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Effects of substituting chicken with silkworm pupae powder in crispy chicken snack
products
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Abstract

Silkworms are crucial economic insects that significantly contribute to Thailand’s national economy and gross domestic
product (GDP). The silkworm produces byproducts, including cocoons, which can be utilized to increase farmers’
income. To explore this potential, this study aims to replace chicken meat with silkworm pupae powder in crispy chicken
snacks. To optimize the ratio of chicken and silkworm pupae powder to crispy chicken products instead of silkworm
pupae powder. It was found that the 60:20 ratio (chicken: silkworm pupae powder) provided the optimum formulation.
The result showed the control replacing the silkworm pupae powder to crispy chicken products, L*, a*, b* color
values, crispness, moisture content and protein content tended to decrease and fat content increased (7.31+0.63%)
with significant difference observed (p<0.05). The condition baking temperature and time were studied and it was found
that increasing temperature and time influenced color and crispness. While water activity (aw) and moisture content
decreased with a significant difference was observed (p<0.05). At 130°C for 15 minutes revealed the highest score
(p<0.05). Crispy chicken snack was also evaluated for shelf-life by packing in an aluminum-zipped bag and stored
at 42°C for 2 weeks. The results revealed that the color was not significantly comparable to the control’s (p>0.05).
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Effects of substituting chicken with silkworm pupae powder

in crispy chicken snack products

However, moisture content, acid value (A.V.), peroxide value (P.V.) and a, of both formulas tended to increase.

The microorganisms detected no excess of the community product standards#100/2553.

Keywords: Replacing, silkworm pupae powder, crispy chicken snacks
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Table 1 Ingredients of Crispy Chicken Snacks
Treatment
ingredients Mixing ratio (9)

1 (Control) 2 3 4
Minced chicken breast 80 60 40 20
Silkworm pupae powder 0 20 40 60
Sugar 6 6 6 6
Soy source 2 2 2 2
Spices 1.5 1.5 1.5 1.5
Salt 0.5 0.5 0.5 0.5

Note: Modified by Aedtem et al., (2019).
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Table 2  Physical and chemical properties of silkworm

pupae powder.

Physical and chemical properties Silkworm pupae powder

L* 44.44+1.09
Color a* 4.65+0.05

b* 14.29+0.23
a 0.27+0.01
Moisture content (%) 1.75+0.09
Protein (%) 68.42+0.80
Fat (%) 29.43+1.78

Note: Mean + standard deviation (SD), a_:Water Activity
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Table 3  Physical and chemical properties of crispy
chicken snacks with replaced chicken meat

by silkworm pupae powder.

Physical and chemical Treatment 1

properties (control) Treatment 2

L* 47.99+0.16° 39.57+0.88°
Color a* 6.67+0.03 6.00+0.40°

b* 14.67+0.10° 11.09£0.56"
Crispiness (N) 13.50+0.57° 11.00£0.82°
a' 0.41£0.00 0.4120.00
Moisture content (%) 2.96+0.12° 2.63+0.08"
Protein (%) 23.92+0.33° 22.71+0.57°
Fat (%) 1.75+0.24° 7.31£0.63°

Note: Mean * standard deviation (SD), In the same row with
different superscript letters were significantly different (p<0.05)

and " not significant.

Table 3 HAIINNIANMNAUANLANIINILNN
LALLAN VRINAAA I LINTOUNARNUHIANLA ANNLTN
Qmauﬁ'ﬁmamﬂmw léun f& L* dranuaing a*
aanudnauaiuasmien uas b* nanudusintouas
#E% wuiidanaununsanud naulunaas st i
aunsauMIA @1 L*, a* uaz b* aaad agnailnadmannie
889 (0<0.05) ilasanuasnud lnaiildnaunuluniaimeg
fanwasidunsdinas 39 lWnans i anumes

=

AAUTH FIUAIVEIANUNTOU UazUSUI AN NTUT
AARININFATAILANAINARBEIAYNETE (p<0.05)
L% 109N RN RIS BN N TR L
flvsiugs (Mahanta et al., 2023) \loda SRS maTn
gaifm:daNﬁlﬁﬁﬂ%mmmm%uﬁgﬁumu"[ﬂﬁasJ 899N
lusulwitasa Tz rusanulyséin uuuwnindg Gerie
IR dunitsnunssseveasinlua1ws (Kumar, 2021)
uanmnifumsﬁvlmﬁuluwamﬁmeﬁqaa:ﬁﬂﬁmwuﬂiau
8aa9 (Lumanlan et al., 2020) G9ganARaINUNANINAFAL
ﬂ’%mm%ﬂ'uiugmﬁﬁmsmLmuLf:avl,ri@TameﬁmLé”Lm
szdinldindusinmlaiutesas 7.31:0.63 uananiitile
FmMImMIAnEGesanBmeuas LN TN T 0 INR S U
nundSialysduiuuiliinaaas (Karnjanapratum
et al., 2022) tasanlwiteanlnfiUinalusiiud (Kang
etal., 2022)Iumm:ﬁmﬁﬂLL@‘i”lmﬁﬂ%mmvlmﬁuﬁ;ga (Gwin
etal., 2021)
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Figure 1 Crispy Chicken snacks with replaced chicken meat
by silkworm pupae powder (before sheet). The figure
illustrates four treatments with varying ratios of minced
chicken breast to silkworm pupae powder: A;
Treatment 1 (80:0), B; Treatment 2 (60:20), C; Treatment 3
(40:40), and D; Treatment 4 (20:60).

wamiﬁn‘mqmﬁgﬁuaznmﬁmmmu
Twn1saunsaunAaA N lNNTOUNAUNKRIANLA AN
ﬁwgmﬁmmzauﬁﬁmwmu 60:20 lunIHA®
naas N ludwaeudnmsandwilelndansanudlng
Ya9nAas i uITLLA e linsaunaLnuRIen e lna an

ﬁ’m’]iﬁﬂ‘lﬂ’]ﬂmn’]WVﬂdﬁ’]%ﬂ’]?_Iﬂ’]‘W uaziaivad Namﬁmﬁ

Vl,n'niaumLmumﬁmw‘i’lmﬁauqmwnﬂﬁuamm@mﬁu
ldur aoannd 130 uaz 150 aaeaTus uaziIan 5, 10
uaz 15 Wil laawamsfinmgumwmimennuaziadl
(Table 4) 90 Table 4 WAIINNITANMIAUFNTANII
munw wudl Bnswanandugmnn laun gounnil
130 Wag 150 a9ANTALTR WU AE L* a1anuaing
a* Manuduiues b* aanuduindes davinsiia

Effects of substituting chicken with silkworm pupae powder

in crispy chicken snack products

#ihea wazdanunsay Lﬁ'uﬁuamaﬁﬁfmﬁﬁﬁ@maaﬁa
(p<0.05) Lﬁ@gMﬂﬂuﬁga"fu SemoandasnUBNTNAnENEL
a1 1duA 1281 5, 10 uaz 15 wfl wui fF L dena
81149 a* eanudusues b* dranuduimnies drawi
mafiefiims uazeamansey Mnduaielioiemy
N9E0A (p<0.05) daldimoumuiu

NTWaTINTERIIgUN)INUIAN Anadasiasn
& @8 L* dnanuaing a* ananuduiues b* dranu
Hudindas seaiisiea uazdranunsay laadlafi
aqrumgﬁLLammlumiaumauﬁﬂﬁ AT L* d1a0uang at
fanuduiuas b* aanuduiinios uazdiranunsay
fuwalinfaduansfinpdduniesda (0<0.05) Tasou
ﬁqmmgﬁ 150 a9 LTALTIR Wik 15 WAl ﬁ@hmnﬁqﬂ
FaRenenunsou 19.00£2.65 fNF L* 1YL 48.53:0.20
fNE a* 1YINNU 7.80£0.04 6NF b* YN 16.82+0.14 LAz
Lﬁaammﬁaauﬁaqnmg3’3gd%uua:nmmu%uﬁﬂﬁm%
L* a* uaz b* Andu \ANNUZA381 Browning reaction
fivnlwemawaswduiinea ﬂﬁﬁ’%mmﬂﬁ@%ﬁ’]ma
Lﬁﬂ%uvlﬁizmm‘immﬂigﬂ ﬁaﬂﬁﬁ%mmmﬁ@%ﬁﬁmaﬁ
vLﬂLﬁm’ﬁ’E]\‘lﬁ'ULauvL‘Hﬁ(non enzymatic browning reaction)
wiadoni dfRsenwamia iialusznirsihaasand
(reducing sugar) nunsauaiily lUsiu wleasUsznay
Tulanandug lasfanuowiolfiten laondanad
vl,mnﬂﬂgnsml,maam \dussdsznauwanesiia AW
wenauas namamm vanRalseRas LLE\IWVLSJW\‘)‘U‘SW?(GQ
(Murata, 2021) Gﬁdaa@ﬂaadﬂ‘l_lﬂ’l Browning Index ‘Yl
@3793@ Lo

Table 4  Physical properties of crispy chicken snacks with replaced chicken meat by silkworm pupae powder.

Treatments Color Browning Crispiness
L* a* b* Index (N)

Temperature (°C) 130 40.70+1.00° 5.30+1.10° 11.81+1.42° 0.38+0.01° 5.11+6.19°
150 44.48+3.85° 6.28+1.51° 13.75£2.99° 0.39£0.01° 10.56+7.83°
Time (min) 5 39.67+0.57° 4.17+0.05° 10.00+0.46° 0.37+0.01° 1.17+0.41°
10 43.14%2.26° 6.06+0.65" 13.43+1.07° 0.39+0.01° 6.335.57°
15 44.48+4.97° 7.14£0.73° 14.91£2.10° 0.40£0.01° 16.00+4.34°
130°C 5 min 39.55+0.35" 3.96+0.04° 9.94+0.11° 0.37+0.01° 1.000.00°
130°C 10 min 41.17£0.70° 5.47+0.04° 12.48+0.18° 0.39£0.01° 1.33+0.58°
130°C 15 min 41.38+0.18° 6.47+0.02° 13.00+0.08° 0.39+0.01° 11.33£0.94°
150°C 5 min 39.8020.62° 4.3920.22° 10.06£0.58° 0.37£0.01° 1.33+0.58°
150°C 10 min 45.1120.51° 6.65+0.12" 14.38+0.30° 0.390.01° 11.33+1.53
150°C 15 min 48.53+0.20° 7.80+0.04° 16.82+0.14° 0.40+0.01° 19.00+2.65°

Note: Mean + standard deviation (SD), In the same column with different letter were significantly different (p<0.05).
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N Table 5 HAINMITANBIQMUANTANNILAL
andwananaugmnnd leun goangll 130 uaz 150
BILTRLTLE WU 6N a LLa“mmm%uamaaﬂ'wﬁ
WO UNNEDA (p<0.05) Luaam%nmwu Hemnandod
AuanIwananmuwaan leun 1181 5, 10 uaz 15 Wil
Wudl A a LLa‘"mﬂ’%mmmm%uaﬂmaﬂwaﬁﬁfﬂéwﬁtg

NIRDG (p<0 05) LNQI‘UL’JG’]E’JU%"I%T%

Table 5 Chemical properties of crispy chicken snacks
with replaced chicken meat by silkworm pupae
powder.

Treatments a Moisture content (%)
Temperature 130 0.63+0.14° 4.42+2 18"
°C) 150 0.53+0.16° 3.25+2.16°

5 0.7740.02° 6.60+0.64°
Time (min) 10 0.52+0.10° 2.87+0.99°

15 0.44+0.04° 2.05+0.44°
130°C 5 min 0.80£0.01° 7.13£0.10°
130°C 10 min  0.60+0.01° 3.73+0.17°
130°C 15min  0.48+0.01° 2.41+0.21°
150°C 5 min 0.7520.01° 6.03£0.06"
150°C 10 min  0.43+0.01° 2.02+0.02°
150°C 15min  0.41x0.01° 1.69+0.12°

Note: Mean # standard deviation (SD), In the same column with
different letter were significantly different (p<0.05).

aNFwaTINTEWI MR INULA WUl A a
uae ﬂsmmmm“ﬁu a@mmam.mamuﬂwaammmwlﬂmm
DUWIU Lummﬂmwmam:mwmsaumhLﬂﬂms
domanuien lUARmiwesnaaimst waziiny
%aumﬂmﬂuaﬂnj”ﬁgmﬂlu%uw’ﬁmﬁmeﬁ TenienTau
S9N IENLNNINBNNNAIVBINAAA U YN [ANAAA U
ﬁqm%gﬁgﬁu TaganizusnaiininvaInaan st
inlundasmiazssmeoanly Aensiasuwudasfiing
dofmNWAANI 9 VBINTAAUH Sarnlfanuduuas

J Sci Technol MSU

o

YT dsIzanadsadilnpd1A (p<0.05) (Labuza &
Altunakar, 2020) (Table 5)

NNIHAMINARALA UNATNATURZN BN
(Table 4, 5) usasliifiwinfiannzniseuiigamgi 130
avmraldos Wwszaziian 15 Wil danulranzal
ﬁq@ \flasanniien browning index agﬂm:é’mﬁﬂummz
fifn crispiness asﬂummﬁﬁaa lummzﬁm%aﬂlmzﬁu
ﬂmﬂmq LLavlumumaqm a_usz mwmuaﬂlmvaum
FIniarinnsdenanio: ﬂ’]iauuvl,ﬂl"ﬂ%ﬂ’]iﬂﬂﬁ’]
ﬂmﬂaﬂuLLﬂadqmmwswiwmammnmmaaNamnme‘n
lAnsaunaununsanud muludrauaa

wamsﬁmsnmil,ﬂﬁsmuﬂaa@mmwswi'm
AU BV BINE AN LN NTOUNAUNKHIANUEA
T

HANINTIIUAZR NN WM BN THULAZLAS
PasnAasmwIILLR L InnseUnaunuRsanualry 2
ga3 laun qmﬁ 1 ﬁaqm control LLa:;gm‘ﬁ' 2 1¥Yns
maaumﬂqﬂ’lsl,ﬁu%'ﬂmvlﬁﬂmzs:nm 2 fUa uaas
Naa4 Table 6

31N Table 6 WANNIANHIQURULANIY
mMeaw leua @F L* denuaing a* daanauduiuad
uaz b* dnanudufinies nunluudasaUainaanmad
VLﬁﬂ’iE]UY]@]LL‘VIuN\‘Ié'ﬂLLm%Mﬁv’dﬁadg@‘iﬁﬂ’J’mLL@lﬂ@i’]\‘JﬁR
agailuefmAyneaia (0<0.05) launRanmsi linsau
mmumé‘mﬁlmgmﬁ 1 f61 L* a* uaz b* unnin
gmﬁ 2 AR FUTNVOIM AU LT AU
froagsirwfusnsndung 2 §lad lagdnd L a*
WAZ b* A& L* ¥iNNU 45.08+2.1918237.71+1.38 @& a*
WYINNLU 6.77+0.54 Lz 6.04+0.44 AT b* LYINNL 13.90+1.16
Wa 10.99+0.51 Lﬁaaa’mlugmﬁ 2 siudUSunolusiu
ﬁgoﬂiwLﬁaﬁwmmﬁu‘fnmﬁqmﬁgﬁ 42 I TALTHR
3evinliiAannldsunlasuasdfiidudn (Dey &

a

Nagababu, 2022) maaa’mmsm@ﬂgmmaaﬂﬁnm“ﬁu

o
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(Igdiam et al., 2020)
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Effects of substituting chicken with silkworm pupae powder

in crispy chicken snack products

Table 6  Physical properties of crispy chicken snacks with replaced chicken meat by silkworm pupae powder during
shelf life at 42 °C.
Color
Weeks L* a* b*
Treatment 1" Treatment 2" Treatment 1" Treatment 2" Treatment 1" Treatment 2°
0 45.95+0.56° 40.84+0.11° 6.57+0.07° 6.22+0.23" 14.49+0.13° 11.10£0.58"
1 44.61+0.53° 38.62+0.81° 6.47+0.45 7.03+1.14° 14.71£1.16° 12.60+1.83
2 45.08+2.19° 37.71£1.38° 6.77+0.54° 6.04+0.44° 13.90%1.16° 10.99+0.51°

Note: Mean + standard deviation (SD), In the same row with different letter were significantly different (p<0.05) by treatment. " in the same column

were not significantly different (p>0.05) by period times,

Table 7  Chemical properties of crispy chicken snacks Table 8 Chemical properties of crispy chicken snacks
with replaced chicken meat by silkworm pupae with replaced chicken meat by silkworm pupae
powder during shelf life at 42 °C. powder during shelf life at 42 °C.

a, Moisture content (%) Acid value Peroxide value
Weeks  Treatment 1" Treatment Treatment Treatment (mg/KOH/kg sample) (mg Peroxide/kg sample)
Weeks
2 ! 2 Treatment Treatment Treatment Treatment
0 0.42#0.02°  0.33:0.02°®  1.57£0.04®  0.95+0.02" 1 2" 1 2
1 0.440.03°  0.38£0.02%  1.50+0.08®  1.030.08° 0 0.22:0.01”  0.64+0.23" 2.00:0.01™  4.00:0.01
2 0.44+0.01°  0.41+0.03"™ 2.03+0.10*  1.45+0.07™ 1 0.37+0.64™  0.71£0.65°  7.33+2.31"  10.00+2.00™
Note: Mean + standard deviation (SD), In the same row with different 2 0.49+0.13"™  0.86+0.06° 8.00+2.00”  10.00£2.00**

letter (small letters) were significantly different (p<0.05) by treat-
ment. In the same column with different letter (capital letters) were
significantly different (p<0.05) and " in the same column were not
significantly different (p>0.05) by period time.

Table 7 1 UMIUEAINAMIALIN I VRINEAA DA
N a wazUSanmAaTn wudie a WaEANNTUTENS]
antwiiorzoznamaAusnsuisiu agalsionw
i a vosnAAR Y inudUNAUNIRIIUA e Falaifin
0.6 S'fiaLfluﬂ"]gaa@ﬁﬁmu@lumm@mm’ﬁmﬁmﬁqmu
LLa:ﬂ%mmmm%uagjﬂm:é’uﬁ%a"lajmmsmﬁzyL?}‘uim
'I&f (Tapia et al., 2020) FygaanSaIRLNMINATELVUNDL
mamnnLLﬂamﬁﬁLﬁu%'nmﬁqmﬁQﬁ 25-35 09FLTALDR
srez9m1 300 31 HUSnaenuiuiiisdwiiofuszes
NAMINUINET (Kosegarten et al., 2022) 81W1IWHY
AU mmiteeiln monolayer water 18 le5unu i
ANE ez aewdln multilayer adsorption LL&:@@%U%%’]
vl lugiang ildiAanmsazaszesaignazansld
(Lin et al., 2020) ﬁw:gn%’ﬂﬁagiummﬂm’i%maﬂa
i loien a Wudunsiasuuasasdn a,

Note: Mean + standard deviation (SD), In the same row with different
letter (small letters) were significantly different (p<0.05) by treat-
ment. In the same column with different letter (capital letters) were
significantly different (p<0.05) and " in the same column were not
significantly different (p>0.05) by period time.

97N Table 8 Acid value (A.V.) L&z @1 Peroxide
value (P.V.) ;j]m"?i 1 ﬁmﬁiaﬂﬁq@ Lﬁaamﬂgmﬁ 2 ims
NALNUHIANULG AN KB a A usiR 98 US i sl uunnin
A @1 Acid value (A.V.) Laz fn Peroxide value (P.V.)
NN gmﬁ 1 ﬁLﬂugmmuQu agINRLRATYNIFDA
(p<0.05) ssudludansii 0 vaamsfiuinmn avnnmsifiv
snwfluszozingn 2 e wudn @1 AV, uae @1 PV,
AT 1 2 707 lusznimaiuinsuduiadodamy
ﬁﬁﬂﬁLﬁ@mn’éauqmmwmadwﬁmﬁwﬁmmﬂumau
PBIN3LNG hydrolytic rancidity warmIasuulaansa
NMIYTEINTUNE ﬁﬂﬁmmsﬁmqmﬂﬁu%'ﬂmgu LR
Huslnalailinissensy (Othon-Diaz et al., 2023) i
ﬁ'm'ﬁm'aﬁLﬂi’]:ﬁqmmwmw‘ﬁuq'&uﬂ%ﬂ@Umﬂ%mm
qﬁuw%ﬁﬁv’mm Wa=Dad T VaINAAT AT 2 g3 Ay
Snwiuiian 2 adand lonaas Table 9
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Table 9  Biological properties of crispy chicken snacks
with replaced chicken meat by silkworm pupae
powder during shelf life at 42 °C.
Total Plate Count Yeast and Mold
CFU/
Weeks ( 9
Treatment Treatment Treatment Treatment
1 2 1 2
0 0.36x10° 0.31x10° <25 <25
1 0.38x10° 0.34x10? <25 <25
2 0.41x10° 0.35x10° <25 <25
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