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Crickets are one of the most popular edible insects, belong-
ing to the family Gryllid, which can be divided into several 
different subfamilies. Among these families, field (Gryllus 
bimaculatus (Orthoptera: Gryllidae)) and house crickets 
(Acheta domesticus (Orthoptera: Gryllidae)) are two of the 
most popular edible crickets and are farmed economically 
in many countries. The nutritional data of these cricket spe-
cies were most studied to assess the possibility of consum-
ing insects as a source of health food [1–3]. These crickets 
contain high protein, essential fatty acids, and vitamins. Pre-
vious studies reported that edible cricket powder showed a 
high content of protein (42.0–45.8 g/100 g of dry matter) 
[3]. A. domesticus and G. bimaculatus cricket powder also 
contained significant levels of lipids (10–23 g/100 g of dry 
matter) with a rich source of essential fatty acids, such as 
linoleic and linolenic acids [2]. Moreover, the production of 
edible cricket ingredients such as high-protein powder and 
protein concentrates is challenging due to their high lipid 
content, which interferes with protein extraction, resulting 
in a decrease in protein yield. Therefore, the extraction of 

Introduction

The demand for edible insects for human consumption 
has trended increasingly around the world because of their 
highly valuable nutrients and their source of food secu-
rity. Compared to conventional livestock, the production 
of edible insects could reduce land use, water consump-
tion, greenhouse gas emissions, and feed conversion [1]. 
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Abstract
Demand for edible insects, especially crickets, for human consumption has trended increasingly as a result of their high 
nutrients. Apart from containing high protein, cricket also has a high fat content consisting of essential fatty acids, which 
can be produced as a valuable edible oil source. This study aimed to investigate the effect of green extraction methods on 
the chemical, physical, and biological properties of cricket oils. The full-fat cricket powder from Gryllus bimaculatus and 
Acheta domesticus was extracted using ultrasound extraction (UAE) with water as a green solvent, hot stirrer with water 
(SW), and mechanical hot press oil machine (HP). The Soxhlet extraction with n-hexane servesd as a control. The oil 
yield from both cricket species obtained by the UAE process was 72–75 g/100 g of total lipid content found by Soxhlet 
extraction, which was higher than SW and HP. The oils from both crickets extracted using the UAE showed significantly 
stronger antioxidant activity (DPPH and FRAP) and higher TPC compared to the oils obtained from other extraction 
methods. Similarly, L*, a*, and b* in the oils obtained from UAE were also found to have higher values. For the chemical 
quality of the oils, the FFA, PV, and TBA values of the oils obtained by UAE were slowler than other methods over 28 
days of storage. The concentrations of α-linolenic (omega 3) and total mono-unsaturated fatty (MUFA) acids were also 
higher in both of the obtained cricket oils. The results suggested that ultrasound-assisted extraction is a potential green 
process for oil extraction to improve the quality of the cricket oil.
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lipid or defatted ingredients needs to include the production 
of both functional oils and defatted cricket powder contain-
ing high protein content [4, 5]. Consequently, cricket oil 
may be used as an alternative food ingredient in the food 
industry in the future. The possibility of producing edible 
cricket oil is also interesting as an alternative food ingredi-
ent and functional oil containing omega-3 fatty acids and 
essential fatty acids [6, 7].

In general, the most conventional techniques used for the 
extraction of lipids from insects are Soxhlet combined with 
organic solvents such as n-hexane, methanol, and ethanol 
[4, 5]. In particular, n-hexane is most commonly used sol-
vent to extract oils due to its easy evaporation, low energy 
cost, and high selectivity for oils. However, hexane is flam-
mable, volatile, has green effects, and has consequential 
health problems [6, 7]. Therefore, safety, environmental, 
and economic aspects force industry to use green extraction. 
Aqueous oil extraction eliminates the problems associated 
with the use of n-hexane solvent and possibly improves the 
quality of the protein and oil obtained [8]. Nonetheless, the 
polarity and solubility of oil in an aqueous system are criti-
cal problems impacting its diffusivity and extractability [9]. 
Hence, extraction techniques to assist water as a solvent to 
increase mass transfer and obtain higher yields and quality 
of the oils is necessary.

Recently, ultrasound has become a popular technique for 
extracting bioactive substances from food materials with 
low process time, high penetration depth, and improved 
product quality and extraction yields. During the ultrasound 
extraction process, mechanical and cavitation phenomena 
induce rupture of the cell walls and particle size reduc-
tion, resulting in enhanced mass transfer across the cell 
membrane and, consequently, increased recovery yield of 
oils and bioactive compounds [7, 9]. Ultrasound extraction 
efficiency depends on several factors, including the chemi-
cal compounds and physical structures of the food materi-
als, the types of solvent used, pretreatment techniques, and 
extraction conditions [6, 10]. Therefore, the application of 
ultrasound-assisted extraction (UAE) of oils from edible 
crickets is possible to improve product quality and increase 
recovery yield.

To our knowledge, there is a lack of published reports 
regarding green solvent-base extraction methods such as 
water extraction and mechanical extraction of the oils from 
crickets. However, using water as a solvent to extract the 
oil is unsuccessful since the oil and water are immiscible, 
therefore, this study was carried out using ultrasound treat-
ment to assist oil extraction. The objectives of this study 
were to determine the chemical, physical, and biological 
properties of cricket oils extracted from Gryllus bimacula-
tus and Acheta domesticus powders as affected by different 
extraction methods, including ultrasound extraction with 

water as a green solvent (UAE), hot stirrer with water (SW), 
and mechanical hot press oil machines (HP). Soxhlet extrac-
tion with n-hexane was used as a control.

Materials and methods

Sample preparation

The cricket species in this study were field cricket (Gryl-
lus bimaculatus) and house cricket (Acheta domesticus). 
Two frozen crickets of G. bimaculatus and A. domesti-
cus were purchased from a local farm in Maha Sarakham, 
Thailand, that rearing by following the Standard Agricul-
tural Practices (GAP, no. 8202/2562). Both cricket spe-
cies were fed a feed consisting of fish meal, soybean meal, 
crushed Acacia leaves, maize meal, and rice bran until 
they reached full maturity (42–45 days) as adult crickets, 
which is the ideal age for cricket harvesting, processing, 
and consumption to avoid natural attrition and lower feed 
costs because feed conversion efficiency starts to decrease 
beyond this age.

The frozen cricket samples were thawed in a refrig-
erator (5 °C) and blanched for 10 min at 80 °C with a 
cricket-to-water ratio of 1:10 (w/w) before placing them 
in cold water (10 ± 1 °C). Blanched cricket samples were 
promptly dried using tray drying at 80 °C (Memmert, 
OLM-500, Germany) until the moisture content and water 
activity (aw) reached less than 0.6 and 10 ± 1%, wet basis, 
respectively. To obtain cricket powder samples, the whole 
dried cricket was finely ground in a coffee grinder and 
filtered through a 100-mesh sieve (less than 149 μm). Two 
cricket samples’ chemical composition, including mois-
ture content, protein, ash, fat, and fiber, was assessed using 
the approved AOAC (2019) [11] procedures. The content 
of vitamin A (Retinol), α-tocopherol, and β-carotene in 
the cricket powder was also determined using a high-
performance liquid chromatographic (HPLC) technique 
following the method of AOAC (2019) [11] before 
experimentation.

Cricket oil extraction using different methods

Four different methods were used for the extraction of the 
oils from G. bimaculatus and A. domesticus cricket pow-
ders. The yields of crude cricket oil was calculated by the 
following formula [12]:

Crude oil yield (g/ 100g)= (m0/mf)× 100

where mo and mf are the masses of the extracted oils (g) and 
cricket powder (g), respectively.
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Soxhlet extraction with n-hexane

The Soxhlet extraction was carried out by the method of 
AOAC (2019) [11]. Ten grams of cricket powder were 
placed into a thimble paper cone, and n-hexane was used 
to extract the cricket power in a Soxhlet apparatus for 
4 h. Following that, hexane was removed using a hot air 
dryer (Binder Ovens, Germany) set to 105 °C until no 
solvent was detectable. The crude cricket oil obtained 
was stored in brown vials and kept at 4 °C until required 
for analysis.

Mechanical hot pressing (HP)

For hot-pressing, the cricket powders were directly pressed 
in an oil extraction expeller (Lab scale cricket oil extrac-
tor) at 115–120 °C to obtain the oil. The crude cricket oil 
was passed through a cooking oil filter bag (10 µ). Finally, 
clear oils were collected and stored in brown glass bottles 
at 4 °C for further analysis. Each extraction was repeated in 
triplicate.

Hot stirrer with water (SW)

The cricket powder was immersed and stirred in distilled 
water (ratio, 1:20 (w/v)), and the extraction was performed 
at 100 °C for 2 h under a hot plate magnetic stirrer (Dai-
han Scientific Co., Ltd., Korea) before centrifuging at 
6000 g for 15 min at 4 °C. The upper layer was collected as 
crude cricket oil. All experiments were conducted in three 
repetitions.

Ultrasound extraction (UAE)

Ultrasound extraction with water as the solvent was 
applied to extract the oils from G. bimaculatus and A. 
domesticus cricket powder, following the method of our 
previous study [10] with small modifications. Cricket 
powder was added to distilled water at a ratio of 1:20 
(w/v) and continuously mixed with a hot plate stirrer 
for 5 min. The mixture was then immersed in an ultra-
sound (VCX 500 Vibra-CellTM, Sonics and Materials 
Inc., USA) equipped with a titanium alloy probe (length 
136 mm, weight 340 g) (Model CV334, USA). The ultra-
sound extraction was done at a maximum frequency and 
power of 20 kHz and 500 W for 20 and 30 min at a 40% 
amplitude level and ambient temperature. After ultrasonic 
pretreatment, the sample was centrifuged at 6000 g for 
15 min (4 °C), and the oil layer was collected. All experi-
ments were conducted in three repetitions.

Color measurement

The colors of the oils obtained from the different extrac-
tion methods were determined using a colorimeter (Minolta, 
model CR400, Japan) and calibrated before each analysis 
with white and black standard tiles. Color readings were 
expressed following the CIELAB system for L* (darkness 
to lightness), a* (green to red), and b* (blue to yellow).

Antioxidant activity determination

Clude cricket oil samples were treated with methanol and 
hexane before analysis following Loypimai et al. (2015) 
[13] with slight modifications. Briefly, 1.0 g of the oil 
sample was dissolved in 5 mL of mixed solvent (methanol 
and hexane, 3:2) by sonication (Vibra cell, 130 W, 20 kHz) 
for 5 min. Methanolic extracts were evaporated in a rotary 
evaporator, and the residue was dissolved in 2 mL of metha-
nol and stored at -20 °C before antioxidant activity analysis. 
All extractions were performed in triplicate.

DPPH assay

DPPH radical scavenging activity was evaluated using a 
UV-Vis spectrophotometer (G10S UV-Vis model, Thermo 
Fisher Scientific, China). Results were compared with a 
reference standard (Trolox) and expressed as µg Trolox 
equivalent/g sample [14].

FRAP assay

The FRAP assay of the extracted sample, as the reduction 
of Fe3+-TPTZ to blue-colored Fe2+-TPTZ, was determined 
following Benzie and Strain (1996) [15] with slight modi-
fications. The colored product reading (ferrous tripyridyl-
triazine complex) was measured at 539 nm, with results 
expressed in µM FeSO4 equivalent per gram (g) of the 
sample.

Total phenolic content (TPC) analysis

The TPC of the crude cricket oils was determined by the 
reaction of the extract to the Folin-Ciocalteu reagent follow-
ing Iqbal et al. (2005) [16]. The absorbance at 765 nm was 
recorded using a UV-visible spectrophotometer (Shimadzu, 
Japan). A calibration curve was made with a standard solu-
tion of gallic acid (0–250 µg/mL). The data was calculated 
by comparing between the standard curve of gallic acid with 
the absorbance of each sample. TPC was expressed as mg 
gallic acid equivalents (GAE) per g of dry matter of the oil 
sample.
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was equipped with a Supelco SPTM 2560 capillary column 
(100 m × 0.25 mm × 0.2 μm) and a flame ionization detec-
tor (FID). The temperature of the injector was set at 225 °C, 
whereas that of the detector was 240 °C. The carrier gas used 
was nitrogen, with a flow rate of 0.18 m/s. Fatty acids were 
measured and expressed as the quantity of each fatty acid 
in the total acids present in the sample. Omega-3 (n-3) fatty 
acids, omega-6 (n-6) fatty acids, total saturated fatty acids 
(SFA), total mono-unsaturated fatty acids (MUFA), and poly-
unsaturated fatty acids (PUFA) were also determined.

Statistical analysis

The results were reported as mean values and standard 
deviations from triplicate samples of each treatment for all 
experiments. The data regarding the chemical, physical, 
and biological properties of oil extracted from both cricket 
species were analyzed using a one-way ANOVA using the 
SPSS trial version. Duncan’s Multiple Range Test was per-
formed to identify significant differences between extrac-
tion methods for each cricket species. The student t-test 
was used to compare significant differences in the chemical, 
physical, and biological properties among cricket species 
and between UAE and Soxhlet fatty acid extraction meth-
ods. Statistical significance was determined at p < 0.05.

Results and discussion

Nutritional compositions of cricket powders

Table 1 shows the nutritional compositions of cricket pow-
ders from G. bimaculatus and A. domisticus before being 
oil extracted. The results demonstrated a statistically sig-
nificant difference in the protein, fat, ash, vitamin A, vita-
min E, and β-carotene content between the two cricket 
species. Compared to A.domesticus, cricket powder from G. 
bimaculatus had significantly (p < 0.05) higher content of 
fat (23.5 ± 1.40 g/100 g), vitamin A (14.7 ± 0.20 µg/100 g), 
and β-carotene (161 ± 2.52 µg/100 g), whereas protein 
(62.2 ± 1.68 g/100 g), ash (3.67 ± 0.22 g/100 g), and vitamin E 
(620 ± 14.1 µg/100 g) were found to have lower content. These 
findings agreed with the report by Udomsil et al. (2019) [2], 
who found that thermally dried cricket powder from A. domes-
ticus had significantly higher protein content (71.1 0.5 g/100 g 
dry matter) and lower lipid content (10.4 0.1 g/100 g dry mat-
ter) than cricket powder from G. bimaculatus. The protein 
content varies between 7 and 91 g/100 g dry matter, depend-
ing on the insect species [1]. Therefore, the cricket powder 
obtained from two cricket species was considered a high pro-
tein food (56.46–72.34 g/100 g) according to WHO/FAO and 
is a 10 g/100 g edible part [1]. Interestingly, in addition to high 

Changes in the chemical properties of crude cricket 
oils during storage

The changes in free fatty acids (FFA), peroxide value (PV), 
and thiobarbituric acid (TBA) of crude oil samples obtained 
from different extraction methods were measured using the 
AOCS (1998) standard methods [17]. The 10 g oil samples 
were placed into 15 mL brown glass vials and sealed with a 
plastic cover to prevent the air-sensitive chemicals from oxi-
dizing. The samples were kept in a thermoelectric incubator 
at room temperature (25 ± 2 °C) for 28 days. During stor-
age, 12 vials (three for each sample) were randomly picked 
on the first day and thereafter at seven-day intervals (7, 14, 
21, and 28 days) and examined with three different assays. 
The FFA was measured by titrating the sample (1.0 g) with 
alkali and calculating the result (AOCS Cd 3a-63). The PV 
was measured by oil titration (0.5 g) with sodium thiosulfate 
solution (AOCS Cd 8–53). The measurement of the TBA 
value was done by heating a 5 mL aliquot of a solution of the 
sample (50–200 mg) in 25 mL 1-butanol with a 5 mL TBA 
reagent at 95 °C for 120 min and reading the absorbance at 
530 nm. All determinations were carried out in triplicate.

Fatty acid composition analysis

The fatty acid porfiles of crude oils from both cricket spe-
cies obtained from UAE and Soxhlet extraction methods was 
compared following the method of AOAC (2019) using a gas 
chromatograph (GC) [11]. The oil sample (2.0 g) was added 
to 50 mL of a chloroform-methanol (2:1) mixture solution 
and placed in a vibration shaker for 30 min. The fatty acids in 
the oil samples were then esterified to fatty acid ethyl esters 
(FAME) using 2.0 mL of boron trifluoride-methanol (14% 
BF3) reagent and heated at 100 °C for 15 min. After cooling, 
200 µL of n-heptane was added to the mixture, agitated man-
ually for a minute, and then filtered through a 0.45 μm nylon 
syringe filter before injection into the GC. The GC apparatus 
(Agilent 7890B, Agilent Technologies, Inc., Santa Clara, CA) 

Table 1 Nutritional composition of G. bimaculatus and A. domisticus 
cricket powder samples before oil extraction
Nutritional composition G.bimaculatus A.domesticus
Moisture (g/100 g)* 2.52 ± 0.12a 2.65 ± 0.27a

Protein (g/100 g) 62.2 ± 1.68b 69.3 ± 1.36a

Fat (g/100 g) 23.5 ± 1.40a 11.2 ± 1.49b

Ash (g/100 g) 3.67 ± 0.22b 4.39 ± 0.11a

Fiber (g/100 g) 9.42 ± 0.65a 10.4 ± 0.64a

Vitamin A (µg/100 g) 14.7 ± 0.20a 1.51 ± 0.01b

Vitamin E (µg/100 g) 620 ± 14.1b 905 ± 7.12a

β-carotene (µg/100 g) 161 ± 2.52a 111 ± 1.75b

Values are means ± SD of triplicate samples (dry matter) (* based on 
wet matter)
a−b Letters within a row with different superscripts mean signifi-
cantly different (p < 0.05)
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Extraction yield of crude cricket oil

The extraction methods had an impact on the yield of the 
crude oil, as presented in Fig. 1. The oils from G. bimacu-
latus extracted using the Soxhlet method gave the highest 
yield of 23.21 g/100 g, followed by the oils from G. bimac-
ulatus extracted using UAE for 30 and 20 min (16.95 and 
16.67 g/100 g), whereas the lowest yield (11.92 g/100 g) was 
found in the oils from G. bimaculatus obtained using water 
extraction without ultrasound treatment. The oil yield from G. 
bimaculatus was significantly (p < 0.05) two-fold higher than 
that of A.domesticus. This was due to the Soxhlet extraction 
with n-hexane being the standard method for determining a fat 
content of food or related materials approved by the Associa-
tion of Official Analytical Chemicals (AOAC) [9, 10], . Results 
were similarly reported by Tzompa-Sosa et al. (2014) [4], who 
reported that the lipid yield of Soxhlet extraction was close to 
100 g/100 g for T. molitor, A. diaperinus, and A. domesticus. 
Relative to the lipid content of the Soxhlet extraction as a total 
fat content of cricket, a high percentage of 72–75 g/100 g of 
total fat content was found for both cricket species extracted 
using UAE, which offered a higher yield of the oils with a 
shorter extraction time (20 min) than that of the oils extracted 
using HP and SW. This incident may be due to the mechani-
cal and cavitation effects of ultrasound treatment, which could 
generate pressure and temperature as micro-jets toward the 
contact surface between the food matrix and liquid solvent 
phase, resulting in rupture of the cell membranes, particle size 
reduction, and enhanced mass transfer across the cell mem-
brane [9, 10, 23]. The propagation of a strong ultrasound wave 
induced compression and shearing of the solvent molecules 
[9]. In addition, these effects lead to swelling and hydration, 
causing the expansion of the pores in the cell membranes [23]. 
As a result, the cell membranes of crickets are destroyed, and, 
consequently, intercellular lipids and free lipids are released 
into the solvent, resulting in an increased extraction yield of 
the oils. On the contrary, Otero et al. (2020) [24] reported that 
ultrasound extraction with ethanol as a solvent for A. domes-
ticus and Tenebrio molitor showed higher extraction yields 
compared with a mixture of ethanol and water solvent. How-
ever, the oil from both crickets extracted by ultrasound-assisted 
extraction with these solvents (around 19 g/100 g) had a com-
parable yield to pressurized-liquid extraction (24 g/100 g) [24]. 
The suitable period for industrial ultrasonic extraction of natu-
ral products was 60 min or less [10].

Color of cricket oil

Color values in terms of L*, a*, and b* of the oils from two 
cricket species extracted using different methods are dis-
played in Fig. 2. The L*, a*, and b* values of the extracted 
oils were significantly affected by extraction methods. 

protein content (ranging from 62.2 to 69.3 g/100 g), fat con-
tent (ranging from 11.2 to 23.5 g/100 g) was also the second 
main component for both cricket powders. These results were 
similar to those reported by Yi et al. (2013) [5], who reported 
that lipids are the second largest component in insects behind 
only protein content. However, the fat and protein content of 
edible insects depended strongly on species, developmental 
stage at the time of harvest, and feed or de novo syntheses 
[18]. Many studies have confirmed the value of crickets as a 
vitamin source [19]. The levels of vitamin A in A.domesticus 
(1.51 µg/100 g) and G. bimaculatus (14.7 µg/100 g) in this 
investigation differed significantly. These vitamin A levels are 
comparatively lower than those found in earlier studies [19]. 
In the meantime, both cricket species’ vitamin E concentration 
findings are consistent with other earlier investigation studies 
[20]. Conversely, the two types of crickets under investigation 
had β-carotene levels (111–161 µg/100 g) that were signifi-
cantly higher than those stated by Magara et al. (2021) [20]. 
Crickets collected from different areas have varied vitamin 
levels, which are influenced by feed and rearing conditions 
[20]. On the other hand, an insignificant difference in moisture 
and fiber content between two cricket species was present. 
The result was comparable to Khatun et al. (2021) [21], who 
reported that A. domesticus and Gryllus assimilis cricket pow-
ders prepared using freeze-drying and oven-drying methods 
had low aw ranging from 0.26 to 0.32. In addition, the powder 
with a lower moisture content is more hygroscopic, which is 
related to the greater water concentration gradient between the 
powder and the surrounding air [22].

Fig. 1 Etraction yield of crude oils obtained from G. bimaculatus and 
A. domisticus extracted using different methods (HP = hot pressing; 
SW = hot stirrer with water; UAE20 = ultrasound-assisted extraction 
for 20 min; UAE30 = ultrasound-assisted extraction for 30 min). Each 
observation is the mean ± SD of replicate experiments (n = 3). The same 
small letter above each column of each cricket species indicates there 
is no significant difference between extraction methods (p < 0.05). The 
same capital letter above each column of each extraction method indi-
cates there is no significant difference between cricket species (p < 0.05). 
The vertical bars on each column indicate the standard deviation
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Fig. 2 Color values of crude oils 
obtained from G. bimaculatus 
and A. domisticus extracted using 
different methods (HP = hot 
pressing; SW = hot stirrer with 
water; UAE20 = ultrasound-
assisted extraction for 20 min; 
UAE30 = ultrasound-assisted 
extraction for 30 min). Each 
observation is the mean ± SD 
of replicate experiments (n = 3). 
The same small letter above each 
column of each cricket species 
indicates there is no significant 
difference between extraction 
methods (p < 0.05). The same 
capital letter above each column 
of each extraction method 
indicates there is no significant 
difference between cricket spe-
cies (p < 0.05). The vertical bars 
on each column indicate the 
standard deviation
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The oils from both cricket species extracted using UAE at 
20 and 30 min among the extraction processes had signifi-
cantly (p < 0.05) the highest TPC, whereas the lowest value 
was observed in the oils obtained from the Soxhlet extrac-
tion. Compared to G. bimaculatus, the oils from A. domes-
ticus obtained from all extraction methods had significantly 
(p < 0.05) higher TPC. The highest TPC of 257.4 ± 9.31 and 
261.6 ± 8.87 µg GAE/g was observed in the oils from A. 
domesticus extracted using UAE for 20 and 30 min, respec-
tively, whereas the oil from G. bimaculatus extracted with 
the Soxhlet method had the lowest TPC of 121.9 ± 5.45 µg 
GAE/g. This may be due to the phenolic acids in the 
extracted cricket oils being destroyed by extraction meth-
ods with high temperatures and long extraction times (the 
Soxhlet extraction and HP). The results were a similar study 
by Anuduang et al. (2020) [31], who reported that phenolic 
compounds in silkworm pupae decreased after immersion 
in hot water (90 °C). Increasing heating times caused phe-
nolic acids to leach into the hot water [32]. Therefore, the 
increase in TPC can be obtained from ultrasound extraction 
with water as a solvent.

Antioxidant activity of cricket oil

The cricket species and extraction methods had a signifi-
cant impact (p < 0.05) on antioxidant activity in DPPH and 
FRAP assays in extracted oils (Table 2). Overall, among the 
extraction processes, the oils from two crickets extracted 
using UAE had significantly (p < 0.05) the strongest anti-
oxidant activity in both tests, followed by the oils extracted 
by SW, respectively, whereas the lowest antioxidant activity 
was observed in the oils extracted using the Soxhlet method. 
The oils from A. domesticus showed significantly (p < 0.05) 
higher antioxidant activity as compared to the oils from G. 
bimaculatus. The highest DPPH and FRAP were observed in 
the oils from A. domesticus extracted using UAE for 20 min 
(121.8 ± 9.67 µg Trolox /g and 98.04 ± 6.11 µM FeSO4/g) 
and 30 min (198.5 ± 5.43 µg Trolox/g and 105.3 ± 5.49 µM 
FeSO4/g), respectively, whereas the oils from G. bimaculatus 

Among the extraction processes, the oils from both types 
of cricket extracted using HP, SW, and UAE had signifi-
cantly (p < 0.05) higher values of L*, a*, and b* than those 
extracted using the Soxhlet method. The highest L*, a*, and 
b* were observed in the oils from A.domesticus extracted 
using HP, UAE20, and UAE30, whereas the oils obtained 
from the Soxhlet extraction showed significantly (p < 0.05) 
the lowest values. Compared to A.domesticus, the oils 
extracted from G. bimaculatus extracted using UAE showed 
lower b* and a*, whereas L* was found to be comparable. 
This may be due to the face that the Soxhlet method used a 
higher temperature and a longer extraction time (4 h) than 
other methods. As a result, UAE, as a non-thermal process, 
could reduce the degradation of thermally sensitive sub-
stances and other compounds, such as carotenoids in the 
extracted samples (Table 1), resulting in an increase in bright 
yellow pigments. These results concurred with Kutlu et al. 
(2021) [25], who reported that an increase in L* and a* val-
ues of cornelian cherry extracts obtained by ohmic heating-
assisted ultrasound extraction correlated with an increase 
in total anthocyanins. In addition to heating and degrada-
tion impacts, color changes were related to the enzymatic 
browning reaction between cricket phenolic acids and exit 
enzymes such as phenoloxidase, laccase, tyrosine hydrox-
ylase, decarboxylase, and peroxidase [26]. Most phenolic 
compounds in insects are derived from l-tyrosine through 
the shikimic acid pathway using enzymatic reactions [27, 
28]. Phenolic compounds can react with proteins and amino 
acids, forming dark compounds (melanins) [29]. Enzymatic 
browning in three insect species (Tenebrio molitor, Alphito-
bius diaperinus, and Hermetia illucens) has been reported 
[30]. These are some of the reasons for color changes in the 
oils obtained from different cricket species and extraction 
methods.

Total phenolic content (TPC) of cricket oil

Cricket species and extraction methods showed a signifi-
cant effect (p < 0.05) on TPC in the extracted oils (Table 2.). 

Table 2 Antioxidant activity and total phenolic content of crude oil prepared from two cricket species using different extraction methods
Extraction methods DPPH (µg Trolox /g) FRAP (µM FeSO4/ g) TPC (µg GAE/g)

G. bimaculatus A. domesticus G. bimaculatus A. domesticus G. bimaculatus A. domesticus
Soxhlet 65.62 ± 4.32d, B 75.65 ± 6.62d, A 25.65 ± 4.51c, B 27.45 ± 2.68c, A 121.9 ± 5.45d, B 161.5 ± 7.32c, A

HP 71.25 ± 5.23c, B 82.36 ± 8.14c, A 25.45 ± 3.49c, B 29.36 ± 5.34c, A 134.8 ± 6.95c, B 198.6 ± 4.89c, A

SW 81.32 ± 6.32b, B 112.6 ± 6.38b, A 68.45 ± 3.19b, A 69.94 ± 5.61b, A 187.6 ± 9.67b, B 211.5 ± 8.69b, A

UAE20 86.84 ± 7.85a, B 121.8 ± 9.67a, A 79.13 ± 6.44a, B 98.04 ± 6.11a, A 234.2 ± 6.89a, B 257.4 ± 9.31a, A

UAE30 89.09 ± 3.65a, B 198.5 ± 5.43a, A 77.98 ± 3.47a, B 105.3 ± 5.49a, A 214.7 ± 7.52b, B 261.6 ± 8.87a, A

Values are means ± SD of triplicate samples (n = 3)
Values of each cricket with the same small letter in the columns are not significantly different (p < 0.05)
Values of each extraction with the same capital letter in the rows are not significantly different (p < 0.05)
HP = hot pressing; SW = hot stirrer with water; UAE20 is ultrasound-assisted extraction for 20 min
UAE30 is an ultrasound-assisted extraction for 30 min
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A. domesticus were found to be in the range of 0.16–4.38 
and 0.08–3.68 meqO2/kg oil, respectively.

According to Codex Alimentarius (2017) [38], the 
maximum PV for fats and oils was 10 meqO2/kg oil. This 
result is consistent with the findings of Ugur et al. (2021) 
[39], who discovered that PV for Tenebrio molitor (yellow 

obtained using the Soxhlet extraction were found to have 
the lowest values for DPPH (65.62 ± 4.32 µg Trolox) and 
FRAP (25.65 ± 4.51 µM FeSO4/g), respectively. This may 
be because higher temperatures and longer exposure times 
cause the degradation of heat-sensitive antioxidant com-
pounds. Using higher temperatures (100 °C, 15 min) resulted 
in a lower antioxidant capacity of cricket powder due to the 
leaching of antioxidants into the boiling water [32]. Shorter 
times in ultrasound extraction could reduce the degradation 
of sensitive bioactive compounds against chemical altera-
tions like hydrolysis, isomerization, and oxidation [33]. 
Thermal oxidation caused by longer exposure times and 
higher temperatures can result in increased PV [34, 35]. The 
cavitation effects under ultrasound treatment have induced 
disruption of the cricket cell walls and membranes, causing 
the release of intercellular antioxidant compounds into the 
extracted oil. In addition, ultrasound extraction can enhance 
lipid antioxidant properties, which are probably due to dif-
ferences in the chemical composition of extracted lipids 
such as aldehyde-active and hydroxyl-active groups [35]. 
As results, the reduced extraction time and temperature in 
UAE improved the lipid quality. Similarly, the oils from two 
crickets obtained by UAE also contained higher TPC among 
extraction methods. These are the reasons for the increase in 
antioxidant activity in the oils obtained from UAE.

Changes in cricket oil quality during storage

Extraction methods had a significant effect (p < 0.05) on 
the FFA, PV, and TBA of the extracted oils during 28 days 
of storage (Fig. 3.). FFA, PV, and TBA of the extracted 
oils increased as storage time increased during the 28 
days of storage. Among the extraction processes, the oils 
from both crickets extracted using UAE showed signifi-
cantly the lowest levels of FFA, PV, and TBA (p < 0.05) 
during storage, while the highest levels were observed 
in the oil obtained from the Soxhlet extraction. Interest-
ingly, the increased concentrations of FFA over 28 days of 
storage in the extracted oils from G. bimaculatus (0.15–
3.34 g/100 g) and A. domesticus (0.16–4.20 g/100 g) 
obtained from ultrasound-assisted extractions were still 
suitable for human consumption, as they were less than 
5 g/100 g FFA, according to the report of Orthoefer and 
Eastman (2003) [36]. At 28 days of storage, higher FFA 
(5.58–5.68 g/100 g) was found for the extracted oils from 
A. domesticus extracted with the Soxhlet method and hot 
pressing. This result is in agreement with the data docu-
mented by Khoei and Chekin (2016) [37], who reported 
that rice bran oil extracted by an aqueous process had a 
lower content of FFA and lower color-imparting com-
ponents than the hexane-extracted oil. Similarly, for the 
extracted oils from UAE, the PV for G. bimaculatus and 

Fig. 3 Changes in free fatty acid (FFA), thiobarbituric acid (TBA), 
and peroxide value (PV) of crude oils from G. bimaculatus (Gb.) and 
A. Domisticus (Ad.) extracted using different methods during storage 
at room temperature for 28 days. (HP = hot pressing; SW = hot stir-
rer with water; UAE20 = ultrasound-assisted extraction for 20 min; 
UAE30 = ultrasound-assisted extraction for 30 min). Each observation 
is the mean ± SD of replicate experiments (n = 3)
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linoleic acid, or omega 6 (28.8–32.2 g/100 g), was the 
majority of fatty acids in both cricket oils, followed by 
palmitic acid (25.7–28.9 g/100 g) and cis-9-oleic acid, 
or omega 9 (20.5–21.7 g/100 g), respectively. The results 
are in line with those of Udomsil et al. (2019) [2], who 
found that essential linoleic acid and α-linolenic acid 
were present in the powders of G. bimaculatus and A. 
domesticus. A. domesticus cricket contained linoleic acid 
(30–40 g/100 g), oleic acid (23–27 g/100 g), palmitic acid 
(24–30 g/100 g), and stearic (7–11 g/100 g), with minor 
levels of palmitoleic (3–4 g/100 g), myristic (1 g/100 g), 
and linolenic acid (less than 1 g/100 g) [40]. Similarly, 
palmitic acid (C16:0), followed by stearic acid (C18:0), 
had the highest concentration of saturated fatty acids in 
the lipids of insects [41]. The crude cricket oil obtained 
from ultrasound with water extraction had a higher 
MUFA and a lower SFA content. This was due to a higher 
content of α-linolenic acid (omega 3) and a lower content 
of lauric, myristic, and arachidic acids. Low polarity of 
hexene yielded less affinity for MUFA than high polarity 
solvents, such as water solvents [42]. In addition, the use 
of ultrasound improved mass transfer and yielded higher 
mono-unsaturated fatty acids i.e. α-linolenic acid. Inter-
nal glandular lipids can be successfully liberated when 
tissues and cells have been ultrasonically deconstructed 
[35]. However, the fatty acid profiles of both cricket oils 
were similar to those of other studies [4, 24, 43]. There-
fore, both types of cricket oils obtained from ultrasound-
assisted extraction have a high level of α-linolenic fatty 
acid (omega 3) and MUFA.

mealworm) and A.domesticus (house cricket) ranged 
between 1.61 and 2.21 meqO2/kg oil. This may be a result 
of the large concentrations of antioxidative compounds in 
both cricket varieties (data shown in Tables 1 and 2), which 
can scavenge free radicals such as lipid alkyl hydroxyl or 
lipid peroxyl radicals, increasing the oxidative stability of 
the oils.

Comparison of fatty acid profiles in cricket oil

The fatty acid composition of cricket oil obtained from 
the optimal extraction method (UAE20) was determined, 
and the result was compared with the Soxhlet extrac-
tion with n-hexane, as displayed in Table 3. The extrac-
tion methods had a significant impact (p < 0.05) on the 
saturated (lauric, myristic, arachidic, and total saturated 
fatty acids) and unsaturated (α-,inolenic acid and MUFA) 
acids in the obtained cricket oils. Cricket oils extracted 
from UAE20 had significantly higher (p < 0.05) concen-
trations of α-linolenic (omega 3) and MUFA compared to 
Soxhlet extraction. For A. domesticus, the concentrations 
were 22.4 and 27.2 g/100 g, while for G. bimaculatus, 
they were 18.3 and 28.2 g/100 g. In contrast, UAE20 
oils contained a lower concentrations of lauric, myris-
tic, and arachidic acids, as well as SFA. For both crick-
ets, linoleic (omega 6), cis-9-oleic (omega 9) acids had 
a comparable concentration to the oils obtained from 
the Soxhlet extraction. Similarly, there was no signifi-
cant difference in palmitic, heptadecanoic acid and stea-
ric acid extraction techniques. Among the fatty acids, 

Table 3 Comparison of fatty acid profiles of extracted oils from G. bimaculatus and A. domisticus extracted using the optimized ultrasound 
assisted extraction method with the Soxhlet extraction
Fatty acid profile Number of carbons in chain: double bound G.bimaculatus A.domesticus

Soxhlet UAE20 Soxhlet UAE20
Saturated fatty acid (g/100 g)
Lauric acid C12:0 0.74 ± 0.04a 0.21 ± 0.04b 0.89 ± 0.02a 0.44 ± 0.02b

Myristic acid C14:0 1.63 ± 0.03a 0.45 ± 0.03b 1.85 ± 0.04a 0.58 ± 0.02b

Palmitic acid C16:0 26.1 ± 0.16a 25.7 ± 0.37a 28.9 ± 0.28a 26.5 ± 0.16a

Heptadecanoic acid C17:0 0.28 ± 0.01a 0.29 ± 0.03a 0.25 ± 0.02a 0.21 ± 0.02a

Stearic acid C18:0 8.96 ± 0.23a 8.65 ± 0.03a 8.36 ± 0.03a 8.60 ± 0.04a

Arachidic acid C20:0 0.39 ± 0.08a 0.21 ± 0.02b 0.68 ± 0.02a 0.43 ± 0.03b

SFA 38.1 ± 1.31a 35.5 ± 1.49b 40.8 ± 1.53a 36.7 ± 1.98b

Unsaturated fatty acid (g/100 g)
Palmitoleic acid C16: 1 0.69 ± 0.01a 0.59 ± 0.07b 1.23 ± 0.03a 1.09 ± 0.02a

α-Linolenic acid (omega 3) C18:3n3 16.9 ± 0.22b 18.3 ± 0.35a 20.2 ± 0.23b 22.4 ± 0.26a

Linoleic acid (omega 6) C18:2n6c 31.8 ± 0.27a 32.2 ± 0.44a 28.8 ± 0.43a 29.6 ± 0.72a

Cis-9-oleic acid (omega 9) C18:1n9c 21.4 ± 0.12a 20.5 ± 0.21a 21.3 ± 0.17a 21.7 ± 0.34a

MUFA 23.1 ± 1.26b 27.2 ± 1.21a 24.6 ± 1.25b 28.2 ± 1.37a

PUFA 38.5 ± 2.17a 37.8 ± 1.58a 34.5 ± 1.67a 35.1 ± 1.39a

Values are means ± SD of triplicate samples. SFA = total saturated fatty acids; MUFA = total mono-unsaturated fatty acids; and PUFA = poly-
unsaturated fatty acids
Values of each cricket with the same letter in the same columns are not significantly different (p < 0.05)
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Conclusions

The UAE (20 and 30 min) was an effective method to assist 
in the oil extraction from both cricket species. It could give 
a higher yield and exhibit significantly higher antioxidant 
activity (DPPH and FRAP), TPC, and color values (L*, 
a*, and b*) than other methods applied in this study. Both 
cricket oils extracted with UAE were more stable, with 
slower progressive increases in FFA, PV, and TBA over 28 
days of storage than the oil from the Soxhlet extraction. The 
crude cricket oils from both species also contained high lev-
els of α-linolenic acid (omega 3) and MUFA. The results 
suggested that ultrasound extraction using water as a solvent 
had potential as an alternative process to improve the prop-
erties of the crude oil extracted without using chemicals.
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