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Effect of extrusion process variable on physicochemical properties of
extruded rice snack with mealworm

Sun Young Cho, Da Hye Jeong, and Gi Hyung Ryu*

Department of Food Science and Technology, Kongju National University

Abstract This study aims to investigate the physicochemical properties of the extruded rice snack with added the
containing mealworm. Adding the mealworm addition enhanced protein and unsaturated fatty acid contents, which are
insufficient in rice. As the extrusion process variables, the death temperatures and moisture content were set to at
respective 130 and 140°C, and 20 and 25%, respectively. The expansion ratio increased as with death temperature, whereas
the increased moisture content decreased. The nitrogen solubility index and protein digestibility index increased with the
added mealworm content of mealworm increased. As mealworm content and death temperature, and moisture content
increased, DPPH radical scavenging activity significantly increased but the rancidity decreased. As the result of this study,
confirmed that the addition of mealworm to the extruded rice snack was the confirmed as the effective process to improve
nutrition, and antioxidation. Also, death temperature and moisture content have an effect on softened the texture of

extruded rice snack.

Keywords: extruded rice snack, mealworm, death temperature, moisture content
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£ AFA AMS A7HE= A4 (Asan, Korea)ollAl 78
ngk A4S AMEst e ZAAX (MG Natural, Damyang,
Korea)e 712" A& A¥4 =E27](Shinpoong Eng. Lid.,
Seoul, Korea)Z £43+ 7125 AFE-313 )

FEAA2ke Usto] =@ (ninhydrin, Duksan Chemical Co., Ansan,
Korea), | €@l 2] Z(ethylene glycol, Daejung Chemical Co.,
Goryeong, Korea), ©}A| € ol =(acetic acid, Daejung Chemical
Co.), &FoMH©]E(sodium acetate, Duksan Chemical Co.), &3}
A (M) (stannous chloride II, Kokusan Chemical Co., Kitasaiwai
Nishiku, Japan)E 73t ARl Tt

S AACC W (22)0] 27 ol
105°C Az, 27 &4 (Soxhlet)
ZEHo Ninhydrin (23)2-8 A ZFaldeh. 2 AA g9
0-+0.25%, ZTHN-L 44 88+0.31%, ZAHHS 34.05+
0.15% o A7IFe] FEITFS 8.12+0.08%, TS 754+
0.45+0.08%2] S YERATE.

Lt

j? B
ML g
=d
o
rlo
©
()}

AR HEARVIE AEE T AEUEA
71(THK3IT, Incheon Machinary Co. Incheon, Korea)Z
2732 30.0mm, Zojet A7e] (LD ratio)e 23:1°1903, A&
AP HAo] 3mmel AL ARSI en, 2379 ul
Fig. 13} 2t} b4 shad & BSU=4D712A pitch H]
& 23F = feeding section®Z AIF FFHo] AEF 2}
WA= 71%S 3HL, pitch H]&o] 2 23T 45
(compression section)®. 2 ~TF ALY FLoA o]0+ U8
4=, AT Felolty, RS Ao SAE d'
TS 7IFLR dlo] U R G 48 AT
HEZ=z A BL FY3l 3Gtk 889 22 A
719} WAE AREste] 2EsIon 98 ARIES 100y
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of 2 AR 20%5 ztz}, A2A Rz EFEA
HEHE T4 Wre AR H7F dEEEEY AT 2
Tof i gl wE Fd 54E goli] 8 AT 2%
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HELE ARES 50°ClAM 8AIZF xste] =2]4] SA4%
=459, 71784 #3471(FM-909T, Hanil, Haman, Korea)Z
A3 1430 mesh®] £ES ABEE ARESl] 318Hy 548 24

st

4 dsis

SEAHFES A7 Aslee 4 AEEY AEs 2z
(CD-15C, Mitutoyo Co., Tokyo, Japan)& 103] =
AR gE dF= A4 ve] HAOE FEATH24).

=

A=A Y E2] vl o] (specific lengthy= LS+ Zol= A3k
HEYE] Aol AL HIZ 103 EHT F 2 (DE o4
A5 FIATHRS). GEAFE] dole Az
¥ 22(CD-15C, Mitutoyo Co.)Z ©]&3l2, FAle HAAAS(MW-
I, CAS Co)S AME-3ISITt.

length of extrudate (cm)

1
weight of extrudate (g) M

Specific length (cm/g)=

H

=2

|
JePEe) 2UEE H2E ol8W T4 ABYeR
108] WHEale] 2] )& ol8a}e] ANSATHRS).
M
b M @
M+M-M,

P.: piece density of extrudate

P: bulk density of waxy millet

M: mass of waxy millet in 125 mL cup

M,: mass of extrudate

M;,: mass of extrudate and waxy millet in 125 mL cup

EE7| EtedAIS=2t ohaM(7|

AP =] ARV B A A7l B 2PE(Sun
Rheo-meter, Compac-100II, Sun Sci. Co., Tokyo, Japan)S A}-&
ste] 103 54 F Hzke AESIiTh 2L probe angle
type (65°), H-&E 10kg, AAY o5 &%= 60 mm/min, A A|tH
7re] Azl 3emdth. FAHXE Ryust Ngo| WH(27)S o431
AR dAASRE, e FHAZIFIE 22 2 Gy D= A

app
RS

E,,, = (BF/1)(64d°/48nD") 3)

E,,: apparent elastic modulus
SF/31: slope of the linear section of the force-distance curve
D: diameter of extrudate

d: distance between two supports
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1. 1/2 Pitch screw
2. 2/3 Pitch screw

3. Full pitch screw
4. 1/2 Pitch reverse screw

L/D ratio 23:1
@:30cm

Fig. 1. Screw configuration used in this experiment (Model THK 31T).
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F,.=F,/S )

F,.: breaking strength (N/m?)
F,: maximum stress of extrudate
S: cross-sectional area of extrudate

Mo

PEAYES EH5le] 14~30mesh Alo]e] A|EE A2
(Chroma Meter CR-300, Minolta Co. Ltd., Osaka, Japan)E ©]&
3to] X (lightness, L), 2= (redness, a), 33 (yellowness, b)
e 33 Y Hagew Yl A @)= A sk (color
difference, AE) %< YUERHSICE EF o] 3He 1=97.80,
a=0.33, b=2.01°]31t}.

AE = J(L+Lg)>+ (a+ap) +(b+by) )

L: lightness

a: redness

b: yellowness

L,: raw material lightness
a,: raw material redness
b,: raw material yellowness

UEAHFE] 84 448 B3] A8kl AACC W28
S8l A 7|Fe g A8 159 F7F 30mLS 718ke] 30°C
o] e =7 (BF45SB, Biofiee Co., Seoul, Korea)oll A 3087} wwuk
3k & A15-2]7](H-1000-3, Hanil Science Industrial Co., Gangne-
ung, Korea)oll Al 2000xg2 2 2027 942 Tt d5de &
Fuli JA F& & JAdEe] FAE SAs GFE A
£ 105°C] G 71=27](HB-502MP, Han Beak Co., Bucheon, Korea)
ox 2417k FE xS FFde] vFE S St i
43| A S(water soluble index, WSI)@} F-&-2FA|5>(water adsorption
index, WADE ZH7} 2(6)2 2l(Ne= Altsisitt.

WSI (%)
dry solid wt. recovered by evaporating the supernatant 100
= X
dry sample wt. ©)
hydrated sample wt.—dry sample wt.
WAI (glgy= = pe WL ™

dry sample wt.

TEM FHAXF

AE9F =] 584 24 A F(nitrogen solubility index)e] 2T
2 Capritar 5292 HHE S83ke] AREATE AR 1.5
0.5%2] FAFshEZERF(KOH) €9 75mLel €il 30°Ce] &)
(Shaker, SI-300R, Jeiotech, Seoul, Korea)?ll 120 rpme.Z WHFS}
th. 2 F 50mLE #H3ke] 2000xgol A 208 Bk AAEE] 3
F 05mLe] 5N HFAOE H3t Ninhydrin % (23)2
84 A A3 (Soluble nitrogen contentyS g3t & &
o3 e AE 158 6N G4k 100°Ce] 24417F Fot ¢
8] 7krEslsted 75mLe] FFTl 529 § 45 05 mLE
#31¢] Ninhydrin ¥¥H(23)22 &3] v 2] QP skt

soluble nitrogen content
total nitrogen content in sample

2 By U

NSI (%)=

x100 @)

AEAABES dilF Askg AFELS Meriz 5(30)0] WHES A

0.2 g& # 3k Ninhydrin %3

L ASER] gk T E e R AR 02gS

9 o] ¥ 37°CY] 20|
)]

2000xgo 2 A4 B SIATE A5AL AA F AL 0.1 M
Qb el 58 (potassium phosphate buffer)E 2ol YAE
g e AYLS F i N8I g BAE 30°ce] =&
LB YA $ds] Az ARl § zAte] A4 $HERS Ninhydrin
= =

thr A 9l tidakitt.

Protein digestibility (%)
__ total protein—undigested protein

- x100 ©)
total protein

DPPH 2iC|& 2 &M

4= =9 DPPH =z &4 @4 A2 Brand-Williams
S36DY WS ARSI AR 1 g& 80% methanol (F1EHE)
10mLol] ¥ 2A7F B3 FE3 F 2000xgS 2 3082 B3 ¢
Al B 2 £ A=Y 0.1 mLE #H35Fd methanolo] =91
DPPH A1¢F 3.9mLoll €3l A9 oA 308 53 vEeAZ1
T BB EA 515mm FOlA FHEE SFSIATE FTARE
GA] e o m Al AleE FEEE o]Edly] U 4

10yl B} skt
Radical scavenging activity (%)=(A,—A;)/A,x100 (10)

A,: absorbance of the blank
A;: absorbance of the sample
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M= 248 9% TBAZ7IE Chang 5(32)2]
st ARESIATE 5S¢0 AIRE ARl FHsto] o
9] 3% BHTEY 03mL £ pH 2.0 9 ZJa4kel
mLE 713k 3ol 2,000xgl & 308 ¢ AR ste] Ao
ZFolost siGith A8z QY F smLE 2] Algde &3 F
W % 2H(glacial acetic acid) 99.5%°] 2-thiobarbituric acid 0.69%%
£3A1Z1 TBA A% SmLE Zhzte] Alge] 7ttt ol &
100°Coll A 358 &<t T8/ 7FEstar A ¥As Foll 3%
A 531 nm A FHEE SHEAY AEE F2 W
o= A AEE FHEE ol8ste o ADdl Uiy
o] A]E kg malonaldehyde®] %2 mgl = FAISHS

or o & @

Ht ol

ol ¢

TBARS (mgkg)= (a—b)x3x100/s (11)

a: absorbance of the sample
b: absorbance of the blank
s: weight of sample (g)

SAHXE|

A7) EAX2E SPSS (version 23.0, SPSS Inc., Chicago, IL,
USAYS o]8-sto] L] EAE4 (one-way ANOVAYS HA %
= frold Aozt A= AE disiA p<0.057EoM 2 AFE
g9t 7 (Duncan’s multiple range test)2 7474 3153t}
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AS4F e W3k 549 A sk, v, 2AdEE ¢
249 E =A% 9FL MAE T2 AR AFe] F4

A AEAFES] AAEAskE, Hdo], 27U Table 19 U
ERiSiTt. A7 skee A AR Hrb g 0%l AT 2
T 140°C, FE3FE 20%2 AlEF 11.79i0.05§ N Ee S
YeR 2 2 ARlE] A7t g8 20%0l AT 2% 130°C,
SEFFEF 25%%] A E7) 6.630.022 7P 2 3he UERAITH
ZAARAE L] M7} o] EE4E AW Ao
B ZdoloN = AR F7t T 20%0 AT &% 130°C,
TEIF 25%21 A7 71.37+0.09 cm/g® 7PE =2 3k UE
lem, Z2aARAE H7F &% 0%l AT &% 130°C, 7
ShF 20%20 AlE7F 25.5440.05 c/gl Z 7P $e 7he YERY
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25%21 A|E7F 0.68+0.09 g/em’E 7HF =& kS Uehfo] 7
AAE 7t FFol E&FF ol Ui vidole e dd
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ARt Bustg o), el X7 AR B2 2
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2o Bl §]_ o] 1-_‘,} 7““7{/11?401] %5] —/tﬂ-at r/}uﬂélo]
B3 S8EHUA BEFRI P 229 =Y
x ﬂ@ﬁl{— Fad Zlog YZAETK34).

229} FREEe e st 549 ®ske AET =7}
130°Coll A 140°Ci Vel FiREFol 25%00A 20%= A
S4E AAuelge SRkl Hidelst 24 EEs aske

Bk ol =7t 91 FEFYe] 5555 A74Usin
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S won JEAHES E‘z] S AAsl= 8% AATKE3).

AdEY AR ARV AT MY 32> Table 1
2z

M 719} AR7] A= A Fot T 0%l A
T 2% 130°C, FEEEF 25 %l AlE7F ZH2F 80.35+0.19 N/
cm® 9F 9.89x10° N/em®Z 714 =ked ol AES o] =&

ieel 4EHY F Ve s88 AR 248 W7 ¥ 4

edo] B GA =srt FelE o] T 7] wjToletal Azt
Hh36).

2 A|7]9} AR EWﬁlTﬂ 7} T we AL A A
7} 3 10%0l AET 25 140°C, FEGHFo] 25%21 A3 =2 7+

7}, 53.39+0.12, 5.05x10° N/cmz%}o urem%owr sl SN E
ZaAA e H7Ngreke] S7tErE X‘?ﬂ%ﬁ} —8— iﬂfﬂ H]
deolot UeE S7lehe 4% HHs B
ARl e ZAARE ARl 10% I EEH %kOI °«Vé£
2 Zrasid) ol AR SE Ao] A opd
oz} opdEoARIe] 7] AlE Ao TA Mo ANAA
St "ol w=3kE oAlste] dEHPFES 24 fdskdE Zle
2 AZETH37,38).
AR A7t Fge] 20%D W A 7]eF Arr] e A

7] o] tha Frhe AL A FEAFEY I FE T
TAE W PR A o] Tl XISt Saio(39)

ol 07 sk AAleiel, AAAele) /1] YA
ke == Aoz A7}

2Jol]
7} 130°coﬂA1 140°CE Z7}slal, S-8E-3teko)

25% ]*1 20%= 7:- a2 g9 ARy B A=) 7
2% AL X7t =3 —’F-ft o] WEFE WSyt AA Ao

T2t AA A T 2Dt st

Table 1. Expansion properties and breaking strength, apparent elastic modulus of extruded rice snack with mealworm

Mealworm  Temperature Moisture Expansion Specific length Density Breaking strength  Modulus of elasting
content (%) (°C) content (%) ratio (cm/g) (g/cm’) (N/em?) (N/em?)
130 20 10.37i0.121>:1 25.54i0.05? 0.46i0.05'; 73.08:£0.05° 8.45E+03':
25 7.6240.15 28.25£0.12 0.55+0.09 80.35+0.19" 9.89E+03
0 140 20 11.79+0.05° 25.90:0.09" 035£0.21 70.25:&:0.09‘1‘ 6.72E+O3:
25 8.83+0.15° 31.56+0.09' 0.40+0.05' 72.63+0.02° 7.98E+03
130 20 9.74+0.09° 45.52+0.11" 0'5%0'13: 56.25i1.11; 6.32E+03fi
25 7.73£0.118 56.55+0.05° 0.61+0.02° 63.19+0.02 6.59E+03 ¢
10 140 20 9.8710.05: 48.6410.02i 0.5110.091{ 51.2410.25{‘ 5.89E+03i
25 8.04+0.07 55.65+0.05 0.54+0.12 53.39+0.12 5.05E+03
130 20 6.87i0.11j1 62.95i0.08: 0.64i0.092 64.35i0.09i 7.01E+03:
25 6.63+0.02 71.37+0.09 0.68+0.09 70.24+0.32 8.51E+03
20 140 20 7.28i0.06:( 56.6 1io.15i 0.61io.osj 652 u:o.zs: 6.38E+03;
25 6.64+0.12 67.35+0.02 0.62+0.03 68.32:0.16 6.54E+03
"Mean+SD

IMeans with different letters within a column are significantly different (»<0.05) by Duncan’s multiple range test.
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Table 2. Change in color value of extruded rice snack with mealworm

Mealworm  Temperature Moisture
content (%) “°C) content (%) L a b AE
130 20 79.45+0.19"%) -0.93+0.05% 11.93+0.09' 12.10+£0.07*
25 82.21+0.09° -1.3420.07 10.67+0.12' 11.62+0.09'
0 , - ,
140 20 84.00+0.05" -0.80+0.09 11.06+0.15’ 16.46+0.05'
25 85.54+0.06 -1.2340.05' 10.8620.02" 13.51+0.05
130 20 72.72+0.03" 1.87+0.128 16.17+0.092 24.43+0.11"
25 73.63+0.152 1.53+0.09" 16.02+0.05" 25.67+0.128
10 - -
140 20 73.9120.09' 2.15+0.04° 17.27+0.02° 26.04+0.04'
25 74.82+0.12° 1.98+0.09" 16.95+0.03" 27.59+0.03°
130 20 68.43+0.06' 3.57+0.12° 19.90+0.11¢ 27.28+0.09°
25 69.58+0.09 3.02+0.05¢ 18.110.05¢ 26.89+0.11°
20
140 20 68.9120.12" 4.01+0.09" 21.77+0.03 29.65+0.05
25 70.9240.13 3.97+0.12" 20.15+0.08" 28.84+0.06"

L: lightness, a: redness, b: yellowness.
"Mean+SD

IMeans with different letters within a column are significantly different (»<0.05) by Duncan’s multiple range test.

7] W2 Az THA40).

HE(L), A% (), FNE(Db) FHS Table 29}
7} HeE ZAARE A7t g 0%l AlET 2% 140°C,
23 25%91 AlE9 Fhol 85.54+0.060% 7HE Ekal Z4AlA
A "47} szat 20%C) AT 2% 130°C, TEEEF 20%%] /\]
F7} 6843+0.060-2 7P QI A4 s} w“tﬂ 7W e
AL AT H7} = 0% AT L5 140°C, SRSk
20%S1 AMEZ ZAAA Y H7F kel "ﬂ’-‘ﬂ’“i BEE A
stal Aol A= 57}0]~4 7“% B3t} ol ZAAAA
7 987 AY 799 3 A_]M < Thilz QRo| otEAH
< Tl Adsks st ¥ fastal A gAEE=
Z7ke Aor AztEH, Youssef-Q} Barbut(4l)«] AT Aol A
Th A ghgo] ZylaRE WrE o] FYX|n, AT ke =)

o= 2T = oI+ - AT o
Sl Haueke Y3kt
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F T T iﬂi 3l =7t AL o] TR
o ARETOA] WA U wf) syt 9 dojuty] wiEel A
i *§7¥E1E}(42) AMEAs AAAXE A7t T 20%] AT
T 140°C, R 20%8] A1E7F 29.65+0.052 7% l:;——e— s
L}EM A AAAAY H7F F=F 0%l AT L% 130°C,
#%W/k 25%21 A E7} 11.6240.092 713 e 3 uramqgi
th. ZAAAz] Arb dR AT R0 SRS At
Zed ol WE 2uUt SIS AW Nk FUkske] A
T W3yl AthE Altan 5(43)9 Baet Ix|sh=
;‘é_} -sl—ako] =o 71—/\147-];({ﬂ ;<47]_ zﬂ—a]:o] 5_7].751-_,% &1: }b}%:
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TESdRT2t FEEHA

2, B, S5 o 23E Ao 4E48% 3EE A
A FBEARD zepel 2aRe] IS B wiE WEEZEd 7t
Al Al o dEAlee] ek e opdEsee] &
Bste Fal ofdE el o] FUfsle] FRESAIF} R
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Lnf'

ARG SV I Th44). S, FEESAGe i
AX e 3t} gl JTS wom iAo 5
7t EEFE 2L EHE A HTHAS).
A AP FEEAAF} GRS = Table 39 o
EM%&’iE}. FEEANAFE ANAAY H7F FEF 0%l AT
T 140°C, SR 20%2] A1FE Fho] 24.32+0.09%%E 7 =
9}1 AR A7t FqF 20%00 AT 25 140°C, TR
20%21 A1E9] Fto] 13.78+0.11%% ZAAA 7] A7} dheko] =
S5 W2 S YERSE o= Kim 5(46)S] A7 A
Al A el A s AASAS of A BT SAlwTt A
st RuE bl ZAAA T eEe] = B84 AUk 4
3} childo] & AEAYE] FEEIEE IR wE
Aoz AzteEth T3 AT £=71 1400l 130°CE 7
ShaL, ROl 20%lM 25%% F7IEEE FREEIRTE
Adhe AS Bt ol FREHE SU/MTIA wiEes
< o GEFHES FELATIT ZASITE Jin
@79 Biek dxjsh= Aol
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FEIFIA T 2AAAEY HA7E FF 20%] AHET 2k
130°C, S=28hF 25%2] A&7} 8.5020.15 glg® 7 =& 3
YERIAAL 7P w2 3s vER A2 AR J7 §F

(¢}
&5
0%01] APE?L %E 130°C, T3 25%0lA1 5.74+£0.11 g/g© =
A7} Sl ré?% 7‘01 ta Fkete A
= X FEEAA 7} F7)s)
= 892 AR &5Eo] 744 dﬂ%ﬂ okl RS &
F3b7] A 7ol B XA oE Wstely] wiEolgta Bargh
v glov B Afoxes AAAA T Hrt o] &5 3
%01 AAastizlel 71FxAY FFEThs AAAA T T
A Eo] Ao AAFSE ol & FEAF =Y
Zﬂﬁﬂ = 7“*1?4 T Frde] SRR e R AZFEITH37,38).
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Table 3. Water solubility index, water absorption index, nitrogen solubility index, protein digestibility of extruded rice snack with

mealworm
Mealworm Temperature Moisture Water solubility Water absorption Nitrogen solubility Protein digestibility
content (%) °C) content (%) index (%) index (g/g) index (%) (%)
130 20 21.97+0.48" 5.93+0.09 18.01+0.72' 69.98+0.08'
o 25 14.68+0.15" 5.74+0.11% 19.31+0.32" 68.34+0.15
140 20 24.32+0.09* 7.45+0.19" 12.23+0.19' 63.25+0.21%
25 16.36+0.15° 6.10£0.25 12.07+0.25' 63.07+0.13'
130 20 18.85+0.11¢ 7.80+0.31¢ 35.02+0.15° 82.03+0.11°
10 25 11.70+0.53’ 7.46+0.09" 34.87+0.03¢ 81.94+0.21"
140 20 19.05+0.45° 6.97+0.05" 29.31+0.18¢8 79.07+0.09¢
25 12.90+0.18" 7.51£0.12¢ 31.52+40.14" 77.31+0.12"
130 20 12.86+0.05' 7.53+0.19° 56.27+0.15* 88.63+0.09°
0 25 7.82+0.09' 8.50+0.15° 54.35+0.32" 91.34+0.15°
140 20 13.78+0.118 7.31+0.35¢8 49.87+0.11¢ 87.06+0.09¢
25 8.09+0.19% 8.26+0.25° 52.01£0.21° 87.35+0.25°
YMean+SD

YMeans with different letters within a column are significantly different (»<0.05) by Duncan’s multiple range test.

e olmie HEHoE AZ & & UE PHOE 784
Q2459 27o] 98 AHgHTh
g ARAGTY TV e e AR A7 S 20%

of AT &% 130°C, FETF 20%2 AEE 56.27+0.15%2]
e eI, 7HE 9 e v AL ZAAAE Hrt
T 0% AFET LE 140°C, FETF 25%2 A|E7f

12.07+025%= AW AR ] H7F TFo] 2375 32 sl
£ A% BATHTable 3). ol & gao] Zasly whild
71Eo] SIS W 8- RG] ghol F7FEItE Han
5159 Baely IAsHs Aolth AR e} FRYH

o) A

VerE gho

52
32

l

J O AT 257) 1200C4] 130°C
Fe A4S B9 ols dEAYEE
Aol ol o3l WA= 257t
7¥sted7] wiolghar Az Th(34).

A w3 S5Ee dE
FATE] 7|2AE 2 Y98e] 4T
A0l AR 7F "Hok50). A &2
FAQl 833 Aslgo] #st ATe §l
Aol thd 97 il gz
A zpo|7t Fthe At UATHSD).
A A7F g 20%0 AT %
B7} 91.34+0.15%=2 7P =943, 7F
] AARE A7t g 0%l AET &=
140°C, 25%21 A&7} 63.07£0.13%% 2 AT H7} o] =
I AET L5t BERE g =2 S YRtk o) 72
AAAZ7F AHT & Tl 4eg £XE AU e v
L 2ZoA § B2 £XE Bl 584 Aio] dEn A d
ste] st Aog wol 84 Ade A A F5F
o =Atol, AR o] H7PF & FEAHFES] LshE
A7l Aoz AYZHETH(Table 3).
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DPPH &}tz 47 A4S ZElnwol=R 9 7et dEA &
Aol et ksl Ao A xolH, AA g =
L FE2E9 kel Ao da] AREEE SAHo|th(52,53).
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Fig. 2. DPPH radical scavenging activity of extruded rice snack
with mealworm. M.C: Moisture Content *'Values with different
letters within the same row differ significantly (»p<0.05).
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Fig. 3. TBARS (2-thiobarbituric acid reactive substances) of
extruded rice snack with mealworm. M.C: Moisture content. *
"Values with different letters within the same row differ significantly
(p<0.05).
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Fig. 4. Change of TBARS (2-thiobarbituric acid reactive
substances) of extruded rice smack with mealworm during
storage periods. A: mealworm content 0%, B: mealworm content
5%, C: mealworm content 10%, O: death temperature 130°C, K:
death temperature 140°C, J: moisture content 20%, N: moisture
content 25%. *'Values with different letters within the same row
differ significantly (p<0.05).
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