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Abstract. Hermetia illucens larvae have a high potential for treating waste as a feed ingredient rich in
protein and fat. This research aims to determine the optimum temperature and drying time conditions to
produce optimal yield, fat, and protein content. This research used the Response Surface Methodology
(RSM) method with a Central Composite Design (CCD) design. This research uses two factors: a drying
temperature of 60 - 800C and a drying time of 12 - 24 hours. The response variables measured were yield,
fat content, and protein content. The research showed that a drying temperature of 720C for 12 hours
provided an optimal solution for a yield of 26.23%, a crude fat content of 32.25%, and a crude protein
content of 25.26%.
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INTRODUCTION

The need for feed in Indonesia every year continues to increase due to the growth of
farmers and farmers' awareness of the use of concentrate feed, which is believed to guarantee
product quality. One of the critical factors in the feed components is protein, fat, vitamins, and
other nutrients. Protein for feed is generally obtained from blood meals, meat and bone meals,
intestinal mucosal powder, fish meals, soybean meals, peanut meals, and cottonseed meals. The
source of protein comes from waste, whose availability is often an obstacle. One source of
protein that is now being developed is protein from Black Soldier fly (BSF) larvae.

BSF larvae have a reasonably high protein and fat content and a chewy texture, besides the
ability to secrete natural enzymes. The protein content in larvae is around 42% (Faridah &
Puguh, 2019). Fats and oils are used in poultry food formulations to improve food palatability
and absorption of fat-soluble vitamins and to regulate the rate of digestive release in the
gastrointestinal tract (Baido & Lara, 2005). Oil sources for feed are generally from plants. The
addition of protein often requires two different components. BSF larvae are known as
invertebrates that contain high amounts of protein and fat, so they are worthy of consideration as
feed components.
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BSF larvae (Hermetia illusions L) belong to the relatives of flies (family Diptera). The life
cycle of BSF is divided into four phases: egg, larva, pupa, and adult. The content of BSF larvae
can be used as an alternative to producing animal oil and has the potential to be a raw oil material
(Jayanthi et al., 2017) and a source of protein. The influence of time and high drying temperature
will have an impact on the fat content in the material that is increasing, and the water content will
decrease (Yuniarti, 2007).

Drying will facilitate the process of crushing materials, making it easier for the extraction
process to produce crude fat content. Drying will also affect the value of protein levels produced
from an animal product. According to Rosidin et al. (2012), the drying process will affect the fat
and protein content value produced. According to Purnamasari et al. (2019), the drying process
with too high a temperature in BSF larvae will cause changes in the value of the primary
nutrient, namely protein, because it is denatured. One method of drying is to use an oven.

According to Irianto (1995), heating will form a shaft structure so that it will be related to
protein bonds that form aggregates. This can facilitate the separation of liquids when pressing.
High temperature and heating duration will result in a decrease in yield value. This is because the

weight of water or water content in the material decreases due to heating (Erni et al., 2018).

METHOD
Tools and Materials

The tools used in this study were members ovens, goldfish, and Kendal. The primary raw
material in this study is Black Soldier Fly Larvae, cultivated at the Environmental Remediation
Laboratory, Agricultural Engineering, Faculty of Agricultural Technology, Universitas

Brawijaya. The solvents used in extraction are technical n-hexane and aquades.

Trial Plan

This research uses the RSM method or Response Surface Methodology with a centralized
composite point model with the help of Design Expert software. There are two test factors, the
first being the drying temperature and the second being the length of drying time using the oven.

The procedure for determining the experimental design in this study is as follows:
1. In this study, there were two factors consisting of drying temperature (X1) and drying
time (X2). Each factor consists of three levels assigned code variables with -1, 0 and +1.
For the lowest variable it is coded (-1), for the central variable it is coded (0) and for the
highest variable it is coded (+1). The determination of levels at temperature and length of

drying time is based on literature studies and preliminary research conducted. Where the
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optimum temperature in drying larvae is 700C for 18-24 hours which is used as the
midpoint for determining the drying level (Purnamasari et al, 2019).

Factor I: Drying Temperature (A), there are three levels, namely:
X1:(X1=-1)=60C

X1:(X1=0) =70°C

X1:(X1=+1)=80°C

Distance between factors =80 — 70 = 100C

Factor IlI: Length of Drying Time (B), there are three levels, namely:
X2:(X2=-1)=12Jam

X2:(X2=0) =18 Jam

C2:(C2=+1)=24jams

Inter-factor distance = 24 — 18 = 6 Hours

2. Determination of factor levels in accordance with the center points of factors X1 = 0 and
X2 = 0. At the BSF larval drying temperature factor the relationship of variable X1 with
the original variable can be expressed in the equation as follows:

A-80

X].:T,A:10X1+80 ..... (1)

In the factor of length of drying time the relationship of variable X2 with the original
variable can be expressed in the equation as follows:

X2=222B=6 x1+1811111(2)

3. Specifies the value of a = 2%/%, In the study used 2 factors, the value of k can be
substituted as k = 2, so that o= 22/ = 1.414. Then determine the appropriate factor level
values, namely with values (— a. = -1.414) and (o = 1.414) with the following calculation
of variables X1 and X2.

In equation (1) can be known:
e ForXl=-1414
Thus, A =10 (-1.414) + 70 = 55.8579 €
e ForX1=1414
Thus, A =10 (1.414) + 70 = 84.1421 ©C

In equation (2) it can be known:

e ForX2=-1414

Then, B =6 (-1.414) + 18 = 9.51472 Hours
e ForX2=1414

Then, B =6 (1.414) + 18 = 26.4853 Hours
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Table 1. Results of Experiment Design

No Factor Factor Response |
X1 X2 Temperature Time Rendeming  Crude Fat Rate Crude Protein
‘0 (Hour) (%) (%) Content (%)
L. -1 -1 60 12 Y: Y> Y;
2. 1 -1 80 12 Y: Y> Y;
3. -1 1 60 24 Y: Y> Y;
4. 1 1 80 24 Y: Y> Y;
5. -1,414 0 55,8 18 Y: Y> Y;
6. 1.414 0 84,1 18 Y: Y> Y;
7. 0 -1,414 70 9,5 Y: Y> Y;
8. 0 1,414 70 264 Y: Y> Y;
9. 0 0 70 18 Y: Y> Y
10. 0 0 70 18 Y, Y2 Y3
11. 0 0 70 18 Y, Y2 Y3
12. 0 0 70 18 Y, Y2 Y3
13. 0 0 70 18 Y, Y2 Y3

Stages of the drying process

Larva Black Soldier Fly

Ditimbang larva 180 gram sebagai beratbasah

.

Dioven dengansuhu 60, 70 dan 80°C selama12,
18 dan 24 jam

!

Ditimbang dan dicatatsebagai berat kering

!

Dilakukan pengecilan ukuranmenggunakan

bleder
Pengayakan 60 mesh
l Analisis:
Serbuk Larva BSF Rendemen
Kadar lemak kasar
l Kadar Protein Kasar,

Penentuan perlakuan optimal

}

Figure 1. Flow chart of Drying Process Stages
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Yield Calculation
The yield is obtained by weighing the final weight resulting from the comparison process

with the initial weight before undergoing the processing process.

Rendemen = (SNI, 1988). % x100%

Gross Fat Rate Calculation
Analysis of fat content is the separation of fat from the sample which is done by circulating
fat solvents into the sample, so that in this case it will make other compounds insoluble in the

solvent.

Fat rate = (AOAC, 2005).= 27— x 100%

—-A

Calculation of crude protein levels
The setting of the content of coarse protein levels is carried out by the kjehdahl method.

The rate of protein is determined based on the kjehdahl method as follows:

(D-C)xn NaOH x 0,014 x 6,25
B-A

Up to protein (%) = x 100 % (AOAC, 2005).

DISCUSSION
Respon Rendemen Larva Black Soldier Fly (BSF)

From the results of the analysis it is known that the yield value of BSF larvae ranges from

23-27% Table 1).
Table 1 Yield of dried BSF larvae

Factor Temperature . Response

No X1 X2 Faclt)or C) Time (Hour) Rendemen (%)
1. -1 -1 60 12 27,7

2. 1 -1 80 12 25

3. -1 1 60 24 255

4. 1 1 80 24 233

5. -1,414 0 55,8 18 27,2
6. 1414 0 84,1 18 233
7. 0 -1,414 70 9,5 272

8. 0 1,414 70 26,4 25

9. 0 0 70 18 26,11
10. 0 0 70 18 272
11. 0 0 70 18 255
12. 0 0 70 18 255
13. 0 0 70 18 25,5
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Based on Table 1, it is known that the highest yield is obtained at a temperature of 60° and
a 12-hour time of 27.7%. The lowest yield was obtained at 80 0C and 84.1 0C with a drying time
of 24 hours and 18 hours of 23.3%.

Polynomial equation Y1 =37.43 —1.30 X1 —0.146 X2; R2 = 0.8359

Based on the polynomial equation, it can be seen that temperature and drying time affect
the yield response of BSF larvae linearly. This is because drying can change the texture of the
material, such as the material wrinkling and the surface area of the skin shrinking (Rahmawati &
Yudi, 2012). The results of ANOVA show that in the equation, it is known that the coefficient at
the rigging temperature treatment (X1) has a more excellent value than the long drying time
treatment (X2). From the Anova value, the R-squared value for the linear model obtained a value
of 0.8359. This shows that the drying temperature influences the yield response of BSF larvae.
The results are based on research conducted by Shadung et al. (2012), who found that a higher
drying temperature will reduce yield. However, oven drying produces a higher material
composition than freeze drying. This is in line with research conducted by Martunis (2012), with
a yield response in potato starch with a temperature usage range of 40-600C obtained results that
the use of 600C temperature results in a lower yield. This is because the use of higher
temperatures causes more evaporated water content so that the yield produced decreases and vice

Versa.

Design-Expert® Software
actor Coding: Actual

ndemen (%)

Design points above predicted value

Rendemen (%)

B: Lama Waktu (Jam),, o

A: Suhu (Celcius)

Figure 1. 3-dimensional plot contour yield response
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Figure 1. explains the influence of temperature factors and drying time on yield response.
The graph shows that in the temperature range of 60-800C for BSF larval yield, the temperature
rise significantly influences the yield decrease. Similar results were reported by Ikhsan et al.
(2016) that drying in dumbo catfish at a temperature of 60 0C produces a higher water content
compared to drying at 700C, where the higher the water content will be in harmony with the
more significant the yield value. In the study of Cucikodana et al. (2012), drying above 600C in
snakehead fish bones, the water content can decrease to 60-70%, resulting in a low yield value.
In the drying process, there is heat transfer from air to the product under the influence of a
temperature gradient, which causes water transfer through the evaporation process in the
opposite direction due to the concentration of water in the air, resulting in a decrease in water

content comparable to the yield (Bimbenet et al., 1971).

Black Soldier Larvae Cheddar Fat Fly Up Response (BSF)
The results of laboratory analysis showed that the value of crude fat content of BSF larvae

ranged from 29-32% (Table 2).

Table 2. Crude Fat Up Data Results

Factor Factor

No Temperature Time Rate Response

X1 X2 C) (Hour) Crude Fat (%)
1. -1 -1 60 12 30,16
2. 1 -1 80 12 31,07
3. -1 1 60 24 30,75
4. 1 1 80 24 31,80
5. -1,414 0 55,8 18 29,04
6. 1.414 0 84,1 18 31,37
7. 0 -1,414 70 9,5 31,90
8. 0 1,414 70 264 31,20
9. 0 0 70 18 33,03
10. 0 0 70 18 32,65
11. 0 0 70 18 32,70
12. 0 0 70 18 3245
13. 0 0 70 18 32,95

Based on Table 2. The highest fat content was obtained at a temperature of 700C with an
18-hour drying time of 33.03%. The lowest crude fat content was obtained from a temperature of
55.8° with an 18-hour drying time of 29.04%.

Equation of regression of gross fat rate:
Y2=-37,99+1,8111+0,5512+5,8311 12-0,012 c12 - 0,016 c22
R2=0.9336
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The ANOVA results show that the coefficient at the rigging temperature (X1) is greater
than the drying time (X2). This shows that the response of BSF larvae to crude fat content is
more influenced by drying temperature. This statement aligns with research conducted by
Sipayung et al. (2015); the highest average fat content in crunch fish occurs at 80 0C temperature
heating of 7.70%. This is also supported by the statement that states that the shrinkage of fat
levels in fish is due to fluid loss in the cooking process (Dhanpal et al., 2012).

Kadar Lemak Kasar (%)

B: Lama Waktu (Jam) '® 5 A: Suhu (Celcius)

Figure 2 3-dimensional plot contour response to crude fat content

Figure 2 shows the highest crude fat content at 75 0C drying temperature and drying time
for 12 hours with a predicted crude fat content of 32.24%. Drying in the temperature range of 60
— 700C continues to increase the value of crude fat content and the more extended drying. This
statement aligns with research conducted by Riansyah et al. (2013) that shows that the crude fat
content of Siamese seat fish continues to increase with the time used up to 24 hours, with a peak
at a temperature of 700C of 2.19%. This is similar to research conducted by Purschke et al.

(2018), which states that conventional drying in larvae is most significant using temperatures
ranging from 60-80 OC.

Response to Crude Protein Levels of Black Soldier Fly (BSF) Larvae

The results of laboratory analysis showed that the value of crude protein content from

BSF larvae ranged from 25-27% (Table 3).
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Table 3. Data Results for Crude Protein Levels

No Factor Factor Time Response Rate
X1 X2 Temperature (°C) (Hour) Raw protein (%)

1. -1 -1 60 12 26,7

2. 1 -1 80 12 24,5

3. -1 1 60 24 25,22

4. 1 1 80 24 22,5

5. -1,414 0 55,8 18 273

6. 1.414 0 84,1 18 22,45

7. 0 -1,414 70 9,5 24,75

8. 0 1,414 70 264 238

9. 0 0 70 18 25,7

10. 0 0 70 18 259

11. 0 0 70 18 25,8

12. 0 0 70 18 25,8

13. 0 0 70 18 25,28

Based on Table 3. The highest crude protein content was obtained from a temperature of
55.80C with an 18-hour time of 27.30%. The lowest crude protein content was obtained at a
temperature of 84.10C and an 18-hour time of 22.45%. Temperature factors and drying time
affect the response of crude protein levels.

Protein bleaches as much as persamaan regress:

Y3=10,81+0,4111+0,7212-2,1612-3,71 c12—-0,01 c22
R2=0.9484

The ANOVA results show that in the code equation, it is known that the coefficient in the
drying temperature treatment (X1) has a more excellent value than the long drying time
treatment (X2). This shows that the response of crude protein levels of BSF larvae is more
influenced by drying temperature. Heating/drying done too long at too high a temperature will
cause the protein to denature. Amino acids will be damaged in the heating process, where the
resistance of the protein to heat is closely related to the amino acids that make up the protein.
This decreases protein level readings as heating temperatures increase (Lisa et al., 2015). Proteins
are easily affected by high temperatures, pH, and organic solvents (Meulisa et al., 2021).
According to Hamzeh et al. (2019), drying carried out with different temperatures, namely 60,
70, and 800C, shows the results that with increasing temperature, protein content and water

content in the product decreases.
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Kadar Protein Kasar (%)

B: Lama Waktu (Jam) ;5 o
i A: Suhu (Celcius)

Figure 3. 3-dimensional contour plot of crude protein content response

Figure 3 shows that the highest crude protein content on the graph is at a drying
temperature of 750C and a drying time of 12 hours with a predicted yield of 25.02%. The graph
is quadratic in shape, where temperature and length of drying time provide a significant
combination of responses to crude protein levels. Drying in 12 - 24 hours continues to decrease
the value of crude protein levels, and temperatures 60 - 800C continue to decrease. This is due to
the optimum temperature in the study of Budiharjo et al. (2022) on larvae to obtain optimal crude
protein levels at a temperature of 550C for 2 hours. The graph with temperatures above 700C

shows a decreasing gradient. This is similar to the research conducted by Hamzeh et al. (2019).

Solution Optimization and Verification of Optimum Conditions of Drying Process

The optimum solution is obtained by selecting the factors used and the selected response.
Fromthe response surface methodology using a centralized composite design, Design
Expert 10.0.1 displayed the criteria values of each factor and the response used. The criteria
produced by the system aim to maximize the value of crude fat and protein content. The value is
maximized for the yield of BSF larvae to obtain the amount that suits the needs. Limitations on
optimization can be presented in Table 4.

Table 4. Optimization Limitations in Response Surface Methodology

Parameter Purpose Lower Restrictions Upper Limitation Scale of Interest
A: Temperature Drying Inrange 60 80 3
B: Length of Time In range 12 24 3
Drying
Rendeming Maximization 233 27,7 5
Up to Lemak Cheddar Maximization 29,04 33,03 5
Up to Lemak Cheddar Maximization 22,45 273 5
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Table 5 Prediction of Optimum Solutions

Parameter Prediction Results

Drying Temperature 72 °C

Long Drying Time 12 jam

Rendeming 26,23 %
Crude fat content 32,25%
Crude Protein Content 25,26%
Desirability 0,641 %
Information Selected

From Table 5. It was concluded that the optimal solution for drying was a temperature of
720C with a drying time of 12 hours. This factor will predict the yield value of BSF larvae by
26.23% with a prediction of crude fat content value of 32.25% and a prediction of crude protein
content value of 25.26%. The acquisition of the desirability value to get the optimal value is
0.641%. The desirability value obtained in this study was 60%. The desirability value is low
because the drying factor carried out does not get the desired response so that the desired

program prediction has not been achieved.

Table 6. Prediction of Lowest to Highest Solution Results

Lowest Ultimate Actual

Parameter Predictions SE Pred Prediction Prediction Results Difference Validation
gRo/eI;demmg 26.23% 0,68 25,60 26,87 24,12 % 2,11 94,21%

0
g/r())ss Fat Rate 3220 % 0,45 31,70 32,70 34,12 % 1,92 94,37%

0
Up to Protein )50, 0,49 24,71 25,80 24,16 % 1.10 95,64%

Bleach (%)

From Table 6, several values are obtained: the prediction value, SE-pred, lowest
prediction, and highest prediction of each response. Each value, namely for yield, has a
prediction value of 25.23% and an SE pred value of 0.68%, with the lowest prediction of
25.60% and the highest prediction of 26.87%. Crude fat content has a prediction value of
32.20%, SE pred of 0.45%, with the lowest prediction value of 31.70% and the highest predicted
value of 32.70%. For crude protein content, the value has a prediction value of 25.26% and an
SE pred value of 0.49%, with the lowest prediction value of 24.71% and the highest prediction
value of 25.80%. The test results again, with three iterations, obtained the actual result value.
Tests are carried out with samples that are dried at the same temperature and length of time based

on optimal results.
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The temperature used is 720C, with a drying time of 12 hours. Table 6 provides validation
results of each response with prediction values. For the yield, a validation value of 94.21% was
obtained. Crude fat content obtained a validation value of 94.37%. Crude protein content
obtained a validation value of 95.64%. Amran et al. (2014) stated that obtaining an accuracy
value with results of more than 50% can be said that the model has the accuracy to predict
optimal results.

CONCLUSION

The results of research on optimizing the drying process for Black Soldier Fly larvae
resulted in a combination of drying at a temperature of 720C for 12 hours, resulting in a
predicted response for a yield of 26.23%, crude fat content of 32.25%, and crude protein content
of 25.26%. The actual results obtained from each response were for a yield of 24.12%, crude fat
content of 34.12%, and crude protein content of 24.16%.
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