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Nutritional Evaluation of Total Mixed Ration Silages Containing
Maggot (Hermetia illucens) as Ruminant Feeds

RanDI MuLiANDA, RAkHMAD P. HaraHAP, ErikA B. Laconi, MuHAMMAD RibLA, ANURAGA
JAYANEGARA

Department of Nutrition and Feed Technology, Faculty of Animal Science, IPB University, Bogor 16680, Indonesia.

Abstract | The purpose of this study was to evaluate the nutritive value of total mixed ration (TMR) silage containing
intact and defatted black soldier fly larvae (BSFL) as ruminant feeds. The BSFL was included as an ingredient in TMR
according to the following treatments: ensiled TMR (R1), ensiled 80% TMR + 20% intact BSFL (R2), ensiled 80%
TMR + 20% chemically defatted BSFL (R3), and ensiled 80% TMR + 20% mechanically defatted BSFL (R4). Each
treatment was performed in five replicates. Ensiling was performed in lab scale silo and stored for 30 d. All dietary
treatments were subjected to chemical composition determination and iz vifro incubation with buffered-rumen fluid.
Results showed that R2, R3, and R4 had higher crude protein (CP) contents than R1 both before and after ensiling.
The ether extract (EE) contents in R3 and R4 were lower compared to R2. Ruminal ammonia concentration of R2
was the lowest compared to all treatments, while treatment R3 had the highest ammonia concentration (p<0.05). In
vitro organic matter digestibility (IVOMD) parameter showed that R1, R3, and R4 treatments were higher than R2
(p<0.05). Total gas production in R1 and R2 was lower than treatments in R3 and R4, and the total gas production of
R3 was the highest compared to all treatments (p<0.05). Methane production was not altered due to dietary treatments.
In conclusion, defatted BSFL can be included in TMR silage without causing any adverse effect on the nutritional
value of the silage.
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INTRODUCTION substrates and convert the substrates into their body mass.
Insects are typically characterized by their high protein

Féeding of high-quality feedstuffs is a determining fac- ~COntents with relatively balance amino acid (fomposition
tor for the success of livestock production. In many (J dyanegara ct al. 2917a).Maggot or black sold1er‘ fly larvae
countries, the source of protein for animal feed is primarily (Herm"”f’ illucens) is cons1d§red as a potent am@al feed
based on plant protein. However, protein is considered as bf:cause it ‘has a fast Produc‘aon system, grow r'flpldl}’» and
the most expensive component in feed in comparison to high protein content, i.e., app1:ox1m‘ately 40% (Liland et al.,
other nutrients. Thus, economically, the fulfilment of pro- 20_17)' However, BSFL contains high fat f’f 29-({5% {Fﬂh'
tein sources burdens production costs. The increasing pric- ™! €t al. 2007).The use of'lnsects as a feed 1ngredle‘nt 15 ap-
es of protein sources and the threat of food security have parently a potential solution to solve, at least partially, the
made livestock businesses seek alternative feeds. Insects Problem of feed shortage especially as a source of protein.
just recently have been proposed as future food and feed The present stufly ai@ed to eval}lzl.te t}_le nutritive value of
resources for human and animals, respectively. The use of total mlxczd ration silage cogtammg intact and defatted
insects may simultaneously alleviate the problem of organ- black soldier fly larvae as ruminant feeds.

ic waste disposal since they easily grow on various organic
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MATERIALS AND METHODS

ETHICAL APPROVAL

This study used the rumen content from two non-lactat-
ing Holstein Friesian cows located at field experimental
station, Faculty of Animal Science, IPB University, Indo-
nesia. Animals were cared for according to IPB University
standard for animal welfare and approval of this study was
obtained from the same faculty.

SAMPLE PREPARATION AND ANALYSIS

Sample of BSFL aged 15 d was obtained from PT Bio-
cycle, Bogor. Fat from BSFL was removed mechanically
and chemically by using an expeller and a hexane solution,
respectively. BSFL was dried in an oven at 50°C for 24 h.
'The BSFL was included as an ingredient in total mixed ra-
tion (TMR) according to the following treatments: ensiled
TMR (R1), ensiled 80% TMR + 20% intact BSFL (R2),
ensiled 80% TMR + 20% chemically defatted BSFL (R3),
and ensiled 80% TMR + 20% mechanically defatted BSFL
(R4). Each treatment was performed in five replicates. En-
siling procedure was performed according to Kondo et al.
(2014). All ingredients in TMR were mixed homogenous-
ly and put into a lab scale silo (1000 ml capacity). The silo
was tightly closed to ensure anaerobic condition. All silos
were stored in a place without any direct exposure to sun-
light for 30 d, and then silage was harvested for further

experimental procedures.

Silage samples were dried at 50°C for 24 h in an oven. The
samples were milled to pass a 1 mm screen. These ground
samples were determined for their chemical composition
and subsequent iz witro incubation with buffered-rumen
fluid. Samples were subjected to determination of nutri-
ent composition that included dry matter (DM), organic
matter (OM), ash, crude protein (CP), ether extract (EE),
crude fiber (CF) and nitrogen free extract (NFE) by fol-
lowing the procedure of AOAC (2005). Samples were also
determined for their neutral detergent fiber (NDF), acid
detergent fiber (ADF) and lignin (Van Soest et al., 1991).
Hemicellulose and cellulose were obtained by difference
from NDF — ADF and ADF - lignin, respectively. Insol-
uble CP in neutral detergent (NDICP) and acid detergent
solutions (ADICP) were analyzed by following the proce-
dure of Licitra et al. (1996). Determination of the chemical
composition of each ration was carried out in duplicate.

IN viTRO PROCEDURE

'The experimental TMR silage samples were incubated with
rumen fluid and bicarbonate buffer mixture (Theodorou et
al., 1994), performed in five replicates. Rumen fluid was fil-
tered before use to remove large forage particles. Approxi-
mately 750 mg sample was added into a serum bottle (150
ml capacity) and added with 15 ml rumen fluid and 60 ml

bicarbonate buffer. All serum bottles were gassed with CO,
for 30 s and then closed with a butyl rubber plug and an
aluminum crimp seal to begin the incubation. Incubation
was carried out in awater bath at 39°C for 48 h. Gas was
released and recorded regularly at a determined interval
using a syringe. Shaking was performed manually at each
time the gas production was taken. Gas samples were then
injected into a gas chromatograph to measurethe methane
concentration. Separation between supernatant and resi-
due was performed by using a centrifuge after 48 h of in-
cubation. Supernatant was taken to analyze pH, ammonia,
total bacteria population and total volatile fatty acid (VFA)
(Jayanegara et al., 2016). The residue was added with 75 ml
of pepsin-HCI mixture and put into the water bath for an-
other 48 h. The remaining material was dried in an oven at
60°C for 24 h and subsequently put into a furnace at 550°C
to determine in vitro dry matter digestibility (DMD) and
in vitro organic matter digestibility (OMD), respectively
(Tilley & Terry 1963).

STATISTICAL ANALYSIS

Data were analysed by using analysis of variance with four
treatments and five replicates. When the ANOVA results
for a certain parameter show a significant difference at
p<0.05, Duncan test was employed for comparison among
different treatments. Statistical analysis was performed by
using SPSS statistics software version 23.

RESULT'S AND DISCUSSIONS

The chemical composition of the total mix ration (TMR)
based on the dietary treatments is shown in Table 1. The
R2, R3, and R4 had higher CP contents than R1 both
before and after ensiling. An increase in CP content also
followed the increase in the NFE content in R2, R3, and
R4 compared to R1. It is because of the addition of BSFL
to TMR, thus increasing the value of CP ration. BSFL is
a potential source of protein feed ingredients from insects.
Based on its nutritional content, insects generally have high
levels of crude protein and balance amino acid composition
(Sanchez-Muros et al., 2014). It has been reported that the
value for BSFL crude protein (aged 15 days) is in the range
of 40-44% DM (Sprangers et al., 2017; Jayanegara et al.
2017a). However, extreme variability in EE content (15.0-
34.8% DM) and ash (14.6%-28.4% DM) was observed in
BSFL, which primarily due to the different diets (IMakkar
et al., 2014). With regard to individual fatty acid composi-
tions, BSFL was reported to contain a high percentage of
saturated fatty acids particularly lauric and palmitic acids,
i.e., above 40 and 8%, respectively. BSFL also contained
C18:2 n-6 of 4.5-11.6%, which was relatively high among
other polyunsaturated fatty acids (Sprangers et al., 2017).

The EE content in R2 was higher compared to R3. How
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Table 1: Chemical composition of total mixed ration (TMR) silage containing black soldier fly larvae (BSFL) before

and after 30 days of fermentation.

Chemical composition™

Before ensiling

Dry matter, %

Ash, %DM

Crude protein, %DM
Crude fiber, %DM

Ether extract, %DM
Nitrogen free extract, %DM
After ensiling

Dry matter, %

Ash, %DM

Crude protein, %DM
Crude fiber, %DM

Ether extract, %DM
Nitrogen free extract, %DM
NDICP, %DM

ADICP, %DM

Neutral detergent fiber, DM
Acid detergent fiber, DM
Hemicellulose, %DM
Cellulose, %DM

Lignin, %DM

Silica, %DM

pH

Treatments*

R1 R2 R3 R4
87.02 87.03 87.06 87.03
8.00 7.10 8.09 8.05
14.06 14.15 15.87 15.14
21.33 23.20 24.78 25.00
2.94 2.72 2.62 3.38
35.46 41.73 35.70 38.82
82.75 91.03 91.16 90.93
9.01 8.60 8.60 8.69
12.08 13.98 15.26 14.38
16.20 15.93 13.34 19.63
2.10 2.84 2.52 2.65
43.36 49.60 51.31 45.79
9.51 9.95 10.76 10.89
8.25 8.65 8.43 8.61
59.39 55.99 58.00 58.77
45.52 37.60 40.14 41.18
13.87 18.39 17.86 17.59
7.04 5.16 5.06 5.34
38.35 31.81 34.20 34.64
0.13 0.63 0.88 1.20
5.08 5.06 5.14 5.14

*R1: TMR without BSFL; R2: 80% TMR + 20% BSFL; R3: 80% TMR + 20% chemically defatted BSFL; R4: 80% TMR +
20% mechanically defatted BSFL; **DM, dry matter; NDICP, neutral detergent insoluble crude protein; ADICP, acid detergent

insoluble crude protein.

ever, the EE content in the chemical composition of R4
was higher than that of R2. The CP content in R3 and
R4 were also higher than R2 which was influenced by the
defatted method in BSFL both before and after silage. It
happened because of differences in the defatted method
on BSFL raw materials. The soxhlet extraction method is
a chemical extraction method commonly used to remove
lipids using petroleum ether. This method effectively re-
moves the ingredients so that their EE content becomes
<1% DM from various oilseed (Bouallegue et al., 2016;
Castejon et al., 2018; Jayanegara et al., 2018a). Mechani-
cal extraction is a technique to extract lipid (Savoire et al.,
2013) but it produces lower lipid compared to chemical
extraction methods using organic solvent. It has been re-
ported that the extraction of lipid oil from flaxseed using
mechanical oil expeller is lower, which is 22.6% compared
to organic solvent extraction methods, which is 36.3% (Al

& Watson, 2014).

BSFL has a high fiber content as shown by the CF, NDEF,
and ADF parameters that increased in R2, R3, and R4
compared to R1 both before and after ensiling. It is due
to the exoskeleton content of insects that contribute to
the high fiber content. The main component present in
the exoskeleton of insects is chitin. Chitin is a polymer of
N-acetylglucosamine (Chaudhari et al., 2011). In the prox-
imate analysis, chitin is recovered as crude fiber according
to Finke (2012). Another study reported that BSFL con-
tained chitin 8.7% DM (Diener et al., 2009) and 9.6% DM
(Kroeckel et al., 2012). The NDICP and ADICP contents
in R2,R3,and R4 were higher compared to R1 after the 30
days ensiled, because chitin contains nitrogen groups in the
molecule. However, the increasing age of BSFL will be fol-
lowed by the development of exoskeletons, which increases
the proportion of chitin per unit of DM (Zhu et al., 2016).
The generally high pH values observed in R2, R3, and R4
containing BSFL after silage appear to be related to high

CP content, which has been known to have an enhanced
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Table 2: In vitro rumen fermentation and digestibility of of total mixed ration (TMR) silage containing black soldier

fly larvae (BSFL).
Treatments* Parameters™
pH VFA (mmol/1)
R1 7.28 +0.14 135¢+ 4.90
R2 7.24 +0.08 112* + 1.90
R3 7.04 £ 0.05 138+ 3.17
R4 7.16 +0.11 125 + 2.49

NH, (mmol/1) IVDMD (%) IVOMD (%)
7.47¢ + 0.53 79.20°+ 1.14 77.20° = 1.01
5.99% + 0.52 52.50* + 0.65 50.70* £ 0.78
10.40¢ + 0.78 79.20° = 0.64 77.80° + 0.94
5.92* £ 0.49 67.40° + 0.65 77.20° £ 1.00

®c: means in the same column with varying superscript differ significantly (P<0.05); *R1: ensiled TMR; R2: ensiled 80% TMR +
20% BSFL; R3: ensiled 80% TMR + 20% chemically defatted BSFL; R4: ensiled 80% TMR + 20% mechanically defatted BSFL;
“*IVDMD: in vitro dry matter digestibility; IVOMD: in vitro organic matter digestibility.

buffering capacity (Chaikong et al., 2017; Jayanegara et al.,
2019). However, the content of % DM TMR in each treat-
ment after silage did not decrease compared to before si-
lage which means the quality of the ration was maintained.
'The characteristics of iz vitro rumen fermentation and di-
gestibility of TMR silage containing BSFL based on the
treatment are shown in Table 2. The pH values at each
treatment were not significantly different. The total vola-
tile fatty acid (VFA) value of R2 was the lowest compared
to all treatments, while R3 was higher than that of R4
(p<0.05). Likewise, the ammonia concentration at R2 was
the lowest compared to all treatments, while treatment R3
had the highest ammonia (NH,) concentration (p<0.05).
'The IVDMD parameter showed that the lowest IVDMD
value was R2 compared to all treatments, while the R1 and
R3 treatments were higher than R4 (p<0.05). The IVO-
MD parameter showed that R1, R3, and R4 treatments
were higher than R2 (p<0.05). The pH value of each treat-
ment is in the range of 7.04-7.28, which is included in the
category of high pH values. It is consistent with the state-
ment of Nagaraja & Lechtenberg (2007) which divides
the rumen pH range into four categories, i.e., including
acidic (pH < 5.6), optimal (5.6 to 6.0), suboptimal (6.0 to
6.4), and high (above 6.4). Rumen pH value is very influ-
ential in fermentation activity and feed degradation. The
pH value of 5.5 within 24 hours has the potential for cattle
to experience SARA (Subacute Ruminal Acidosis) (Zosel
et al., 2010) and interfere with the stability of the rumen
microbes.

Concomitantly, the high NDF and ADF contents in BSFL
led to lower total VFA, IVDMD and IVOMD. Such high
chitin content as fiber in BSFL affects in lower IVDMD
and IVOMD (Jayanegara et al., 2017b). Fermentation of
rumen microbes, especially carbohydrates, produces VFA
which contribute in providing energy for the host animals
after being absorbed (Noziere et al., 2011). The addition of
BSFL in TMR increases the CP content so that the ammo-
nia concentration becomes higher in rumen fluid. Ammo-
nia is obtained from the degradation of proteins that enter
the rumen by proteolytic microbes through proteolysis and
deamination (Owens et al., 2014), and it is a precursor for

microbial protein synthesis (Pengpeng & Tan, 2013). Pro-
tein degradation that generates ammonia in the rumen is
influenced by a number of factors such as protein fraction,
protein degradation rate, the efficiency of converting am-
monia to protein microbes, and ammonia absorption rate
in the rumen (Bach et al., 2005). The low concentration of
ammonia, [IVDMD, and IVOMD in R2 can be due to the
high lipid and fiber content in BSFL. BSFL contains high
proportion of medium-chain fatty acids particularly lauric
acid (C12:0), amounting to 21.4-49.3% (Tran et al., 2015).
Many variations of NH,-N values are affected by lipids in
the feed rations that have been reported, but the results
were inconsistent, either decrease (Wanapat et al., 2011),
lack of effect (Shingfield et al., 2010; Toral et al., 2018)
or increase (Homem Junior et al., 2010). Previous stud-
ies reported that lauric and myristic contained in palm oil
could be toxic to bacteria and archaea (Soliva et al., 2011).
It occurs through the mechanism of MCFAs dissociation
in bacterial cells as antimicrobials (Goel et al., 2009). An-
other study has reported that MCFAs have a strong an-
tiprotozoal effect both in pure form and in oil extraction
products (Newbold et al., 2015), so it has an impact on the
ability to degrade proteins and is directly proportional to
the low IVDMD and IVOMD.

Total gas production, methane concentration, and total
bacterial population of TMR silage containing BSFL are
shown in Table 3. Total gas production in R1 and R2 is
lower than treatments in R3 and R4 , but the total gas pro-
duction of R3 was the biggest compared to all treatments
(p<0.05). Methane production in each treatment was not
significantly different. Total iz wvifro rumen bacteria on
R4 treatment was greater than other treatments, while R1
was the lowest (p<0.05). The pattern of low gas produc-
tion in R2 seems to follow the pattern of low total VFA
as well because both parameters are the final product of
microbial fermentation in the rumen. I vitro gas produc-
tion is positively correlated with total VFA concentration
(Getachew et al., 2004). The addition of defatted BSFL to
TMR gained a larger bacterial population compared to in-
tact BSFL, and this was true when comparing between R2
and R4. It is because BSFL contains fat MCFAs, which
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Table 3: In vitro total gas production, methane concentration, and total bacteria population of total mixed ration (TMR)

silage containing black soldier fly larvae (BSFL).

Treatments* Total gas production (ml)
R1 133*+ 3.00
R2 130° + 4.32
R3 139" + 4.38
R4 135® + 3.65

Methane (% total gas) Total bacteria (10°/ml)
16.06 + 1.05 2.53*+0.12
16.19 + 1.20 3.63+ 0.16
16.35 + 0.99 3.60"+ 0.86
16.39 = 1.09 5.11+£ 0.32

c: means in the same column with varying superscript differ significantly (P<0.05); *R1: ensiled TMR; R2: ensiled 80% TMR +
20% BSFL; R3: ensiled 80% TMR + 20% chemically defatted BSFL; R4: ensiled 80% TMR + 20% mechanically defatted BSFL.

were reported to be toxic to bacteria and archaea (Soliva et
al., 2011).

Methane originated from enteric fermentation of livestock
is a major greenhouse gas that significantly contribute to
global warming (Jayanegara et al., 2018b). Methane pro-
duction can decrease in feed ingredients that contain li-
pids. It has been reported that fat supplementation can
reduce methane emissions by several mechanisms. Me-
dium-chain saturated fatty acids, i.e., between C10-C14,
have been shown to reduce methane emissions. One of the
MCFAs is C12:0 or lauric acid. Oil supplementation con-
taining C12:0 fatty acids in ruminant animal diets proved
to be very useful in competing with rumen methanogens
(Dohme et al., 2001). According to Guyader et al. (2014),
there is a linear relationship between protozoan concen-
trations and methane emissions. Some studies suggest
that lauric acid supplementation can defoliate protozoa,
impacting the reduction in CH, production (Newbold et
al., 2015). In the present study, however, methane emission
was similar between TMR silage containing intact and de-
fatted BSF. Apparently, although fat is removed in the de-
fatted BSE, the process indirectly increases the proportion
of chitin/chitosan that may possess a methane-mitigat-
ing effect as well, depending on its de-acetylation degree
(Jayanegara et al., 2020).

CONCLUSION

Defatted BSFL can be included in TMR silage without
causing any adverse effect on the nutritional value of the
silage. However, inclusion of intact BSFL in TMR si-
lage may reduce its nutritional value. Removal of fat from
BSFL is therefore important for utilizing the insect as a
feed ingredient of ruminant livestock.

ACKNOWLEDGEMENT

All authors are grateful to Ministry of Research and Tech-
nology, Republic of Indonesia, for providing “Penelitian
Dasar Unggulan Perguruan Tinggi (PDUPT)” research
grant, contract number 4042/1T3.L1/PN/2020, year
2020.

CONFLICT OF INTEREST
All authors declare that there is no conflict of interest.

AUTHORS CONTRIBUTION

RM conducted the experiment, performed data analysis
and wrote the article draft; RPH checked data analysis and
revised the article draft; EBL and MR supervised the ex-
periment; AJ designed the experiment, checked data anal-
ysis and revised the article draft.

REFERENCES

*Ali M, Watson IA (2014). Comparison of oil extraction
methods, energy analysis and biodiesel production from flax
seeds: Microwave, ultrasonic and solvent extraction methods
for flax seeds. Int. J. Energy Res. 38:614-625. https://doi.
org/10.1002/er.3066

*Bach A, Calsamiglia S, Stern MD (2005). Nitrogen metabolism
in the rumen. J. Dairy Sci. 88 E. Supp. https://doi.
0rg/10.3168/jds.S0022-0302(05)73133-7

*Bouallegue K, Allaf T, Ben YR, Allaf K. (2016). Texturing and
instant cooling of rapeseed as pretreatment prior to pressing
and solvent extraction of oil. Food Bioprocess Technol.
9:1521-1534. https://doi.org/10.1007/s11947-016-1734-x

*Castején N, Luna P,Sefiorans FJ (2018). Alternative oil extraction
methods from Echium plantagineum L. seeds using advanced
techniques and green solvents. Food Chem. 244:75-82.
https://doi.org/10.1016/j.foodchem.2017.10.014

*Chaikong C, Saenthaweesuk N, Sadtagid D, Intapim A,
Khotakham O (2017). Local silage additive supplementation
on fermentation efficiency and chemical components of
leucaena silage. Livest. Res. Rur. Dev.. 29(6):Article #114.

*Chaudhari SS, Arakane Y, Specht CA, Moussian B, Boyle
DL, Park Y, Kramer KJ, Beeman RW, Muthukrishnan S
(2011). Knickkopf protein protects and organizes chitin
in the newly synthesized insect exoskeleton. In Proc. Natl.
Acad. Sci. 108:17028-17033. https://doi.org/10.1073/
pnas.1112288108

*Diener S, Zurbrigg C, Tockner K (2009). Conversion of organic
material by black soldier fly larvae: Establishing optimal
feeding rates. Waste Manage. Res. 27(6):603-610. https://
doi.org/10.1177/0734242X09103838

*Dohme F, Machmiiller A, Wasserfallen A, Kruezer M (2001).
Ruminal methanogenesis as influenced by individual fatty
acids supplemented to complete ruminant diets. Appl.

Microbiol ~ 32:47-51.  https://doi.org/10.1046/j.1472-

September 2020 | Volume 8 | Issue 3 | Page 142

=SS


https://doi.org/10.1002/er.3066 
https://doi.org/10.1002/er.3066 
https://doi.org/10.3168/jds.S0022-0302(05)73133-7 
https://doi.org/10.3168/jds.S0022-0302(05)73133-7 
https://doi.org/10.1007/s11947-016-1734-x 
https://doi.org/10.1016/j.foodchem.2017.10.014 
https://doi.org/10.1073/pnas.1112288108 
https://doi.org/10.1073/pnas.1112288108 
 https://doi.org/10.1177/0734242X09103838
 https://doi.org/10.1177/0734242X09103838
https://doi.org/10.1046/j.1472-765x.2001.00863.x 

OPENaACCESS

Journal of Animal Health and Production

765x.2001.00863.x

*Fahmi M, Hem S, Subamia I (2007). Potensi maggot sebagai
salah satu sumber protein pakan ikan. Dalam: Dukungan
Teknologi untuk Meningkatkan Produk Pangan Hewan
dalam Rangka Pemenuhan Gizi Masyarakat. In Potensi
maggot sebagai salah satu sumber protein pakan ikan.
Dalam: Dukungan Teknologi untuk Meningkatkan Produk
Pangan Hewan dalam Rangka Pemenuhan Gizi Masyarakat.
125-130.

*Finke M (2012). Complete nutrient content of four species of
feeder insects. Zoo Biol. 32:27-36. https://doi.org/10.1002/
200.21012

*Getachew G, Robinson P, DePeters E, Taylor S (2004).
Relationships between chemical composition, dry matter
degradation and in wvifro gas production of several ruminant
feeds. Anim. Feed Sci. Technol. 111:57-71. https://doi.
org/10.1016/50377-8401(03)00217-7

*Goel G, Arvidsson K, Vlaeminck B, Bruggeman G, Deschepper
K, Fievez V (2009). Effects of capric acid on rumen
methanogenesis and biohydrogenation of linoleic and alpha-
linolenic acid. Animal 3:810-816. https://doi.org/10.1017/
S1751731109004352

*Guyader J, Eugene M, Noziere P, Morgavi D, Doreau M, Martin
C (2014). Influence of rumen protozoa on methane emission
in ruminants: a metaanalysis approach. Animal. 8:1816-
1825. https://doi.org/10.1017/51751731114001852

*Homem Junior AC, Ezequiel JMB, Fivaro VR, Oliveira PSN,
D’Aurea AP, Santos VC, Gongalves JS (2010). Ruminal
termentation of sheep fed high concentrated diet containing
sunflower grains or protected fat. Arq. 652 Bras. Med.
Vet. Zootec. 62:144-153. https://doi.org/10.1590/50102-
09352010000100020

*Jayanegara A, Dewi S., Ridla M (2016). Nutrient content,
protein fractionation, and utilization of some beans as
potential alternatives to soybean for ruminant feeding.
Med. Pet.  39((3):):195-202.  https://doi.org/10.5398/
medpet.2016.39.3.195

*Jayanegara A., Yantina N, Novandri B, Laconi EB, Nahrowi,
Ridla M. (2017a). Evaluation of some insects as potential
feed ingredients for ruminants: Chemical composition, in
vitro rumen fermentation and methane emissions. Journal of
the Indonesian Tropical Animal Agriculture 42(4):247-254
https://doi.org/10.14710/jitaa.42.4.247-254.

*Jayanegara Anuraga, Novandri B, Yantina N, Ridla M (2017b).
Use of black soldier fly larvae (Hermetia illucens) to
substitute soybean meal in ruminant diet: An in vitro rumen
fermentation study. Vet. World. 10(12):1439-1446. https://
doi.org/10.14202/vetworld.2017.1439-1446

*Jayanegara A, Harahap RP, Rozi RF, Nahrowi (2018a). Effects
of lipid extraction on nutritive composition of winged
bean (Psophocarpus tetragonolobus), rubber seed (Hevea
brasiliensis), and tropical almond (7érminalia catappa).
Vet. World. 11(4):446-451. https://doi.org/10.14202/
vetworld.2018.446-451

*Jayanegara A, Sarwono KA, Kondo M, Matsui H, Ridla M,
Laconi EB, Nahrowi. (2018b). Use of 3-nitrooxypropanol as
teed additive for mitigating enteric methane emissions from
ruminants: a meta-analysis. Italian J. Anim. Sci. 17:650-656.
https://doi.org/10.1080/1828051X.2017.1404945

*Jayanegara A, Yaman A, Khotijah L (2019). Reduction of
proteolysis ofhigh proteinssilage from Moringaand Indigofera
leaves by addition of tannin extract. Vet. World. 12(2):211-
217. https://doi.org/10.14202/vetworld.2019.211-217

*Jayanegara A, Haryati RP, Nafisah A, Suptijah P,Ridla M, Laconi
EB (2020). Derivatization of chitin and chitosan from black
soldier fly (Hermetia illucens) and their use as feed additives:
An in vitro study. Adv. Anim. Vet. Sci. 8(5):472—-477 . https://
doi.org/10.17582/journal.aavs/2020/8.5.472.477

*Kondo M, Hirano Y, Kita K, Jayanegara A, Yokota H (2014).
Fermention Characteristics, Tannin Ensiled and Ir vifro
ruminal Defradation of Green Tea and Black Tea By-
products Ensiled at Different Temperatures. Asian Australas.
J. Anim. Sci. 27:(7):937-945. https://doi.org/10.5713/
ajas.2013.13387

*Kroeckel S, Harjes AGE, Roth I, Katz H, Wuertz S, Susenbeth
A, Schulz C (2012). When a turbot catches a fly: Evaluation
of a pre-pupae meal of the black soldier fly (Hermetia
illucens) as fish meal substitute - Growth performance
and chitin degradation in juvenile turbot (Psetta maxima).
Aquaculture. 364-365:345-352. https://doi.org/10.1016/j.
aquaculture.2012.08.041

*Licitra G, Hernandez TM, Van Soest PJ (1996). Standardization
of procedures for nitrogen fractionation of ruminant feeds.
Anim. Feed Sci. Technol. 57:347-358.

*Liland N, Biancarosa I, Araujo P, Biemans D, Bruckner C,
Waagbe R (2017). Modulation of nutrient composition
of black soldier fly (Hermetia illucens) larvae by feeding
seaweed-enriched media. Plos One. 12:(8):183-188. https://
doi.org/10.1371/journal.pone.0183188

*Makkar HPS, Tran G, Heuzé V, Ankers P (2014). State-of-the-
art on use of insects as animal feed. Anim. Feed Sci. Technol.
197:1-33. https://doi.org/10.1016/j.anifeedsci.2014.07.008

*Nagaraja T, Lechtenberg K (2007). Acidocis in feedlot cattle.
Vet. Clin. Food Anim. Pract. 23:333-350. https://doi.
0rg/10.1016/j.cvfa.2007.04.002

*Newbold C, de la Fuente G, Belanche, A Ramos-Morales
E, McEwan N (2015). The role of ciliate protozoa in the
rumen. Front. Microbiol. 6. https://doi.org/10.3389/
fmicb.2015.01313

*Noziere P, Glasser F, Sauvant D (2011). In wivo production
and molar percentages of volatile fatty acids in the
rumen: A quantitative review by an empirical approach.
Animal. 5(3):403-414. https://doi.org/10.1017/
S1751731110002016

*Owens FN, Qi S, Sapienza DA (2014). Applied protein nutrition
of ruminants - Current status and future directions. Prof.
Anim. Sci. 30(2):150-179. https://doi.org/10.15232/51080-
7446(15)30102-9

*Pengpeng W, Tan Z (2013). Ammonia assimilation in rumen
bacteria: A review. Anim. Biotechnol. 24(2):107-128.
https://doi.org/10.1080/10495398.2012.756402

* Sanchez-Muros MJ, Barroso FG, Manzano-Agugliaro F (2014).
Insect meal as renewable source of food for animal feeding:
areview. J. Clean. Prod. 65:16-27. https://doi.org/10.1016/j.
jelepro.2013.11.068

*Savoire R, Lanoisellé JL, Vorobiev E (2013). Mechanical
continuous oil expression from oilseeds: A review. Food
Bioprocess Technol. 6:1-16.  https://doi.org/10.1007/
s11947-012-0947-x

+ Shingfield KJ, Lee MRE, Humphries DJ, Scollan ND, Toivonen
V, Reynolds CK, Beever DE (2010). Effect of incremental
amounts of fish oil in the diet on ruminal lipid metabolism
in growing steers. Brit. J. Nutr. 104:56-66. https://doi.
0rg/10.1017/50007114510000292

*Soliva CR, Amelchanka SL, Duval SM, Kreuzer M (2011).

Ruminal methane inhibition potential of various pure

September 2020 | Volume 8 | Issue 3 | Page 143

=SS


https://doi.org/10.1046/j.1472-765x.2001.00863.x 
https://doi.org/10.1002/zoo.21012 
https://doi.org/10.1002/zoo.21012 
https://doi.org/10.1016/S0377-8401(03)00217-7 
https://doi.org/10.1016/S0377-8401(03)00217-7 
https://doi.org/10.1017/S1751731114001852 
https://doi.org/10.1590/S0102-09352010000100020 
https://doi.org/10.1590/S0102-09352010000100020 
https://doi.org/10.5398/medpet.2016.39.3.195 
https://doi.org/10.5398/medpet.2016.39.3.195 
https://doi.org/10.14710/jitaa.42.4.247-254. 
https://doi.org/10.14202/vetworld.2017.1439-1446 
https://doi.org/10.14202/vetworld.2017.1439-1446 
https://doi.org/10.14202/vetworld.2018.446-451 
https://doi.org/10.14202/vetworld.2018.446-451 
https://doi.org/10.1080/1828051X.2017.1404945 
 https://doi.org/10.14202/vetworld.2019.211-217 
https://doi.org/10.17582/journal.aavs/2020/8.5.472.477 
https://doi.org/10.17582/journal.aavs/2020/8.5.472.477 
https://doi.org/10.5713/ajas.2013.13387 
https://doi.org/10.5713/ajas.2013.13387 
https://doi.org/10.1016/j.aquaculture.2012.08.041 
https://doi.org/10.1016/j.aquaculture.2012.08.041 
 https://doi.org/10.1371/journal.pone.0183188 
 https://doi.org/10.1371/journal.pone.0183188 
https://doi.org/10.1016/j.anifeedsci.2014.07.008 
https://doi.org/10.1016/j.cvfa.2007.04.002 
https://doi.org/10.1016/j.cvfa.2007.04.002 
https://doi.org/10.3389/fmicb.2015.01313 
https://doi.org/10.3389/fmicb.2015.01313 
https://doi.org/10.1017/S1751731110002016 
https://doi.org/10.1017/S1751731110002016 
 https://doi.org/10.15232/S1080-7446(15)30102-9 
 https://doi.org/10.15232/S1080-7446(15)30102-9 
https://doi.org/10.1080/10495398.2012.756402 
https://doi.org/10.1016/j.jclepro.2013.11.068 
https://doi.org/10.1016/j.jclepro.2013.11.068 
https://doi.org/10.1007/s11947-012-0947-x 
https://doi.org/10.1007/s11947-012-0947-x 
https://doi.org/10.1017/S0007114510000292 
https://doi.org/10.1017/S0007114510000292 

OPENaACCESS

Journal of Animal Health and Production

compounds in comparison with garlic oil as determined with
a rumen simulation technique (Rusitec). Br J. Nutr. 106:114-
122. https://doi.org/10.1017/50007114510005684

*Sprangers T, Ottoboni M, Klootwijk C, Ovyn A, Deboosere
S, Meulenaer B De, Michiels J, Eeckhout M, Clercq P
De, Smet S De (2017). Nutritional composition of black
soldier fly. J. Sci. Food Agric. (97):2594-2600. https://doi.
o0rg/10.1002/jsfa.8081

*Theodorou M, Williams B, Dhanoa M, McAllana Amethane,
James F (1994). A simple gas production method using a
pressure transducer to determine the fermentation kinetics
of ruminant feeds. Anim. Feed Sci. Tech. 48(3-4):185-197.
https://doi.org/10.1016/0377-8401(94)90171-6

*Tilley J, Terry R (1963). A two stage technique for in the in
vitro digestion of forage crops. J. Grassland Soc. 18:104-111.
https://doi.org/10.1111/j.1365-2494.1963.tb00335 x

*Toral PG, Monahan FJ, Hervas G, Frutos P, Moloney AP
(2018). Modulating ruminal lipid metabolism to improve
the fatty acid composition of meat and milk. challenges

and opportunities. Animal. 12(s2):5272-5281. https://doi.

org/10.1017/51751731118001994

*Tran G, Heuzé V, Makkar H (2015). Insects in fish diets. Anim.
Front. 5(2):37-44.

*Van Soest PJ, Robertson JB, Lewis BA (1991). Methods
for dietary fiber, neutral detergent fiber, and nonstarch
polysaccharides in relation to animal nutrition. J. Dairy Sci.
74:3583-3597.

*Wanapat M, Mapato C, Pilajun R, Toburan W (2011). Effects
774 of vegetable oil supplementation on feed intake, rumen
fermentation, growth performance, and carcass characteristic
of growing swamp buffaloes. Livest. Sci. 135:32-37. https://
doi.org/10.1016/j.1ivsci.2010.06.006

*Zhu KY, Merzendorfer H, Zhang W, Zhang J, Muthukrishnan
S (2016). Biosynthesis, turnover, and functions of chitin
in insects. Ann. Rev. Entomol. 61:177-196. https://doi.
org/10.1146/annurev-ento-010715-023933

* Zosel J, Kadena H, Peters G, Hoffmannc M, Rudisch P, Jikel L,
Lauckner G, Grodriane A GU (2010). Continous longterm
monitoring of ruminal pH. Sensors Actuat. 144(B):395-399
https://doi.org/10.1016/j.sn1b.2009.01.012.

September 2020 | Volume 8 | Issue 3 | Page 144


 https://doi.org/10.1017/S0007114510005684
https://doi.org/10.1002/jsfa.8081 
https://doi.org/10.1002/jsfa.8081 
https://doi.org/10.1016/0377-8401(94)90171-6 
https://doi.org/10.1111/j.1365-2494.1963.tb00335.x
https://doi.org/10.1017/S1751731118001994 
https://doi.org/10.1017/S1751731118001994 
https://doi.org/10.1016/j.livsci.2010.06.006 
https://doi.org/10.1016/j.livsci.2010.06.006 
https://doi.org/10.1146/annurev-ento-010715-023933 
https://doi.org/10.1146/annurev-ento-010715-023933 
https://doi.org/10.1016/j.snb.2009.01.012

