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Abstract Global meat consumption is increasing worldwide, however, supply remains
lacking. Several alternative protein sources, such as cultured meat, plant-based protein
production, and edible insects, have been proposed to overcome this shortage.
Interestingly, edible insects are characterized by superior digestive and absorptive
qualities that make them the ideal replacement for traditional protein production. This
study aims to further the processing ability of insect protein by investigating the effects of
various pre-treatment methods, such as blanching (HB), roasting (HR), and superheated
steam (HS), on the nutritional properties and physicochemical characteristics of proteins
extracted from Hermetia illucens larvae. The drying rate, pH value, color analysis, amino
and fatty acid profile, as well as bulk density, shear force, and rehydration ratios of the
above pre-treatment methods, were explored. HS was found to have the highest drying
rate and pH value analysis showed that HB and HS samples have significantly higher
values compared to the other modalities. Raw edible insects had the highest value in the
sum of essential amino acid (EAA) and EAA index when compared to EAAs. HB and HS
showed significantly lower bulk density results, and HS showed the highest shear force
and the highest value in rehydration ratio, regardless of immersion time. Therefore,
taking the above results together, it was found that blanching and superheated steam
blanching pre-treatment were the most effective methods to improve the processing
properties of H. illucens after hot-air drying.

Keywords insect protein, Hermetia illucens, protein characteristics, functional, optimal
pre-treatment method

Introduction

The consumption of animal protein is increasing worldwide; however, production
has lagged behind this demand (Kim et al., 2022a). Due to limitations in current
livestock technology, the need for alternative protein sources is rising (Ham et al.,
2021). Animal protein production in the traditional livestock industry is also plagued

with several additional problems, such as increased pollution and carbon emissions,
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inadequate animal welfare, and the increased spread of infectious diseases (Kim et al., 2021). Currently, cultured meat, plant
protein production, and edible insect technologies are being investigated as potential replacements for traditional livestock
practices (Cho et al., 2022). One advantage of cultured meat is that it can be obtained without livestock farming; however,
technical issues still limit its use (Lee et al., 2022a). Various industrial advances, particularly regarding safety and ethics, are
required before cultured meat can be considered a replacement for animal protein. Further, plant-based protein utilization
technologies have already been introduced to replace traditional animal protein, but they are avoided by consumers due to
their general lack of sensory and nutritional properties (Purschke et al., 2018). Thus, edible insects are the front-runners to
replace animal-based proteins obtained from the livestock industry. Unlike other alternative protein sources, edible insects do
not have any special safety, nutritional, or ethical issues except for their unpleasant appearance to consumers (Kim et al.,
2022b). Therefore, modifying the appearance of edible insects can allow for their use as an alternative food source (Lee et al.,
2021a). According to Lee et al. (2021b) edible insects have superior digestion and absorption properties compared to general
meat proteins due to the low molecular weight of their protein content.

Hermetia illucens is considered an economical insect raw material as it survives under harsh conditions, can be easily bred,
and can provide protein quickly and efficiently (Miiller et al., 2017). H. illucens consists of an average of 40%—44% crude
protein and 35%—44% crude fat, making it a nutritionally valuable resource (Lee et al., 2022b; Zheng et al., 2012). Therefore,
H. illucens can be used as an edible protein source in the future.

Drying is a processing technique commonly used to increase the shelf life of edible insects by inhibiting microbial growth,
enzymatic activity, and browning (Melgar-Lalanne et al., 2019; Vandeweyer et al., 2017). Pre-drying can reduce the moisture
of raw materials without excessive heat treatment by suppressing the growth of microorganisms and increasing the rate of
drying (Fombong et al., 2017; Purschke et al., 2018; Saucier et al., 2022). Pre-drying methods include blanching, roasting,
and superheated steam blanching. Blanching is the most widely used pre-treatment method because of its high thermal
conductivity that effectively inhibits browning enzyme activity (Fombong et al., 2017). Roasting can improve oxidative
stability by inactivating enzymes and forming Maillard reaction products capable of terminating lipid oxidation reactions
(Elizalde et al., 1991). Superheated steam blanching is a method of transferring heat using superheated steam and can
minimize the loss of nutrients dissolved in water during pre-treatment (Xiao et al., 2011).

Therefore, the objective of this study is to investigate the optimal pre-treatment method for improving processing
properties by evaluating the quality characteristics of hot-air-dried edible insects pre-treated with blanching, roasting, and

superheated steam blanching.

Materials and Methods

Pre-treatment and drying condition

Ten kilograms of H. illucens were obtained in triplicate from a natural farm (Jeju, Korea). H. illucens larvae at the 2nd
instar were obtained and they were fed on formulas of feed mixtures composed of bio-waste and grown in cement boxes. The
fasting larvae were frozen at —20°C. Frozen larvae were thawed at 4°C for 12 h and three different pre-treatment methods
(blanching, roasting, and superheated steam) were performed before drying. For blanching, 300 g of larvae were transferred
into 3 L of boiling water (100°C) and blanched for 1 min. For roasting, 300 g of larvae were poured into a stainless plate and
roasted using a pre-heated steam convection oven (RCO-0600CE, Rinnai, Incheon, Korea) at 200°C for 1 min. For

superheated steam blanching, 300 g of larvae were heated using a super-heat oven (QF-5200C, Naomoto, Osaka, Japan) at
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oven and steam temperature of 120°C for 1 min. Pre-treated samples were dried at 70°C until the moisture content of samples
reached 6.5%—7.5% which was measured using a hot-air dryer (HK-DO1000F, Hankuk S&I, Hwasung, Korea). Dried
samples without pre-treatment, blanched samples, roasted samples, and superheated steam-blanched samples are called HD,

HB, HR, and HS, respectively.

Moisture content

While drying, the moisture content of the samples was measured three times every hour for 5 h using a moisture analyser

(MB120, OHAUS, Parsippany-Troy Hills, NJ, USA).

pH
Two grams of samples were homogenized with 20 mL of distilled water, and the pH was recorded using a pH meter

(Accumet Model AB15+, Fisher Scientific, Hampton, NH, USA) calibrated using 4, 7, and 10 pH buffers.

Color

A colorimeter (CR-410, Konica Minolta, Osaka, Japan) was used to detect the CIE L*, CIE a*, and CIE b* of the ground
dried samples. A white calibrated plate, 2° observers, and D65 laser source were used. The CIE 76 color difference formula
was used to compare the color difference (AE) of the samples, and the CIE L*a*b* of non-dried samples were used as a
reference. Before determined color values of sample, dried sample was powdered using blender (Super grinder JL-1000, Joy

Life, Seoul, Korea). Sample was pour into clear plate and their height was 2 cm to block penetration of light.

Amino acid profile

The amino acid profile was estimated using an amino acid analyzer (Hitachi L-8800, Hitachi, Tokyo, Japan). The samples
were hydrolysed using 6 M HCI under nitrogen at 105°C for one day. After evaporating the samples at 40°C, they were
dissolved in 0.02 M HCI. The dissolved sample was filtered by a 0.20 um membrane filter (Thomas Scientific, Swedesboro,
NJ, USA), and the amino acid composition was measured using an ion-exchange resin column (4.6 mm i.d.x60 mm). The

essential amino acid index (EAAI) was calculated according to the FAO et al. (1985).

Fatty acid profile

Twenty milligrams of lipid extracted from dried insects by chloroform-methanol mixture were dissolved in 2 mL of 0.5 M
NaOH. After incubation at 105°C for 10 min, 2 mL BF3 in methanol was added. After cooling, 2 mL of a saturated NaCl
solution and 2 mL of hexane were added to separate the fat and aqueous layers. The fat layer was analysed using an HP 6890
series (Hewlett-Packard, Waldbronn, Germany). A flame ionization detector with a split ratio of 100:1. SP-2380 capillary
column (100 mx0.25 mmx0.20 pm) was used. The initial, final, injector, and detector temperatures were 130°C, 230°C,

230°C, and 250°C, respectively.

Bulk density

Dried samples were fully poured into a 50 mL mass spectrometer with gentle uniform tapping. The weight of the dried

samples in the cylinder was measured to calculate the bulk density (g/mL).

430



Quality of Blanching Methods in Edible Insects

Shear force
The shear force of the dried samples was measured using a texture analyser (TA-XT2i, Stable Micro Systems, Surrey, UK)
attached to a Warner-Bratzler blade with six technical replicates per sample before grinding. The head speed was 2 mm/s, the

force was set to 5 g, and the centre of the sample was cut (Kim et al., 2022b).

Rehydration ratio
Two grams of dried intact samples were immersed in 300 mL of distilled water (25°C). The weights of the samples were
measured after 15, 30, 45, and 60 min. The rehydration ratio was then calculated as the change in weight before and after

immersion, with three technical replicates.

Rehydration ratio (%) = [Weight after immersion (g) / Weight before immersion (g)] x 100

Thiobarbituric acid reactive substances (TBARS)

Lipid oxidation of the dried samples was measured using the TBARS method (Tarladgis et al., 1960). Briefly, 10 g of
samples and 100 mL of 0.1 M HCI were homogenized and then the homogenate was distilled. Distilled sample reacted with
0.02 M thiobarbituric acid in 90% acetic acid at 100°C for 30 min. After cooling, absorbance at 538 nm was recorded using a

UV/VIS spectrophotometer (Optizen 2120 UV Plus, Mecasys, Daejeon, Korea).

Statistical analysis

SPSS Statistics 20 software (SPSS, Chicago, IL, USA) was used to analyse the data. One-way analysis of variance with
Duncan’s range test was performed (p<0.05). To compare the effects of pre-treatment methods, they were considered fixed
effects. Pre-treatment and drying was performed in triplicate and all technical experiments were also performed in triplicate.

Replicates were considered random effects.

Results and Discussion

Drying curves (changes in moisture contents)

As the drying time increased, the moisture content of H. illucens decreased (Fig. 1). The time needed to reach the target
moisture content range (6.5%—7.5%) was recorded in the following order: HS<HB<HR<HD; as all three pre-treatment
methods were effective in shortening the drying time of H. illucens. The drying rate during the first hour of the superheated
steam blanching treatment group was especially higher than that of the other experimental and control groups. This may be
due to the collapse of the insect cuticle structure caused by pre-treatment. Coarse and fine microstructured surface wax of the
insect has hydrophobic characteristics and can thus interfere with water permeation into the insect body (Boevé et al., 2004).
However, hydrophobic characteristics could be broken at high temperatures, and moisture evaporation can be accelerated
during the drying process (Saucier et al., 2022). In this study, although HR was treated at a high temperature (200°C), the
moisture content of the HS (120°C) and HB (100°C) treatments was reduced more rapidly. This may be due to the presence of
water molecules during heating. The waterproof structure on the surface can be melted and hydrophobic components dissolved
in steam or boiling water (Wigglesworth, 1990). Therefore, steaming or blanching pre-treatment may be appropriate to

increase drying speed.
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Fig. 1. Effect of different pre-treatment methods on moisture content of hot-air dried Hermetia illucens larvae. HD, hot air dried insect

without pre-treatment; HB, hot air dried insect after blanching; HR, hot air dried insect after roasting; HS, hot air dried insect after super-
heated steaming.

pH and color

The pH and color of dried H. illucens subjected to the three different pre-treatments are listed in Table 1. The pH of the
raw sample was 5.97 and increased as drying proceeded. HB and HS samples showed the highest pH values (p<0.05),
followed by HR and HD. The color results confirmed that the CIE L* of the sample decreased as hot-air drying progressed.
The CIE L* of food is closely related to its browning reaction (Yang et al., 2022a). Browning reactions can be either
enzymatically or non-enzymatically driven. The high temperatures reached during hot-air drying cause a non-enzymatic
browning reaction to occur, leading to lower CIE L* (Azzollini et al., 2016). Therefore, in this study, the low CIE L* of the
samples after drying was compared to the raw sample without drying and was related to non-enzymatic browning. However,
among the samples subjected to hot-air drying, significantly elevated CIE L* were observed in HB and HS. The effective heat

transfer through water and steam caused greater inactivation of the browning enzyme compared to HD and HR (Zhang et al.,

Table 1. Effect of different pre-treatment methods on pH and color of hot-air dried Hermetia illucens larvae

Variable Raw HD HB HR HS
pH 5.97+0.054 8.12+0.03¢ 8.72+0.012 8.20+0.01° 8.76+0.012
Color
CIE L* 48.61+0.75* 25.43+0.89¢ 29.60+0.67° 24.88+0.32°¢ 29.54+0.12b
CIE a* 0.89+0.34¢ 0.59+0.104 1.64+0.022 0.57+0.07¢ 1.31£0.01°
CIE b* 10.33+0.29* 1.23+0.17¢ 4.64+0.24° 1.41x0.13¢ 3.82+0.15¢
AED - 24.91+0.042 19.86+0.44° 25.35+1.032 20.15+0.66°

All values are mean+SD of three replicates (n=3).

Y The color value of raw was used as a standard to compare color differences between other treatments, and the color difference was calculated
according to the CIE76 AE formula [(AL*? + Aa*? + Ab*?)12],

*4 Means within a row with different letters are significantly different (p<0.05).

Raw, non-dried insect; HD, hot air-dried insect without pre-treatment; HB, hot air-dried insect after blanching; HR, hot air-dried insect after
roasting; HS, hot air-dried insect after super-heated steaming.
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2017). Further, CIE a* and CIE b¥*, indicators of CIE a* and CIE b*, respectively, also showed significant differences among
the pre-treatment methods. After blanching and superheated steaming, the CIE a* increased compared to that of the raw
sample; however, HD and HR had lower CIE a* compared to the raw sample. In contrast, all hot-air dried samples showed
lower CIE b* compared to that of the raw sample. However, similar to the result of the CIE a*, HB and HS showed markedly
higher CIE b* than HD and HR. Finally, the AE value, which indicates the total color difference, was highest in HD and HR
and considerably lower in HB and HS. Thus, we can conclude that blanching and superheated steaming pre-treatment

methods can reduce the color change caused by hot-air drying.

Amino acid profile

The amino acid profiles of dried H. illucens pre-treated using the various methods are presented in Table 2. EAAs should
be supplied from the diet as they cannot be synthesized in the human body; however, edible insects can be used to enhance
the nutritional value of food (Kim et al., 2022a). In this study, a significant difference existed among the pre-treatment
methods regarding amino acid contents. Non-dried edible insects had the highest value in the sum of EAA and EAAI

(p<0.05). This may have been due to moisture evaporating during the drying process. However, the protein content of edible

Table 2. Effect of different pre-treatment methods on amino acid profile of hot-air dried Hermetia illucens larvae

Traits Raw HD HB HR HS Rfﬁ{;‘}fe

Histidine 35.79+0.51° 30.7040.44  31.91+0.04° 30.41+0.46¢ 31.60+0.24%¢ 15

Isoleucine 38465021 40.39+0.32° 39.83£0.20%  3927+0.50%  37.53£0.51¢ 30

Leucine 72.5120.67° 68.10=0.05" 67.87£0.46%  67.49£0.17°  67.00+0.20¢ 59

Lysine 81.92:0.60° 77.20+0.31° 78.030.52° 75.79+0.01° 76.84+0.65b 45

Methionine 19.36+0.64 19.9242.21 18.76+0.58 18.100.51 20.46+1.06 22

Phenylalanine 43.98+0.95° 38.80+0.06° 38.67+0.69° 38.37+0.23b 38.2240.38" 38

Threonine 41.17+3.11 44.79+0.62 44.20+0.14 44.12+0.30 43.48+0.10 23

Valine 89.16+1.95° 80.85+0.02° 80.44:£2.22° 83.08£0.17° 82.06:1.84° 39

Sum of essential amino  422.33+1.98°  400.71x1.16°  399.67+0.32  396.59+0.31°  397.16£1.27° 277
acid (EAA)

EAA index" 1.4620.01° 1.40£0.02° 1.39+0.01% 1.38+0.01¢ 1.39£0.02"

Tyrosine 65.13+3.76° 55.69+1.74° 62.14+0.52° 56.11:0.94° 61.16+0.21°

Asparagine 98.00+5.95 91.08+0.78 92.42+0.32 89.92+0.89 92.05+0.26

Serine 49.16+2.63 51.26+0.64 50.97+0.38 50.88+0.51 50.88£0.32

Glutamine 114.35+4.83¢ 147.841.90°  143.155025%  145.17+031%  141.42+0.18"

Proline 56.80+1.73b 66.20+2.18" 65.29+0.38" 66.13%1.60° 64.1720.16°

Glycine 62.28+1.54° 56.54+0.83" 56.15+0.72° 57.92+0.47b 57.00+0.63°

Alanine 75.26+2.77" 77.66+0.84° 76.52+0.50° 84.87+0.60° 82.23+0.95°

Arginine 56.73+1.65° 53.1120.11° 53.730.60° 52.47+0.66" 53.98+0.49

All values are means+SD of three replicates.

) Recommendation amino acid profile for adult of FAO et al. (1985).

¢ Values with different superscripts within a row differ significantly at p<0.05.
Raw, non-dried insect; HD, hot air-dried insect without pre-treatment; HB, hot air-dried insect after blanching; HR, hot air-dried insect after
roasting; HS, hot air-dried insect after super-heated steaming.
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insects increased after drying, so dried insects might have a higher nutritional value than raw insects (Kim et al., 2022a). The
sum of EAA was highest in the HD and HB treatments (p<0.05) after comparing amino acid composition among dried H.
illucens. The EAAI, which can be used to determine the nutritional quality of HS, was similar between HD and HB
treatments (p>0.05). Additionally, the EAAI of all treatments exceeded the recommended EAAI values, and therefore, H.

illucens could be considered a good protein source.

Fatty acid profile

The fatty acid profiles of dried H. illucens pre-treated using the various methods are presented in Table 3. Compared to the
raw samples before drying, fatty acid profile changes were confirmed in all dried samples (p<0.05). First, regarding saturated
fatty acids (SFA), the levels of capric acid (C10:0) and lauric acid (C12:0) decreased during drying; however, palmitic acid
(C16:0) and stearic acid (C18:0) increased after drying. Second, regarding unsaturated fatty acids (UFA), levels of
monounsaturated fatty acids (MUFA), palmitoleic acid (C16:1), and oleic acid (C18:1) increased after drying, whereas
polyunsaturated fatty acid (PUFA) and linoleic acid (C18:2) decreased after drying. In particular, the HR sample showed the
greatest decrease in linoleic acid (p<0.05). The PUFA/SFA ratio, a major nutritional index of fat (Heck et al., 2019), tended
to decrease compared to that of the raw sample during the drying process. However, in the case of HB and HS treated with an
additional pre-treatment process, the PUFA/SFA ratio value showed no significant difference from that of HD (p>0.05). In
the case of HR, the PUFA/SFA ratio decreased with pre-treatment roasting. However, in all samples, the PUFA/SFA ratio of
bovine fat was higher than 0.1 (Oztiirk-Kerimoglu et al., 2021).

Bulk density, shear force, and rehydration ratio

Bulk density is a major representative property of granules and coarsely ground solids (soil, protein extracts, and gravel;
Mintah et al., 2020). This is an important property of powdered products, due to its significant economic effect on reducing
packaging costs (Vangqa et al., 2022). The bulk density results for the protein powder according to the different types of pre-
treatments are shown in Fig. 2A. Among the three pre-treatment processes, HR with roasting showed the highest bulk density
along with HD. In contrast, HB and HS showed significantly lower bulk densities (p<0.05). This may be due to the fact that
HB and HS, which have relatively short drying times, showed less shrinkage owing to heat treatment during the drying
process. According to Purschke et al. (2018), the volumetric shrinkage and tissue collapse of the mealworm larvae increased
as the heat-treatment temperature increased, leading to an overall increase in density. In addition, when blanching was
performed, a relatively low bulk density was observed. This is similar to our study where HB was shown to have a lower bulk
density than HD. In addition, research on the quality characteristics of chicken using superheated steam drying
(Nathakaranakule et al., 2007) reported that as the drying time increased, the degree of shrinkage and heat deformation
increased. Furthermore, a previous study on shrimp drying reported that hot-air had a more severe effect on shrimp shrinkage
compared to superheated steam under the same temperature conditions (Prachayawarakorn et al., 2002).

Shear force is an indicator of toughness and quality characteristics of dry samples (Jose et al., 2020). The shear force
results for the protein powder according to the type of pre-treatment are shown in Fig. 2B. Among the three pre-treatment
processes, HS displayed the highest shear force (p<<0.05) while, HB displayed a significantly lower shear force (p<0.05).
According to previous results measuring the shear force of jerky according to the different drying method, it has been
reported that hot-air drying results in increased shear force owing to shrinkage deformation and surface hardening when

compared to natural drying (Nam et al., 2012). In our study, the moisture content of HS decreased rapidly within 1 h of
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Table 3. Effect of different pre-treatment methods on fatty acid profile of hot-air dried Hermetia illucens larvae

Variable Raw HD HB HR HS

Cio0 2.04+0.09? 0.87+0.01° 0.82+0.05° 0.81+0.01° 0.91+0.02°
Cizo 37.27+0.422 27.08+0.054 27.32+0.124 29.20+0.31° 28.59+0.03¢
Ciao 5.5740.01¢ 6.60+0.07° 6.64+0.02° 6.96+0.012 6.62+0.06°
Ciso 8.76+0.15¢ 16.76+0.01¢ 17.35+0.01° 17.60+0.032 16.91+0.05¢
Cigo 2.12+0.03¢ 4.2340.042 4.2540.092 4.28+0.05° 4.06£0.01°
C20:0 0.06+0.01°¢ 0.12+0.01* 0.12+0.012 0.11+0.012 0.09+0.01°
Ca2:0 0.05+0.01° 0.05+0.01° 0.07+0.022 ND ND

Cia 0.15+0.01* 0.07+0.01° 0.10+0.01° 0.08+0.01° 0.09+0.03°
Cie:t 2.9740.044 3.40+0.02° 3.08+0.09 3.59+0.022 3.18+0.01¢
Cig: 21.52+0.284 26.65+0.05° 26.59+0.05° 27.83+0.32° 25.85+0.02¢
Cig2 16.57+0.08% 11.32+0.01° 11.18+0.07b° 6.440.094 11.12+0.08¢
Ci8:3 (0-3) 1.32+0.012 1.14+0.01¢ 1.17+0.04¢ 1.24+0.02° 1.14+0.04¢
Ci18:3 (0-6) 0.09+0.01* 0.05+0.01° ND 0.05+0.01° 0.05+0.01°
Cao:1 0.08+0.01° 0.17+0.022 0.20+0.06* 0.18+0.012 0.16+0.022
Cao2 ND 0.07+0.01° 0.114+0.022 0.09+0.012 0.08+0.01°
C20:3 (0-6) ND 0.03+0.01° ND 0.03+£0.01° 0.05+0.01%
Ca0:4 ND 0.03+0.01° 0.06+0.012 0.03+£0.01° 0.06+0.012
Coo:s 0.38+0.02° 0.63£0.042 0.60+0.032 0.67+0.052 0.60+0.012
Coz6 0.04+0.01 0.10+0.01 0.11£0.05 0.10+0.01 0.08+0.03
Unknown 1.09+0.092 0.76+0.01° 0.32+0.014 0.76+0.05° 0.44+0.01¢
> SFA 55.83+0.47¢ 55.68+0.08°¢ 56.54+0.18° 58.95+0.27* 57.15+0.11°
> MUFA 24.71+0.32¢ 30.27+0.05° 29.95+0.19° 31.66+0.29? 29.27+0.03¢
> PUFA 18.38+0.11* 13.34+0.05° 13.20+0.04%° 8.63+0.03¢ 13.14+0.05¢
> UFA 43.08+0.422 43.60+0.10* 43.14+0.232 40.29+0.32¢ 42.4+0.08°
SFA/UFA 1.30+0.03¢ 1.284+0.01¢ 1.3240.02¢ 1.47+0.02° 1.35+0.01°
PUFA/SFA 0.33+0.017 0.24+0.01° 0.24+0.01° 0.15+0.01¢ 0.23+0.01°

All values are mean+SD of three replicates (n=3).

#-d Means within a row with different letters are significantly different (p<0.05).

Raw, non-dried insect; HD, hot air-dried insect without pre-treatment; HB, hot air-dried insect after blanching; HR, hot air-dried insect after
roasting; HS, hot air-dried insect after super-heated steaming; ND, not detected; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid;
PUFA, polyunsaturated fatty acid; UFA, unsaturated fatty acid.

drying time compared to other pre-treatment methods (Fig. 1). Therefore, it is highly likely that tissue shrinkage and
deformation occurred during the drying process, and resulted in an increased shear force. On the other hand, consistent with
previous findings where the shear force of the dried material decreased as the shrinkage of the sample decreased
(Namsanguan et al., 2004), the shear force of HB, which has the lowest bulk density, was the lowest in our study results.

The retention ratio of dried pre-treated H. illucens is shown in Fig. 2C. During food processing, rehydration is an important
characteristic for dried sample recovery. Rapid rehydration can decrease the loss of solid components, such as nutrients

(Harnkarnsujarit et al., 2016). In this study, the rehydration ratio exhibited a trend similar to that of the drying curve. HS had
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Fig. 2. Effect of different pre-treatment methods on bulk density (A), shear force (B), and rehydration ratio (C) of hot-air dried
Hermetia illucens larvae. @ Different letters indicate significant difference among treatments (p<0.05). HD, hot air dried insect without
pre-treatment; HB, hot air dried insect after blanching; HR, hot air dried insect after roasting; HS, hot air dried insect after super-heated
steaming.

the highest rehydration ratio, regardless of the immersion time, followed by HB (p<0.05), and after 45 min, HS and HB
treatments had similar rehydration ratios (p>0.05). These results may be explained by changes in the structural characteristics
of the insect exocuticle structures, particularly the epicuticle (Saucier et al., 2022). Hydrophobic components in the exocuticle
can be restructured using heat and dissolved in the moisture of steam or boiling water (Wigglesworth, 1990). Super-heated
steam has also been used to extract hydrophobic components such as essential oils (Rouatbi et al., 2007). Therefore, the
hydrophobic components of HS could be more easily removed from the insect surface compared to HB treatment. Although
HR treatments were also pre-treated at high temperatures, the rehydration ratio was similar to that of HD (p>0.05). The
melted structure cannot be discarded during roasting, which could explain the similar trend observed for HD. Therefore,

superheated steam might be a good pre-treatment method to enhance the rehydration capacity of dried H. illucens.
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Thiobarbituric acid reactive substances (TBARS)

TBARS analysis method is a representative method for detecting lipid oxidation by quantifying the amount of
malondialdehyde produced in a sample (Kalem et al., 2018). The results of the TBARS analysis of dried H. illucens pre-
treated by various methods are presented in Fig. 3. When drying was performed, the TBARS value increased compared to
that of the raw sample. Oxidation of lipids is thought to occur rapidly because of the high heat caused by hot-air drying (Li et
al., 2019). However, the HS sample reported a significantly lower TBARS value compared to the other pre-treatment
methods (p<0.05). This result was documented in a previous study that stated that pre-treatment using superheated steam

improved the stability of lipids (Yang et al., 2022b).

Conclusion

This study evaluated the drying speed and quality characteristics of H. illucens larvae using three pre-treatment methods
(blanching, roasting, and superheated steam blanching). Although all three pre-treatment methods were effective in reducing
drying time, superheated steam blanching proved to be superior. Moreover, the reduction in drying time prevented excessive
shrinkage of H. illucens. Regarding blanching and superheated steam blanching pre-treatment, browning enzymes were
effectively inactivated, as brightness was high after drying. The rehydration rate was also considerably increased following
these methods. H. illucens larvae dried after blanching showed the smallest value of shear force, confirming that less force
was required for cutting after drying. Combining the above results, blanching and superheated steam blanching pre-treatment
are considered the most effective pre-treatment methods to improve the processing properties of H. illucens larvae after hot-

air drying.
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Fig. 3. Effect of different pre-treatment methods on thiobarbituric acid reactive substances (TBARS) of hot-air dried Hermetia illucens
larvae. ¢ Different letters indicate significant difference among treatments (p<0.05). Raw, non-dried insect; HD, hot air dried insect
without pre-treatment; HB, hot air dried insect after blanching; HR, hot air dried insect after roasting; HS, hot air dried insect after super-
heated steaming.

437



Food Science of Animal Resources Vol. 43, No. 3, 2023

Conflicts of Interest

The authors declare no potential conflicts of interest.

Acknowledgements

This research was supported by the Main Research Program (E0211200-02) of the Korea Food Research Institute (KFRI),
funded by the Ministry of Science and ICT (Korea). This research was also partially supported by the Livestock Industrialization
Technology Development Program (321079-3) of the Ministry of Agriculture, Food, and Rural Affairs (Korea).

Author Contributions

Data curation: Kim TK, Kang MC. Formal analysis: Lee JH, Kim TK, Park SY. Methodology: Lee JH, Kim TK. Writing -
original draft: Lee JH, Cha JY, Lim MC, Choi YS. Writing - review & editing: Lee JH, Kim TK, Park SY, Kang MC, Cha JY,
Lim MC, Choi YS.

Ethics Approval

This article does not require IRB/IACUC approval because there are no human and animal participants.

References

Azzollini D, Derossi A, Severini C. 2016. Understanding the drying kinetic and hygroscopic behaviour of larvae of yellow
mealworm (7enebrio molitor) and the effects on their quality. J Insects Food Feed 2:233-243.

Boevé JL, Ducarme V, Mertens T, Bouillard P, Angeli S. 2004. Surface structure, model and mechanism of an insect
integument adapted to be damaged easily. J Nanobiotechnol 2:10.

Cho C, Lim H, Kim B, Jung H, Park S. 2022. Current status of research and market in alternative protein. Food Life 2022:9-
18.

Elizalde BE, Dalla Rosa M, Lerici CR. 1991. Effect of Maillard reaction volatile products on lipid oxidation. J] Am Oil Chem
Soc 68:758-762.

Fombong FT, Van Der Borght M, Vanden Broeck J. 2017. Influence of freeze-drying and oven-drying post blanching on the
nutrient composition of the edible insect Ruspolia differens. Insects 8:102.

Food and Agriculture Organization of the United Nations [FAO], World Health Organization [WHO], United Nations
University [UNU]. 1985. Energy and protein requirements: Report of a joint FAO/WHO/UNU expert consultation. WHO,
Geneva, Switzerland.

Ham YK, Kim SW, Song DH, Kim HW, Kim IS. 2021. Nutritional composition of white-spotted flower chafer (Protaetia
brevitarsis) larvae produced from commercial insect farms in Korea. Food Sci Anim Resour 41:416-427.

Harnkarnsujarit N, Kawai K, Watanabe M, Suzuki T. 2016. Effects of freezing on microstructure and rehydration properties
of freeze-dried soybean curd. J Food Eng 184:10-20.

Heck RT, Saldafia E, Lorenzo JM, Correa LP, Fagundes MB, Cichoski AJ, de Menezes CR, Wagner R, Campagnol PCB.

438



Quality of Blanching Methods in Edible Insects

2019. Hydrogelled emulsion from chia and linseed oils: A promising strategy to produce low-fat burgers with a healthier
lipid profile. Meat Sci 156:174-182.

Jose CG, Jacob RH, Gardner GE. 2020. Alternative cutting methods and dry aging reduce the shear force of hot boned beef
striploin in Bos indicus cattle. Meat Sci 163:108036.

Kalem IK, Bhat ZF, Kumar S, Wang L, Mudiyanselage RJ, Bhat HF. 2018. Tinospora cordifolia: A novel bioactive
ingredient for edible films for improved lipid oxidative and microbial stability of meat products. J Food Process Preserv
42:e13774.

Kim TK, Cha JY, Yong HI, Jang HW, Jung S, Choi YS. 2022a. Application of edible insects as novel protein sources and
strategies for improving their processing. Food Sci Anim Resour 42:372-388.

Kim TK, Yong HI, Cha JY, Park SY, Jung S, Choi YS. 2022b. Drying-induced restructured jerky analog developed using a
combination of edible insect protein and textured vegetable protein. Food Chem 373:131519.

Kim TK, Yong HI, Kang MC, Jung S, Jang HW, Choi YS. 2021. Effects of high hydrostatic pressure on technical functional
properties of edible insect protein. Food Sci Anim Resour 41:185-195.

Lee HJ, Jung HY, Lee CK, Park S, Jo C. 2022a. Trends in safety management of cultured meat and their potential
considerations. Food Life 2022:1-8.

Lee JH, Kim TK, Cha JY, Jang HW, Yong HI, Choi YS. 2022b. How to develop strategies to use insects as animal feed:
Digestibility, functionality, safety, and regulation. J Anim Sci Technol 64:409-431.

Lee JH, Kim TK, Jeong CH, Yong HI, Cha JY, Kim BK, Choi YS. 2021a. Biological activity and processing technologies of
edible insects: A review. Food Sci Biotechnol 30:1003-1023.

Lee S, Jo K, Yong HI, Choi YS, Jung S. 2021b. Comparison of the in vitro protein digestibility of Protaetia brevitarsis larvae
and beef loin before and after defatting. Food Chem 338:128073.

LiD, Xie H, Liu Z, Li A, Li J, Liu B, Liu X, Zhou D. 2019. Shelf life prediction and changes in lipid profiles of dried shrimp
(Penaeus vannamei) during accelerated storage. Food Chem 297:124951.

Melgar-Lalanne G, Hernandez-Alvarez AJ, Salinas-Castro A. 2019. Edible insects processing: Traditional and innovative
technologies. Compr Rev Food Sci Food Saf 18:1166-1191.

Mintah BK, He R, Agyekum AA, Dabbour M, Golly MK, Ma H. 2020. Edible insect protein for food applications:
Extraction, composition, and functional properties. J Food Process Eng 43:e13362.

Miiller A, Wolf D, Gutzeit HO. 2017. The black soldier fly, Hermetia illucens: A promising source for sustainable production
of proteins, lipids and bioactive substances. Z Naturforsch C J Biosci 72:351-363.

Nam KC, Jo C, Lee KH. 2012. Comparison of free amino acids and dipeptide contents, Warner-Bratzler shear force and
sensory property of beef jerky manufactured with different drying methods. Korean J Food Sci Anim Resour 32:796-802.

Namsanguan Y, Tia W, Devahastin S, Soponronnarit S. 2004. Drying kinetics and quality of shrimp undergoing different
two-stage drying processes. Dry Technol 22:759-778.

Nathakaranakule A, Kraiwanichkul W, Soponronnarit S. 2007. Comparative study of different combined superheated-steam
drying techniques for chicken meat. J Food Eng 80:1023-1030.

Oztiirk-Kerimoglu B, Kavusan HS, Giirel DB, Cagindi O, Serdaroglu M. 2021. Cold-set or hot-set emulsion gels consisted of
a healthy oil blend to replace beef fat in heat-treated fermented sausages. Meat Sci 176:108461.

Prachayawarakorn S, Soponronnarit S, Wetchacama S, Jaisut D. 2002. Desorption isotherms and drying characteristics of

shrimp in superheated steam and hot air. Dry Technol 20:669-684.

439



Food Science of Animal Resources Vol. 43, No. 3, 2023

Purschke B, Briiggen H, Scheibelberger R, Jager H. 2018. Effect of pre-treatment and drying method on physico-chemical
properties and dry fractionation behaviour of mealworm larvae (Tenebrio molitor L.). Eur Food Res Technol 244:269-
280.

Rouatbi M, Duquenoy A, Giampaoli P. 2007. Extraction of the essential oil of thyme and black pepper by superheated steam.
J Food Eng 78:708-714.

Saucier L, M’ballou C, Ratti C, Deschamps MH, Lebeuf Y, Vandenberg GW. 2022. Comparison of black soldier fly larvae
pre-treatments and drying techniques on the microbial load and physico-chemical characteristics. J Insects Food Feed
8:45-64.

Tarladgis BG, Watts BM, Younathan MT, Dugan L Jr. 1960. A distillation method for the quantitative determination of
malonaldehyde in rancid foods. J] Am Oil Chem Soc 37:44-48.

Vandeweyer D, Lenaerts S, Callens A, Van Campenhout L. 2017. Effect of blanching followed by refrigerated storage or
industrial microwave drying on the microbial load of yellow mealworm larvae (Tenebrio molitor). Food Control 71:311-
314.

Vanga N, Mshayisa VV, Basitere M. 2022. Proximate, physicochemical, techno-functional and antioxidant properties of three
edible insect (Gonimbrasia belina, Hermetia illucens and Macrotermes subhylanus) flours. Foods 11:976.

Wigglesworth VB. 1990. The distribution, function and nature of “cuticulin” in the insect cuticle. J Insect Physiol 36:307-
313.

Xiao HW, Yao XD, Lin H, Yang WX, Meng JS, Gao ZJ. 2011. Effect of SSB (superheated steam blanching) time and drying
temperature on hot air impingement drying kinetics and quality attributes of yam slices. J Food Process Eng 35:370-390.

Yang X, Xu B, Lei H, Xin L, Zhu L, Zhang Y, Mao Y, Liang R. 2022a. Effects of grape seed extract on meat color and
premature browning of meat patties in high-oxygen packaging. J Integr Agric 21:2445-2455.

Yang Z, Zhou Y, Xing JJ, Guo XN, Zhu KX. 2022b. Effect of superheated steam treatment and extrusion on lipid stability of
black soybean noodles during storage. Food Control 132:108388.

Zhang Z, Niu L, Li D, Liu C, Ma R, Song J, Zhao J. 2017. Low intensity ultrasound as a pretreatment to drying of daylilies:
Impact on enzyme inactivation, color changes and nutrition quality parameters. Ultrason Sonochem 36:50-58.

Zheng L, Li Q, Zhang J, Yu Z. 2012. Double the biodiesel yield: Rearing black soldier fly larvae, Hermetia illucens, on solid

residual fraction of restaurant waste after grease extraction for biodiesel production. Renew Energy 41:75-79.

440



