ks ArEsiinh Al e ARS-ske]
FE] FHE 7 F E=E A
&

al
[e]
= stk == AADEE A1) 2

x 3
WS 3 Felolx 2008del £EE B 7Y F

VAE Tomesh hstol AgHAG. e B p = i, (M

o)A Astel SHkslel AE A S e 1Y "

B 71(FM-681, Hanil, Seoul, Korea)® 23 TS, p.: Bulk density of extrudate



Y HF olsel

p,,. Bulk density of millet

M: Mass of extrudate

M,: Mass of millet in cup

M,: Mass of extrudate and millet in cup
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AEAHFEE] AR7|edASS 328 L Sun Rheometer
(Compac-10011, Sun Sci. Co., Tokyo, Japan)E A}-&-3}o 103
S5t Haps rEstith 3 %712 probe angle
type(65°), ZtH-&2 2kg, XA ©]FZ%E 120 mm/min, Z]A]
7ol Az 3emo| A}t S XS Launary & Lisch(1993)3}
Ryu & Ng(2001)°] A|A|&F ol o] 2]& o]&-ate] HAR7|EH]
AGE, )t T (F S 2 2 (2)0F 2312 Atsksdtt.

E,,, = (dF/dI) (64d*/48nD*) )

E,,,: Apparent elastic modulus

dF/dl: Slope of the linear section of the force-distance curve
D: Diameter of extrudate

d: Distance between two supports

F,.=F/S 3)
F: Maximum stress of extrudate

S: Cross-sectional area
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Z7](HB-502MP, Han Beak Co., Kyunggi-do, Korea)ollA] 2
17+ 59F A% 5§ A5 TPR S ZA o]
B35 22 S (water absorption index)2} FE-&-3ll 2] = (water
solubility index)E 2] (4)¢} 2(5)Z z+z}t AlAtslsiT).
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WAI (g/g) = (Hydrated sample wt. - Dry sample wt.)/ Dry sample wt. (4)
WSI (%)=Dry solid wt. recovered by evaporating the supematant x100/Dry sample wt. (5)
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ot 25°CE AT Tha 5% &% 95°CE 7HE ? 3T 5
ok 95°CE frAakom sitell AA 25°CE Y73 5 3
¢ 2EE FAXHT T 28 A 18F0H A
5o F4Hs 7417171 fl8te] 1027F 960 pm o= HlE-S
SHAZ T 160 rpmoll A HEE =73} Fig 22] o]
2E HEFA o2 HE T E(peak viscosity, PV), 23
=(trough viscosity, TV), &% = (final viscosity, FV), 7%
9} 3] 7 &= (breakdown  viscosity, BV)9} 3] E-7 & (setback
viscosity, SV) 59| Ho|AE Jx A X5 7tz AlRsIA

r-|r:

DPPHOI| 2|8 MXZ50is

YEA D EY TS Ee g AAsS DPPH
(2,2-diphenyl-1-picryhydrazyl radical)E& A& 0}04 Brand-
Williams et al.(1995)2] WS 383t S48t &=
HEE AE 1gS 60% ethanol & 60°Ce] 3L (BE-
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Fig. 2. RVA temperature profile and pasting parameters.
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Mix dry ingredients together in a big bowl

Table 1. Formulation for preparation of extruded defatted
hemp energy bar

!

Separately, combine the honey, syrup and brown sugar

in microwave for 2 min

|

Stir the egg, vanilla and hemp oil in another bowl

!

Pour the both wet ingredients over the dry ingredients

and mix well

!

Spread into oiled pan and bake for 15 min at 175C

|

Cool completely in the pan and store in sealing plastic bag

Fig. 3. Processing diagram of preparation for extruded defatted
hemp energy bar.

A7Fste] 1027 Lol A Bk-3-A171 F UV/Vis-spectropho-
tometer(Libra S35, Biochrom Ltd., Cambridge, UK)E A}-4-3}
o] 517 nmmellM F3=5 F4 53Utk DPPHO 9|3 Az
AT 26y o183t A AT

Scavenging activity (%) = [(Abs,,,—Al ) /Abs,,, ] X100 (6)

samplc
Abs,,,,: Absorbance of the control

Abs Absorbance of the sample
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Dry ingredients Ratio (%)  Wet ingredients  Ratio (%)
Extruded defatted hemp  30.0 Hemp oil 4.0
Rice germ 5.0 Brown sugar 3.8
Apple pits 5.0 Honey 12.0
Pumpkin seed 5.0 Syrup 12.0
Cinnamon 0.2 Vanilla 3.0
Wheat flour 10.0 Egg 10.0
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Table 2. Physical properties of extruded defatted hemp at different extrusion condition

. . Extrusion process variables . . Breaking Elastic
Extrusion material Expansion Density
. o : h 3 strength modulus
ratio (hemp : rice)  Moisture content (%) Barrel temperature (°C) index (kg/m’) (N/m>) (N/m?)
0: 100 20 130 3.15£0.03 216.22+23.07 8.62E+04 1.19E+07
’ 25 130 2.80+0.04 242.96£17.73 1.80E+05 3.24E+07
20 110 2.06%0.06 311.71+10.63 1.19E+05 7.44E+07
30+ 70 20 130 2.15%0.05 274.95+6.28 9.37E+04 2.96E+07
) 25 110 1.70£0.03 391.42+16.55 2.60E+05 1.93E+08
25 130 2.09+0.05 291.5919.93 1.12E+05 3.76E+07
_ 4
AE HeRAH. ol A7FFe| FEdF dAA7E mMC 20%
geistel Hokas WEE SYSUL W Bohed} WEs Omc 25%
o] A#AAZS YEPITE Ryu & Lee(1988)2] 2 3s} 3
A3k, 5
93 2R SATE Beks, Ui, 7Tl 4 a
o wor] dEYYEO) AL AYShe TG Aol 2
Ok R 20%, WE 25 130°Col A AEdol H7hEA]
BN wiok Aol FrF HAS w WsEL 315, 215 11
= 2ol 2 JERIAITh Zeht k2 S 20%, ¥
2= 130°CoN Aol H7HEA edske woh A 0
o] A7} HS w 7} 8.62E+04, 9.37E+04 N/m?%, ZKH.7] Control 130°C EH 110°C EH 130°C

B AFAA 1.19EH07, 2.96E+07 N/im’E T} 2 =43
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o= oFE A HjElY C WjEL X0 &Y TS
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7+2~8}= Han et al.(2007)8] AF+ZA e} 722 A3FS e
WAt} Chinnawamy & Hanna(1999)= ¥ 31-&-0] Z7}shd
v}y o] 7+43) o™ Bhattacharya et al.(1986)> G5t
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Fig. 4. Water absorption index of extrudate at different
extrusion condition.

Control 130°C: extruded rice (100%) at a barrel temperature
of 130°C; EH 110°C: extruded defatted hemp (30%) and rice
(70%) mixture at a barrel temperature of 110°C; EH 130°C:
extruded defatted hemp (30%) and rice (70%) mixture at a
barrel temperature of 130°C
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Fig. 5. Water solubility index of extrudate at different extrusion
condition. Refer to Fig. 4.
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Table 3. Paste viscosity of extruded defatted hemp at different extrusion condition

Extrusion material ratio Extrusion process variables

Paste viscosity (cp)

(hemp : rice) Moisture content (%) Barrel temperature (°C) ~ PV" TV? BVY  FV¥ SV PT®
20 130 120 24 96 47 23 2.4210.10
0:100 25 130 154 23 131 75 52 2.8210.33
20 110 24 10 14 14 4 7.80%0.47
30 70 20 130 16 10 6 13 3 4.23+0.24
25 110 33 26 7 33 7 6.5310.19
25 130 36 24 12 24 0 7.20£0.19

YPeak viscosity; 2 Trough viscosity; PBreakdown viscosity; “Final viscosity; Setback viscosity; “Peak time (min)
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o] 25%Y W HIHAE FrRIAAAE, HFHE, 3E
E7F =& A e AT

TR St wet @A) HyHEel R
E=7F Z7FFATHE Jin et al.(2005)2] A2 2o} U513
o1 Ryu(2002)2 SFFHE AEAAFENA FEETFe
7ol e UG EQ T3t HuHE Sk 3
T2IAANHEE T7MIZIYA S Th
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o] 337} Aoy} Be L2500 E S &4
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b ol AFAel 7t Bl me e, Bud, Ao
Fol 715 W] AR §F of wstel oo
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DPPHO| 2[5t MXS0IS
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Fig. 6. DPPH radical scavenging activity of extrudate at
different extrusion condition. Refer to Fig. 4.
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Table 4. Change in color value and moisture content of energy bar with extruded defatted hemp

Extrusion material ratio Extrusion process variables Petiod Mositure Color value
(hemp : rice) Moisture content (%)  Barrel temperature (°C) Content (%) LY a? b?
20 130 Initial 8.59 39.65 6.63 24.26
0100 30 days 9.19 41.89 6.41 23.21
’ 95 130 Initial 9.08 42.05 8.56 27.11
30 days 9.93 42.51 7.34 24.76
20 110 Initial 10.12 39.83 3.54 22.73
30 days 11.25 39.33 5.23 18.97
20 130 Initial 9.84 38.39 3.74 20.60
3070 30 days 10.97 34.30 3.90 18.37
’ 25 110 Initial 9.80 37.22 4.86 19.58
30 days 10.86 39.33 5.23 18.97
25 130 Initial 9.29 38.60 3.29 19.96
30 days 10.20 34.34 345 17.97
Lightness
JRedness
IYellowness

A 9 A A F835F Q. 4o]t) Table 4= N A|v}
o] FEFFH Mg SAT AAZE A AF R0
8.59-10.12%°14 30 ¥ 9.19-11.25%= 0.60-1.13% 3453}
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Table 5. Sensory quality for extruded defatted hemp energy bar

B7HE A ol AEAlA F3 29| Bho] Zate] HA|
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AL 30% H7Hek AR w71 EA) B AT

o (o] -
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P& oS E8ate] AR T A 2o]
ARt Sek 227 datsl E4do] -t oju Rt
E Az fEiA Ex A e ES] dske, 2
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Extrusion material ratio Extrusion process variables C Overall
. olor Flavor Texture Sweetness
(hemp : rice) Moisture content (%) Barrel temperature (°C) acceptance

0: 100 20 130 6.33 6.22 5.11 6.56 5.89

’ 25 130 6.78 5.89 5.89 6.89 6.56

20 110 6.56 6.44 5.44 6.11 6.89

30 : 70 20 130 6.56 6.00 6.67 6.67 7.11

25 110 5.44 6.11 5.11 6.00 6.11

25 130 6.22 6.11 6.89 6.33 6.56




134 TFEA - Krittika Norajit - 7718

E dAr Lt
e FEIEE 20%, HIE2E 130°C
oA Fitslddo] A Yetsth €A AE4d dyA|bt
60-1.13% A3l o wa

£l 0

T AL A ANEE Zrlels AFS Bt &
3
/‘;__]

HE7t SRS 20%, E2E

130°Ce™ ©A] Aol F7He oldAnbrt 7 A
7h= ATt

AEH o FEAFE ol &t AFHS HUHE oY

=

AukE A 5 Ao FHaA] dEEIES] F
2o =B 3FaE KN

LT Tono o i

2
Aoz AT AL}

2 AT sHFRER A A3 -SRI
o] A-FHIX (2009 )0 <3 T E AL YFEZ o]
A=Y

P

¥
rok

AACC. 1983. Approved Method of the AACC (10th ed). Method 56-
20. American Association of Cereal Chemists. St. Paul, MN, USA.
Bhattacharya M, Hanna MA, Kaufman RE. 1986. Textural properties

of extruded plant protein blends. J. Food Sci. 51: 988-993.

Brand-Williams W, Cuvelier ME, Berset C. 1995. Use of a free
radical method to evaluate antioxidant activity. Lebensm. Wiss.
Technol. 28: 25-30.

Callaway JC. 2004. Hempseed as a nutritional resource: An overview.
Euphytica. 140: 65-72.

Chae SK. 2005. Prooxidants. In: Food Chemisty. Kim SH (ed). Hyoil,
Korea, pp. 158-162.

Chifnnaswamy R, Hanna MA. 1999. Macromolecular and functional
properties of native and extrusion cooked cornstarch. Cereal Chem.
6: 490-498.

Cho YJ, Kim CT, Kim CJ, Hwang JK. 1999. Modeling of extrusion
for pectin extraction from apple pomace. Korean J. Food Sci.
Technol. 31: 1011-1016.

Han GS, Lee SM, Shin SJ. 2009. Densified pellet fuel using woody
core of industrial hemp (Cannabis sativa 1.) as an agricultural
waste. Korean J. Plant Res. 22: 293-298.

Han JY, Kim MH, Jin T, Kim SJ, Kim MH, Ryu GH. 2007. Change
in characteristics of extruded vitamin C cornstarch matrix by
moisture content and barrel temperature. Food Eng. Progr. 11: 253-
260.

Haper JM. 1989. Food extruders and their application. In: Extrusion
Cooking. Mercier C, Linko P, Harper JM (eds). AACC, Inc., St.

Paul, MN, USA, pp. 91-155.

Hwang JK, Kim CT, Hong SI, Kim CJ. 1994. Solubilization of plant
cell walls by extrusion. J. Korean Soc. Food Nutr. 23: 358-370.

Jackon DS, Gomez MH, Waniska RD, Roonet LW. 1990. Effects of
single-screw extrusion cooking on starch as measured by aqueous
high-performance size-exclusion chromatography. Cereal Chem. 67:
529-535.

Jin T, Lee ES, Hong ST, Ryu GH. 2007. Manufacturing of goami
flakes by using extrusion process. Korean J. Food Sci. Technol. 39:
146-151.

Jin T, Park HY, Ryu GH. 2005. Characteristics of cereals prepared by
extrusion-cooking and freeze-drying. Korean J. Food Sci. Technol.
37: 757-762.

Kim JH, Ryu GH. 2001. Effects of extrusion process parameters on
puffing of extruded pellets. Korean J. Food Sci. Technol. 33: 55-59.
Koh DH. 1990. A study on the composition of fatty acids of

hempseed. Korean J. Food Nutr. 3: 201-206.

Launay B, Lisch JM. 1993. Twin-screw extrusion cooking of starches:
Flow behavior of starch pastes, expansion and mechanical properties
of extrudates. J. Food Eng. 2: 159-180.

Lee JM, Chang PS, Lee JH. 2007. Comparison of oxidative stability
for the thermally-oxidized vegetable oils using a DPPH method.
Korean J. Food. Sci. Technol. 39: 133-137.

Moon YH, Song YS, Jeong BC, Bang JK. 2006. Variation of
cannabinoids content in hemp (Cannabis sativa 1.) produced with
mixed seeds of drug and non-drug type varieties. Korean J. Crop
Sci. 51: 187-190.

Moon YH. 2008. Review for legislation of industrial hemp regulation:
The proposal to legislate industrial hemp (Cannabis sativa L.) and
their research review and regulations in Korea. Korean J. Int. Agri.
20: 203-210.

Padmanabhan M, Bhattacharya M. 1989. Extrudate expansion during
extrusion cooking of foods. Cereal Foods World 34: 945-949.

Rhee SK, Lee KB, Son JY. 1999. Prediction of shelf-life and quality
changes of dried noodle during storage period. Korean J. Soc. Food
Sci. 15: 127-132.

Ryu GC. 2002. Effect of melt moisture and post-extrusion variables
on pasting and thermal properties of corn starch extrudates. MS
thesis, Kongju National University, Yesan, Korea.

Ryu GH. 1995. Extrusion process with gas injection. Food Sci. Ind.
28: 30-38.

Ryu GH, Lee CH. 1988. Effects of moisture content and particle size
of rice flour on the physical properties of the extrudate. Korean J.
Food Sci. Technol. 20: 463-469.

Ryu GH, Neumann PE, Walker CE. 1993. Pasting of wheat flour
extrudates containing conventional baking ingredients. J. Food. Sci.
58: 567-573.

Ryu GH, Ng PKW. 2001. Effects of selected process parameters on
expansion and mechanical properties of wheat flour and whole
cornmeal extrudates. Starch-Starke 53: 147-154.

Son HJ, Ryu GH. 2009. Chemical compositions and antioxidant
activity of extract form a extruded white ginseng. J Korean Soc.
Food Sci. Nutr. 38: 946-950.



