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ABSTRACT

Black soldier fly (Hermetia illucens) fat has recently gained attention as a poten-
tial alternative lipid source in animal nutrition because of its distinctive fatty acid
profile and sustainable production potential. The present study compared the
fatty acid composition and selected lipid quality indices of black soldier fly (BSF)
fat with representative conventional feed and edible lipid sources, including soy-
bean oil, rapeseed oil, coconut oil, palm oil, chicken fat, pig fat/lard, and marine
and freshwater fish-derived lipids. Four BSF fat samples were analysed using gas
chromatography with flame ionisation detection (GC-FID), while comparative lit-
erature-derived datasets were harmonised for calculation of the atherogenicity
index (Al), thrombogenicity index (TI), and hypocholesterolemic/hypercholester-
olemic ratio (h/H). BSF fat was characterised by elevated proportions of saturated
fatty acids, particularly lauric acid (C12:0), while still retaining moderate levels
of monounsaturated and polyunsaturated fatty acids. Among the evaluated lipid
sources, BSF fat showed the greatest similarity to coconut oil with respect to its
medium-chain saturated fatty acid profile; however, its Al and TI values remained
lower because of the higher proportion of unsaturated fatty acids. In contrast,
soybean and rapeseed oils exhibited the most favourable lipid quality indices,
whereas marine and freshwater fish-derived lipids were distinguished by higher
polyunsaturated fatty acid content and lower n-6/n-3 ratios. Overall, the obtained
results indicate that BSF fat occupies a unique compositional position among the
evaluated lipid sources. Although its fatty acid profile is most similar to coconut
oil because of the high proportion of saturated fatty acids, its lipid quality indices
suggest an intermediate nutritional position between highly saturated tropical
oils and more unsaturated lipid sources. These findings further support the grow-
ing interest in BSF-derived lipids as nutritionally relevant alternative lipid sources.
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Black soldier fly (Hermetia illucens) larvae have attracted increasing attention as
a sustainable nutrient source for livestock production systems due to their ef-
ficient biomass conversion, ability to utilise diverse organic substrates, and fa-
vourable protein and lipid composition (Lu et al., 2022). In recent years, interest
in black soldier fly-derived lipids has expanded considerably, particularly in re-
lation to their possible use as alternative fat sources in animal feeding (Nekras-
ov et al., 2022; Quigley et al., 2025). Unlike many conventional vegetable oils, BSF
fat is typically rich in medium-chain saturated fatty acids, especially lauric acid
(C12:0), which is considered one of the characteristic features of insect lipid frac-
tion (Suryati et al., 2023; Srisuksai et al., 2024). Owing to this distinct fatty acid
profile, BSF lipids are increasingly being evaluated not only as energy sources,
but also as nutritionally and functionally relevant feed ingredients with potential
effects on gut health, lipid metabolism, and feed utilisation efficiency (Kim et al.,
2020; Khan et al., 2024).

The nutritional and functional properties of dietary fats are strongly influenced
by fatty acid composition, particularly by the relative proportions of saturated
(SFA), monounsaturated (MUFA), and polyunsaturated fatty acids (PUFA). Differ-
ences in fatty acid distribution can substantially affect oxidative stability, physico-
chemical behaviour, digestibility, and overall nutritional evaluation of lipids used
in feed and food systems (Maheshwari et al., 2025). In black soldier fly-derived
lipids, fatty acid composition may additionally vary according to substrate com-
position, larval developmental stage, environmental conditions, and processing
methodology, resulting in considerable heterogeneity among BSF lipid products
(dema et al., 2025; Srisuksai et al., 2024). Accurate compositional characterisa-
tion therefore represents an important prerequisite for evaluating the practical
suitability of BSF-derived fats in animal nutrition. Conventional fat sources used
in feed formulations differ markedly in both fatty acid distribution and functional
characteristics. Vegetable oils such as soybean and rapeseed oil generally contain
higher proportions of unsaturated fatty acids, whereas tropical oils including co-
conut and palm oil are characterised by substantially greater levels of saturated
fatty acids (Kostik et al., 2013; Sabahannur and Alimuddin, 2022). Animal-derived
fats and fish lipids further expand this compositional diversity because of differ-
ences in oleic acid content, long-chain polyunsaturated fatty acids, and n-6/n-3
fatty acid balance (Ozogul et al., 2007; Zhang et al., 2023). Chicken fat, lard, and
fish-derived lipids are also commonly used in feed and food systems and rep-
resent useful comparative reference materials when evaluating alternative fat
sources (Marikkar et al., 2021, Dongmo et al., 2024). Taken together, these lipid
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categories provide a broad compositional framework for assessing the relative
positioning of BSF-derived fat among conventionally used dietary lipids.

In recent years, several lipid quality indices, including the atherogenicity index
(AI), thrombogenicity index (TI), and hypocholesterolemic/hypercholesterolemic
ratio (h/H), have increasingly been applied as complementary tools for compar-
ative evaluation of fatty acid quality in edible oils, animal fats, fish lipids, and
insect-derived lipid materials (Ulbricht and Southgate, 1991; Santos-Silva et al.,
2002; Chen et al., 2020). These indices provide additional insight into the balance
between saturated and unsaturated fatty acids and allow broader compositional
interpretation beyond individual fatty acid proportions alone. Comparative ap-
plication of such indices has become increasingly common in studies focused on
both conventional and emerging lipid sources (Dongmo et al., 2024; Domisze-
wski et al., 2026).

Despite growing interest in black soldier fly larvae oils and lipid fractions, their
compositional positioning relative to conventional feed and edible lipids remains
insufficiently characterised, particularly when evaluated using harmonised fatty
acid datasets and derived lipid quality indices. Comparative studies integrating
plant oils, animal fats, fish-derived lipids, and other insect lipid fractions within
a unified analytical framework are still relatively limited. Therefore, the aim of the
present study was to characterise the fatty acid composition and selected lipid
quality indices of black soldier fly fat and compare them with representative con-
ventional lipid sources used in feed and food systems.

Four black soldier fly (Hermetia illucens) fat samples were included in the study.
Three samples originated from a commercially obtained black soldier fly fat prod-
uct that exhibited visible phase separation into two distinct layers. These fractions
were analysed separately and designated as BSF_A and BSF_B, while an additional
mixed sample (BSF_C) was prepared by combining both fractions. A fourth in-
dependent sample (BSF_D) originated from the same supplier but represented
a separate batch obtained independently. Each BSF sample was analysed inde-
pendently, and fatty acid composition was expressed as percentage of total fatty
acid methyl esters (%FAME).

Black soldier fly lipid samples were processed according to modified STN ISO 5509
and STN ISO 5508 procedures for determination of fatty acid methyl esters (FAME)
with minor laboratory-specific modifications related to sample preparation and
transmethylation conditions. Lipids were obtained by Soxhlet extraction using
petroleum ether as a non-polar extraction solvent following sample homogenisa-
tion and preparation according to the laboratory protocol for lipid analysis.



nET Net|2026

Approximately 200 mg of extracted lipid was dissolved in n-hexane and sub-
jected to alkaline transmethylation using methanolic potassium hydroxide solu-
tion. The reaction mixture was intensively mixed and briefly incubated at 60 °C
to facilitate cleavage of acylglycerols and formation of fatty acid methyl esters.
Subsequently, hydrochloric acid solution was added to promote phase separa-
tion. After equilibration, the upper hexane layer containing FAME was collected,
filtered through anhydrous sodium sulfate, diluted with n-hexane, and used for
gas chromatographic analysis.

Fatty acid methyl esters (FAME) were analysed using gas chromatography with
flame ionisation detection (GC-FID) on an Agilent 6890 GC system (Agilent Tech-
nologies, USA) equipped with a DB-23 capillary column (60 m x 250 pm x 0.15 pm;
Agilent Technologies, USA). Helium was used as the carrier gas under a head pres-
sure of approximately 239 kPa corresponding to a flow rate of 2.225 mL/min. The
injector temperature was set to 250 °C and the detector temperature to 280 °C.
Samples were injected in split mode (1:10) with an injection volume of 1 pL. Sep-
aration of FAME was achieved using the following temperature program: initial
temperature 50 °C for 1 min, followed by heating at 25 °C/min to 175 °C and sub-
sequently at 2 °C/min to 230 °C.

The flame ionisation detector was operated using hydrogen (35 mL/min), air
(350 mL/min), and nitrogen as make-up gas (30 mL/min). Identification of fatty ac-
ids was performed by comparison of retention times with a commercial 37-com-
ponent FAME standard mixture (Supelco, USA) containing C4-C24 fatty acid me-
thyl esters. Fatty acid composition data for all BSF samples were expressed as
percentage of total fatty acid methyl esters (%FAME).

Comparative lipid datasets representing conventionally used feed and edible fats
were constructed from published studies reporting fatty acid methyl ester (FAME)
composition determined by gas chromatography with flame ionisation detection
(GC-FID). Only studies providing sufficiently detailed fatty acid composition data
suitable for calculation of lipid quality indices were included in the comparative
analysis.

Plant-derived lipid datasets included soybean oil, rapeseed oil, coconut oil, and
palm oil. Soybean and rapeseed oil datasets were derived from the studies of
Kostik et al. (2013) and Toishimanov et al. (2024), whereas coconut and palm oil
datasets were obtained from Sabahannur and Alimuddin (2022).

Additional comparative datasets representing animal-derived fat sources in-
cluded chicken fat, pig fat/lard, and fish-derived lipids. Chicken fat composition
data were derived from Marikkar et al. (2021). Pig fat/lard datasets were con-
structed using fatty acid composition data reported by Zhang et al. (2023), where
values were calculated as the mean across all adipose tissue depots reported in
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the study in order to minimise depot-specific selection bias and better represent
generalised pig fat composition. Fish-derived lipid datasets were constructed us-
ing the fatty acid composition data reported by Ozogul et al. (2007). Marine and
freshwater fish species were evaluated separately, generating two distinct com-
parative datasets representing mean fatty acid composition of marine fish-de-
rived lipids (FISH_A) and freshwater fish-derived lipids (FISH_B), respectively.

Explicitly reported zero values were retained as analytical zeros, whereas fatty
acids described as not detected (N/D) were treated as absent for lipid quality in-
dex calculations. Only datasets reporting fatty acid composition as relative per-
centages of total fatty acids (%FAME) were included in order to ensure method-
ological comparability among lipid sources. Fatty acids required for calculation
of lipid quality indices were harmonised across all datasets prior to comparative
evaluation. The construction strategy and origin of all comparative lipid datasets
are summarised in Table 1.
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Tab. 1: Construction of comparative lipid datasets used for fatty acid composition and
lipid quality index evaluation

Individually analysed black soldier fly

BSF fat samples (BSF_A-D) lipid samples

Experimental samples

Kostik et al. (2013);
Toishimanov et al. (2024)

Kostik et al. (2013);
Toishimanov et al. (2024)

Sabahannur and
Alimuddin (2022)

Sabahannur and

Soybean oil (SOY_A-B) Literature-derived fatty acid profiles

Rapeseed oil (RAPESEED_A-B) Literature-derived fatty acid profiles

Coconut oil (COCONUT A) Literature-derived fatty acid profile

Palm oil (PALM_A)

Chicken fat (CHICK_A)
Pig fat/lard (LARD_A)

Marine fish-derived lipids
(FISH_A)

Freshwater fish-derived
lipids (FISH_B)

Alimuddin (2022)
Marikkar et al. (2021)

Zhang et al. (2023)
Ozogul et al. (2007)

Ozogul et al. (2007)

Literature-derived fatty acid profile

Literature-derived chicken fat profile

Mean fatty acid profile calculated
across six adipose tissue depots

Mean fatty acid profile calculated
across marine fish species

Mean fatty acid profile calculated
across freshwater fish species

Fatty acids not reported in individual studies weren't included unless biologi-

cally justified. The atherogenicity index (AI) and thrombogenicity index (TI) were
calculated according to Ulbricht and Southgate (1991), whereas the hypocho-
lesterolemic/hypercholesterolemic ratio (h/H) was calculated according to San-
tos-Silva et al. (2002).
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Statistical processing of the data was performed using Microsoft Excel (Microsoft
Corp., Redmond, WA, USA). The study was designed as a comparative evaluation
of fatty acid composition and derived lipid quality indices across experimentally
analysed BSF fat samples and literature-derived lipid datasets. Descriptive statis-
tics, including mean values and standard deviations (SD), were calculated for fat-
ty acid groups (SFA, MUFA, PUFA), n-6/n-3 ratio, and derived lipid quality indices
(AI, TI, and h/H). For BSF fat, descriptive statistics were calculated from four in-
dependently analysed samples (BSF_A-D). For literature-derived lipid categories,
statistics were calculated from the datasets constructed as described in Section
2.4,

Because the evaluated lipid categories originated from different biological
materials and independent literature sources, no inferential statistical analyses
(e.g., analysis of variance or significance testing) were performed. The results are
therefore presented as descriptive comparative summaries intended to charac-
terise compositional similarities and differences among the evaluated lipid sourc-
es rather than to establish statistically significant differences between categories.
Categories represented by a single dataset are reported with SD = 0.00, indicating
the absence of within-category variation rather than analytical replication.

The fatty acid composition and derived lipid quality indices of black soldier fly
(BSF) fat and comparative lipid sources are summarised in Table 2, whereas the
distribution of saturated (SFA), monounsaturated (MUFA), and polyunsaturated
fatty acids (PUFA) is illustrated in Figure 1. Overall, the evaluated lipids exhibited
distinct compositional patterns associated with their relative proportions of satu-
rated and unsaturated fatty acids.
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Tab. 2: Summary lipid composition and lipid quality indices of BSF fat and compara-
tive lipid sources

| Lipid source | SFA (%) |MUFA (%)| PUFA(%) | n-6/n-3 | AL | Tl | hH

68.88 16.68 13.22 8.42 3.09 1.57 0.42
BSF fat + + + + + + +
1.91 3.25 1.36 0.74 0.35 0.04 0.04
87.00 6.50 2.00 12.00 14.56 6.71 0.12
Coconut oil? * + + + + + +
1.41 0.71 0.00 0.00 0.80 0.06 0.01
49.00 39.50 10.50 30.00 0.94 1.96 1.14
Palm oil? + + + + + i +
1.41 0.71 0.71 2.83 0.05 0.1 0.07
9.50 55.00 30.50 2.31 0.06 0.14 15.75
Rapeseed oil® + t + t * + *
212 7.07 0.71 0.28 0.01 0.04 3.18
14.50 25.50 59.75 7.52 0.14 0.24 8.17
Soybean oil® + + + t + + +
1.41 212 1.06 0.46 0.01 0.02 0.80
32.49 49.26 18.26 18.26 0.49 0.88 2.34
Chicken fatc + + + + + + +
0.00 0.00 0.00 0.00 0.00 0.00 0.00
47.51 42.80 9.14 25.33 0.63 1.36 1.71
Pig fat/lard® t t + t + + t
0.00 0.00 0.00 0.00 0.00 0.00 0.00
Marine 31.42 28.65 39.11 0.34 0.54 0.22 3.94
fish-derived + + + + + + +
lipids® 4.83 3.71 5.04 0.05 0.08 0.04 0.61
Freshwater 28.97 36.44 33.82 1.21 0.42 0.31 4.76
fish-derived + + + + + i +
lipids® 3.92 412 457 0.17 0.05 0.05 0.58

a Sabahannur and Alimuddin (2022);

b Dataset constructed from fatty acid profiles reported by Kostik et al. (2013) and Toishimanov et al.
(2024);

<Marikkar et al. (2021);

@Zhang et al. (2023);

e Ozogul et al. (2007).

Values are presented as descriptive mean + standard deviation. For BSF fat, statistics
were calculated from four independently analysed samples (BSF_A-D). Literature-derived
lipid categories were represented either by individual literature profiles or by aggregated
profiles constructed from multiple biological observations reported in the original stud-
ies (e.q., adipose tissue depots or fish species), as described in Section 2.4. The presented
values represent descriptive comparative summaries and should not be interpreted as
inferential statistical comparisons among lipid sources.
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BSF fat was characterised by elevated SFA content (68.88 + 1.91%), primarily
due to the high proportion of lauric acid (C12:0), accompanied by moderate MUFA
and relatively low PUFA levels. Among the evaluated lipids, coconut oil exhibited
the highest SFA content (87.00 + 1.41%) and showed the closest compositional
similarity to BSF fat with respect to medium-chain saturated fatty acids. In con-
trast, soybean and rapeseed oils displayed markedly lower SFA proportions and
substantially higher PUFA and MUFA contents, respectively (Figure 1).
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Fig. 1: Distribution of SFA, MUFA, and PUFA across evaluated lipid sources.
(% of total FAME)

Chicken fat and pig fat/lard exhibited intermediate compositional characteris-
tics between highly saturated lipids and unsaturated plant oils. Chicken fat was
characterised by elevated MUFA content, whereas pig fat/lard contained higher
SFA proportions accompanied by moderate MUFA levels. Marine and freshwa-
ter fish lipid fractions displayed comparatively higher PUFA content and lower
n-6/n-3 ratios than the remaining lipids, reflecting the contribution of long-chain
polyunsaturated fatty acids typical of fish-derived oils. Lauric acid (C12:0) predom-
inated in BSF fat and coconut oil, whereas oleic acid (C18:1) represented the dom-
inant fatty acid in rapeseed oil, chicken fat, and pig fat/lard. Soybean oil and fish
lipid fractions were characterised by higher proportions of polyunsaturated fatty
acids, particularly linoleic acid (C18:2 n-6) and long-chain n-3 fatty acids.

Calculated lipid quality indices reflected the marked compositional differences
among the evaluated lipid sources (Table 2). Coconut oil exhibited the highest Al
and TI values together with the lowest h/H ratio, corresponding to its predomi-
nance of saturated fatty acids, particularly medium-chain saturated fatty acids. In



nET Net|2026

contrast, soybean and rapeseed oil displayed the most favourable index values,
characterised by low Al and TI values and elevated h/H ratios associated with their
higher proportions of unsaturated fatty acids.

BSF fat exhibited intermediate lipid quality index values positioned between
highly saturated tropical oils and more unsaturated plant-derived oils. Although
BSF fat was characterised by elevated saturated fatty acid content, its Al and TI
values remained substantially lower than those observed for coconut oil, reflect-
ing the contribution of monounsaturated and polyunsaturated fatty acids within
the BSF lipid fraction. Chicken fat, pig fat/lard, and fish lipid fractions likewise
occupied intermediate positions, with marine and freshwater fish-derived lipids
exhibiting comparatively lower TI values and reduced n-6/n-3 ratios associated
with their higher long-chain polyunsaturated fatty acid content.

The evaluated BSF fat samples showed a fatty acid profile dominated by saturated
fatty acids, particularly lauric acid (C12:0), which is commonly regarded as one
of the characteristic fatty acids of black soldier fly-derived lipids (Lu et al., 2022;
Suryati et al., 2023). Similar findings were reported by Srisuksai et al. (2024), who
described BSF oil as a lauric acid-rich lipid source with certain physicochemical
similarities to tropical oils. In the present study, BSF fat was compositionally clos-
er to coconut oil than to soybean or rapeseed oil with respect to overall satura-
tion profile and medium-chain fatty acid content. At the same time, however, BSF
samples contained noticeably higher MUFA and PUFA proportions than coconut
oil, which resulted in substantially lower AI and TI values despite the elevated
saturated fatty acid fraction. This suggests that BSF lipids should not be viewed
simply as another tropical saturated fat source, but rather as a separate lipid cate-
gory occupying an intermediate position between highly saturated oils and more
unsaturated vegetable oils.

The broader comparative analysis further demonstrated how diverse the fatty
acid distribution of commonly used feed and edible fats can be. Rapeseed oil and
chicken fat contained predominantly oleic acid and generally exhibited a more
MUFA-rich profile than the remaining lipids, whereas soybean oil and fish lipid
fractions were characterised by markedly higher PUFA levels. Pig fat/lard showed
a more balanced distribution of SFA and MUFA, corresponding well with fatty acid
patterns previously reported for porcine adipose tissue lipids (Zhang et al., 2023).
Marine and freshwater fish-derived lipids differed from the remaining evaluated
fats mainly because of their elevated long-chain polyunsaturated fatty acid con-
tent and substantially lower n-6/n-3 ratios, which is consistent with previously de-
scribed fish lipid profiles (Ozogul et al., 2007). Together, these observations illus-
trate that BSF fat occupies a distinct compositional position among conventional
lipid sources rather than closely matching any single plant or animal-derived fat.
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Some variability among BSF samples was observed even though all analysed
materials originated from the same commercial supplier. In particular, the BSF_D
sample contained relatively higher lauric acid and PUFA proportions together
with lower MUFA levels compared with the remaining BSF samples. Similar dif-
ferences in BSF lipid composition have previously been linked to substrate com-
position, larval developmental stage, environmental conditions, and extraction
or processing methodology (Lu et al., 2022; IJdema et al., 2025; Srisuksai et al.,
2024). The observed variation therefore likely reflects the considerable metabolic
flexibility of black soldier fly larvae and further supports the idea that substrate
manipulation can significantly influence the final lipid profile of BSF-derived prod-
ucts. From a practical perspective, such variability also highlights the importance
of compositional standardisation when BSF fat is considered for larger-scale feed
applications.

The calculated lipid quality indices reflected the pronounced differences in sat-
uration profile among the evaluated lipid sources. As expected, rapeseed and
soybean oil displayed the lowest Al and TI values together with the highest h/H
ratios because of their elevated unsaturated fatty acid content, while coconut oil
exhibited the least favourable index values due to its predominance of saturated
fatty acids (Dongmo et al., 2024). Similar relationships between fatty acid satura-
tion patterns and derived lipid quality indices have been described previously for
edible oils, fish lipids, and insect-derived fats (Maheshwari et al., 2025; Domisze-
wski et al., 2026). BSF fat consistently occupied an intermediate position between
highly saturated coconut oil and more unsaturated plant-derived oils. Chicken
fat, pig fat/lard, and fish-derived lipids likewise represented intermediate com-
positional categories, although fish-derived lipids differed because of their sub-
stantially lower n-6/n-3 ratios and higher proportions of long-chain omega-3 fatty
acids. Nevertheless, Al, TI, and h/H values should be interpreted cautiously, since
these indices primarily serve as comparative compositional tools rather than di-
rect predictors of physiological or health-related effects in animals (Chen et al.,
2020).

Interest in BSF larvae oil has recently expanded beyond compositional evalua-
tion alone, particularly in relation to their practical use as alternative dietary fat
sources in animal nutrition. Schiavone et al. (2017) and Kim et al. (2020) reported
that partial or complete replacement of soybean oil with BSF larvae oil in broiler
diets did not negatively affect growth performance or feed efficiency, whereas
Khan et al. (2024) described acceptable serum biochemical and gut health re-
sponses following dietary inclusion of BSF-derived ingredients. Similar findings
were reported by Somparn et al. (2024), who evaluated replacement of rice bran
oil with BSF larvae oil in broiler diets. In young ruminant nutrition, Quigley et al.
(2025) further suggested that BSF oil may represent a suitable alternative to con-
ventional milk replacer oils such as palm or coconut oil. Although the present
study was limited to compositional characterisation and literature-based compar-
ison of lipids, the obtained results support the growing view that BSF-derived

10



nET Net|2026

lipids may represent a nutritionally relevant alternative fat source worthy of fur-
ther investigation under practical feeding conditions.

Several limitations should nevertheless be considered when interpreting the
present findings. The comparative datasets combined experimentally analysed
BSF samples with literature-derived fatty acid profiles originating from studies
that differed in biological material, analytical conditions, and sample origin. Al-
though only datasets reporting fatty acid composition as relative percentages of
total fatty acids (%FAME) determined by GC-FID were included in order to improve
methodological comparability, some degree of inter-study variability remains un-
avoidable. In addition, the calculated Al, TI, and h/H indices should primarily be
regarded as comparative compositional indicators rather than direct indicators
of animal health or nutritional efficacy. Future studies should therefore combine
compositional lipid characterisation with controlled in vivo experiments evaluat-
ing digestibility, metabolic responses, animal performance, and product quality
following dietary inclusion of BSF or other insect-derived lipids.
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