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ABSTRACT

ARTICLE HISTORY

This experiment aimed to establish the fatty acid profiles of oils from selected insect species
and to evaluate their effects on in vitro rumen fermentation and methanogenesis. Insect samples, namely maggots, krotos, superworms, mealworms and crickets, were subjected to oil
extraction using hexane in a Soxhlet apparatus. The fatty acid composition of the oils was subsequently determined. The insect oils were added at 5% dry matter to two kinds of diets, high
forage (70% forage þ 30% concentrate) and high concentrate (30% forage þ 70% concentrate),
which represented the diets of dairy cows and beef cattle, respectively. These diets, together
with a control for each (without any addition of insect oil), were incubated in an in vitro rumen
fermentation system, performed for three runs, with each run represented by two incubation
units. Therefore, in total 2  6 treatments were incubated: the two types of diet (high forage
and high concentrate) and the addition (or not) of insect oils (no addition, maggot, kroto, superworm, mealworm and cricket). The data were analysed by using two-way analysis of variance
(ANOVA), followed by Tukey’s test. The results revealed that maggot oil was dominated by
C12:0 (43.1% from total fatty acids), whereas the main fatty acids present in kroto oil were
C18:1n-9 (38.8%) and C16:0 (20.8%). Superworm oil, mealworm oil and cricket oil were rich in
C16:0 (19.5–31.2%), C18:1n-9 (25.8–44.6%) and C18:2n-6 (24.0–27.9%). In no case was the interaction between substrate and the addition of insect oil significant for any of the parameters.
The addition of insect oil reduced the methane emission of the incubated substrates (p < .05)
without altering total volatile fatty acid concentration, with mealworm oil resulting in the lowest
level of methane among the insect oils. The oils had no significant effect on ruminal ammonia
concentration. Generally, the addition of insect oil reduced the dry and organic matter digestibility of the substrates (p < .05). In conclusion, insect oils are rich in medium-chain and monounsaturated fatty acids (MUFA), and have the ability to mitigate enteric methane emission.
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HIGHLIGHTS

 Oils from various insects, namely maggots, krotos, superworms, mealworms and crickets,
were extracted, characterised for their fatty acid profiles, and evaluated for their effects on
in vitro rumen fermentation and methanogenesis.
 Maggot oil was dominated by C12:0, whereas the main fatty acids present in kroto oil were
C18:1n-9 and C16:0. Superworm, mealworm and cricket oils were rich in C16:0, C18:1n-9 and
C18:2n-6.
 The addition of all the insect oils reduced methane emissions in the high forage and high
concentrate substrates, without altering total volatile fatty acid concentration.

Introduction
Insects have been considered as a promising future
food and feed resource for humans and animals,
respectively. The production of insect biomass as food
and a feed resource has some comparative advantages
over other resources; for example, insects are able to
efficiently convert organic waste into their body mass,
CONTACT Dr Anuraga Jayanegara
University, Bogor, Indonesia

anuraga.jayanegara@gmail.com

grow rapidly within a short period, require a low use
of water and have low emissions of greenhouse gases
(Van Huis 2013). They are typically characterised by
their high protein content and have been considered
as sustainable alternatives to conventional animal proteins in animal nutrition (Gasco et al. 2019; 2020). The
crude protein contents of insects may vary depending
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zefiak
on the species and developmental stage (Jo
et al. 2016), and may also vary greatly due to variations in the nutritional quality of the rearing substrates
(Makkar et al. 2014; Spranghers et al. 2017; Meneguz
et al. 2018). For instance, our previous study indicated
that the crude protein content of crickets (Gryllus
bimaculatus), mealworms (Tenebrio molitor) and maggots (black soldier fly larvae, Hermetia illucens) ranged
from 44.7 to 67.7% dry matter (Jayanegara et al.
2017). Part of the nitrogenous compounds present in
insects is in the form of chitin, a long-chain polymer
of an N-acetylglucosamine. This component is generally hardly digested in the digestive tract of animals
(Chaudhari et al. 2011), although some animal species
possess chitinase activity (Gasco et al. 2016; Tabata
et al. 2018).
Insects have been used as a feed ingredient in a
number of animal species, such as broiler chickens
(Schiavone et al. 2017; Benzertiha et al. 2019), laying
hens (Borrelli et al. 2017; Bovera et al. 2018), swine
(Biasato et al. 2019) and aquatic animals (Belforti et al.
2015; Gasco et al. 2016). However, their utilisation in
the feeding of ruminants has been limited. Evaluation
of insects as ruminant feed has to date been limited,
with only a few reports available (Jayanegara et al.
2017; Astuti et al. 2019). This may be related to the
potential risk of the use of insects for ruminants causing bovine spongiform encephalopathy (BSE), or mad
cow disease, although to date there has been no evidence of such a problem. EU regulations prohibit the
use of protein from terrestrial animals in feed for
food-producing animals, including insect protein
(Finke et al. 2015). Many other countries, including
developing regions, have less clear or even no, specific
regulations concerning the use of insects and their
derivatives for ruminant feeds (Bessa et al. 2020). In
Indonesia, there are currently no regulations concerning the use of insects for animal feed, including that
of ruminants.
A component which is predominantly high in
insects is oil. It is widely known that oil can serve as
an energy source for animals. As with protein, the oil
content of insects varies widely according to the species, developmental stage and the rearing substrate
(Sanchez-Muros et al. 2014; Nowak et al. 2016). For
instance, the ether extract content of black soldier fly
larvae, housefly maggots and mealworms have been
shown to be within the range of 15.0–34.8, 9.0–26.0
and 31.1–43.1% dry matter, respectively (Makkar et al.
2014). The fatty acid composition of oils originating
from insects has been explored and reported by a
number of authors (for example Belforti et al. 2015;

Spranghers et al. 2017; Meneguz et al. 2018).
However, to the best of our knowledge, insect oils
have yet to be investigated in terms their effects on
rumen fermentation and methanogenesis.
This experiment therefore aimed to investigate the
fatty acid profiles of oils from selected insect species
and to evaluate their effects on rumen fermentation
and methanogenesis by employing an in vitro rumen
fermentation system.

Materials and methods
Insect samples and extraction procedure
The insect samples, i.e. maggots (Hermetia illucens,
order Diptera, family Stratiomyidae), krotos (Oecophylla
smaragdina, order Hymenoptera, family Formicidae),
superworms (Zophobas morio, order Coleoptera, family
Tenebrionidae), mealworms (Tenebrio molitor, order
Coleoptera, family Tenebrionidae) and crickets (Gryllus
bimaculatus, order Orthoptera, family Gryllidae) were
purchased from commercial pet shops in Empang
area, Bogor city. In Indonesia, these insect species are
commonly fed to pets or companion animals, particularly birds, and are, therefore, widely sold in many
areas in the country. However, it is not common to
feed insects to ruminants in the country. The maggots
and krotos were at larval stages, both at 14 d old. The
superworms and mealworms were also at larval
stages, at 90 and 50 d old, respectively. The crickets
were 25 d old and at the nymph stage. Information
regarding the age and developmental stage of the
insect samples was obtained directly from the pet
shops. A total of 3 kg (fresh matter) of each insect species was dried in an oven at 60  C for 24 h. The dried
samples were then ground using a hammer mill so
that they passed through a 1 mm screen sieve. The
ground insect samples were subjected to oil extraction
by using Soxhlet apparatus, as described by
Jayanegara et al. (2018), for which hexane was the
solvent used to extract the insect oils. Briefly, a 5 g
sample was put into a cellulose thimble and then
placed in an extraction chamber. Extraction was performed at boiling point for 6 h, and the remaining
solvent was evaporated in an oven at 60  C to generate the insect oils.

Substrate preparation and chemical analysis
The substrates used for the addition of the insect oils
were king grass (KG, Pennisetum purpureum cv. king
grass), concentrate for dairy cows (CD) and concentrate for beef cattle (CB). Fresh KG was manually
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chopped into 3 cm lengths and dried in an oven at
60  C for 24 h. The dried KG was then milled in order
for it to pass through a 1 mm screen. Both the CD and
CB were purchased from a commercial supplier (CV
Nuansa Baru, Bogor, Indonesia), and the KG was mixed
with them to form a ration for dairy cows (RD) and
one for beef cattle (RB), respectively. These concentrates composed of similar ingredients but at different
proportions, i.e. soybean meal, copra meal, palm kernel meal, rice bran, wheat bran, corn grain, corn cobs,
corn gluten feed and cassava pomace. The RD was a
mixture of 70% KG þ 30% CD (high forage diet),
whereas RB was a mixture of 30% KG þ 70% CB (high
concentrate diet), on a dry matter basis. The proximate composition of the substrates was determined
according to AOAC (2005). The analyses included dry
matter and ash (AOAC no. 942.05), crude protein
(AOAC no. 977.02), and crude fat (AOAC no. 963.15).
Neutral detergent fibre (NDF), acid detergent fibre
(ADF) and acid detergent lignin (ADL) were determined according to Van Soest et al. (1991), and the
values were presented exclusively of residual ash.
Non-fibrous carbohydrates (NFC) were obtained by
subtracting crude protein, crude fat and NDF from
organic matter. The nutrient composition of the KG,
CD, CB, RD and RB is presented in Table 1.
Determination of the fatty acid profiles in the insect
oils was performed according to the procedure of
AOAC (2000). Prior to injection into a gas chromatograph (GC), the fatty acids were methylated into fatty
acid methyl esters (FAME). This methylation was performed by adding BF3-MeOH reagent (Medina et al.
2007). The GC apparatus (Agilent 7890B, Agilent
Technologies, Inc., Santa Clara, CA) was equipped with
a
Supelco
SPTM
2560
capillary
column
(100 m  0.25 mm  0.2 mm) and a flame ionisation
detector (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 and a split ratio of 1:100. Identification and
Table 1. Nutrient composition of king grass (KG), concentrate
for dairy cows (CD), concentrate for beef cattle (CB), ration for
dairy cows (RD) and ration for beef cattle (RB) (% dry matter).
Nutrient
Dry matter
Ash
Crude protein
Crude fat
NDF
ADF
ADL
NFC

KG

CD

CB

RD

RB

91.20
10.70
9.24
3.15
67.30
50.80
18.00
9.61

91.70
3.62
21.80
5.51
24.10
12.80
6.11
45.00

90.50
4.49
15.50
6.07
27.20
14.40
6.89
46.70

91.40
8.58
13.00
3.86
54.30
39.40
14.40
20.20

90.70
6.35
13.60
5.19
39.20
25.30
10.20
35.60

NDF: neutral detergent fibre; ADF: acid detergent fibre; ADL: acid detergent lignin; NFC: non-fibrous carbohydrates; RD: 70% KG þ 30% CD; RB:
30% KG þ 70% CB.
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quantification of the fatty acids were conducted by
comparing the chromatograms of the samples with
the FAME standard (Supelco 37 Component FAME
Mix, Supelco Inc., Bellefonte, PA). Individual fatty acid
values were expressed as a percentage of the corresponding total fatty acid value. All the chemical analyses were performed in duplicate and the data were
presented descriptively.

In vitro rumen incubation
The substrates and insect oils were incubated in an
in vitro rumen fermentation system following the procedure of Theodorou et al. (1994). Rumen microbes
were obtained from the rumen samples of two fistulated Ongole crossbred cattle, located in the Research
Center for Biotechnology, Indonesian Institute of
Sciences, Cibinong. The rumen samples were immediately brought to the laboratory within less than
15 min after being collected. The cattle were cared for
according to the animal welfare standards of the
Indonesian Institute of Science. Treatments were
arranged as a factorial design, in which the first factor
was the type of substrate (RD or RB) and the second
factor was the type of insect oil added (no addition,
maggot oil, kroto oil, superworm oil, mealworm oil or
cricket oil). All the insect oils were added at a level of
5% from substrate dry matter, added to the two RD
and RB substrates. This level was chosen based on our
previous preliminary study regarding the effect of the
supplementation level of maggot oil on rumen methanogenesis, in which the levels of 4 and 5% were
effective to mitigate the methane emission while 3%
and less had no effect (Jayanegara, Anzhany, et al.
2020). Prior to the addition, the insect oil was mixed
with an emulsifier, specifically Tween 80. Of 500 mg of
substrate was put into a serum bottle (150 mL capacity) as an incubation unit, and then 50 mL of rumen
fluid-buffer mixture (1:2 v/v) was added. The bottle
was gassed with CO2 in order to maintain an anaerobic environment, and closed with a rubber cap and
an aluminium crimp seal. Incubation was performed in
a water bath at 39  C for 72 h.
Gas production was measured at 6, 12, 24, 48 and
72 h after the start of the incubation. Methane emission was measured at 24 h after incubation by injecting the gas into an infra-red methane analyser. Other
fermentation parameters, such as pH, total volatile
fatty acids (VFA) and ammonia concentrations, were
also measured after 24 h incubation. The measurements were made according to the protocol described
by Jayanegara et al. (2016). The incubation residue
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was further incubated with pepsin–HCl solution for
another 24 h. After the second incubation, all the incubation bottles were filtered with Whatman filter paper
no. 41 under vacuum. The dry matter and organic
matter content of the final residue were then determined (AOAC 2005, AOAC no. 942.05) in order to further calculate the in vitro dry matter digestibility
(IVDMD) and in vitro organic matter digestibility
(IVOMD), respectively. Incubation was performed in
three runs (in consecutive weeks) and each run was
represented by two incubation units.

substrate and insect oil addition; and eijkl is the random error. Since the interactions for all the parameters
were insignificant, only data from the main factor
effects were presented. When a parameter was statistically significant at p < .05, it was followed by a posthoc test, namely Tukey’s test. The statistical analysis
was conducted employing SPSS software version 16.0
(SPSS Inc., Chicago, IL).

Results and discussion
Fatty acid profiles of insect oils

Data analysis
The data were analysed using analysis of variance
(ANOVA) with a factorial arrangement, in which the
first factor was the substrate and the second the
insect oil added. The following statistical model was
employed:
Yijkl ¼ l þ bi þ aj þ ck þ ðacÞjk þ eijkl ,
where Yijkl is the observed value; m is the grand mean;
bi is the block effect (different incubation runs); aj is
the effect of the substrate; ck is the effect of the insect
oil addition; (ac)jk is the interaction effect between the

The oil contents of the maggots, krotos, superworms,
mealworms and crickets were 29.1, 17.0, 37.2, 20.3 and
14.5% on a dry matter basis, respectively. Different
insect oils had distinct fatty acid profiles (Table 2). The
maggot oil was dominated by C12:0 by more than
40% from total fatty acids. Other fatty acids that were
high in maggot oil were C14:0, C16:0 and C18:1n-9.
The main fatty acids present in kroto oil were C18:1n9 and C16:0. Superworm oil, mealworm oil and cricket
oil were similar with regard to their main fatty acid
profiles, i.e. C16:0, C18:1n-9 and C18:2n-6, respectively.
Omega three fatty acids were generally observed to

Table 2. Fatty acid profiles of insect oils from maggot, kroto, superworm, mealworm and cricket (% total
fatty acids).
Fatty acid
C8:0
C10:0
C12:0
C14:0
C14:1n-5
C15:0
C15:1n-5
C16:0
C16:1n-7
C17:0
C17:1 n-8
C18:0
C18:1n-9
C18:2n-6
C18:3n-3
C20:0
C20:1n-9
C20:2n-6
C20:3n-6
C20:4n-6
C20:5n-3
C21:0
C22:0
C22:1n-9
C24:0
Omega 3
Omega 6
Omega 9
UFA
MUFA
PUFA
SFA
Total fatty acids (% DM)

Maggot oil
0.00
1.15
43.10
15.30
0.27
0.22
0.00
14.30
2.73
0.19
0.00
2.39
16.40
3.61
0.03
0.09
0.04
0.00
0.00
0.00
0.04
0.00
0.00
0.00
0.00
0.07
3.61
16.40
23.10
19.40
3.68
76.70
–

Kroto oil
0.11
0.07
0.50
1.11
0.08
0.03
0.00
20.80
0.82
0.32
0.05
9.34
38.80
5.94
0.44
0.79
0.00
0.00
0.00
0.37
0.51
0.00
0.00
0.00
0.12
0.95
6.31
38.80
47.00
39.70
7.26
33.20
–

Superworm oil
0.48
0.17
0.10
0.71
0.00
0.14
0.06
26.80
0.35
0.32
0.11
8.20
27.80
26.80
1.71
0.23
0.16
0.04
0.00
0.00
0.09
0.02
0.00
0.05
0.03
1.80
26.80
27.80
57.20
28.50
28.60
37.20
–

Mealworm oil
0.00
0.02
0.37
3.13
0.01
0.15
0.00
19.50
1.44
0.20
0.17
4.43
44.60
24.00
0.91
0.24
0.15
0.07
0.00
0.00
0.13
0.02
0.00
0.00
0.10
1.02
24.00
44.60
71.60
46.50
25.10
28.20
–

Cricket oil
0.12
0.03
0.18
0.86
0.02
0.10
0.02
31.20
0.80
0.27
0.07
9.03
25.80
27.90
1.39
0.45
0.05
0.03
0.00
0.02
0.12
0.04
0.00
0.03
0.02
1.52
28.00
25.80
56.30
26.80
29.50
42.30
–

UFA: unsaturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; SFA: saturated fatty acids.
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be low in all the insect oils. The proportions of polyunsaturated fatty acids (PUFA) were low in the maggot oil and kroto oil, whereas they were high in the
superworm, mealworm and cricket oil.
The high proportion of C12:0 observed in the maggot oil was in line with the findings of Spranghers
et al. (2017). Their study found that the C12:0 proportion of maggot (from total fatty acids) during the prepupae stage was 57.4, 43.7, 60.9 and 57.6% when
grown on chicken feed, digestate, vegetable waste
and restaurant waste, respectively. In another study,
concentrations of C12:0 in maggot fed with organic
wastes and agro-industrial by-products were
52.1–57.4% and 32.4–34.7%, respectively (Meneguz
et al. 2018). The main fatty acids present in kroto were
C18:1n-9 and C16:0, which constituted 50.0 and 22.3%
of the total fatty acids respectively (Chakravorty et al.
2016), levels which were in agreement with this study.
High proportions of C16:0, C18:1n-9 and C18:2n-6 in
superworm oil, mealworm oil and cricket oil have also
been reported by other authors (Jabir et al. 2012; Paul
et al. 2017; Starcevic et al. 2017). All these findings
suggest that oils originating from these insects are
particularly rich in medium-chain fatty acids (MCFA)
and monounsaturated fatty acids (MUFA).

Effects of substrates on rumen fermentation and
methanogenesis
Interaction between the substrate and added insect
oil was not significant for all the in vitro parameters.
During the early incubation period of samples of up
to 48 h in the in vitro rumen fermentation system, gas
production was higher for the RB substrate than for
Table 3. Influence of different substrates and insect oils on
gas production (mL) at various incubation periods (h).
Component
Substrate
RD
RB
Oil
No
Maggot
Kroto
Superworm
Mealworm
Cricket
SEM
p Value
Substrate
Oil
Substrate  oil

G6

G12

G24

G48

G72

26.4y
34.9x

50.4y
64.3x

72.6y
83.7x

94.3y
99.1x

103.1
104.9

29.5
29.3
30.7
31.4
31.2
31.8
0.730

58.1
55.7
57.2
58.3
56.9
57.8
1.04

80.5
74.8
78.0
79.8
77.5
78.3
0.933

98.4a
90.4b
96.5ab
98.8a
97.3a
98.8a
0.871

105.7a
96.7b
103.8ab
106.3a
105.3a
106.1a
0.827

<.001
.425
.220

<.001
.816
.249

<.001
.194
.420

.001
.005
.288

.220
.002
.477

the RD (p < .05, Table 3). Different substrates did not
influence the pH value nor the total VFA concentration
of the rumen microbial mixed culture medium (Table
4). The incubation of the RB substrate resulted in a
higher ammonia concentration than that of RD
(p < .01). The RB substrate had higher DMD and OMD
than the RD (p < .001, Table 5). With regard to greenhouse gas methane emissions, the RB diet produced
lower methane compared to the RD diet (p < .05).
The higher gas production, DMD and OMD of the
RB substrate than the RD were apparently due to its
high concentrate proportion, leading to a higher NFC
and a lower NDF content. Gas in the in vitro rumen
fermentation originated from two main sources: microbial degradation and fermentation on the substrate,
Table 4. Influence of different substrates and insect oils on
fermentation of in vitro rumen microbial mixed culture.
Component
Substrate
RD
RB
Oil
No
Maggot
Kroto
Superworm
Mealworm
Cricket
SEM
p Value
Substrate
Oil
Substrate  oil

pH

VFA (mmol/L)

NH3
(mmol/L)

6.84
6.84

67.0
81.1

12.3y
15.7x

6.85
6.84
6.84
6.83
6.85
6.84
0.006

88.7
62.0
70.6
76.9
77.2
68.8
4.08

13.1
13.1
12.2
13.7
14.8
17.0
1.01

.560
.723
.273

.120
.563
.800

.005
.213
.055

Different superscripts within the same column and the same factor are
statistically different at p < .05.
RD: ration for dairy cows; RB: ration for beef cattle; SEM: standard error
of mean; VFA: volatile fatty acids; NH3: ammonia.

Table 5. Influence of different substrates and insect oils on
digestibility and methane emission of in vitro rumen microbial
mixed culture.
Component

Different superscripts within the same column and the same factor are
statistically different at p < .05.
G6, G12, G24, G48 and G72 are gas production at 6, 12, 24, 48 and 72 h
after incubation, respectively.
RD: ration for dairy cows; RB: ration for beef cattle; SEM: standard error
of mean.
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Substrate
RD
RB
Oil
No
Maggot
Kroto
Superworm
Mealworm
Cricket
SEM
p Value
Substrate
Oil
Substrate  oil

DMD (%)

OMD (%)

CH4 (%gas)

49.4y
53.9x

48.8y
53.6x

6.44x
5.61y

56.8a
54.8a
51.9ab
51.4ac
48.9bc
46.0c
0.847

57.0a
54.2ab
51.4bc
50.8bd
48.3 cd
45.7d
0.851

7.09a
5.96b
6.14ab
6.05b
4.75c
5.25bc
0.259

<.001
<.001
.274

<.001
<.001
.255

<.001
<.001
.566

Different superscripts within the same column and the same factor are
statistically different at p < .05.
RD: ration for dairy cows; RB: ration for beef cattle; SEM: standard error
of mean; DMD: dry matter digestibility; OMD: organic matter digestibility;
CH4: methane.
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and the buffering of VFA production (Getachew et al.
1998). The NFC fraction is more rapidly degraded and
fermented than structural carbohydrate in the rumen,
and therefore produces more gas, particularly during
the initial incubation period, as well as higher DMD
and OMD values. The higher ammonia concentration
of the RB substrate is related to the slightly higher CP
content, with CP in the rumen degraded to amino
acids and subsequently fermented to generate ammonia (Kondo et al. 2014). In addition, concentrate typically contains a higher proportion of rumen degradable
protein than forage, which contributes to higher
ammonia formation (Jayanegara et al. 2016). Lower
enteric methane emissions of high-concentrate as
compared to high-forage diets have been repeatedly
observed from both in vitro (Kim et al. 2018;
Jayanegara, Yogianto, et al. 2020) and in vivo experiments (Lovett et al. 2003; Aguerre et al. 2011).

Effects of insect oils on rumen fermentation and
methanogenesis
The addition of any of the insect oils generally had no
effect on gas production, except for that of maggot
oil, which reduced the gas production of substrates at
48 and 72 h incubation compared to the control
(p < .05, Table 3). Lower gas production with the addition of maggot oil was seemingly related to the negative effect of oil/fat on ruminal fibre digestion. A
previous meta-analysis study showed that increasing
dietary fat concentration linearly reduced dry matter
and NDF digestibility (Patra 2013). The addition of
insect oils had no significant effects on ruminal pH,
total VFA and ammonia concentrations (Table 4).
Addition of some insect oils, i.e. mealworm and cricket
oils reduced the DMD and OMD values of the substrates (p < .05, Table 5). With regard to greenhouse
gas methane emissions, the addition of insect oils
decreased these (p < .05). The addition of mealworm
oil resulted in the lowest methane emissions among
the insect oils.
Oil or fat in general, regardless of its source, possesses a methane mitigating property. Fat supplementation from various sources had been demonstrated to
linearly reduce methane emissions from cattle (Patra
2013). Inhibition of oil on methanogenesis is possible
through a reduction in the population or activity of
methanogens; partial elimination of protozoa (the host
of some methanogens); and a decrease in nutrient
degradation and fermentation, which contribute to
hydrogen formation and, in the case of unsaturated
fatty acids, serve as alternative hydrogen sinks

(Beauchemin et al. 2009). The contribution of a
decrease in methane by means of a reduction in nutrient digestibility is confirmed in this study, as indicated
by the lower DMD and OMD values following the addition of insect oil. Variation in methane emissions
depending on different insect oils is relatively low,
indicating that the different types of fatty acids present in insect oils contribute to methane mitigation. In
agreement with the findings of the study, MCFA, longchain fatty acids, saturated fatty acids and unsaturated
fatty acids were shown to be able to reduce enteric
€ller
methane emissions (Fievez et al. 2003; Machmu
2006; Patra 2013).

Conclusions
Different insect oils have distinct fatty acid profiles,
but generally the oils are rich in MCFA (C12:0 and
C16:0) and MUFA (C18:1n-9). Maggot and kroto oils
contain low concentrations of PUFA, whereas these
fatty acids are high in the superworm, mealworm and
cricket oils. However, the omega three fatty acids are
low in all the insect oils investigated. Despite their variations in the fatty acid profiles, the insect oils have
the ability to mitigate enteric methane emissions
when added to both high forage and high concentrate diets. Part of the methane decrease is apparently
due to a reduction in nutrient digestibility as indicated
by the lower DMD and OMD values following the addition of insect oils.
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