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Abstract An evaluation of black soldier fly larvae parameters and its utilization as meal in the
palatability test for juvenile loach were determined the species’ acceptability to the new feed
ingredient valorized from two types of waste substrates [vegetable waste (VW) and restaurant
waste (RW)]. A higher survival rate was observed in RW (59.20 £+ 4.92 %) than that in VW
(17.05 + 4.54 %). In terms of larval development, the RW had significantly a higher larval live
weight (89.70 £+ 28.00 mg), longer body length (19.79 + 2.02 mm), and higher body thickness
(4.88+0.65 mm) than those in VW. Conversely, the RW showed significantly higher protein
conversion ratio (7.68 £ 0.06 %) compared to the VW (1.97 £ 0.93 %). In terms of moisture
content, VW (87.59 + 0.87 %) was significantly higher than RW (72.76 + 2.02 %). In contrast,
RW showed a significantly higher crude fat content (10.01 + 0.30 %) compared to that of VW
(4.83 £ 0.26 %). Moreover, palatability test revealed no significant difference between the test
diets. Thus, the study suggested a prolonged feeding trial to determine the long-term adaptability
of the said species to the new feed ingredient.
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Introduction

The fish and animal feed industry needs a consistent feed input supply to
maintain the increasing food production. For aquaculture, the compound feed
consumption of 45.41 million tons of production of major fed species was
estimated at 52.74 million tons and expected to grow to 58.96 million tons by
2025, which will need an average rate of 7.7% for feed inputs per year to target
the estimated feed use of 69.57 million tons (Tacon et al., 2022). Most of the
ingredients utilized for aquaculture feeds are sourced mainly from capture
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fisheries for fish meal and fish oil and agricultural crops from plant-based
ingredients (Boyd, 2015).

Access to feeds is a significant constraint on the aquaculture and livestock
industries, as it is one of the most expensive components in food production.
Feed costs typically account for 40-60% of production costs in semi-intensive
and intensive aquaculture systems (Alqaisi et al., 2017). The need to cut costs
and reduce the carbon footprint of aquaculture feed ingredient production can
possibly adapt insect farming for feed production. In 2000s, the incorporation of
bugs into aquaculture feeding began wherein, the eight important species used in
producing meals to replace fishmeal in aquafeeds are silkworms (Bombyx mori),
black soldier fly (Hermetia illucens), housefly (Musca domestica), yellow
mealworm (7Tenebrio molitor), lesser mealworm (Alphitobius diaperinus), house
cricket (Acheta domesticus), banded cricket (Gryllodes sigillatus), and Jamaican
field cricket (Gryllus assimilis) (Alfiko et al., 2022). European Union regulations
only allow insect-based feeding to fish and carnivorous fur-producing animals
except for livestock and are fed with authorized plant-based materials, vegetable
and fruit residues, wheat bran, grass, brewery by-products and hay as feeding
substrates (Gasco et al., 2020).

The black soldier fly (BSF) is among the eight important species used in
producing aquaculture feeds (Alfiko et al., 2022). This insect belongs to the
family Stratiomyidae and is native to America’s tropical, subtropical and
temperate regions. In Asia, China has been using BSF for waste management
wherein an initial investment of CNY 15 million can process thirty tons of
organic waste. At the same time, the global market for BSF is projected to reach
$3.4 billion by 2030 (Foo, 2021). In the Philippines, FiveDOL Upcycling
Corporation has already started an operation of an eco-agricultural start-up
processing around 200 tons of waste per day (Sarmiento, 2021).

To date, the value of BSF larvae as a fish meal ingredient has been tested
in a variety of fish species, including Japanese seabass (Lateolabrax japonicus)
(Wang et al., 2019), Nile tilapia (Oreochromis niloticus) (Agbohessou et al.,
2021; Were et al., 2022; Pérez-Pacheco et al., 2022), largemouth bass
(Micropterus salmoides) (Peng et al., 2021; Xu et al., 2021; Fischer et al., 2022),
European seabass (Dicentrarchus labrax) (Abdel-Tawwab et al., 2020), rainbow
trout (Oncorhynchus mykiss) (Bolton et al., 2021), zebrafish (Danio rerio)
(Zarantoniello et al., 2020; Lanes et al., 2021), barramundi (Lates calcarifer)
(Hender et al., 2021), yellowtail (Seriola quinqueradiata) (I1do et al., 2021),
lemon fin barb (Kamarudin et al., 2021), catfish (Clarias gariepinus) (Were et
al., 2022), channel catfish (Ictalurus punctatus) (Yildirim-Aksoy et al., 2020),
and salmonids (Weththasinghe ef al., 2022).
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According to a press release from the Bureau of Fisheries and Aquatic
Resources, during World War II, Japanese introduced the fish, also known as
dojo, yu-yu, panispis, or pikaw, to the Philippines. The Japanese weather loach
(Misgurnus anguillicaudatus) has five barbs found around its mouth, a short
dorsal fin, and a long body and three distinct characteristics, “missing a thin stripe
from the pelvis to the abdomen”, ”odd spots located on the body, dark in color”,
and “large spot, dark in color, located on the caudal peduncle base (upper section)
and a caudal peduncle featuring some crests (low adipose)”, that feed on insect
larvae, snails, worms, ostracods, cladocerans, fish eggs, larvae, snails and worms
(Milton et al., 2018). The said fish species was once abundant in rice paddies in
the Cordillera. However, as a result of commercialization, the species' production
has been depleted and has a high market value. Because of its high protein
content, the said species is also said to have played an important role in the
nutrition of the populace.

Various agencies have prioritized increased loach production in the
Cordillera region. The loach was first artificially produced in Mayoyao in 2012.
Hatchery's construction was achieved through the assistance provided in 2014 by
the Japan International Cooperation Agency and the Japan Oversees Cooperation
Volunteer. Mr. Juri Watanabe, a Japanese volunteer, managed the hatchery for
five years. Mr. Watanabe is an aquaculture graduate from Kagoshima University
and trained selected participants from the Municipal Agriculture Office and
benefiting as many as 50 rice terraces farmers in Mayoyao (BFAR-CAR, 2021).
Now, the successful rehabilitation of the loach hatchery by the Bureau under the
“Bayanihan 2” or “Bayanihan to Recover as One” aids in increasing loach
production.

Hence, this study was conducted to evaluate the nutritional value,
bioconversion performance and palatability of the BSF larvae meal valorized
from two types of wastes, the vegetable-waste and restaurant-waste for Japanese
weather loach.

Materials and methods
Substrates for larval development

Two types of waste substrates for BSF larval rearing were used. The first
treatment (VW) was composed of taro and cabbages. Meanwhile, RW was
composed of rice, pork left-overs and fresh fish gills. Both wastes were sourced
out from Baguio City, Philippines. To reduce water content, VW were stored for
two-days at room temperature (Addeo et al., 2021). Both waste diets were cut
into smaller pieces, placed in 6-plastic containers (h=28 cm, Cnoun=104 cm,
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Crase=79 cm), and were offered in ad libitum. Moreover, the temperature in each
replicate were monitored daily using a digital thermometer (TPO1).

Black soldier fly hatchery rearing

Seventeen grams eggs were sourced out from Nueva Ecija, Philippines.
These eggs were hatched on separate hatching container (h=28 cm, Cnoun=104
cm, Crase=79 cm) filled with 2 kg chicken feed mixed with 1.2 L water as the
hatching substrate (60% water content) (El-Hack et al., 2020). Stale bread was
used as a barrier in between the eggs and the hatching substrate to keep it dry
until hatching.

Black soldier fly larval rearing & sampling

After hatching, a total of 30,000 5-day old larvae were used. The live
weight, body length, body thickness was recorded from the 100 larvae samples
from each replicate every 48 h and were returned to their respective containers
(Addeo et al., 2021, Perez-Pacheco et al., 2022). Each container was covered
with dark cloth tied with rubber on the lid. The rearing period ended after 14-
days. The procedure was conducted at Benguet, Philippines from August 9-22,
2022.

Growth, survival and bioconversion performance

The survival rate (SR), waste reduction (WR), waste reduction efficiency
(WRE) and waste conversion efficiency (WCE) were determined following the
formulae used by Gold et al. (2020), Addeo et al. (2021) and Singh et al. (2021).

Proximate analyses of black soldier fly larvae

The samples of black soldier fly larvae were analyzed at FCA Laboratory
in Baguio City following the standard methods provided by AOAC for crude
protein (AOAC 2001.11), moisture content (AOAC 930.15) and ash content
(AOAC 942.05). The crude fat content (AOAC 989.05) was analyzed by FAST
Laboratories in Quezon City. Waste substrates, residue and frass samples were
also sent to FAST Laboratories for moisture content and dry matter
determination (vacuum oven drying at 100°C, 25 mmHg for 5-h).

Palatability test diet preparation

Following the procedure by the Eawag Aquatic Research (n.d), 15 g of
larvae samples from each replicate were dried using a microwave oven which
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was powered to 1000 watts (575°C) for five minutes. Periodical stirring was done
in intervals until the acceptable yield ranges from 25%-35% (Small-scale drying
methods for Black Soldier Fly Larvae, Hu et al. 2017). The dried larvae were
then grounded into fine powder using a laboratory mortar and pestle reaching a
measurement range of 0.54-1.21 mm which can fit the mouth of the 90 pcs loach
juveniles.

Moreover, a total of 3-test feed diets: control diet (100% commercial fry
mash), VWF diet (60% commercial fry mash+40% BSF larval meal valorized
from vegetable-waste), and RWF diet (60% commercial fry mash+40% BSF
larval meal valorized from restaurant-waste), were prepared for the palatability
test (Barrows, 2017).

Experimental fish and the feeding trial

The initial feeding trial was conducted from August 25-26, 2022 at
Mayoyao Loach Hatchery in Ifugao, Philippines, in which 9-cylindrical aquaria
(h=30.50 cm, C=53.34 cm, 1-liter capacity) were used. The experiment followed
a complete randomized design with 3-treatments and 3-replicates each.

The loach started to feed exogenously 3-days after hatch (DAH) (Wang et
al.,2009). Ninety pieces of 30-60 DAH loach juveniles (meanyeighe= 20.00=10.00
mg, meantotulLength=2.4212.40 mm, meanswndardiength=1.8742.22  mm,
MeanHeadLength=0.66+0.70 mm) were randomly distributed in 9-aquaria and were
acclimatized for an hour. The method described by Al-souti et al. (2019) was
used to assess the palatability of the test diet measured by feed consumption (mg
test feed/g fish biomass) in 5 minutes. Subsequently, 1 g test feed was introduced
into each aquarium for the fish to consume.

After 5 minutes, the loach juveniles were removed from the aquaria while
the uneaten feeds were sent to the FCA Laboratory for the moisture content
analysis following AOAC 930.15. The results of the moisture analysis in dry
basis (DM) were converted into moisture content (wet basis) following a formula
[MCye=(100MCary)+(100+Mary)] (Nyquist and Stroshine, 2014). The data
obtained were used in determining the amount of the unconsumed diets from
each replicate. Furthermore, the two-day feeding trial was done twice a day
(8:00-9:00, 16:00-17:00).

Statistical analyses
The mean values for the survival, growth and bioconversion performance,

and proximate composition of BSF larvae were subjected to Independent
Samples T-test for the significant differences (P<0.01) between the two
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treatments. On the otherhand, palatability test diets were subjected to ANOVA
to test for the significant differences (P<0.01) among the treatment means.
Further, the HSD test was used to assess the difference between the treatment
means. Analyses were performed using STAR Software for parametric tests and
Jamovi (2.3.24.0) for non-parametric tests.

Results
Waste-substrate composition during and after the rearing trial

The amount of utilized wastes for VW was 2.82 kg and 3.91 kg for RW
group. The waste composition, moisture content and the temperature range of the
substrates used in the rearing trial is shown in Table 1. The mean moisture
content of the waste used for VW (94.80%) was significantly higher compared
to the RW (83.77%) (P < 0.01). The mean substrate temperatures at different
times of the day for RWwere comparable to those in VW.

Table 1. Waste composition, moisture content and temperature of the waste
substrates utilized (in ad libitum) during the 14-day larval rearing of BSF larvae

Parameter Treatment
VW RW
Waste CC-35.00%0.00 RLO -67.00 £0.00
composition, % TS —27.00 = 0.00 CPLO -5.00+0.00
TL-12.00+=0.00 FFG —28.00 £ 0.00
C—-26.00+0.00
Moisture 94.80+0.98 * 83.77+0.81°

content, %
Temperature, °C

08:00

Temp. Range 20.90 £ 0.65 — 24.80 = 0.02 20.70 £ 0.45 - 24.40+£0.20
Ave. temp. 22.30+0.09% 22.10+£0.75¢

12:00

Temp. Range 20.90 £0.26 —29.20 £ 0.35 21.20+0.10-28.50+0.25
Ave. temp. 2490+241° 24770 £2.32¢

18:00

Temp. Range 20.50 £0.15-25.80+0.25 20.80 £ 0.06 —27.40 £ 0.46
Ave. temp. 23.00+1.24% 23.50+1.54¢

*Means in a row superscripted with different letters are highly significant at P<0.01
CC: Chinese cabbage; TS: taro stalks; TL: taro leaves; C: cabbage; RLO: rice left-overs; CPLO:
cooked pork left overs; FFG: fresh fish gills
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Development of black soldier fly larvae

Based on the visual observation, 20% of the BSF larvae were grown into
pre-pupae in RW whereas 10% was observed for VW as estimated after the 14-
day larval rearing period. The average live weight, body length, and body
thickness measured from 100 larvae per replicate every two days throughout the
rearing trial are reported in Tables 2, 3 and 4, respectively. At the end of the
rearing trial, T-test revealed that the mean larval live weight, mean body length
and mean body thickness of RW group were significantly different from those in
VW group (P <0.01). The RW shows a higher mean larval live weight (Table 2),
longer mean body length (Table 3) and higher mean body thickness (Table 4)
than those in VW group.

Table 2. Mean (£SD) live weight (mg) of black soldier fly from 5 to 19 days of
age

A Treatment

ge VW RW
5d 6.30 + 3.40 5.60 £ 2.40
7d 740+3.10° 6.00 £2.90°
9d 8.13+3.502 7.60+5.00°
11d 1.14+9.60* 1.95+1.04°
13d 1.44+6.50° 2.85+1.28°
15d 2.55+1.57° 3.42+£2.05°
17d 2.68+1.64° 6.60 £3.39°
19d 4.18+2.06° 8.97+280°"

*Means in a row superscripted with different letters are highly significant at P<0.01

Table 3. Mean (£SD) body length (mm) of black soldier fly from 5 to 19 days of

age
Age Treatment

g VW RW
5d 6.21+1.12 6.14 +1.08
7d 6.97+127% 6.42 +£0.96°
9d 7.30+1.19° 7.03+£1.40°
11d 7.66+1.65%2 9.91+£2.03°
13d 8.93+1.502 11.68+1.73°
15d 10.49+2.36% 12.05+£2.36°
17d 11.47+1.48% 15.67 +£2.47°
19d 1447 +2.09 ® 19.79 £2.02°

*Means in a row superscripted with different letters are highly significant at P<0.01
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Table 4. Mean (+SD) body thickness (mm) of black soldier fly from 5 to 19 days
of age

A Treatment
ge VW RW
5d 1.90 + 0.45 1.84 +0.48
7d 232+0.52¢° 1.87£0.36°
9d 2.42+0.58° 2.15+0.44°
11d 2.62+0.81° 278 +£1.06°
13d 2.81+0.79 2 3.07+£0.59°
15d 3.25+1.14% 3.64+1.19°
17d 3.35+0.63° 431+0.79°
19d 3.79+0.80 * 4.88+0.65°

*Means in a row superscripted with different letters are highly significant at P<0.01
Survival and bioconversion performance

The survival rate and bioconversion performance of the BSF larvae during
the rearing trial are summarized in Table 5. The RW group significantly shows a
higher mean survival rate, mean growth rate, mean waste conversion efficiency,
and mean protein conversion ratio than those in RW group (P < 0.01). However,
the mean waste reduction rate and the mean waste reduction efficiency are
comparable in both treatments.

Table 5. Bioconversion performance of BSF larvae during the 14-day rearing
trial

Parameter Treatment
VW RW
Survival rate, % 17.05+4.54* 59.20+4.92°
Growth rate, % (Wet weight) 244+£0.74* 39.70+3.41°
Waste reduction, % DM 19.50 +£13.51° 1098 +1.74 2
Waste reduction efficiency, % DM 73.15+23.42° 87.65+2.19°?
Waste conversion efficiency, % DM 1.30+1.572 27.17+3.42°
Protein conversion Ratio, % DM 1.97+0.93? 7.68 +£0.06°

*Means in a row superscripted with different letters are highly significant at P<0.01
Proximate composition

The mean moisture content, crude ash, crude protein and fat content of the
5-day old (5 DOL) BSF used before the larval rearing trial were 78.17%, 2.24%,
12.69% and 2.14%, respectively. At the end of the larval growing period of 14
days, RW group showed a significantly higher mean crude fat content compared
to the RW group (P < 0.01) (Table 6). On the other hand, the VW group has
comparable mean moisture content, mean crude ash, and mean crude protein
content to those in RW.
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Table 6. Black soldier fly proximate composition after the 14-larval rearing trial

P ¢ Treatment
arameter W W
Moisture content, % 87.59+£0.87? 7276 £2.02%
Crude ash, % 2.54+0.19% 221+0.11%
Crude protein, % 9.09+2.142 11.89+£0.11%
Crude fat, % 483+0.26% 10.01 £1.30°

*Means in a row superscripted with different letters are highly significant at P<0.01
Palatability test

The test diet consumption (mg/g per fish biomass) ranged from 3.00%
(0.70 £ 0.13 mg) - 15.00% (2.41 £ 1.76 mg) between replicates. ANOVA
revealed the there is no significant difference between the amount of the test diet
(1.77+0.74 mg / 7.21%, 1.46 = 0.75 mg / 5.96%, 1.96 £ 0.93 mg / 8%) provided
to the juvenile loach (W= 0.02 = 0.01 g, TL=2.42 + 2.40 mm, SL= 1.87 +2.22
mm, and HL= 0.66 + 0.7 mm) after the two-day initial feeding trial (Table 7).

Table 7. Test diet consumption (mg/g fish biomass, %) of juvenile loach (30-60
DAH) during the 5-minute palatability test in a two-day initial feeding trial

Treatments
Control T1 ™
mg 1.77 £0.75 146 +£046° 1.96+0.93 %
% 7.21 5.96 8.00

*Means in a row superscripted with different letters are highly significant at P<0.01
Discussion

The moisture composition of both waste substrate groups exceeded the
ideal range (70-80%) described by Dortmans et al. (2017). The vegetable inputs
used in the study are known to have high moisture contents (Adelanwa and
Medugu, 2015, Chun et al., 2016, Zhang et al., 2021, Netam et al., 2022) wherein
VW group had a significantly higher moisture content (94.80 + 0.98%).
Additionally, the two-day storage period was insufficient to reduce the water
content of the vegetable surplus before its utilization as waste substrate for BSF
larval rearing. On the other hand, the average temperature readings between the
two treatments were all comparable based from the specific time of the day. It
was observed that the temperature ranges of both treatments during the 08:00 h
(VW =20.90 + 0.66 — 24.80 + 0.02 °C, RW = 20.70 + 0.45 — 24.40 + 0.20 °C),
12:00 h (VW =20.90 + 0.26 — 29.20 £+ 0.35 °C, RW =21.20 £ 0.10 — 28.50 +
0.25°C) and 18:00 h (VW =20.50+0.15-25.80+ 0.25 °C, RW =20.80 + 0.058
—27.40 £+ 0.46 °C) were < 24 — 30°C which are the ideal temperature range in
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rearing BSF larvae (Dortmans et al., 2017). Larval stage can be prolonged for
approximately four months in low temperature conditions (Salam et al., 2022).
Larvae reared at 27.6 °C and 32.2 °C are =30% heavier than larvae reared at 24.9
°C (Harnden and Tomberlin, 2016).

Furthermore, low survival rates were observed in both groups (VW =
17.05+4.54%; RW = 59.20+4.92%) but the mean survival rate in RW group was
significantly higher (P <0.01) than that in the VW group. In the same manner,
Isibika et al. (2021) reported a survival rate of more than 50% for BSF larvae fed
with different substrates containing 25% fish waste but with varying banana peel
and orange peel waste compositions. The moisture contents of the waste
substrates (VW = 94.80%, RW = 83.77%) which had exceeded the ideal range
(70 - 80%) described by Dortmans et al. (2017), affected the survivability and
the growth rate of the two groups. Lalander ef al. (2020) found that increasing
the water content of the substrate reduced the survival rate of BSF larvae, from
97.20% survival in 76.00% water to 19.30% survival in 97.50% water. In the
present study, mortalities were observed throughout the larval rearing period,
revealing low larval harvest which resulted to low growth rate of both groups.
However, the RW was significantly higher in growth rate (P < 0.01) than VW.
Also, in terms of larval development, the RW showed a significantly higher
larval live weight (89.70 + 28.00 mg), longer body length (19.79 +2.02 mm) and
higher body thickness (4.88 &+ 0.65) (P < 0.01) than the VW group. Conversely,
studies with growing periods of 15 — 40 days had reached larval weight of 150 —
320 mg (wet basis) (Liu et al., 2017; Barragdn-Fonseca et al., 2018; Lalander et
al. 2019).

The nutritional profile of vegetable-waste used must have impacted the
BSF larval development in VW group. The taro foliage (leaves+stalk) (Colocasia
esculenta) has high water, carbohydrate and fiber contents (Rashmi et al., 2018).
Concentrations of neutral detergent fiber in cabbage and Chinese cabbage were
reported to be 22.31% and 28.83% respectively (Song et al, 2020). High
cellulose content cannot be directly digested by BSF larvae (Deng et al., 2022).
The higher larval development for RW group can be attributed to the lower
moisture content (83.77%) of the restaurant-waste substrate which is 3.00%
higher than the ideal range. Cammack and Tomberlin (2018) reported that for
BSF larvae reared on the diet, containing 21.00% protein and 21.00%
carbohydrate, and hydrated to 70.00% moisture, developed the fastest and had
the greatest survival (range 32.25 — 38.38 days and 57.00 — 62.00%,
respectively).

The waste reduction efficiency of BSF larvae (n = 5000) was in the range,
46.26% - 90.07% between the number of replicates/observations (6) from the
two groups. The maximum reduction efficiency was observed for RWT2 (87.65
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+2.19%) compared to VW (73.15 +23.42%). The result is consistent to the waste
reduction rate (VW = 19.50 + 13.51%, RW = 10.98 + 1.74%) provided that the
RW group consumed more waste than the VW group. Applying T-test, it
revealed that the waste reduction rate and the waste reduction efficiency in both
treatments groups were comparable. The present study shows a higher reduction
rate compared to 48.41% (DM) reduction of maize straw (Gao et al., 2019) and
48.70% - 56.60% (DM) reduction of dairy manure (Rehman et al., 2017, 2019).

The waste conversion efficiency rate obtained from RW (27.1743.41%)
was significantly higher (P < 0.05) compared to that of VW (1.30 £ 1.57%).
Taking into account, the low survival rates and low growth rates (due to high
moisture content) observed from the two groups (VW = 17.05%, 2.44%; RW =
59.20%, 39.70%) have influenced the total larval weight gained affecting the low
conversion of waste into larval biomass. In similar pattern, the RW group
significantly (P < 0.01) showed a higher protein conversion ratio (7.68+0.06%)
compared to that of VW (1.97 £ 0.93%). This result can be attributed to a higher
total restaurant-waste consumed (2.70 kg) by RW group than by VW (1.88 kg)
group.

In terms of larval moisture content, the VW group accumulated a
significantly (P<0.01) higher moisture content (87.59 + 0.87%) compared to the
RW group (72.76 +2.02%). Before the 14-day larval rearing period, the moisture
content of 5 DOL was 78.17%. The increase in the moisture content can be
attributed from the high moisture content of the waste substrate diets (VW =
94.80%; RW=83.77%) provided. Results on the crude ash (VW =2.54 £ 0.19%;
RW =2.21 £ 0.10%) and crude protein contents (VW = 9.09 + 2.14%; RW =
11.89 +0.11%) for both groups are comparable. The waste substrate diet for VW
was composed of 39% taro, 35% Chinese cabbage and 12% cabbage. On the
otherhand, the waste substrate diet for RW was composed of 67.00% cooked rice
left-overs, 5.00% cooked pork meat left-overs, and 28.00% fresh fish gills.
Unfortunately, the protein contents of the two waste-substrates were not
determined. In a study by Danieli ef al. (2019), diet formulation with increased
crude protein content did not yield any practical advantage in terms of the larval
growth, yield, composition, or fatty acid profile of BSF larvae.

Furthermore, the RW showed a significantly (P<0.01) higher crude fat
content (10.01 £ 1.30%) compared to the VW (4.83 £ 0.26%). The higher crude
fat from the RW group is possibly due to the consumption of fish gills and pork
leftovers compared to the lone vegetable rations provided for RW group.

From the study of Wang et al. (2009), co-feeding dry feed and live feed
increased the acceptance of formulated feed after 30 DAH. Thus, in this study,
formulated feed (commercial feed/fry mash, particle size = 0.40 mm) was used
in comparison to the BSF meal for the juvenile loach. After the two-day initial
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feeding trial, the result for the test diet consumption (mg/g per fish biomass)
showed no significant difference from the commercial diet. Thus, it can be
considered a pass (Barrows, 2017). Taking into account that the feeding rate
ranged from 3.00% - 15.00% between replicates, the VW group (1.96 + 0.93 mg,
8.00%) is higher and is close to the daily feeding rates (12.80%, 5.80%) obtained
by Wang et al. (2008), using juvenile loach (30 DAH, 40 DAH) when fed with
Daphnia.

To our knowledge, this is the first study that evaluated the palatability of
BSF, H. illucens larvae meal valorized from kitchen waste and food waste for
Japanese weatherloach, M. anguillicaudatus at juvenile stage. Based from the
palatability test, BSF larvae meal valorized from vegetable-waste composed of
39% taro, C. esculenta, 35% Chinese cabbage, B. rapa subsp. pekinensis, and
12% cabbage B. oleracea Linn. var. capitate, is the most suitable for juvenile
loach with the highest feeding rate of 8% recorded. The nutritional profile of BSF
larvae fed with the mentioned vegetable rations have the same crude protein and
ash content with the BSF larvae group fed with restaurant-waste composed of
67% cooked rice left-overs, 5% cooked pork meat left-overs, and 28% fresh fish
gills, but with different amounts of crude fat and moisture content. Furthermore,
the moisture contents of both vegetable-waste (94.80%) and restaurant-waste
(83.77%) must be lowered to possibly upturn the low survival (T1=
17.05+£4.54%; T2= 59.20+4.92%) and growth rates (T1= 2.44+0.74%; T2=
39.70+3.41%) of the BSF larvae affecting its bioconversion performance. It is
then suggested that an application of pre-treatment techniques for each waste
substrate classification prior to BSF larval rearing should be explored to improve
larval performances.

Likewise, since mixed-aged of 30-60 DAH loach juveniles were used, the
present study suggests a longer rearing trial to qualify the BSF meal as an
effective loach co-feed component for juvenile loach diet to determine the long-
term adaptability of the said species to the new ingredients.
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