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Abstract | The use of protein-based feed ingredients is crucial for the proper nutrition of chickens, but their availability
is often limited, and their cost is typically high. Therefore, this study aims to develop a ration formulation using black
soldier fly (BSF) larvae flour to reduce the use of fish flour and improve performance, carcass quality, and nutrient
digestibility of village chicken. A total of 140 one-day-old chicks (DOC) were randomly assigned to one of five treat-
ments in a completely randomized design, with four replicates per treatment. The treatments included PO = 0% BSF
larvae flour, P1 = 25% (3.74% BSF larvae flour), P2 = 50% (7.51% BSF larvae flour), P3 = 75% (11.26% BSF larvae
flour), P4 = 100% (15% BSF larvae flour). The results showed that replacing fish flour with BSF larvae flour as a pro-
tein source in the brood diet of village chicken feed significantly (P<0.05) increased growth performance, live weight,
carcass weight, carcass weight percentage, abdominal fat mass, abdominal fat percentage, and the digestibility of crude
fat. Furthermore, BSF treatments increased (P=0.09) digestibility of crude protein and fiber. Based on these results,
BSF larvae flour was recommended as an alternative protein source to replace fish meal in the diet of village chicken.
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INTRODUCTION

here is a continuous increase in the growth of the an-

imal husbandry industry in Indonesia, especially the
poultry sector, due to the increasing demand for related
products and population growth. The local village chick-
en plays an essential role in the lives of Indonesian and
is associated with cultural development, especially in rural
areas, where it is a major source of meat and eggs to ful-
fill the nutritional demands of the people. However, the
development of local poultry in the country, especially
village chicken, is still very slow compared to commercial
chicken breeds. This condition is due to the relatively low

genetic potential, inadequate management, and the use
of traditional feeds with low quality (Nataamijaya, 2017).
According to Budiansyah (2010), approximately 70-80%
tull-scale fabrication value of livestock business depends
on the feed. Therefore, the optimal quality and quantity of
teed are needed to improve growth.

One of the effects of Covid-19 is the disruption in the
supply of mostly imported protein source feedstufts, such
as fish and soybean meal. These ingredients are required to
formulate a ration containing balanced nutrition to meet
the needs of poultry for optimal production. Consequently,
the price of these feed ingredients is increasing. According
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to Beski et al. (2015), security threats to animal diet, en-
vironmental insistence, human inhabitant outgrowth, and
increased demand for protein in the market have led to a
rise in prices for animal protein in Indonesia. This makes
it necessary to search for alternative protein-source feed-
stuffs.

Several studies had been carried out globally on the use
of insects as a source of protein. According to Makkar et
al. (2014), insects have considerable prospects due to their
high nutrient contents such as protein, fat, carbohydrates,
vitamins, and minerals. They are also organic waste con-
verters and have several benefits such as being more eco-
nomical, environmental friendly, and natural. Black soldier
fly (BSF) larvae flour has a high protein level of 39-51%
with fat ranging from 28 to 32% (Bosch et al., 2014). Park
et al. (2014) stated that the biological characteristics of
insects make BSF larvae flour rich in several types of an-
timicrobial peptides (AMP), exhibiting deterrent activity
against pathogenic microorganisms. Therefore, this study
aims to develop a feed formulation containing black sol-
dier fly (Hermetia illucens L..) meal to reduce the use of fish
meals and improve the productivity of village chicken.

MATERIALS AND METHODS

EXPERIMENTAL DESIGN AND FEEDING

'This study used 140 one-day-old mixed-sex village chicken
that were reared in 20 cages, each measuring 90 x 70 x 60
cm.The chicks (mean body weight: 29.64+1.69 g) were ran-
domly selected in the individual cages, consisting of 7 birds
per cage. The experiment comprised 5 treatments, with 4
replications, each consisting of 7 chicken, making a total
number of 20 experimental units. The experimental rations
were formulated using feed ingredients obtained mostly
from the company around Makassar, except for BSF (Her-
metia illucens L) larvae flour, which was purchased from
BSF larvae Cultivation, Depok, West Java, Indonesia. The
teed was provided ad /ibitum twice a day and the ND vac-
cine was administered at 3 days old through eye drops. The
drinking water was freely available to chicken throughout
the study. The feedstuff and nutrient structure of the exper-
imental diets were observed, as presented in Table 1.

NuTtrITIONAL COMPOSITION OF BSF LARVAE FLOUR
The chemical constituent of BSF larval flour compared to

fish flour are provided in Table 2.

SAMPLING AND LABORATORY ANALYSIS

BSF larvae and fish flour were sampled to determine their
nutrition contents using proximate analysis (AOAC,2005).
To determine the quantity of feed ingested by chicken,
the amount of feed offered was weighed every day, and the
leftover feed was weighed the next morning before giving

another. The feed consumption, weight gain and feed con-
version rate were calculated as under:

Feed consumption (g) = the amount of feed offered (g) —
the leftover feed (g)

Weight gain g/bird (gb') = final weight (gb') - initial
weight (gb?)

The feed conversion was calculated as body weight gain

(g)/feed consumption (g)

The percentage of carcass and abdominal fat were meas-
ured at 12 weeks of age after slaughtering chicken. The
percentage was calculated as follows:

Carcass Percentage = carcass weight (g)/ body weight (g)
x100

Abdominal fat percentage = abdominal fat weight (g)/car-
cass weight (g) x100

In vivo digestibility measurements were carried out using
an excreta collection method at the end of week 12. During
this time, chicken were only given drinking water ad /ibi-
tum. After the starvation period, chicken was fed ad libitum
for 3 x 24 hours and starved again for 12 hours before tak-
ing the excreta samples which were brought to the labora-
tory to analyze crude protein, fiber, and fat (AOAC, 2005).
In vivo digestibility of crude protein was calculated accord-
ing to Wahju, (1997), while the calculation of crude fiber
and fat digestibility was based on Tillman et al. (1998).

STATISTICAL ANALYSIS

The data of all parameters for each treatment were analyz-
ed by ANOVA in line with the study design. When the
treatment was significantly effective (P<0.05), it was con-
tinued with Duncan’s multiple intervals (Steel and Torrie,

1980).
RESULT'S AND DISCUSSION

PERFORMANCE OF VILLAGE CHICKEN

Table 3 showed that the replacement of fish flour with
BSF larvae flour had a significant effect (P<0.05) on the
growth performance of village chicken. The average feed
consumption ranged from 3063.60 to 3540.96 gb'. Sim-
ilarly, Téguia et al. (2002) stated that broilers fed with a
ration containing 15% BSF larvae flour consumed more
teed than those fed with 10% of BSF. In our study, the P3
treatment had a higher weight gain compared to PO, P1,
P2, and P4 treatments due to the higher feed consumption
in the P3 treatment. Furthermore, the antibacterial com-

pounds found in BSF larvae work probably synergistically
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Table 1: Composition and dietary analysis of village chicken diets consisting of BSF larvae flour

Feed ingredients (%)

PO P1
Corn 64 64
Fine rice bran 12.5 12.5
Soybean meal 1 1
Fish meal 15 11.26
BSF larvae flour 0 3.74
Coconut cake meal 2.5 2.5
Vegetable oil 2 2
CaCOs3 2 2
Vitamin-mineral Premix 1 1
Total 100 100
Chemical composition*
Protein (%) 17.35 17.39
Fat (%) 2.42 2.80
Crude fiber (%) 6.22 6.54
Ca (%) 0.88 0.86
P (%) 0.82 0.72
Ash (%) 7.59 6.87
BETN (%) 52.67 48.44
ME (Kcal kg™) 3063.16 3090.54

Experimental diets

P2 P3 P4

64 64 64
12.5 12.5 12.5

1 1 1

751 3.74 0

7.51 11.26 15

2.5 2.5 2.5

2 2 2

2 2 2

1 1 1

100 100 100
17.31 17.28 17.26
3.38 3.86 4.35
6.87 7.18 7.53
0.85 0.83 0.82
0.62 0.5 0.4
6.55 5.83 5.5
48.17 47.80 47.64
3117.92 3145.30 3172.68

* Projected based on the results and estimation of proximate analysis tables in the Feed Chemistry Laboratory, Faculty of Animal

Science, Hasanuddin University.

Table 2: Chemical constituents of BSF (Hermetia illucens
L.) larvae flour compared to fish flour

BSF larvae meal Fish Meal

Chemical composition®

Dry Matter (%) 93.52 91.8
Crude Protein (%) 58.05 58.68
Crude Fat (%) 19.05 6.14
Crude Fiber (%) 9.31 0.56
Ash (%) 11.90 25.80
Ca (%) 1.28 1.70

P (%) 0.93 3.69
NaCl (%) 0.052 0.059
Metabolizable Energy 2866.28 3596.40
(Kcal kg?)

*Analysis Results of Feed Chemistry Laboratory, Faculty of
Animal Science, Hasanuddin University.

to promote growth. As in earlier work, Mbiba et al. (2019)
reported that body weight gain in broilers was significant-
ly (P<0.001) higher at 75% and 100% BSF larvae flour
compared to ration containing no BSE. The higher protein
intake in P3 treatment was due to the greater feed con-
sumption value, leading to increased protein consumption,
thereby causing an increase in body weight gain (Wati et
al., 2018). This indicated that village chicken receiving P3

rations were more efficient at using nutrients to deposit
meat into body weight. The average feed conversion value
at the age of 90 days was 3.93-4.76. As compared to con-
trol group (4.76), T3 (3.93) exhibited 17.4% better FCR.
This suggested that P3 treatment with the substitution of
BSF larvae and fish flour slowed down peristalsis in the
intestine. Dengah et al. (2016) also discovered that BSF
larvae flour can substitute fish flour by 75% in diets with-
out harming the feed efficiency of the broilers. In a recent
study mealworm scales (Zenebrio molitor) supplementation
in the diet of Japanese quails significantly improved the
FCR and weight gain (Khan et al., 2022)

Carcass QUALITY OF VILLAGE CHICKEN

The results of the analysis of various substitution levels of
BSF larvae flour showed significantly (P<0.05) improved
carcass quality of village chicken (Table 4). The average live
weight in the P3 treatment was higher compared to oth-
ers. This was due to the high ration consumption in the
P3 treatment, i.e., 3540.96 g b'. The average percentage of
carcass in village chicken aged 90 days were 58.06-70.70%,
respectively, as presented in Table 4. These results were
supported by Mbiba et al. (2019), where the percentage of
carcass increased significantly in broiler chicken. Further-
more, carcass weight and percentage probably increased

June 2023 | Volume 11 | Issue 2 | Page 195

8T Links
**@Researchers



Journal of Animal Health and Production

Table 3: Effect of BSF larvae flour on the growth performance of village chicken.

Parameter Treatments P-Value
PO P1 P2 P3 P4

Feed consumption 3117.46+£157.87*  3071.34 £38.08*  3063.60 = 40.71*  3540.96 +80.68° 3290.70+ 82.39°  0.00

(gb?)

Weight gain 655.13 + 46.66" 654.62 + 24.66*  694.55 + 18.27*  896.24 + 69.26> 726.37 + 46.31*  0.00

(gb?)

Protein intake 595.82 + 29.87¢ 586.76 + 7.61* 586.30 + 8.57° 676.33 +15.07° 628.77 £ 15.41>  0.00

(®)

Feed conversion 4.76 + 0.24* 4.56 + 0.34° 4.53 + 0.47* 3.93 £0.13P 4.52 + 0.31° 0.02

ratio

Diverse letters in the same row represented significant distinction (P<0.05).

Table 4: Effect of BSF larvae flour on the live weight, carcass weight, and abdominal fat weight of village chicken.

Parameter Treatments P-Value
PO P1 P2 P3 P4

Live weight (g b) 761.25 + 35.09° 778.75+ 44.96* 824.25+ 75.75* 922.75+ 35.55> 840.00+ 64.74* 0.01

Carcass weight (g b™) 442.00 + 21.04* 492.75+ 57.62* 550.75+ 29.73>  583.25 +41.31¢ 559.65+ 42.75¢ 0.00

Percentage of carcass 58.06+ 0.95° 63.26% 6.21® 66.91+ 4.38° 70.70+ 7.04° 69.42+ 493> 0.02

weight (%)

Abdominal fat weight 10.70 + 3.42° 8.67+ 3.96 4,10+ 0.54* 3.72+ 0.88* 2.30 + 2.95° 0.00

(gb™)

Percentage of abdominal ~ 2.41+ 0.71° 1.24+ 0.59° 0.73+ 0.11% 0.63+ 0.10® 0.39 +0.48* 0.00

fat (%)

Diverse letters in the same row represented significant distinction (P<0.05).

due to the presence of lauric acid contained in BSF lar-
vae in the form of Medium Chain Fatty Acid (MCFA),
which can act as an antimicrobial in the active intestinal
microbiota particularly for Gram-positive bacteria (Barros
et al., 2014). The average percentage of abdominal fat in
village chicken ranged from 0.39 to 2.41%, respectively.
'The highest weight and percentage of abdominal fat were
found in the control treatment (P0), while the lowest was
at P4. This was probably due to the crude fiber content in
BSF larvae meal, which was 9.31%. Poendjiadi (2005) also
stated that the consumption of crude fiber derived from
feed ingredients binds bile acids in the digestive system,
inhibiting fat absorption and decreasing the accumulation
of abdominal fat.

NUTRIENT DIGESTIBILITY

'The crude protein digestibility showed no significant effect
(P>0.05) but of the P3 treatment tended (P=0.09) to be
higher than others, as illustrated in Table 5. Protein digest-
ibility in this study ranged from 73.37 to 80.32%, which
was categorized as high. This indicated that substituting
fish meal with BSF larvae meal up to 100% improved the
digestibility of crude protein. The degradation of chitin
protein by the presence of AMP in the treatment feed
improved intestinal balance, suppressed pathogenic micro-
organisms and improved the growth of beneficial bacte-
ria such as Lactobacillus that results the synthesis of many

digestible components, namely peptides and acids (Wang
et al., 2006; Tang et al., 2009). Statistical analysis revealed
that digestibility of crude fiber did not show any distinc-
tion among the treatments. The crude fiber digestibility
in the P3 treatment tended (P=0.09) to be higher than
others, with an average percentage ranging from 24.37 to
44.04%. This suggested an antibacterial activity in BSF lar-
vae flour in the diet in the form of lauric acid. Skfivanova
et al. (2014) reported that monolaurin compounds derived
from lauric acid had antibacterial properties against Staph-
ylococcus aureus and Escherichia coli. However, the crude fat
digestibility showed a very significant difference (P<0.01),
i.e., an increase in nutrient digestibility of village chick-
en. The average crude fat digestibility ranged was between
73.20% - 84.29%. These results were consistent with the
study by Mbiba et al. (2019), who stated that using 75% to
100% maggot flour as a replacement for fish flour gave the
best results of raw fat digestion. According to Sprangers et
al. (2017), the fatty acid composition of BSF larvae flour
was mostly saturated methyl fatty ester (FAME). Gener-
ally, the high fatty acid appearance of larvae was MCFA,
such as lauric acid. This acid played an active role in regu-
lation of Gram-positive bacteria, while MCFA exhibited
antimicrobial effects on the gut microbiota (Dierick, 2002;
Skiivanova et al., 2014). As also reported by Djulardi et al.
(2006) that a decrease in the pH of the digestive tract due
to an increase in lactic acid bacteria can increase lipase
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Table 5: Effect of BSF larvae flour on the digestibility of crude protein, crude fiber, and crude fat in village chicken.

Digestibility (%) Treatments

PO P1
Crude Protein 73.37 £ 1.77 75.11 £4.13
Crude Fiber 27.37 +11.71 31.44 = 11.37
Crude Fat 73.20 £ 2.67° 78.33 + 2.84°

P-Value
P2 P3 P4
76.46 £ 291 80.32+4.10 77.519+3.42  0.09
31.82+2.59 44.04+5.24 39.54+8.73 0.09
81.38+5.31%*  83.55+1.28° 84.29 + 1.88¢ 0.00

Diverse letters in the same row represented significant distinction (P<0.05).

enzymes as the end result of fat digestion.

CONCLUSION

'The use of BSF larvae flour as a protein source to replace
fish flour in village chicken diets increased growth perfor-
mance, live weight, carcass weight, percentage of carcass
weight, the weight of abdominal fat, percentage of abdom-
inal fat, and digestibility of crude fat. The replacement of
fish flour up to 75% with BSF larvae flour in the ration
was considered the optimal feeding rate in increasing the
use of feed ingredients without causing adverse effects on
village chicken performance. Therefore, BSF larvae flour
was suggested as a viable protein source to replace fish flour
in village chicken rations.
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