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Abstract. Hermetia illucens or Black Soldier Fly (BSF) is one of the bioconversion agents that
can convert any kind of organic wastes. In this research, BSF larvae was used as a
bioconversion agent on spent coffee ground, the main waste in coffee industry. This study
aimed to determine the effect of spent coffee ground as feed on larval growth and the ability of
BSF larvae in converting this spent based on ECD (Efficiency of Conversion Digestive) and
WRI (Waste Reduction Index). The 7-day old larvae was nourished on spent coffee grounds
with different feeding rate (200, 100, 50, 25, dan 12,5 mg/larvae/day). The results showed that
larvae with feeding rate at 200 mg/larvae/day had shortest development time (25.6 + 2.19
days), highest ECD value (5 + 0.49%), highest pupae biomass (14,8 + 2,15 mg), highest grow
rate (1,41 + 0,17 mg/day), but low WRI (0,997 + 0,11). Additional proximate analysis
exhibited that pupae contain total protein up to 33,45%. We concluded that BSF larvae has
slow growth rate but can convert spent coffee ground.

1. Introduction

Coffee is the most widely consumed beverage in the world. Indonesia is the top 4 country in producing
coffee and the 10™ in consuming coffee. In Indonesia, the number of coffee consumption has reached
13.5 kg/capita/year [1]. The brewing process of coffee left a residue which isn’t solved in coffee
beverage called as spent coffee ground [2]. Spent coffee ground production itself has reached 6 million
tons a year and this number keep increasing due to a recently popular brewing method which has no
spent coffee ground waste in the coffee drink [2].

It has been reported that spent coffee ground has high N & P contents which is useful for compost
or plant growth medium [3]. However, the used of spent coffee ground as a compost is less effective
due to its crude fiber, oil, and caffeine which allegedly inhibit plant growth [3]. Another research
explained that spent coffee ground could also be used for a material of charcoal briquette, biodiesel,
and a mix to livestock feed. Yet, this is also less effective due to its process that requires specific
materials, equipment, and skill. Therefore, there is still much of spent coffee ground wasted and it may
cause another problem to the environment [4].

To overcome this problem, spent coffee grounds could be converted into useful product using a
bioconversion agent, such as Hermetia illucens (BSF/black soldier fly). On its larval phase, BSF are
among the most efficient insect at converting organic material feeds into biomass. This biomass
contains high and economically nutrient value, such as proteins and lipids [5]. Though, biomass
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production by BSF larvae is affected by the quality of organic material consumed by the larvae [6].
Therefore, this study was conducted to determine the impact of spent coffee ground in BSF larvae
development and its ability to convert spent coffee ground.

2. Materials and Methods

2.1. Materials

Spent coffee ground was obtained from a coffee shop in Dago area, Bandung. The spent coffee ground
were packed inside airtight plastic bag, transferred to laboratory, and kept inside the refrigerator to
prevent decomposition by microorganism. Spent coffee ground was removed from refrigerator and left
until it reached the room temperature.

2.2. Methods

Adults BSF were reared ina 1 m x 1 m x 1 m screen cage under laboratory conditions with 12 L : 12 D
photoperiod. A medium comprised mixture of water and hen feed was placed inside the cage. Strips of
cardboard were placed on top of the medium to provide a laying eggs sites for the flies. Once the eggs
hatched, the larvae were kept inside the medium until 7 days before proceed for further experiment.
Each treatment (5 replicates/treatment) contained 75 larvae that fed by spent coffee ground at different
feeding rate (12,5, 25, 50, 100, and 200 mg/larvae/day). Larvae were placed inside plastic cup and
covered by a black fabric.

Sampling and feeding were done every four days. Five larvae were randomly taken from each cup
as a subsample. The selected larvae were weighed then dried in oven at 60 °C for 24 h. The leftover
feed was counted as residue and weighed and dried in oven. New feed was given based on the feeding
rate and the number of larvae on each treatment.

Sampling and feeding were done until larvae develop into prepupal phase. Larvae that have turned
into prepupae were weighed for wet mass and dried in oven (60°C, 24 hours) for its dry mass.
Prepupae and feed (spent coffee ground) were collected for proximate analysis conducted at The
Ruminant Animal Nutrition Laboratory and Animal Feed Chemical, University of Padjadajaran,
Jatinangor.

2.3. Data Analysis
Larval growth was measured by biomass gain and expressed in Growth Rate (GR) following the
equation below:

(final weight — initial weight)

GR (mg/day) = pres

Time refers to days needed for larvae to reach prepupal phase during the experiment. Higher GR
indicates a faster growth of larvae.

Not only, Survival Rate (SR), likewise was measured to determine the effect of the feed following the
equation below:

SR (%) = numbers of larvae survive 100%
°) = umbers of initial larvae . 0

This formula based on the assumption that larvae taken for subsample were considered survive.
Larvae ability to convert feed into its biomass was calculated by ECD (Efficiency Conversion of
Digestive Feed) with the equation below [7]:

ECI
ECD (%) = EX 100%

ECI (%) = x 100%

(T-R)
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(T-R)

AD (%) = E— 100%
Remarks :
ECI = efficiency conversion of ingestive feed
AD = approximate digestibility
B = larvae final biomass (mg)
T = total feed (mg)
R =residue (mg)
Larvae ability to reduce feed (organic matter) was calculated by WRI (Waste Reduction Index) with

the equation below [5]:

_ (T-R)/T

WRI x 100

Remarks:

T = total feed (mg)

R = residue (mg)

t = feeding time (days)

2.4. Statistical Analysis

Data among various treatments were statistically analyzed with one-way ANOVA with Post-Hoc
Tuckey. Statistical analysis was done to determine the difference in development time, GR, SR, ECD,
and WRI (p<0,05). All analysis was done with IBM SPSS software.

3. Results and Discussion

3.1. Spent Coffee Ground Nutritional Content

Nutritional content of spent coffee ground that used in this study is shown on Table 1. Nutritional
content analysis in spent coffee ground is needed because it affects the growth and survival of BSF
larvae [6]. From proximate analysis, it shows that spent coffee ground has low protein to carbohydrate
ratio, high crude fiber content, and low crude lipid content.

Table 1 Spent Coffee Ground Nutritional Content
Nutritional Content  Spent Coffee Ground

(%)

Ash 0,13
Protein 19,93
Crude fiber 18,8
Crude lipid 1,98
Carbohydrate 59,16

* Analysis was done based on dry mass

3.2. Larval Growth
Larvae fed with 200 mg/larvae/day showed the fastest development time (32,6 £ 2,19 days) with
highest growth rate (1,41 + 0,17 mg/days) among other treatments. This study revealed that larvae
stage has longer development period compare with those fed on artificial hen fed or mix between hen
fed and meat meal [5, 6]. Apparently, the amount of the feed had an impact to larval growth (Table 2).
There was a tendency that bigger feed quantity supports a higher and faster larval growth. The quantity
of the feed or feeding rate has affected BSF growth and development since larval to adult phase. The
higher feed portion increased the opportunity of the larvae to get all the nutrition needed to growth.
Hence, higher feed portion affects the growth of BSF larvae positively [8].

At 12,5 mg/larvae/day feeding rate, larvae didn’t complete the development time and didn’t reach
its prepupal phase. Larvae fed at that rate had 100% mortality on the 16™ day of treatment. For that
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reason, survival rate on 12,5 mg/larvae/day feeding rate has the lowest value compared to others. This
phenomenon happened due to less quantity of the feed. Evaporation of the feed in the plastic cup
where the larvae placed happened faster in small quantity feed. High speed of feed evaporation has a
negative impact on larval growth and could lead into high mortality rate [6].

Table 2 Larval Growth based on development time, GR (Growth Rate), and SR (Survival Rate)

Feeding Rate (mg/larva/day) Development time (days)  Growth Rate (mg/day)  Survival Rate (%)
12,5 - 0,114 +0,02a 19,2 +2,6a
25 54,2 +1,78a 0,271 +0,02b 82,4 +3,45b
50 534+2,19a 0,244 +0,03b 97,87 +0,73¢
100 43 £2,82b 0,331 +0,03b 94,13 £2,02¢
200 32,6 +£2,19¢ 1,41 £0,17¢ 97,6 + 1,46¢

Mean values followed by different letter indicated significant different within treatment (p<0.05)

The nutritional balance of feed and primary nutrition content such as protein and crude lipid affects
growth rate of larvae. Protein is needed as a precursor on larval growth. Lipid is needed for
development and food reserve for adult life of BSF. Balanced nutrition on feeding gives larvae less
time to complete its nutritional requirements for entering the next phase (prepupal phase) [8]. Previous
study on BSF larvae growth fed by mixed waste (vegetable, fruits, and human leftover food), the
growth rate reached 1,53-1,8 mg/day [9]. Compared to that study, larval growth fed by spent coffee
ground is considered low. Mixed waste used in the previous study has more balance nutrition
components compared to spent coffee ground so the larval growth rate was higher. In addition, spent
coffee ground has a low protein and lipid, which are important on larval growth.

3.3. Efficiency of Conversion Digestive Feed (ECD)

ECD defines larvae efficiency in converting the digestive feed into its biomass. ECD value depends on
AD (Approximate Digestibility) value. AD defines amount of feed assimilated by BSF larvae [10].
The results of this study showed that AD values were decreasing while feed quantity was increasing
(Table 3). In the limited nutrition condition, bigger quantity of feed will increase consumption rate of
larvae. Higher consumption rate resulted in increasing rate of passage food in larvae’s gut and the
amount of food assimilated is small [10, 11].

Table 3 AD and ECD value of BSF larvae feed with spent coffee ground

Feeding Rate Approximate Efficiency Conversion
(mg/larva/day) | Digestibility (%)  of Digestive Feed (%)
12,5 64 +£1,92a 3,47+0,21a
25 60,52 +1,67b 3,27 £0,25a
50 48,17 +1,27c 2,71 £0,21a
100 29,9 £2,35d 4,72 £0,77b

200 2536 +1,28¢ 5+0,49b

Mean values followed by different letter indicated significant different within treatment (p<0.05)

An inverse relationship between AD and ECD was observed in this experiment. Low value of AD
describes the small amount value of feed assimilated in its body. In that case, larvae will increase their
digestive system efficiency to get all the nutrition needed and so ECD increase. A low ECD value was
also obtained when larvae increase their metabolic cost. Feed digested by larvae was not converted
into biomass yet it was used for metabolism [10]. This may affirm the prior explanation about the mass
balance, when the small quantity of feed is given, high proportion of feed is used for metabolism.
Previous study reported that chicken feed for larvae feed have ECD value ranged 24,4-38% [5]. In
contrast, spent coffee ground has a low ECD value. Low ECD value from spent coffee ground was
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caused by low protein to carbohydrate ratio compared to the chicken fed. Protein and carbohydrate are
needed by larvae for their growth (biomass production) but an excessive amount of carbohydrate will
lower the conversion efficiency (ECD) of BSF larvae. An excessive amount of carbohydrate is not
converted into biomass (used for growth). It is converted to lipid instead of food reserve, which is
used by BSF on its next phase (prepupae until adult) [12].

3.4. Waste Reduction Index (WRI)
WRI describes the ability of larvae in reducing organic material. Higher WRI value indicates a high
ability of larvae in reducing organic material. The result of experiment of WRI can be seen on Table 4.

Table 4 WRI on spent coffee ground

Feeding Rate

(mg/larva/day) WRI
12,5 4.00 +0,12a
25 1.28 +0,08b
50 1.04 + 0,06¢
100 0.83 +£0,09d
200 1.00 +0,11d

Mean values followed by different letter indicated significant different within treatment (p<0.05)

Bigger quantity of feed given to larvae will lower ability of larvae in reducing spent coffee ground.
Small quantity of feed made larvae in underfeeding condition. This condition increased the
consumption rate of larvae and uses more proportion of the feed to get all the nutrition so the residue
amount is so small (related to the mass balance depicted in Figure 1) [10].

According to prior study of chicken feed, the WRI value has a range value of 1,1 — 3,8 [5]. Similar
WRI value was also obtained in this experiment. This means that BSF larvae have the same ability to
reduce chicken feed and spent coffee ground. It is concluded that BSF larvae could reduce spent coffee
ground.

3.5. Bioconversion and Optimum Feeding Rate

BSF is known of its ability to convert protein until 40-50% when it reaches pupa phase [13]. From
proximate analysis (Table 5), it is proved, that BSF converted protein almost 2 times from the feed yet,
and it hasn’t reached 40%. This indicates that BSF could be another potency on spent coffee ground
application. But it still needs improvement to enhance the protein value of the pupa. The protein
content of the pupae obtained from this study is lower compare with those fed on hen feed [5] and fed
on dairy manure [8].

Table 5 Nutritional Content of BSF Pupae

Nutritional Content BSF Pupae (%)
Ash 3,44
Protein 33,45
Crude fiber 2,62
Crude lipid 7,64
Carbohydrate 52,85

Based on the parameters of development time, WRI value and prepupae biomass, the feeding rate
of 200 mg/larvae/day was the most optimum feed rate even though the WRI value obtained was not
the highest value (Fig. 1). The optimum feeding rate is different from that of the fed chicken feeding
for BSF larvae, 100 mg/larvae/day giving the optimum feeding rate, and when the dose is added, it
does not accelerate the growth of the larvae [5].
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Figure 1 Optimum-feeding rate for BSF growth using spent coffee ground
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