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Functional Drink from Edible Insects’ Protein Concentrate
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Abstract
Current trends in consumer health awareness have led to widespread interest in the development of
functional food products, particularly insect-derived protein concentrates. The objective of this research was to
study the appropriate conditions for extracting protein from edible insects. The optimum ratio of three types of
edible insects, including crickets (40-50%), house crickets (30-40%), and Eri silkworm pupae (10-20%), was studied
for protein extraction under pressure in sub-critical conditions (pressurized hot water extraction) with a pressure
cooker. The analysis of response surface method (RSM) and Box-Behken design experimental, using boiling

temperature under subcritical conditions at 126°C for 45 minutes. The optimum condition was using the mixture
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of crickets, house crickets, and Eri silkworm pupae, 45.27, 39.82, and 20%, giving a protein content and overall

preference score were 17.95% and 7.52 score respectively. From the validation process, it was found that the

model created from the process of finding the appropriate conditions had a high level of accuracy. The relative

average deviations between the predicted values from the model and the actual experimentally measured values

for total edible insect protein were 6.40. The extracted protein solution was evaporated to a half of the

concentration using a vacuum evaporator. Improve the quality of color and texture for accepted by consumers.

The protein content of concentrated protein functional drink product from edible insects was 35.15%.

Keywords: Edible insects, Pressurized hot water protein extraction, Response surface methodology
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Table 1 Variables and levels of variables used in the optimization study using Box-Behnken Design

Level
Independent variable Code
-1 0 +1
crickets X, 40 45 50
House crickets X, 30 35 40
Silkworm pupae X5 10 15 20
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Table 2 Physico-chemical property and nutritional composition of edible insects in 100 g

Physico-chemical property

Crickets House crickets Silkworm Pupae

and nutritional composition
Moisture content (%) 8.31+0.17 8.27+0.11 7.89+0.21
Protein (g) 60.35+0.20 59.70+0.18 55.48+0.37
Fat (g) 27.46+0.19 26.89+0.24 25.21+0.29
Carbohydrate (g) 3.88+0.15 3.72+0.09 3.53+0.06
Fiber () 6.85+0.05 8.68+0.15 9.3240.15
Ash (g) 4.68+0.26 3.84+0.26 3.03+0.31
Water activity (a,,) 0.65+0.02 0.61+0.01 0.68+0.01
Color

L* 27.14+0.42 41.68+0.28 37.04+0.47

a* 34.17+0.08 5.47+0.18 9.61+1.31

b* 25.17+0.28 30.27+0.10 37.58+1.28

c* 10.32+0.26 16.59+0.17 21.59+0.11

°h 64.66+0.70 76.12+0.25 71.19+0.59

3.2. sasrdaufimunzanlunisatalusiiuain
wuasdedsnsataneldan1azieingd

INUNUNITNAABDILUY Box-Behnken Design
WOANYINATBITATIAIUTENINRIVER dxia uasFnud
I3 devsinulusiunazauveusinangnaaeuds
TnoilovdnfesarlusAunazazuuunuwe UT0 sy
NAFOUTN UIATITRAILANDD8ULATALLUTUTIU
1 BI%IUELLﬂﬁJa"’]L%ﬂ’gU (Design expert version 13)
la@unns Second order polynomial fifien p<0.05 lay

anunsafeunanaunIsin UL UUTlduaninuduius

33

sgninetadeludnsidiuseusunalusiunarazuuy
ANureUlnesIN Aalandly Table 3

aunsis 2 1 Lack of Fit winiu 0.0501 waz
0.0530 Feildinuannda 0.05 (Not significant) Ust41aunns
flefinnumunsauededfiagldoSursmmunususiu

984598890 UTAULAL ALLUUAMUYDUTIUNAURWS AU

999y 1wy YSunauuuasisanuyie diuai R2 iladian

o

WU 0.8447 way 0.8991 wagliAn p-value 1vinfiu

1%
1

0.0025 wag 0.0092 J3Aw1n31 0.05 (Significant) V4%

TMaunsitewnzanlunisesuneanuduiusvestade



NIATInemansuazmalulad unInenduguasvsnl UN 28 atud 2 weungunau-damiau 2569

Table 3 Second order equations from regression coefficients analysis and variance

Protein content (%) Overall preference score
Regression Y, = -30.2857+1.2198(X,)+0.4423(X,) Y, = -30.2858+1.2199(X,)+0.4423(X,)
equation +0.1234(X5)+0.0018(X,X,)-0.0035(X, X5) +0.1236 (X3)+0.0018(X,X,)-0.0035(X,X5)
+0.0012 (X,X5)-0.0135(X,%)-0.0096(X,?)- +0.0120(X,X5)-0.0135(X,2)-0.0096 (X,2)-
0.0107(X;?) 0.0107(X;)
p-value 0.0025 0.0092
Lack of Fit 0.0501 0.0530
R? 0.8447 0.8991

Statistically significant terms with a confidence level of 95%

INLUUTIADINALAAIEASA R UITUIN NARD508a YR lUTAULAYATLUUAINUYDUTIY AILER
aunng Y, wag Y, (Table 3) anunsaihuindesdunsiu u Figure 1 way Figure 2
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N
XIS
SOSSSSIIN

S
““‘“““

S

Protein content (%)
Protein content (%)

Protein content (%)

Figure 1 Response surface plot showing effect of amounts of edible insects used in protein extraction on

extracted protein content
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Figure 2 Response surface plot showing effect of amounts of edible insects used in protein extraction on

overall preference scores on extracted proteins

970 Figure 1 (a) WU ATINHURIADUAUDILARNS

v
a a

SvsnavesUsunas weauarSunaashe Tnofmunli
sefuvesUiinuinudlvadiegiisedunats nuinnisly
Usunassansalutag fosas 40-48 JaufuUSunnarig
Tutaa Sovay 38-40 vhlsldUTinalsiudingetu (e
fe15aRseiuve iU ssEnineUsuins s anas
Usinausinudlviudsiivng 40-48 uaz 18-20 mudsiu Tne

MnualiszAuvesUTinuasiegNszdunans dawandlu

= 1% \

Figure 1 (b) aglaUSunalushugenansovas 17.42 du

u q

v
a o

Figure 1 (0) uansliliuauduiusvosUsuaashsiu

USunausnualnuds lnefivualiseduuealSunadmse

~ Y . & Y 2 = oa a ay o ¢
EJQJ“V]% UNAN Flgure 1 ‘uLLEINIMLWNOQE)VIﬁWﬁUQﬁ&JW‘uﬁ

35

(Interaction effect) ¥vaamIwUsNABNTNane 19U D
USuaulusAudls lawilan p-value Wosnin 0.05 a1l
USHN9MSA @2ha LarANLAUANANAYIINYIRINETD

yMlrusuulusiuilaanas wanannl n1siuUSunn

Y
a a

Jevdnlutag Sevay 40-48 saufuUTImazRTRNTY
Tugas 38-40 shilazuuumuveulnesIRLTY Fauan
T Figure 2 (@) waziilouysuadnudlugie Sosay
18-20 TneldUsuraudmialugas Sovas 40-48 wax
Usunaaris Tugas 38-40 avvilvasuuuaureusiy
Winduaan 6.15 Wu 7.75 (Fieure 2) uanand Sanuin
ATRLUALTRUTIARaNT NS RLUS s udTug g

Saway 10-14



a

NIATInemansuazmalulad unInenduguasvsnl UN 28 atud 2 weungunau-damiau 2569

PINAINNUNNITFOUNTU (Overlay plot) (Figure
3) ¥99USUNUIINTA AvRe wazenwe WaldNaisanm

v

anneuzaud nsun1smseulushiududuaniuag
Aule Inganmeiwansanlunisnaassasefifean1ie
danalvisunalusiu wagazkuun1seausUTINNG

NAABUTUAIER AN @N1ENTUSUIUTINTA avha way

LU

a

Fnudluuds Zevay 4528 fiUSunnasi Seuay 39.82
wazUSinaunnug seeay 20
detndoyaludiaszisielusunsudnsagy
Design expert (version 13) Wu41 @un13 Second order
polynomial wesilade liud Usualanin azis uay
Frualnuds devsuiudesazlusiunasazuuuniy
gaus lie pvalue toundn 0.05 Waunsit Significant
TowaumsiildanunsoesuigrunlsusuvesAneuaues
Ao Usunaulusiunaz AsUUANYBUTIN Waganuisalin
aunisaananunlglunisyiuneaildegngusiugn
ntuhanefivanzauluniswaniusiuen
wuas Inefisnsndiuvesiansa asie wazdnudluss
fosay 45.28, 39.82 way 20 AINAINU YIUIEA1SDYAY
Usinaulusiunas azuuuauveusin taeldaunsd v,
uag Y, lu Table 3 9nman1svitune wulin Usunalusiu
Sovay 17.95 LAYAZLUUAIINYOUTIN 7.52 AZLUY LAY

frannzaina yin1sveaesasassliy

i Overlay Plot

B: House cricket (%)

A: Cricket (%)

Figure 3 Overlay plot showing optimum protein

extraction conditions
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Table 4 Comparison of protein content and overall preference score between experimental values

and predicted values

Response values

% Protein content

Overall preference score

Predicted values
Experimental value

% MRD

17.95
16.87
6.40

752
8.16
7.81

% MRD = Mean relative deviation [14]
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