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Abstract 

Bioconversion by Hermetia illucens larvae using three types of organic waste 

via fruit waste, palm decanter cake and treated sewage sludge as low fat feed 

has been investigated in this study. Hermetia illucens larvae were used to 

transform the organic waste into higher value product. The present study 

examines the effect of feed types on the fatty acid composition particularly on 
lauric acid, C12:0 metabolized by Hermetia illucens larvae. In order to 

investigate the effect of feed on larvae’s’ fatty acid composition, the proximate 

analyses were carried out to determine the feed composition prior feeding to the 

larvae. The composition analysis of lipid content found in the feed were 

0.57±0.47% , 1.24±0.06% and 12.92±0.68% from treated sewage sludge, fruit 

waste and palm decanter, respectively. It was evident that, there was an 

increased in lipid content found in the larvae biomass derived from sewage 

sludge, fruit waste and palm decanter. The results revealed that, the amount of 

lipid produced by the larvae biomass were 29.85, 44.46 and 36.51% derived 

from the sewage sludge, fruit waste and palm decanter cake, respectively. 

Besides that, the fatty acid produced by the larvae has higher saturated fatty 

acids than unsaturated fatty acids. The total saturated fatty acid produced by 
Hermetia illucens larvae fed with treated sewage sludge, fruit waste and palm 

decanter was 81.95%, 91.79% and 76.47%, respectively. Despite feeding with 

assorted feed, the most abundance compositions of fatty acid were lauric acid, 

C12:0. The highest amount of lauric acid produced from the larval biomass was 

76.13% fed with fruit waste. 

Keywords: Bioconversion, Organic waste, Hermetia illucens larvae, Fatty  
                   acid methyl ester.  
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Nomenclatures 
 

MW Molecular weight 

V Volume, mL 

W Weight, g 
 

Abbreviations 

DMS Dinitrosalicylic acid 

FAME Fatty acid methyl esters 

FID Flame ionization detector 

FrW Fruit waste 

GC-MS Gas chromatography-mass spectroscopy 

HIL Hermetia illucens larvae 

PD Palm decanter 

SS Sewage sludge 

1.  Introduction 

The exploration of renewable energy and recovery of valuable chemicals from 

waste has drawn great attentions and widespread of interest by various parties. In 

this respect, bioconversion process offers an appealing prospect for waste 

conversion. Bioconversion is a process by means of involving a microorganism 

such as yeast, fungi, and bacteria or alternatively from terrestrial invertebrates 

such as insect’s larval to convert organic waste into higher value product. Such 

natural biosystem not only enhanced decomposition of waste but also favours the 

conversion of waste to value added product or known as “upcycling”.  

For instance, lipids accumulated from oleaginous microorganism have been 

reported for biodiesel production via bioconversion process. Previous studies 

showed that lipid is one of the major components produced in the biomass of the 

oleagineous microorganism during the bioconversion. It is reported that, the 

oleaginous micrrorganism are able to accumulate and store lipid from minimum 

limit of about 20% up to 70% of their dry biomass weight [1, 2]. These studies 

were done using municipal and industrial wastewater as feed by inoculating 

oleagineous microorganism such as Cryptococus curvatus [3-5], Rhodotorula 

glutinis [6], Trichosporon dematis [7], Trichosporon coremiiforme [8], 

Mortierella isabellina [9], Rhodotula gultinis [4], Rhodococus opacus [4] and 

Lipomyces starkeyi [10] . 

Apparently, there are minimal studies conducted on the lipid produced from 

terrestrial invertebrate such as insect’s larvae. The utilization of the insect’s larvae 

was mainly focuses as food source for animal feed, poultry and aquaculture. 

Insect meals are being considered as an alternative animal feed owing to its high 

protein source and are relatively cheaper compared to fishmeals.  

Presently, lipid from terrestrial invertebrate such as Hermetia illucens larvae is 

being explored for biodiesel production. Hermetia illucens, member of 

Stratiomyidea widely found in tropical climate and have been noted for its lipid 

content for at least 30% and on dry weight basis. Lipid profiling conducted by Li et 

al. [11] revealed 10 kinds of fatty acid predominantly from C10 to C22, consisting 
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of 15.8% of saturated fatty acid and 39.8% unsaturated fatty acid. Their study 

showed the highest saturated fatty acid is lauric acid (35.6%) followed by palmitic 

acid (14.8%) and highest unsaturated fatty acid obtained is oleinic acid (23.6%) 

through the bioconversion of dairy manure. Similarly, the fatty acid results obtained 

by Zheng et al. [12] was congruent with Li et al. [11] even when fed with restaurant 

waste and rice straw as feed. The findings from Li et al. [11] and Zheng et al. [12] 

revealed the highest fatty acid produced was also lauric acid (27.8%).  

Up till now, very limited information is reported on fatty acid particularly 

lauric acid produced from Hermetia illucens larval feedstock as a value added 

product. To the best of our knowledge, no work has been reported on the lauric 

acid production from Hermetia illucens larval. The lauric acid or known as 

monolaurin is one of the valuable product for its anti-microbial and anti-fungal 

properties. Lauric acid sources are mainly found in coconut milk, coconut oil and 

grated coconut. Therefore, this paper is aimed to compare the effect of feed such 

as fruit waste, treated sewage sludge and palm decanter cake on the amount of 

lauric acid produced by Hermetia illucens larvae via bioconversion process. 

 

2.  Methodology 

2.1. Feed preparation 

The organic waste such as sewage sludge (SS), fruit waste (FrW) and palm 

decanter (PD) collected were used as feed for Hermetia illucens larvae (HIL). All 

the organic waste samples were prepared in a stock and kept in refrigerator at 

−18°C to maintain the samples integrity. Table 1 summarizes the location of the 

waste collection. 

Table 1. Sampling Location for Organic Waste. 

Types of organic waste Location 

Sewage sludge  IWK, Kampar 

Fruit waste Fruit stalls, Kampar 

Palm decanter 
Cahaya Muda Palm Oil Mill, Bidor and Tiang Siang 

Palm Oil Mill, Air Kuning 

` 

2.2. Proximate analysis of feed composition 

The first step in the chemical evaluation of a feed ingredient is usually the 

proximate analysis, where the material is subjected to a series of relatively simple 

chemical tests so as to determine the content of moisture, crude protein, crude 

lipid, crude fiber, ash and digestible carbohydrate. All the analysis was done in 

triplicates. Detailed methods are elaborated in the following subsections. Table 2 

summarised the methods employed in this feed analysis [13].  

Table 2. Summary of Methods for Feed Analysis. 

Parameter  Method  

Moisture content AOAC Method 934.01  

Crude lipid AOAC Method 920.39 

Crude protein Kjeldahl Method 955.04 

Crude fiber AOAC Method 991.43 

Ash content AOAC Method 900.02 
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2.2.1. Determination of moisture content  

The moisture content of the feed was determined according to AOAC Method 

934.01 where the sample was subjected to vacuum drying to evaporate the 

moisture and the remaining solids were measured by weight to determine 

moisture loss. The empty aluminum dish was weight, W1. Approximately 10 g of 

fresh feed was spread evenly on the aluminum dish and weight, W2. The feed was 

dried at 70°C under vacuum of <100 mmHg for 24 hours. After 24 hours of 

drying, the feed is left to cool down in a desiccator and is weight. The drying 

process is repeated until a consistent weight is achieved, W3. The percentage of 

moisture content was calculated according to the following formula: 

%010

12

32%content,Moisture ×
−

−
=

)W(W

)W(W
                                   (1) 

where, 

W1 is the weight of the aluminum dish 

W2 is the weight of the fresh feed and aluminum dish 

W3 is the weight of the dried feed and aluminum dish 

 

2.2.2. Determination of crude lipid 

The Soxhlet method was used to determine the crude lipid content of dried feed 

according to AOAC Method 920.39. Approximately 10 g of dried feed were 

weighed and recorded as W1. The feed were then poured into a thimble and placed 

into the extraction chamber. In the meantime, a clean, dried boiling flask was 

weighed and recorded as W2. Approximately 150 mL of petroleum ether was 

measured and poured into the boiling flask allowing the feed to be refluxed for 8 

hours. The remaining petroleum ether containing dissolved lipid in the boiling 

flask was rotary evaporated to collect the extracted lipid. The weight of boiling 

flask with lipid extracts was recorded as W3. The percentage of crude lipid was 

calculated according to the following formula:  

%010

1

32%content,lipid Crude ×
−

=
)(W

)W(W                                                 (2) 

where, 

W1 is the weight of dried feed 

W2 is the weight of the boiling flask 

W3 is the weight of the extract and boiling flask 

 

2.2.3. Determination of crude protein content 

The determination of crude protein content of dried and defatted feed was done 

according to (AOAC Method 955.04) using the Kjedahl method. Approximately 1 

g of dried, defatted feed was weighed and recorded as W1. The sample was 

covered in a whatman filter paper No. 43 and placed into a digester tube together 

with 7 g of potassium sulphate, K2SO4 and 0.8 g of copper (II) sulphate, CuSO4 

which serve as catalyst. This was followed by addition of 10 mL of concentrated 
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sulphuric acid into the digestion tube. Another control digestion tube containing 

whatman filter paper only and without any sample with concentrated sulphuric 

acid and catalyst was prepared to correct for any nitrogen which might be present 

and also to serve as blank. The Kjeldahl digester pre-heat at 300°C while 

preparing the digester tubes. Digester tube with sample was loaded onto the 

Kjeldahl digester and allowed to digest for approximately 30 minutes or until 

white fumes appeared in the tubes. Next, the temperature was increased to 380°C 

for an hour which was followed by addition of 5 mL of concentrated sulphuric 

acid to wash down the buildup of black soot in the tube. The digestion process 

was continued for another 30 minutes and with the addition of another 5 mL of 

concentrated sulphuric acid. The digestion then proceeded until the solution in the 

tube turns clear which took approximately 30 minutes. The digester tubes were 

then removed from the digester and allow cooling. While the solution was still 

hot, 50 mL of distilled water was added into the tube drop by drop to prevent any 

crystallization to occur. 

Distillation process was performed using a semi-automated Vepodest 10 

distillation system. The water tank was filled with distill water and 40% NaOH 

solution was filled into NaOH tank. A digester tube containing 50 mL of distilled 

water was placed into the distillator for a test run before any samples. Once the 

distillator was ready, the digester tube with digested sample was loaded onto the 

clamping device with wedge. A conical flask containing 25 mL of 4% boric acid 

with pH mix-indicator solution of methyl red and bromocresol green was placed 

at the receiving end of the distillator to collect the distillate. Before running the 

samples, the setting of 6 minutes, steam level 2 and NaOH level 4 was set and 

then the sample was allowed to distill. The distillated was titrated against 0.1 N of 

standard HCl. The standardized HCl was filled into a 50 mL burette and the initial 

volume of HCl was recorded as V1. The volume used to titrate the distillate until 

first sight change into pink color of distillate was recorded as V2. The percentage 

of crude protein can be calculated as shown in the following formula:  








 −
××=

1

120.08247NitrogenofMW Nitrogenof Percentage
W

)V(V
MW                    (3) 

Percentage of protein content = Percentage of Nitrogen × 6.25                           (4)                                                           

where, 

MW is Molecular weight 

V1 is the initial volume of HCl 

V2 is the final volume of HCl 

W1 is the weight of the sample 

 

2.2.4. Determination of crude fiber content 

The crude fiber content of defatted feed was determined using the method 

according to (AOAC Method 991.43). The sample was first digested with diluted 

H2SO4 and subsequently diluted with NaOH. The insoluble residual was collected 

by filtration, and the residual was dried, weight and ash. The loss in weight after 

ignition was used to determine the crude fiber content in the sample. 

Approximately 1 g of defatted feed was weighed, W1. The dried feed was 

transferred into a 250 mL boiling flask containing 200 mL of pre heated 0.125 M 
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of sulphuric acid and the solution was gently boiled for about 30 minutes. 

Subsequently, the sample was filtered through the fritted funnel, the trapped 

residue on the frit was rinsed with 50 mL of boiling distilled water before being 

collected and transferred into a 250 mL boiling flask. An aliquot of 200 mL 

(0.313 M) of sodium hydroxide solution was poured into the boiling flask and the 

sample was allowed to be digested for 30 minutes. The contents in the boiling 

flask were filtered again through the fritted funnel and rinsed with 50 mL of 

boiling distilled water. This was followed by washing the filtered residue with 25 

mL of 1.25% of sulphuric acid and twice of boiling distilled water. Finally, the 

residue was washed with 25 mL of petroleum ether and was collected into a 

crucible before dried at 105°C for 12 hours in an oven. The crucible along with 

the dried sample was weighed, W2, and then sent to ashing at 550°C for 3 hours in 

a muffle furnace. The sample was cooled and weighed again, W3. The percentage 

of crude fiber content can be calculated according to the formula. 

100

1

32contentfiberofPercentage ×
−

=














W

WW                                                 (5) 

where, 

W1 is the weight of the defatted fed 

W2 is the weight of before ashing 

W3 is the weight of after ashing 

 

2.2.5. Determination of ash content 

The determination of ash content of dried feed was done according to the AOAC 

Method 900.02. Approximately 2 g of dried and defatted feed was weighed, W1. 

The empty porcelain crucible was weighed and recorded as W2 before ashing in a 

muffle furnace for 6 hours at 550°C with the sample. After ashing, the sample 

was allowed to cool in a desiccator before weighed, W3. The percentage of ash 

content was calculated using the following formula. 

100

1

23contentashofPercentage ×
−

=














W

WW
                                          (6) 

where, 

W1 is the weight of the defatted fed 

W2 is the weight of empty crucible 

W3 is the weight of sample and crucible after ashing 

 

2.2.6. Determination of carbohydrate 

Approximately 20 mg of dried feed was weighed and placed in a conical flask 

along with 40 ml of 10 mM phosphate buffer pH 6. Another three conical flasks 

with similar amount of dried feed was added with 40 ml of 10 mM phosphate 

buffer pH 7, 8 and 9 respectively. All the conical flasks were incubated overnight 

at 15°C.  
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A set of 2 mL micro centrifuge tubes were prepared and labeled from 1 to 

16. Tubes were grouped according to the pH of the buffer that will be added 

later where tubes 1, 5, 9, 13 are under pH 6 phosphate buffer, tubes 2, 6, 10, 14 

under pH 7 phosphate buffer, tubes 3, 7, 11, 15 under pH 8 phosphate buffer, 

tubes 4, 8, 12, 16 under pH 9 phosphate buffer. After incubating overnight, 178 

µL of the feed solution was pipette into each labeled micro centrifuge tubes 

along with 127 µL of fish gut enzyme. Around 203 µL of phosphate buffer was 

pipette pipette into each tube according to the pH labeled on the tubes. After 

adding all the substance into the tubes, each tube was vortex for even mixing. 

Tubes that contained crude fish enzymes from Tilapia were incubated at 15°C 

overnight while tubes that contained crude fish enzyme from Clarias batrachus 

were incubated at 35°C in a shaking incubator (N-Biotek shaking incubator NB-

205L, Korea).  

After 24 hours of incubation, all tubes were taken out and 500 µL of 1% 3,5-

Dinitrosalicylic acid (DNS) reagent was pipetted into each tubes followed by 

heating all the tubes at 100°C for 5 minutes in a water bath. All the tubes were 

allowed to cool to room temperature after heating. Another 500 µL of dH2O was 

added into each tube prior to measuring the absorbance value at 550 nm using a 

visible spectrophotometer (Thermo Scientific GENESYS 20 visible spectro-

photometer). As for the blanks, they were similarly prepared but without the 

crude fish enzyme added. Glucose of 10 mM to 1 mM was prepared to make the 

calibration curve and to serve as standards. 

 

2.3. Farming of Hermetia illucens larvae   

The farming of Hermetia illucens larvae used in this study was maintained in an 

enclosure for more than 30 months (approximately 10 generations). The set up 

were comprised of two compartments; where the first compartment was design as 

a greenhouse propagated with vegetation for the adult fly to congregate. The 

second compartment adjoin next to the greenhouse was designed for feed supply 

to the adult fly to oviposit and simultaneously allow the readily hatched larvae to 

consume the feed. In this study, three different types of organic waste such as 

municipal sludge, palm decanter and fruit waste were used as the feed for the 

larvae. Feed was supplied to the larvae until it became pre-pupae. Finally, 

adequate quantities of larvae were sampled for further studies.  

 

2.4. Analysis of fatty acid using gas chromatography-mass spectroscopy 

Fatty acid analysis of lipids was conducted using gas chromatography-mass 

spectroscopy (GC-MS). For this, approximately 10 g of dried larvae were 

macerated and suspended into methanol containing 5% v/v of H2SO4 at 55°C for 

60 min with 12:1 methanol to sample mass ratio. The resulting FAME was 

analyzed using a GC-MS coupled with flame ionization detector (FID) and 

equipped with BPX70 capillary column (60 m × 0.32 mm i.d; 0.25 µm film 

thickness). The oven temperature was set at 115°C, raised to 180°C at rate of 

8°C/min and held for 10min and finally raised to 240°C at rate of 8°C/min and 

held for 10 min. The injection volume was 1µL using nitrogen as the carrier gas at 

rate of 1.6 mL/min. Identification of methyl ester was made by comparison of 

retention time of FAME with the standard FAME mixture. 
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3. 3. Results and Discussion 

3.1. Effect of feed composition on the accumulation of lipid in HIL biomass  

Nutrient content or feed value is one of the components influencing larval growth 

and survival. The value of the feed is determined mostly by biochemical 

composition such as lipid, carbohydrate and protein. The sustainability of the 

larvae may be limited by the accumulation or utilization of energy substrates, 

either lipids or proteins during growth. Table 3 showed the nutrient composition 

of the feeds. 

Table 3. Proximate Analysis of Treated Sewage Sludge,  

Fruit Waste and Palm Decanter. 

Parameter 
Types of feed fed on HIL 

SS FrW PD 

Moisture content, % 91.59±0.86 95.87±0.11 63.13±0.79 

Crude lipid from 

feed,  % 

0.57±0.47 1.24±0.06 12.92±0.68 

Crude protein, % 70.77±0.01 31.16±0.01 33.01±0.01 

Crude fiber, % 2.89±0.66 5.65±0.21 28.66±0.29 

Ash content, % 20.12±0.05 5.09±0.11 20.21±0.03 

Carbohydrate, % 28.10±1.15 68.43±0.05 19.28±0.12 

As evident, lower lipid content was found in all the feeds prior to larvae 

ingestions with different feed type (Table 3). Based on the nutrient composition 

results, 70.77±0.007% of crude protein was obtained from treated sewage sludge 

which indicated the highest composition among the 3 feeds. Whilst, highest 

amount of carbohydrate was 68.43±0.05% obtained from fruits waste, 

28.10±1.15% from sewage sludge and 19.28±0.12% from palm decanter.  

Furthermore, the crude lipid content of the feed (Table 3) and the HIL fed with 

different feed (Table 4) indicate remarkable increased in lipid the content found in 

HIL biomass. The lipid content found in the feed composition were 0.57±0.47, 

1.24±0.06 and 12.92±0.68% from sewage sludge, fruit waste and palm decanter, 

respectively. Comparing with the amount of lipid produced by the HIL shown in 

Table 2 and the lipid content in the feed, the lowest lipid produced by HIL was 

29.85% fed with treated sewage sludge, second highest by palm decanter cake 

where the lipid content was 36.51% and the highest lipid obtained by HIL was 

44.46% fed with fruit waste.  

It is noteworthy that, increase in the lipid accumulation in HIL biomass 

indicates that the larvae are able to assimilate and bioconvert the feed 

composition into their own biomass. On the other hand, the high protein content 

found in sewage sludge did not contribute to the lipid accumulation in HIL 

biomass as well as in the larvae growth. This study hypothesized that, low lipid 

accumulation by the HIL fed sewage sludge could have been hinder by the 

extrapolymeric substances (EPS) formed by the bacteria cell wall to prevent 

from digestibility by other microorganisms [14] or other chemical compositions 

presence in the sludge that retard the growth of the larvae and thus led to                  

low lipid storage. Consequently, the nutrient composition contains in the types 
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of feed, ingested and digested by the larvae strongly affect the overall                    

lipid accumulation.  

 

Table 4. Properties of the Crude Lipid from HIL Fed  

with Different Organic Waste. 

Parameter 
Types of feed fed on HIL 

SS FrW PD 

Crude lipid from 

HIL, % 
29.85±1.45 44.46±0.79 36.51±1.85 

Acid value, mg 

KOH/g 
44.73±2.63 7.73±1.50 16.69±1.45 

Free fatty acid, 

FFA as % oleic 

acid in total lipid 

22.48±1.32 3.89±0.75 8.39±0.73 

Larvae fed on all types of feed showed the accumulation of lipid in their body 

mass harvest during the pre-pupae stage (Table 4). Results obtained from Table 4, 

compares the properties of lipid production from HIL fed with treated sewage 

sludge, fruit waste and palm decanter. Presumably, in this study, the high lipid 

content found in HIL fed with fruit waste was converted from ingested 

carbohydrate into energy and the excess of carbohydrate were stored as lipid. The 

differences in the lipid content accumulated by the HIL biomass may be 

contributed by assimilation of other reserved feed composition such as protein.  

Furthermore, the effect of different feeds on the fatty acid composition 

metabolized from the larval biomass was investigated. The fatty acid 

compositions of HIL fed with different feeds were illustrated in Figs. 1-3. As 

depicted in Figs. 1-3, the fatty acid composition obtained from the larval biomass 

varied among feeds. The fatty acid produced by the larvae has higher saturated 

fatty acids than unsaturated fatty acids accumulated during larvae growth. The 

total saturated fatty acid produced by HIL fed treated sewage sludge, fruit waste 

and palm decanter was 81.95, 91.79 and 76.47%, respectively. Most notably, the 

highest compositions of fatty acid produced by HIL were lauric acid (C12:0) 

despite feeding with assorted feed. This corresponds to the previous study done 

by Refs. [11, 12], although value of lauric acid reported were comparatively low 

compared to those results in this present study.  

According to Figs. 1-3, approximately 76.13% of the lauric acid was 

obtained from the larval biomass fed with fruit waste which relates to the 

highest percentage of the lauric acid (Fig. 2). This was followed by HIL fed 

with sewage sludge (58.32%) (Fig. 1) and the lowest was 48.06% produced by 

HIL fed with palm decanter (Fig. 3). On the other hand, HIL fed with palm 

decanter showed higher composition of palmitic acid, C16:0 which accounts for 

25.48% and 16.06% of oleic acid, C18:1n9c as compared with the fatty acid 

from HIL fed with sewage sludge and fruit waste. The results revealed that, 

16.49% of palmitic and 13.16% oleic acid were obtained from HIL fed with 

sewage sludge and 6.98% palmitic and 4.97%, oleic acid were from HIL fed 

with fruit waste. Traces amount of the C6:0 composition (0.2%) was found in 

HIL fed treated sewage sludge (Fig. 1) and C10:0 was only produced by HIL 

fed fruit waste (Fig. 2). 
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Fig. 1. FAME Composition Produced by Hermetia Illucens                                  

Larvae Fed with Sewage Sludge. 

 
Fig. 2. FAME Composition Produced by Hermetia Illucens                                

Larvae Fed with Fruit Waste. 

 
Fig. 3. FAME Composition Produced by Hermetia Illucens                                

Larvae Fed with Palm Decanter. 
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4.  Conclusion 

In summary, the study provides an insight on the effect of different fed on the 

larvae’s lipid accumulation and the fatty acid composition. In spite of feeding 

with different waste, lauric acid was found to be the highest in HIL. The highest 

composition of lauric acid is produced when fed with fruit waste and the lowest is 

produced when fed with palm decanter cake. The high lauric acid content found 

in HIL could be a potential for antimicrobial or antifungal properties.  
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