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Abstract. Introduction. This study deals with the chemical aspects of biomolecule extraction from
Zophobas morio, including the influence of different solvents, lipid, and protein extraction mechanisms,
and comparative analysis of solvents on their efficiency and safety. The study aims to optimize the
extraction of lipids and proteins from Zophobas morio larvae, emphasizing the choice of solvents, protein
precipitation methods, and amino acid composition analysis. Results and discussion. Optimization of lipid
extraction conditions showed that the most effective extractants were petroleum ether, providing
maximum lipid yield (65.55%), and chloroform with ejection capacity (44.85%). Among the studied
methods of protein extraction and precipitation, precipitation at the isoelectric point after alkaline
extraction was the most effective, which gave a protein yield of 66.09% of the initial dry matter, much
higher than that of acetone precipitation after aqueous extraction (36.9%). Analysis of amino acid
composition of protein concentrate revealed the presence of 15 amino acids, 10 of which are essential.
The essential amino acid index was 1.81, which is significantly higher than traditional protein sources
such as fishmeal and soya, and comparable to casein. These results confirm the high purity and efficiency
of the isoelectric precipitation method applied for the first time to Zophobas morio, highlighting its
industrial potential. Conclusion. The study confirmed that the choice of solvent and precipitation method
significantly affects the efficiency of lipid extraction and protein precipitation from Zophobas morio, with
petroleum ether proving to be the most efficient extractant for lipids and precipitation at the isoelectric
point, the optimal method for protein extraction. The research results demonstrate the promising potential
of the methods used to obtain protein concentrate from Zophobas morio for the food and feed industry as
a sustainable and high-quality alternative to traditional protein sources.
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Introduction

According to the projections of the Food and Agriculture Organization
(FAO) of the United Nations, the global population will reach 9 billion by 2050
[1], and protein consumption in the diet is expected to increase by 22% by 2030
and by 25% by 2050 [2]. However, the growth in the production of traditional
protein sources (meat, fish, and dairy products) is associated with significant
environmental consequences, including greenhouse gas emissions, increased
water consumption, and land degradation [3-5]. Therefore, there is a need to
identify alternative, environmentally sustainable protein sources. One promising
solution is the use of insects, which serve as a valuable source of proteins, fats,
and minerals while having a minimal environmental footprint [6].

The larvae of Zophobas Morio (superworms) are already utilized in the feed
industry due to their high nutritional value, as their protein composition and
amino acid profile are often comparable to or even superior to conventional feed
ingredients. Their biomass contains 43.13-51.62 g of protein and 32.8-43.54 g of
lipids per 100 g of dry weight [7,8]. Studies indicate that Zophobas morio
surpasses traditional feed ingredients in protein content, reaching 68.05 g/100 g
[9], making them a promising resource for the food and feed industries. During
the larval stage, the protein content varies between 39.4 and 49.96 g/100 g [8,10-
15].

Despite the high potential of Zophobas morio, selecting optimal lipid and
protein extraction methods remains a challenge. This is primarily due to
variations in solvent efficiency, toxicity, and industrial applicability. This study
aims to determine the optimal conditions for lipid and protein extraction from
Zophobas morio larvae, analyze the amino acid composition of the protein
concentrate, and assess its potential applications in the biotechnology and food
industries.

2. Experimental Part

2.1 Research Obiject.

Larvae of the insect Zophobas morio were reared under laboratory
insectarium conditions using wheat bran, selected fruits and vegetables as feed.
Sample preparation stages: preparation of live larvae samples in Petri dishes
without feeding for 24 hours, rinsing with distilled water to remove external
contaminants (dirt, sand, and organic residues) and drying in a convection oven at
70°C for 24 hours, grinding of dry larvae with a laboratory blender and storage at
-20°C until experiments) [16].

2.2 Lipid extraction from Zophobas morio larvae.

Representative samples weighing 100 g of dried larval powder were used for
extraction. Extraction was carried out for 6 h using the following solvents:
petroleum ether (70-100°C, reagent), n-hexane (reagent), chloroform (GOST
20015-88), and ethanol (96.3%) using a Soxhlet apparatus (DWK Life Sciences,
Germany) [17]. The solvent was removed using a rotary evaporator (Labconco
No 600310, USA) equipped with a water bath at the following temperature
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conditions: 40°C for 30 min at 800 mbar and 60°C until complete evaporation of
the solvent [16].

2.3 Protein extraction from Zophobas morio larvae

Distilled water and 1M NaOH were used for protein extraction after
preliminary defatting of larval biomass. The extraction was carried out at 40°C for
60 min as follows: 10 g of dry sample was mixed with 200 ml of water and 0.2 g
of ascorbic acid, then centrifuged at 10,000 rpm for 30 min at 4°C and filtered.
The supernatant was used for protein extraction and protein concentrate
preparation. Protein extraction was carried out by isoelectric and acetone
precipitation methods [18].

For isoelectric precipitation, 100 ml of the supernatant of the extract was
centrifuged (10,000 rpm, 4°C) for 10 minutes. The separated precipitate was dried
at 60°C to constant weight. The procedure was repeated for different pH values of
the extract solution at pH 6, 5, 4, 3, 1. For protein precipitation with acetone, 40
ml of ice-cold acetone was added to 10 ml of aqueous protein extract. The
mixture was incubated at -20°C for 1 hour, then centrifuged (10,000 rpm, 4°C)
and the precipitate was dried at 60°C for 24 hours until a constant weight was
reached [18].

2.4 Hydrolysis method for protein concentrate

Hydrolysis of the protein concentrate, weighing 0.100+0.001 g, was
performed in 10.0 mL of hydrochloric acid (1:1) in a hydrolysis vial with a screw
cap under stirring and heating at 110°C for 14-16 hours. The hydrolysate samples
were then cooled to room temperature and filtered using «blue ribbon» filter
paper, collecting the filtrates in airtight containers [19, 20].

2.5 Protein quality assessment

Protein quality assessment was carried out using the Essential Amino Acid
Index (EAALI), which reflects the content of all essential amino acids relative to a
reference protein [21]. The Essential Amino Acid Index (EAAI) was calculated
using the following formula [22]:

aa aa aa
EAAl = " | =2 x =2 x..x—=2
AA, = AA, AAyp

Where aa - content of essential amino acid in the sample under study; AA -
content of essential amino acid according to literature data; n - number of
essential amino acids.

3. Results and Discussion

Studies on the nutritional composition of edible insect species, such as
Zophobas morio, remain limited. This species belongs to the order Coleoptera,
which includes darkling beetles [12]. Insects are rich in both proteins and lipids,
which are released during protein extraction and contribute significantly to
nutrition [22]. Although much research has focused on the fatty acid composition
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of wild edible insects [23, 24], some studies have examined insects used for
animal feed [25].

Zophobas morio larvae are recognized as a valuable source of high-quality
protein and lipids. The nutritional composition of this species has been studied by
various authors (Table 1). Lipid extraction from these larvae is essential, as
residual lipids can reduce the efficiency of protein fraction isolation. This is due
to the formation of lipid-protein complexes stabilized by hydrophobic and Van
der Waals interactions, as well as ionic bonds between amino acids and
phospholipids in lipid membranes [26].

Table 1 - Protein and lipid content in the dry matter (g/100g) of Zophobas morio (ZM) larvae

Lipids, g/100g Proteins, g/100g Country Source
43.64 £0.47 46.80 £ 1.78 Brazil [14]
40.8 43.13 USA [24]
14.25 68.05 Netherlands [8]
35+0.1 46+ 1.0 Indonesia [11]
34+1.8 48.1+£0.6 Czech Republic [12]
39.1£04 39.4+0.1 Poland [26]
28.98 49.96 Indonesia [13]

The high hydrophobicity of lipids and their propensity to clot reduce protein
solubility, and lipids can change their isoelectric points and promote protein
denaturation [27, 28]. Therefore, effective removal of lipids is necessary for
successful protein fraction isolation.

In this study, the following organic solvents were used for lipid extraction:
petroleum ether, chloroform, n-hexane, and ethanol. The results allow for the
selection of optimal extraction conditions that enable the efficient removal of
lipids while minimizing their impact on protein structures and improving process
efficiency. The analysis of different solvents' effectiveness demonstrated that the
highest lipid yield (65.55 + 2.43) was achieved using petroleum ether, attributed
to its low solvating ability when applied to nonpolar compounds. Chloroform also
exhibited relatively high extraction efficiency (44.58 + 2.41), confirming its
reactivity in lipid extraction. Meanwhile, n-hexane and ethanol showed
comparatively lower lipid yields (35.8 + 1.60 and 34.3 + 2.28, respectively),
which may be due to their lower solubility for lipid components in larvae

Optimization of the extraction conditions and protein concentration showed
that the most effective method is deposition at an isoelectric point during alkaline
extraction (1M NaOH), which provided a protein yield of 66.09%, significantly
exceeding the result with acetone (36.9%). The efficiency of the isoelectric
deposition is explained by the pH stabilization, which facilitates the aggregation
of protein molecules and their precipitation. In contrast, acetone deposition is
based on the dehydration of the macromolecules resulting in lower output.
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Moreover, the deposition of acetone allows the purity of the product up to 99.19%
by removing the water associated with the protein [22]. Studies have shown that
the type of solvent plays a key role in protein composition and output, while
temperature and duration of extraction do not have a significant influence. This is
due to the natural solubility of proteins in aqueous solutions at elevated pH, which
is caused by their polyampholite structure [29,30] and promotes deposition. The
protein yield depends more on the ionic composition of the medium than on
temperature conditions [31, 32]. The protein concentrate obtained by isoelectric
deposition was a dark brown amorphous substance. Isoelectric precipitation
achieved a protein yield of 66.09% from 100 g of the initial dry matter

Amino acids in protein concentrate obtained by isoelectric deposition were
identified by capillary electrophoresis (Fig. 1, Table 2).
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Figure 1 - Electropherogram of the amino acid composition of the protein concentrate

The obtained results, presented in Table 2, provide a detailed characterization
of the amino acid composition of the protein concentrate and allow for an
assessment of its nutritional value.

Table 2 - Amino acid composition of the protein concentrate

Ne Amino acid Content, %

1 Arginine (Arg) 7.696+3.078
2 Lysine (Lys) 6.790+2.309
3 Tyrosine (Tyr) 10.412+3.124
4 Phenylalanine (Phe) 9.507+2.852
5 Histidine (His) 3.893+1.947
6 Leucine + Isoleucine (Leu + lle) 8.148+2.119
7 Methionine + Cysteine (Met + Cys) 2.626+0.893
8 Valine (Val) 6.790+2.716
9 Proline (Pro) 6.790+1.766
10 Threonine (Thr) 3.848+1.539
11 Serine (Ser) 3.803+0.989
12 Alanine (Ala) 6.338+1.648
13 Glycine (Gly) 4.391+1.493
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The amino acid composition of the resulting protein concentrate was
compared with other literature data and known sources of protein for assessment
of its quality and biological value (Table. 3).

In the amino acid composition study of protein concentrate, 15 amino acids
were identified, 10 of which belong to a group of essential amino acids. These
amino acids play a fundamental role in the metabolism and biosynthesis processes
of the body, serving as key components for maintaining normal physiological
functions.

The obtained data confirm that the protein concentrate extracted from the
larvae of Zophobas morio has high nutritional characteristics in terms of both
essential and substitutable amino acids. The essential amino acid index (EAAI)
was 1.81, which is significantly higher than values in traditional protein sources
such as fish meal and soy, and comparable to casein.

Table 3 - Amino acid content in the protein concentrate compared to literature data

) ) Zopho_bas Zopho_bas Fish soy | Casein | F Ag;\?\?HO
Ne Amino Acids morio morio Meal 122] 122] JUNU
(studied) [22] [32]
[21]
Essential Amino Acids
1 Histidine 3.9 3.1 1.37 25 3.2 15
2 Isoleucine 81 4.6 2.35 4.7 5.4 3.0
3 Leucine ' 7.1 3.83 8.5 9.5 5.9
4 Lysine 6.8 5.4 4,10 6.3 8.5 45
> | Methionine 26 24 234 | 24 | 35 2.2
6 Cysteine
7 Phenylalanine 9.5 2.15
8 Tyrosine 10.4 111 1.91 o7 111 38
9 Threonine 3.8 4.0 2.62 3.8 4.2 2.3
10 Tryptophan - 1.4 — 1.1 1.4 0.6
11 Valine 6.8 6.3 2.62 4.9 6.3 3.9
Total 77.22 45.4 23.29 43.9 53.1 21.7
Non-Essential Amino Acids
12 Alanine 6.3 6.8 3.76 - - -
13 Arginine 7.7 5.4 3.87 — — —
14 Aspartic Acid - 8.2 5.32 - - -
15 Glycine 4.4 12.7 4.85 - - -
16 Serine 3.8 4.8 2.82 - - -
17 Proline 6.8 5.6 3.13 - - -
18 Glutamic Acid - 4.2 7.64 - - -
Total 29 47.7 31.39 - - -
EAAI 1.81 1.66 0.88 1.56 1.93 -

This demonstrates the high quality of the protein, making it promising for
use in food and feed additives, as well as opening up new applications in
biotechnology and the food industry. The highest levels of amino acids are found
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in tyrosine (10.41%), phenylalanine (9.51%), and leucine + isoleucine (8.15%),
which highlights their importance in biosynthesis and metabolic processes. Also,
high levels of arginine (7.70%), lysine (6.79%), and valine (6.79%) confirm the
potential of protein concentrate as a rich source of essential amino acids. Proline
(6.79%), alanine (6.34%), serine (3.80%), and threonine (3.85%) play key roles in
collagenogenesis and carbohydrate exchange, and low levels of histidine (3.89%)
and methionine + cysteine (2.63%) may indicate a deficiency of these amino
acids, but their level is sufficient for normal metabolism. These results underline
the high quality of the protein from Zophobas morio and its potential for use in
dietary supplements, biotechnology, nutrition, and feed production.

The findings of this study may serve as a basis for further scientific research
and the development of innovative products in the fields of biotechnology,
nutraceuticals, and feed production.

4. Conclusion

The study successfully identified optimal conditions for lipid and protein
extraction from Zophobas morio larvae using various solvents. Chloroform
demonstrated a high extraction efficiency (44.85%), while petroleum ether
showed the highest lipid yield (65.55%). In protein concentration, isoelectric
precipitation proved to be the most effective method, yielding 66.09%,
significantly outperforming acetone precipitation (36.9%). This emphasizes the
importance of protein aggregation properties and pH stability for efficient
precipitation with minimal loss. The study confirms that isoelectric precipitation
offers an optimal combination of high yield and protein purity for separating
proteins from Zophobas morio. Additionally, the lipid and protein fractions
derived from these larvae have promising applications in the food and
biotechnology industries, with lipid extracts useful for food ingredients, feed
formulations, and pharmaceuticals, while protein concentrates provide a valuable
alternative protein source.
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Tyiiinaeme. Kipicne. Byn 3eprreyne OHOMOJEKyanapAbl AIKCTPaKUUsIAy TPOLECIHIH XUMHUSIIBIK
ACTIEKTiNIepl, COHBIH ILIHIEC OPTYPJl EpITKIIITEepAiH ocepi, JUOHATEP MEH aKybl3Aapiabl Oemim amy
MeXaHM3MJICpl, COHJAi-aK EepITKIITepAiH SKCTPAKIMSUIBIK THIMIUIINT MEH KayilcCi3miri TYpFBICHIHAH
CaJBICTBIPMANTBI TAJIAYBl KapacTeipsutanbl. JKYMBICTBIH Mmakcamsl ZOphobas morio nepuacinnepinen
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JIUMUATED MEH aKybI3[apIbl JKCTpaKUusUiay MPOLECIH OHTailIaHABIpy, OHBIH ILIHAE epiTKilTepai
TaHJay, aKybl3ZapIbl TYHABIPY 9JicCTepi JKOHE aMHHKBIIKBUIABIK KypaMabl Tanpay. Homuoicenep ocane
mankpiiay. JIUMUATEpAl  SKCTpaKkUMsiay I[IAPTTapblH  OHTAWIAHIBIPY HOTIDKECIHAE €H THIMII
JKCTpareHTTep merpoied sdupi (65.55% Makcumangsl IBIFBIM) KkoHEe  xsopodopm  (44.85%
IKCTPAKIMSUIBIK KaOilleTi) eKeHi aHbIKTaNbl. AKYbI3Iaplbl DKCTPAKLUsIAy XOHE TYHIBIPY OAicTepi
iiHAe eH TUIMIICI — CUITUIIK 9KCTpaKIMsAAaH KeHiHTT H309JIEKTPIIiK HYKTE/Ie TYHABIPY O0JI/ibl, OYJI aKybI3
WBIFBIMBIH 66.09% neifiH keTki3yre MyMKiHIiK Oepai. Byn KepceTkill aleToHMEH TYHIBIPY 9JliCiHeH
KeHiHri Cy OSKCTpaKkLUsACHIHA KaparaHna alTapibIKrail skorapbl (36,9%). AKybI3 KOHIIGHTPATHIHBIH
AMHUHKBIIIKBUIABIK ~ Kypambl 15  aMHUHKBINIKBUIBIHAH — TYpPAThIHBIH  KepceTTi, OHbiH 10-b1 —
aIMaCThIPBUIMANTBIH AMUHKBIIIKBUIAAPBL. AJIMACTBIPBUIMAHTBIH AMUHKBIIKBUIIAPBIHBIH HHAEKCT 1.81-re
TeH OONJbI, OYJI ASCTYpIIi aKybl3 Ke3aepi — OalbIK YHBI MEH COsJaH OJICKaii/la JKOFaphl JKOHE Ka3eHHIe
xaKpH. Byt HoTikenep Zophobas morio yiin anram per KoiaHbUFaH H303JIEKTPIIIK TYHIBIPY SAICIHIH
JKOFapbl Ta3ajblFbl MEH THIMAUIITIH pacTaiipl, COHAai-aK OHBIH OHEPKACINTIK dNeyeTiH aiKbIHIAHIbL.
Kopuvimuinoel. 3epTTey KopceTKeHIeH, TUMUATEP MEH aKybI3Aap/bl SKCTPAKIMsIAY THIMALUIITT epiTKIMITI
TaHay KOHE TYHIBIPY dJicTepiHe airapibikTail Toyenni. [lerponeit adupi aunuarepai sKCTpakusiayaa
CH THIMJII SKCTPAareHT OOJIBII Ta0bUICAa, al aKybI3Japibl Oellill alyAblH OHTAMNBl onici periHze
M303JICKTPIIIK HYKTeIe TYHIBIPY aHBIKTAIIBL 3epTrey HoTmkenepi Zophobas morio HerisiHzeri akybi3
KOHIICHTPATBIH a3bIK-TYJIK )KOHE Mall a3bIFbl OHEPKACIOIHAE IOCTYPIIi aKybl3 KO3/epiHE OPHBIKTHI JKOHE
JKOFaphl canaiibl Oajgama peTiH/e HaiaJanyablH MepCIeKTUBAIBI eKeHIH oIS IeH Il

Tyiiinai ce3aep: nunuarep, SKCTPAKLUS, EPITKIIITEP, aKybI3 KOHIIEHTPATBI, XKOHIIKTEP.
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Pe3ome. Bsedenue. B 1aHHOM HCCIIEIOBAaHWU pPacCMaTpPHBAIOTCS XMMHYECKHE aCHEKThl SKCTPaKIHUU
OHMOMOJIEKYJI, BKIIFOYAsl BIMSIHUE PA3JIMUHbIX PACTBOPHUTEIICH, MEXaHH3MBI BBIICIICHUS JIUIHIOB U OCIIKOB,
a TaKKe CpaBHUTCNBHBIM aHANIW3 pPACTBOPUTENEH Ha WX OKCTPAKUHOHHYIO 3((EKTHBHOCTD H
Oe3omnacHOCTb. Llenvio uccredosanus a6isemcsi ONTUMHU3ALMS SKCTPAKIMH JUIHIOB U OEIKOB U3 TMYUHOK
Zophobas morio ¢ akieHTOM Ha BBIOOpP pAcTBOPHUTENCH, METOABI OCAXKICHUS OCNKOB W aHAIU3
aMHUHOKHCIIOTHOTO cocTaBa. Pe3yavmamsl u oocyscoenue. ONTAMU3ALUS yCIOBUH SKCTPAKIUH JINIHIOB
rmokaszanga, 49ro HauOonee OSGPEKTUBHBIMH  OKCTPAreHTaMH  SBJISIOTCS  METPOJCHHBIN  3dup,
obecrieynBaOMil MaKCHMaJIbHBIA BBIXOA JHIHAOB (65.55%) u xnopodopM ¢ OKTPAKIMOHHOM
criocoOHOCThI0 (44.85%). Cpemrt M3yYCHHBIX METOJIOB JKCTPAKIMHA W OCAKICHHSA OCIKOB Haubojee
9 PEKTUBHBIM OKa3a1I0Ch OCAXACHUE MPU W30XJICKTPUUECKON TOUKE IOCHE LICTOYHON SKCTPAKIMH, YTO
obecrieunio Beixox Oenka 66.09% 0T MCXOIHOTO CyXOro BEUIECTBa, 3HAYUTEIBHO MPEBBIIIAs BHIXO/ MTPU
OCAKICHUU AaleTOHOM Tiocie BoAHOW skcrpakuuu (36.9%). AHaIM3 aMHHOKHCIOTHOIO COCTaBa
0EeKOBOr0 KOHIICHTPATA BBISIBII HAIUYKE 15 aMHHOKHCIIOT, U3 KOTOPBIX 10 SBISIOTCS HE3aMEHHMBIMA.
WHngekc He3aMEHMMbBIX aMHHOKHCIOT cocTaBmil 1.81, YTO CyIIECTBEHHO IIPEBBINIACT MOKA3aTeIn

157


mailto:zhanna01011973@mail.ru

KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

TPaIMIHOHHBIX OCMKOBBIX MCTOYHHKOB, TaKMX KaK pPbIOHAas MyKa M COs, U COMOCTABUMO C Ka3CHHOM.
JlaHHbIE pe3yNbTAThl MOJTBEPIKAAIOT BBICOKYIO YHUCTOTY M 3(P(EKTHBHOCTH METOJa H303JIEKTPUUECKOrO
OCaXICHHs, BIEPBBIC MPUMEHEHHOro K Zophobas morio, uTo moAYepKMBAeT €ro MPOMBIIIICHHBIH
noTeHman. 3axnouenue. ViccnenoBanue MOATBEPAIIO, YTO BEIOOP PACTBOPHUTENS W METO/A OCAXKICHHUS
CYILIECTBEHHO BIIMSET Ha 3(PEKTUBHOCTh SKCTPAKIMHU JIMIH/OB M OcaxeHus OenkoB u3 Zophobas morio,
MPH 3TOM METPOJICHHbIH 3(hup okazaincs Haubosnee IP(HEKTUBHBIM DKCTPArEHTOM s JIMIKAOB, a
OCaXICHHUE NP M303JICKTPHIECKON TOUKE — ONTUMATIBbHBIM METOIOM BbieneHus GenkoB. [lomydeHHbIe
PE3yIBTATHl IEMOHCTPUPYIOT MEPCIEKTUBHOCTh HCIOIB3YEMBIX METOIOB IS TOMydeHHS GEIKOBOTO
KOHIleHTpaTta u3 Zophobas morio B muimieBo W KOPMOBOM MPOMBINIEHHOCTH KaK YCTOWYMBOW W
BBICOKOKAUECTBEHHOM albTEPHATUBEI TPAIUIIMOHHBIM HCTOYHHKAM OeJTKa.

KiioueBsble ¢J10Ba: THUINIBL, SKCTPAKIHS, PACTBOPUTEIH, OCIKOBBIN KOHIICHTPAT, HACCKOMBIE.

Kamkanbéaeea Kanna KAHOUOAM XUMUYECKUX HAYK, O0yeHm
Kypmuéaii Kyanviu MA2UCMPAHM eCMeCmBeHHbIX HAYK
Kamxanoaes Epnan JOKMOP MEXHUYECKUX HAYK
Kannacynuvt Oniwep MA2UCMp MexXHUKU U MmexHoN02UU
Pukkapoo @edenu PhD
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