19819 WAINTEIF (PRAWARUN AGRICULTURAL JOURNAL 2021) 18(2): 80 - 86

PRAWARUN

5 AJ § AGRICULTURAL JOURNAL
‘7@0 ’°~)
~4lecuL""‘ﬁp’

https://li01.tci-thaijo.org/index.php/pajrmu/index

UNANUIRY

ANSNAIUNARN U MUV DNUBUNTIULESUIUSAUANLUAS

wiiwey 595uUnd!” uraaued asdun! ayAial luseaed! Asw Snwsv?

waz YU Unazngasd a1 9gsen
g avwneluladnisem)s aamaluladnsinys unIINgI1ae5I9INUMIEIIAIN SuNekles T TaumIaIsaIu 44000

2 a = = a o o 3 = o o
F1913vuneluladmanyns aazmaluladnisinyas un1meradesIvagumaIsmIy aunailed 39inumasnI 44000

dayaunaiy
Article history UNANELD
3u: 1 domew 2564 ATl dnguszasdiaimurdndneiluasdaudiusunsouiasulusiuainuuas Tagvinmsinedadau

uiily: 17 fiueey 2564 gasdrunan 3 ¥da ldun Usunaluuzidie (Solanum melongena L.; 30 - 50%) 3svisanaunsans (Acheta

ABUSUNNSANLN: 24 Mueneu 2564 . o o o . a o .
domestica; 30 - 50%) wazarseaniz (wilesiudnuzuas; 20 - 40%) maqmmwmaawaﬁnmmﬂluu:ﬁaLLNua‘U

Anurieeulay: 24 Sunau 2564

S A58V 2NUHUNTTNARBILUU mixture design tiafnuUsunavesluuzile Jwsanasunianauazaisaninizee
ﬂﬂﬁ"lﬂﬂ] a o ) . = s ] 9 1 a a s
v A2MUYBUTINVDINAAN U LUNLTBUHUBUNTBU HANTSANYINUINUSINUdaduvInsauran1snanNAnA aily
YULYUIAY? .
uzidauruaunsau Aa n1sldusunaluuzidia avianasunsane wazansoaneg Sa8az 50.00, 30.00 uaz 20.00
baiars o v e amus a o o . o oA e a“ IV
. aus1au sitilddaaveuTINvaHEaiueigeganiniy 7.70 dusunindaailuuzifawivaunsauinmunyul
NIINAIHANI U] o o oo o o o = M ow z
v dnwazdiden Inefidnd L* a* b* windu 22.82 - 3.21 uaz 11.53 arudau dUsunalusiu ludu dn anudu e
FauSanaaunaly . .. . . y
S 2115 wazaslulamsn windu 16.24, 7.13, 4.07, 5.89, 6.79 uaz 59.88 n5usa 100 N3U MNAIAU uasiignslu
donuly .
nsinueyyadastlae3s DPPH radical scavenging assay Wifiu 64.82%

Ui (Thai Health Promotion Foundation, 2014) §s819na131847

Yagtuanuasyivimaineimansuazmelulad  M3guangiauysalvesaulngionsairmingnsndanen

q

Wasuwlaseswlingads deuduludonaudedy lidan  Sdluajmilanineinsdula wasidunsiftunududnumena
sosmnaglumnuisSusuduaulaguaguaimeues aduilade Tarilvanuudstu

dowtomaiialsasig 4 masstlgmiidungud enaeen Paguunuindnlnedenuslaavuuvuidsniinduiiyan
GR dqwa@ia@mmwﬁ?ﬁmmamﬂﬂaﬁfu 9 Wuedraun oms W udiaade 170,000 d1uume ol (The national food
Hund slutaded i dauddguasdudusgrededonis  institute, 2019) nsfinldTulsemuresuA vl

fM39830 MsWaLiamadiusenie Inlauavaddaaalid  vlimueisiendnlédes viseenafistuuiasemnsilendn

=) a

#nonm msfausfngAnssuuilnafivanzay azdenald  ybiAanMzaeasowsdmasieninaigdulnvesinniy

< o

fanglavunisiasaiuldinduladeddgydadoniefier  wvenanidadinsuilnavuivuieaiinduludszvisuynngs

¢ =

thlugguamgianysal Faazifenaidensissdionionues  MIvlaavusiduduazhmaiuinduiaiudssiliin

]

v
a o

asouaTInazUszinand WaludruiasusAanazdean  13asauld Jagdudssmalnemdundgdymvnlasuinis

" Corresponding author

E-mail address: Thammapat.p@gmail.com (P. Thammapat)

Online print: 24 December 2021 Copyright © 2021. This is an open access article, production, and hosting by Faculty of Agricultural Technology,
Rajabhat Maha Sarakham University. https://doi.org/10.14456/paj.2021.24



P. Thammapat et al. / (PRAWARUN AGRICULTURAL JOURNAL 2021) 18(2): 80 - 86 81

apamu lnganizaulneiinnelavuinisiiusasdulsasiu

1nFu TuvagnBndrumiadslidymunansomnsluguiuumm

o
o

nnnawt Wedesiudymia 2 du dadwdndealdsunisoua

nAsoUATIMAlATUB 1IN A NATlAYUINITATURIULEY

UFunamingauaude i olWdw ugruniadaninne
Aagiauduad vy ldidudnonim aneldnisatuayu
nuleuevessy Weadadadouandeudid eliasounts
aunsevimiifigananldaysal Wnlveluewandsazidudin
fifsuszasd Wulaudaussdigunmiuasfivmitygyiingouay
Woug Andurinee azaudszaunisal wazwauidnenin
vosnupatatduladulngjfiqann idundsduind ou
asvassadenulnglimasyinmtisely (Bureau of Nutrition,
2014) FelUsiudidddyesaunnlunmsasaydulnvesiedin
warTosu fedunaasulusiulusdasasiownsdadunintose
madenlunsuiloavusauieafiiusigsld

wziiefiuly (Solanum melongena L) \Juituit wilos
vosUszinAuIda doudgnuinvisluaniounasiunaugu
Taoamzluusemalnefiansnsagnlémnnia usfinsgnun
Tuusnamaldvesive uzdofulugauludgarsermsisl
AnA1n1baguInis Wy vdule TUsau Ihan waaidey
Woarosa Inuna@on wundifen wén Imfiue Ianfiud 1

o
a o Y}

Fefiud 2 wagdanfiug wenanuudsgauludisansusenau

a

HAusauwazarsiueuyadasyluiienie ujaseviearsie
dnlusienie wazdreduuznSeldduegaed ar1sussneu
fueafinulunsdedululszneusenatssin wu nsnfiuedn
waless ngnilsleu wnuiu wardu 9 (Nadeeshani et al.,
2021) msméwﬁﬁmméwﬁ'aﬁiaqsumwsuaawwé (Knapp et al,,
2013) Yaguuialanliniseeudunisliasusenauiiuea
Tusssumauilotduansiueyyadase (Gutiemez—Grialva et
al,, 2016) %qusL%aﬁuiuqmuvLﬂﬁaami"dixﬂauﬂuaal,l,axmi
fueyyadaszuiamiig o

Sav3aneunsany (Acheta domestica) daLduuuasuiln
wiliinulgluyngfinnavedan Tnsamzlumsoustaszing
vy Audaiduemsianaresiniastinanlyfsiudutely
nandu q aulnefenuslandasanewasanaiduenms wmenz
flusfiuges 31A1gn anunsnimzidssldineg (Department of
Livestock Development, 2012) ﬁﬁ]ﬁgﬁ’uﬁﬂ’]iLWWng
Tudnvazinunsudading daansadesmunedslulszndlne
hazaNUszIna

FofuadeTe whnsfnvinstaunnfusiuzdo
AulunduounseuasulusAuainuuas duduwnalusiiu

mdeuazsingn weidundadusiniadendmiuian

wazguslaalunsfuussmurunruRendussleviseauan
soly

Tagauildlunisdnw laun ueideiulunazimina

N2IuAsane leanaaintuiasdy sunewiod Sandauriansau

2. maseuingau
2.1 mswsvuuzdenulu
2.1.1 dusdeduluii g sunainnainlusiesdu
91109 199 Tanin uma1sAIN insHaLAILagd19vinAL
axornietUszn
2.1.2 ¥nsaandasuneud gungdl 100 s

= @@ =1
walwed Wuszeziial 5 U

'
a1 I

2.1.3 Yusdeiuluiniumsasnudludiuiud uas
mstulifasden ewieudmiududiunausely
2.2 mawdpnlUsiunidaneunae
2.2.1 13 ienesuniansfigernanaainluieshy
guneies Yminumansay uriduiigamnil 6 - 8 e
wadea Wuszesnan 5 unfl d1adaetUseuiuazyinnay
A0
2.2.2 ﬁwﬁyw%‘wmLLmawmaUTuﬁfauam%’au
flguvgdl 80 ssmwaldoa Wuszoria 4 Falus wioaundn
Sevianesuasansasiienududinitfesar 8 mnsgrutmin
WA
2.2.3 ¥1n15UAS M3 Anesunsae i Huniso Ul
avlBunsieLA3osun (TY - 1000) WasIoUHIUATKNTITOUIUIN
150 mesh wiaw3sudmnsuiludunausoly
2.3 mMswsguasdangusoansiagliauawi
2.3.1 ansanguseansdielinuasialunisdnm
dunhndsifldutiatudemds (asununaus)
2.3.2 ¥nsazansudsudvsudsluthazenn
Asnsrduvedaiudsndsetniisnsidiu 1 3 ndewn

o
v

Tuillianueusigungd 70 esrneadea Wuszesiom
5

oA

{ a o o & | |
il Wieawseudmsuludunausaly

3. MsMIgnIHARS ST
N15ANEIEAEIUT MU FUR DAIUTOUVDINE A5 ]
Tuugidoukusunsautasulusiuainuuas 910 3 Jade
Ao Usunawedunvidedonar 30 - 50 USunmannd aide
NouAsaN8saar 30 — 50 WasUSuuasEaln1E s oan39aY

Tiarumesy (wadud1uzngd) Savaz 20 - 40 ANUEIFU



P. Thammapat et al. / (PRAWARUN AGRICULTURAL JOURNAL 2021) 18(2): 80 - 86 82

IANTIUIBNTNAABILUY Mixture design (Table 1) nasannuu
W luTugudumeuaunn 7 x 15 x 0.1 1uRiuns wazeuuwid
9ruunil 65 sarwaldua Wuszezian 4 Falus

il U

nsnadevanvaenUszamduda lnsdnwiniseeusu
vaguslaadendnduelunzidour uounsoulasulusAuain
wiawiievgnsfiafian 1guslnaialuoigiaud 18 - 60 9
971U 100 A laeld 9-point Hedonic Scale TAAIAZ LU
anuveunndnyuzaneg liun dnvususing d ndu savid
oduianazanuveulngsy ArAgLLLANNTOU 9 S2dU

(9-point hedonic scale) il (Nicolas et al,, 2010)

9 e Founiign

8  wwneds FOUNIN

7 wneds FoUUIUNAN

6 e vpuldntios

5 neia e

4 e lalveuidntio
3 yneia Taloutunans
2 e Tuouan

1 wnei Liiweusnniign

d519@un150A008Y quadratic canonical polynomial
wuy Scheffe aalusunsudniaguni19ai @ Design expert
version 6 mﬂﬁ?uﬁ’mﬁaﬂqmﬁmmzamimya%’wmwl contour
plot vaAAmTEUMUsTamALalaedongnsilvazas

NgAUDIHAN 0

Table 1 Variables (factors) used for mixture design

Coded- variable levels Natural-variable levels

X, (Eggplant X, (Cricket,  X; (Binder,

o % & leave, %) %) %)

0.00 0.50 0.50 30.00 40.00 30.00
1.00 0.00 0.00 50.00 30.00 20.00
0.00 0.00 1.00 30.00 30.00 40.00
0.67 0.17 0.17 43.30 33.40 23.40
0.50 0.00 0.50 40.00 30.00 30.00
0.17 0.17 0.67 33.40 33.40 33.40
0.33 0.33 0.33 36.60 36.60 26.60
1.00 0.00 0.00 50.00 30.00 20.00
0.00 0.00 1.00 30.00 30.00 40.00
0.50 0.50 0.00 40.00 40.00 20.00
0.00 1.00 0.00 30.00 50.00 20.00
0.00 0.50 0.50 50.00 40.00 30.00
0.00 0.67 0.17 30.00 43.40 23.40
0.00 1.00 0.00 30.00 50.00 20.00

4. NIIMIAUNINYBIHEA N GATTATIR
4.1 MTUATERgUESNISULYYADATE

N33R NS Aueyyadasead835 DPPH radical

scavenging assay Imaqmmiazaw DPPH (2, 2—diphenyl-l-
1-picrylhydrazil) mnududu 0.1 fadluans Usung 3 faddns
Auarsannanndndugiluugifoldusunsautasulusiuain
wuasFunng 150 lalasang nanliidiuuasuaiionmgiivies
Tuifadunan 30 wifl ndsanduiadinisgandunasdae
Lﬂ%‘laﬁi’mﬁﬁmi@]ﬂﬂauuaﬂ (UV-visible spectrophotometer)
AINE1IAE U 515 WIlwiuns (Mokbel Hashinaga, 2005)

AU % radical scavenging 91N@NATT
% radical scavenging = [1-(Asample/Acontrol)] x 100

A & ' a o '
e Asample AB AINTINANAULTIVDINIBYN

Acontrol fia fAN13ANGULEYEY DPPH

4.2 ATIEAAUATNVNNIEAN

n3TiAsIzviAddaeiai 0aTad 8o Hunter lab fu
COXE/SAV-2 Yaluszuu CIE L*, a* uag b* 91 L* fe A
AnuaallAdaus 0 — 100 A +a* Al ANFLAS A1 —a* Ao AA
e A +b* e Admdes A —b* e Ay Taevinisdu
§208193 3 91 wazyn1sIIATIYRANEuRUAE 3 Fiunia
(Pathare et al., 2013)

4.3 NFIATIERRUNINTALAL

n1sTiAsIg A anInInad lagvinn1sdiasnea
sAUsznaUmMaATfiugIu (Proximate) éin Usinaanuiu

Tshu oty i anslulawmss wazleanmis (AOAC, 2002)

NANSIUUAZITAUINA
ASANINITHAUINAAA I UL LT DL U UNTOULESY
Tusfuanuuas agunanmsideldfaelud
1. msAnwignsimnsauvesnansusiluyzidousuounsey
sulUsAuRINUIAS
N15ANWIdREIUT LMNNZ ALA DALTOUTDINE AT
TungWoukusunsaulasnlusauanuuas lngltlunzilesosay
30 - 50 US1m91n3 s Anesuntanadesar 30 - 50 uaz
Usuwuarsdainizus earstaslianunsdisesas 20 - 40
AUy mansAnwmuInilefinusunaldsiueini ada
vosuasarsuazanUsuialuugid oagylind ndaeivLa
mmsuauiﬂaimqﬁu drunsiiulSunuansdanienioans
Frelimunsiafiud uagvinlinansasidaunseuifiuiu
duldandrmeunaduilodudaifigaiofisiun
a138anizus eansvaeliniumsda (Table 2 way Figure 1)
aanAdoefun15ANYIT8Y Deepunya (2012) Aldvin1sAnu
nswaLandueiltiuy namsAnwmuindedinnsiiens

FaunzLiuTuaLyinlNan A e LeRANUNTOULRNLINTY



P. Thammapat et al. / (PRAWARUN AGRICULTURAL JOURNAL 2021) 18(2): 80 - 86

Table 2 Organoleptic test of baked crispy snack of eggplant leaves fortified with protein from insects

Organoleptic test

Coded-variable levels

Appearance Color Flavor Taste Texture Overall
0.00 0.50 0.50 6.06 +0.84 5.46 £ 0.76 6.33 + 0.64 5.63 + 0.90 6.53 £ 0.74 6.63 +0.68
1.00 0.00 0.00 7.56 + 1.02 712 +0.82 6.98 +0.88 7.37 £ 0.66 7.40 + 0.96 765+ 1.14
0.00 0.00 1.00 6.12 £ 0.96 587 +0.75 5.93 + 1.06 5.40 + 1.04 527 £0.70 5.73 + 1.06
0.67 0.17 0.17 7.15+£0.72 6.89 +0.92 6.98 + 0.94 6.98 + 0.80 6.27 + 0.88 7.45+0.94
0.50 0.00 0.50 6.93 +0.80 6.97 +0.98 6.63 +0.96 6.61 £0.72 6.67 +0.92 6.78 + 0.64
0.17 0.17 0.67 6.35+0.78 6.78+0.76 6.94 + 0.82 6.32 +0.98 6.72 + 0.98 6.65 +0.92
0.33 0.33 0.33 7.02 +0.90 714 £0.72 6.94 +0.78 7.02 +0.88 6.76 + 1.02 6.83 + 0.86
1.00 0.00 0.00 7.64 £ 1.10 7.34+0.94 7.34 +0.86 7.24 +0.76 7.35+£0.90 7.72 £0.98
0.00 0.00 1.00 5.54 +0.64 6.23 +0.88 585+ 1.04 5.36 + 0.82 5.36 + 0.82 5.87 +0.88
0.50 0.50 0.00 6.82 +0.85 6.98 + 1.04 6.82 +0.98 792+ 1.12 6.28 +0.78 715+ 1.02
0.00 1.00 0.00 6.23 +0.70 6.03 £ 0.82 583+0.74 553+ 1.04 543 +0.96 682+ 0.76
0.00 0.50 0.50 6.77 £ 0.98 7.07 £0.96 7.06 +0.82 7.74 £ 0.96 6.03 + 1.06 7.12 +0.80
0.00 0.67 0.17 6.10 £ 0.90 6.72 £ 0.84 6.67 +0.98 6.12£0.78 573+0.84 6.93 = 1.06
0.00 1.00 0.00 6.34 + 0.86 6.26 + 1.05 594 +1.12 5.65 +0.98 5.48 + 0.90 6.12 +0.82

Note: Data is shown as mean values + standard deviation and was obtained from one hundred panelists

A: Eggplant leave
A: Eggplant leave 12200
1200

1.00 0.00 1.00 1.00 0.00 1.00

B: Cricket C: Binder B: Cricket C: Binder
Appearance Color
A: Eggplant leave A: Eggplant leave
12200 1200

1.00 0.00 1.00

) . 1.00 0.00 1.00

B: Cricket C: Binder B: Cricket C: Binder
Flavor Taste

A E lant leave
gg?zo A: Eggplant leave
1200

0.00 1.00

1.00
B: Cricket C: Binder 1.00 0.00 1.00
Texture B: Cricket C: Binder
Overall

Figure 1 Contour plot of organoleptic test of baked crispy snack of eggplant leaves fortified with protein from insect
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Table 3 Predicted and observed values for response variables of the suitable formula of baked crispy snack of eggplant leaves fortified with protein from

insects

Response Critical values of independent variables Stationary point Predicted value Observed value®
variable Xy X, X,
(Eggplant leave, %) (Cricket, %) (Binder, %)
Overall 50 30 20 Maximum 7.70 7.74 £ 0.68
Note: ®Data is shown as mean values + standard deviation and was obtained from one hundred panelists
Table 4 Regression coefficients of predicted polynomial model for response variable
Organoleptic test Equation R
Appearance Y = 7.60X1 + 6.24X2 + 5.84X3 - 0.68X1X2 + 0.91X1X3 - 0.21X2X3 + 0.64X1X2X3 0.9243
Color Y = 7.16X1 + 6.17X2 + 6.09X3 + 1.26X1X2 + 1.15X1X3 - 2.13X2X3 + 16.73X1X2X3 09111
Flavor Y = 7.13X1 + 5.88X2 + 5.94X3 + 1.60X1X2 + 0.54X1X3 + 2.07X2X3 + 6.93X1X2X3 0.9177
Taste Y = 7.25X1 + 5.55X2 + 5.44X3 + 5.34X1X2 + 1.11X1X3 + 0.65X2X3 - 2.18X1X2X3 0.9566
Texture Y = 7.30X1 + 5.40X2 + 5.40X3 - 0.89X1X2 + 1.35X1X3 + 4.76X2X3 — 3.06X1X2X3 0.9087
Overall Y = 7.70X1 + 6.47X2 + 5.81X3 - 0.26X1X2 + 0.29X1X3 + 2.07X2X3 - 1.13X1X2X3 0.9313

Note: X1 (eggplant leave), X2 (Cricket), X3 (Binder)
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Table 5 Physical, chemical and antioxidant properties of the suitable

formula of baked crispy snack of eggplant leaves fortified with protein from

insects

Physical, chemical and Content

antioxidant properties

Physical properties

Color
L 2282 +1.12
a* -321+0.31
b* 11.53 + 1.30

Chemical properties
Protein (g/100g) 16.24 + 0.72
Lipid (g/100g) 713 + 145
Ash (g/100g) 4.07 +0.76
Moisture (g/100g) 5.89 + 0.26
Fiber (g/100g) 6.79 + 1.05
Carbohydrate (g/100g) 59.88 + 1.36

Antioxidant activity
DPPH radical scavenging (% inhibition) ~ 64.82+3.61

Note: Data is shown as mean values + standard deviation and was obtained

from triplicate samples
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ABSTRACT
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The aim of this study was to develop the baked crispy edible eggplant leaves fortified
with protein from insects. The effects of 3 ingredient ratios including edible eggplant
leaves (Solanum melongena L.; 30-50%), crickets (Acheta domestica; 30-50%) and
a binder (Tapioca flour; 20-40%) on the qualities of baked crispy edible eggplant
leave product were studied. A mixture design was applied to examine the amount of
edible eggplant leaves, crickets and the binder on the overall preference of baked
crispy edible eggplant leaves. The results showed that the appropriate ratio for the
production of baked crispy edible eggplant leaves was the mixture of edible eggplant
leaves, cricket and binder at 50.00:30.00:20.00 ratio, respectively. This ratio gave
the highest overall preference with the value of 7.70. The final product, baked crispy
edible eggplant leaves showed the greenish color with L* a* b* value of 22.82, —
3.21and 11.53, respectively. The protein, fat, ash, moisture, fiber, and carbohydrate
content in the product were 16.24, 7.13, 4.07, 5.89, 6.79, and 59.88 g/100g,
respectively. The antioxidant activity measured by DPPH radical scavenging assay
was 64.82%.
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