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ABSTRACT

This research aimed to find a suitable formulation for rations containing Black soldier fly larvae
powder to support the optimal kampung hen production performance. Four to five-month-old
Kampung hens were given feed with different amounts of black soldier fly larvae powder (n = 4
hens/treatment) to adjust protein and energy levels: RO (commercial feed only, 17.53% protein,
3067 kcal/kg), R1 (14% protein, 2600 kcal/kg energy), R2 (14% protein, 2800 kcal/kg energy), R3
(16% protein, 2600 kcal/kg energy), R4 (16% protein, 2800 kcal/kg energy), R5 (18% protein, 2600
kcal/kg energy), R6 (18% protein, 2800 kcal/kg energy), R7 (20% protein, 2600 kcal/kg energy),
R8 (20% protein, 2800 kcal/kg energy), R9 (22% protein, 2600 kcal/kg energy), and R10 (22% pro-
tein, 2800 kcal/kg energy). We measured several performance parameters, including body weight,
feed consumption, specific growth rate, feed conversion ratio, visceral index, intraperitoneal fat
index, and tissue protein content. Results show that treatment R6 produced significantly better
overall performance (p < 0.05) than all other treatments except R5. Feed containing black soldier
fly larvae powder with 18% protein content and 2800 kcal/kg energy is an inexpensive and readily
available way to support the maximum growth of Kampung hens.
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Introduction

Good quality feed is a pivotal factor determin-
ing the success of livestock production and
constitutes a significant portion of the costs in the
livestock industry. In poultry farming, feed costs can
account for 50-70% of the total operational cost [1].
Therefore, there is a need for cost-cutting methods
that do not compromise on quality. Using high-quali-
ty feed has been demonstrated to enhance the produc-
tivity of Kampung chickens [2,3]. Good feed quality is
determined by its ability to supply the animal's nutri-
tional requirements (i.e., protein, carbohydrates, fat,
vitamins, and minerals). The quality of the feed is also
determined by its composition and balance of nutri-
ents [4]. Moreover, good quality feed must be avail-
able year-round to maintain optimal performance
and production. Sustainable feed provision is reliant
on the availability of raw materials.. Specifically, the
raw materials of feed must be easy to obtain, relative-
ly cheap, not compete with human needs, and have a
high nutrient content. Feed quality is directly related
to feed efficiency. Optimization of feed efliciency is
dependent on the formulation of balanced rations, es-
pecially concerning protein and energy. The right bal-
ance between protein and energy in a ratio increases
the efficiency of feed use by the animal, thereby reduc-
ing overall production costs [5].

Alternative raw materials for poultry feed that
are cheap and readily available include components
of agricultural or insect waste. According to van
Huis [6], using insect proteins in feed is cost-effec-
tive and eco-friendly. Insects can quickly and easily
be mass-produced and have a high feed conversion
efficiency. Cultivation of insects could reduce the
amount of organic waste that potentially pollutes the
environment [7]. Furthermore, Veldkamp et al. [8]
also reported that using insects as a protein source for
feed was beneficial because it does not compete with
human needs. One insect that has been widely studied
as a protein source in feed is the black soldier fly (BSF)
due to its high protein (40-50%) and fat (29-32%)
content [9]. BSF larvae powder is a suitable alternative
feed additive for broiler chickens [10-12], Jian carp
fish [13], and quail [14-16].

Kampung chicken has low productivity but has
high economic value, especially eggs and meat. The
demand for kampung chicken meat and eggs in Indo-
nesia has increased yearly. Fitri [17] reports that the
consumption of Kampung chicken meat in 2015 was
only 314 thousand tons (16%) of the total meat pro-
duction of 3.06 million tons, and in 2016 increased to
26%. It is further stated that this demand will continue
to increase in line with population growth and aware-
ness of the importance of organic food products. Ef-
forts are needed to increase the productivity of Kam-

Bana et al.IJVST 2023; Vol.15, No.3
DOI: 10.22067/ijvst.2023.79438.1204

49

RESEARCH ARTICLE

pung chickens to meet this increasing demand. One
way to increase the productivity of Kampung chickens
is to provide quality feed according to the age of the
chickens. Charlton et al. [18] analyzed the security of
some insects as a source of protein in feed livestock,
such as house flies (Musca domestica), Bluebottle flies
(Calliphora vomitoria), blowflies (Chrysomyaspp),
and BSE Therefore, the present study evaluated the
effects of feed containing BSF larvae powder as a pro-
tein source on the production performance of Kam-
pung hen.

Result

Effect of treatment on body weight

Table 1 and Figure 1a illustrate that the greatest
change in body weight was obtained with R6, whereas
treatment RO elicited the smallest change. The change
in body weight obtained with R6 was significantly dif-
ferent from all other treatments except R5.
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Figure 1.

A. Average increase in body weight (IBW; g/hen/week) during
an eight-week observation period. B. Average feed consumption
(FC; g/week) during an eight-week observation period. Different

letters (a,b,c,d,e,f) indicate significant differences (p <0.05).
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Table 1.

Amino acid analysis of the experimental feed

Feed RO (%) R1(%) R2(%) R3(%) R4(%) R5(%) R6(%) R7(%) R8(%) RI (%) RI10 (%)

Aspartic acid 1.00 1.01 1.03 1.15 1.26 1.29 1.38 1.49 1.58 1.68 1.88
Glutamic acid  1.68 1.74 2.54 2.61 2.76 2.89 3.33 3.46 3.37 3.43 3.78
Serine 0.43 0.48 0.48 0.57 0.64 0.72 0.87 0.89 0.89 0.93 1.00
Glycine 0.77 0.81 0.83 0.88 0.94 1.13 1.24 1.21 1.26 1.29 1.32
Histidine 0.54 0.60 0.63 0.70 0.78 0.81 0.79 0.77 0.82 0.90 0.91
Arginine 0.67 0.66 0.70 0.69 0.72 0.79 0.75 0.70 0.78 0.82 0.88
Threonine 0.53 0.59 0.68 0.71 0.66 0.75 0.82 0.81 0.83 0.85 0.92
Alanine 0.41 0.48 0.52 0.57 0.54 0.69 0.76 0.75 0.78 0.80 0.83
Proline 0.84 0.90 0.92 0.95 1.12 1.20 1.15 1.18 1.20 1.21 1.37
Tyrosine 0.74 0.79 0.78 0.83 0.90 0.88 0.91 0.93 1.00 1.05 1.15
Valine 0.66 0.70 0.90 0.86 0.80 0.77 0.73 0.69 0.80 0.82 0.87
Methionine 0.50 0.47 0.52 0.60 0.65 0.70 0.71 0.67 0.72 0.76 0.81
Cystein 0.31 0.37 0.42 0.52 0.50 0.54 0.59 0.60 0.63 0.68 0.71
Isoleucine 0.67 0.70 0.73 0.80 0.82 0.76 0.79 0.80 0.80 0.83 0.88
Leucine 1.01 1.17 1.22 1.30 1.30 1.29 1.30 1.36 1.32 1.38 1.51
Phenylalanine  0.52 0.57 0.56 0.67 0.70 0.67 0.69 0.72 0.75 0.77 0.88
Lysine 0.75 0.82 0.79 0.84 1.00 1.04 1.13 1.18 1.25 1.29 1.34

Analysis was performed by the Feed Science and Technology Laboratory, IPB-Faculty of Animal Husbandry, Department of Nutri-
tion Science and Feed Technology, Division of Feed Technology and Industry.

Effect of treatment on feed consumption

The results showed that the different feed treat-
ments had a significant effect on the consumption of
teed (p < 0.05). In particular, the consumption of feed
R6 was significantly higher than all others, while the
consumption of RO was significantly lower. Impor-
tantly, heightened consumption of R10 was not fol-
lowed by a high growth rate (Table 1 and Figure 1b).
Results of Amino acid analysis revealed that all the
experimental feeds contained essential and nones-
sential amino acids, albeit at different concentrations
(Table 2).

Effect of treatment on SGR (Specific Growth
Rate)

As with changes in body weight, the SGR of
chickens treated with feed R6 was significantly higher
(p < 0.05) than all other feeds except R5 (Table 1 and
Figure 2a).

Effect of treatment on FCR (Feed Conversion
Rate)

The results showed the feed treatments had sig-
nificant effects on the FCR (p < 0.05; Table 1 and Fig-
ure 2b). Body weight Changes and SGR values are
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Figure 2.

A. Average SGR (%) during an eight-week observation period. B.
Average feed conversion ratio (FCR; g/g)) during an eight-week
observation period. Different letters (a, b, ¢, d) indicate signifi-
cant differences (p < 0.05).
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determined by the FCR, not feed
consumption, as shown by the cur-
rent results (Table 3).

Table 2.
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Increase in body weight (IBW), feed consumption (FC), specific growth rate (SGR),
and feed conversion rate (FCR) during an eight-week-observation period

IBW FCR
Effect of treatments on VSI (Vis- Treatments  (g/ week) FC (g/week)  SGR (%) (e/)
ceral index)

The VSI obtained with treat- RO 83.87 +3.27* 90.96+0.31°  1.59+0.04°  8.23+0.47¢
ment R6 was significantly higher (p R1 9544 £530°  91.32+0.06° 1714008 7.22+0.57
< 0.05) than that with all others ex- o 105,09 £ 493" 91622 0.09° L8LL008> 6662 063"
cept R5 (Table 3 and Figure 3). This I B _ -
high VSI was due to the high body R3 10213 +3.94%  91.85+0.05%  1.74+0.08"  6.58 = 0.14b
weight achieved by the end of the g, 9781 £3.82%  9207£0.12°  170£0.08° 675+ 0.13"
experimental period. While feed RO

f de c a
had the lowest VSL, it was not signifi- R5 14425+ 6,03  91.89+0.14%  215+0.06° 4.83+0.19
cantly different (p > 0.05) with R2, R6 14581 £14.29°  91.90+£0.09%  2.17+0.10°  4.77 +0.46°
R3, or R7-R10.

R7 10575871 91.75+0.08%  1.78+0.12>  6.32 +0.34"

Effect of treatments on IFI (In- R8 108.81 £8.64  91.69+0.20¢  1.84+0.10>  6.14 % 0.46™
traperitoneal Fat Index) R9 111.84 £+7.07 9192+ 0.05¢ 1.83+0.08 610+ 039
The IFI for treatment R10 was "5 13331 £10.15 92424005  205+0.10° 502 %033

significantly higher than all other
feeds (p < 0.05; Table 3 and Figure
4). The high IFI R10 indicated that
a feed with 22% protein and 2800

Data in a column with different superscripts (a, b, ¢, d, e, f) differ significantly (p <

0.05).

kcal/kg energy had excess nutrition for chickens during the growth phase, which was converted into intraperi-
toneal fat. R10 also had the highest feed consumption (Table 4), further contributing to the high IFI. This result
was supported by the lower tissue protein content obtained with treatment R10 (Table 3).

Effect of treatments on tissue protein content

The tissue protein content obtained with feed R5 was significantly higher (p < 0.05) than all others except
R6, while R1 produced the lowest (Table 3 and Figure 5).

Table 3.
Visceral Index (VSI), Intraperitoneal Fat Index (IFI), and tissue protein
content of each treatment
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Figure 3.

Average visceral index (VSI; %) during an eight-
week observation period. Different letters (a, b, ¢, d)
indicate significant differences (p < 0.05).
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VSI (%)

IFI (%)

Tissue Protein

Content (%)

RO 8.07+£0.33* 1.11 £0.05* 21.48 £0.77¢
R1 9.39 £ 0.42¢% 1.77 £ 0.08° 17.83 £0.16°
R2 8.69 + .78 1.43 £0.04° 19.49 + 0.15%
R3 8.75 + 0.35% 1.66 + 0.03¢ 21.21 £0.86°
R4 9.15 + 0.37>« 1.73 £0.02¢ 18.78 £ 0.16®
R5 9.55 + 0.639% 1.34 £ 0.03° 26.36 £0.218
R6 9.87 £ 0.94¢ 1.39 £0.11° 25.296 + 0.508
R7 8.51 +0.59** 1.68 + 0.04¢ 20.66 + 0.13%
R8 8.21 +£0.44° 1.88 +£0.10¢ 24.39 +0.34
R9 8.30 £ 0.37* 1.91 £0.10¢ 19.85 + 0.42<
R10 8.18 £0.51° 2.11 £0.09¢ 19.79 £ 0.27°

Different superscript (a, b, ¢, d, e, f, g) in the same column indicates data signifi-
cantly different (p < 0.05).

Protein and energy for Kampung hen
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Discussion sumed feed into biomass [20]. This is in agreement

Effect of treatment on body weight

These results are similar to a study by Abun et
al. [19], who found that Kampung chickens fed 2750
kcal/kg energy and 17% protein had the best produc-
tion performance. Similarly, Sidadolog and Yuwan-
ta [4] found the greatest change in body weight for
Marawang chicks was with feed containing 18% crude
protein and 2690 kcal/kg energy.

The high increase in body weight with R6 cor-
responded to a low feed conversion ratio and high
SGR. The lack of significant difference in body weight
change between R5 and R6 indicates that feeds con-
taining the same protein level likely result in similar
changes in body weight, assuming the energy content
is also balanced. However, diets with higher protein
and metabolic energy levels did not necessarily equate
to heavier body weight. This result indicates that op-
timum growth is obtained only with the right balance
between protein and energy corresponding to the
physiological condition of the animal, meaning the
animal was able to maximize the conversion of con-

Protein and energy for Kampung hen

with Tortora and Grabowski in Abun et al. [19], who
stated that the balance between the ratio of protein
and energy and the presence of other nutrients in
the feed plays an important role in maximizing body
weight gains.

Protein quality is determined by the amino
acid composition, especially the essential amino ac-
ids. Hence, the more complete and appropriate the
amount of essential amino acids, the better the pro-
tein quality of the feed. In particular, methionine and
lysine are the amino acids most needed for chicken
growth; the reported maximal requirements of methi-
onine and lysine in poultry diets are 0.38-0.42% and
0.8-1.0%, respectively [5]. Though experimental feed
R6 contained 0.71% methionine and 1.13% lysine,
other feeds contained higher levels. This suggests that
higher concentrations of amino acids in the feed do
not guarantee greater changes in body weight.

Effect of treatment on feed consumption

Increased consumption of R10 did not result in a
high growth rate. This was likely due to its high FCR
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compared to R6. Such a high FCR indicates the limit-
ed ability to convert consumed feed into biomass and
suggests protein and energy levels may be greater than
the needs of the animal, with the excess being excreted
as waste [5]. On the other hand, while consumption of
feeds R3, R5, R6, and R9 was not significantly different,
these feeds did result in different body weight chang-
es. This indicates that body weight change did not di-
rectly correlate with feed consumption. Sidadolog and
Yuwanta [4] stated that body weight correlates with
feed conversion rate, not feed consumption.

Effect of treatment on SGR (Specific Growth
Rate)

SGR values were inversely correlated with the feed
conversion ratio, where the lower the feed conversion
ratio, the higher the SGR. Importantly, higher protein
and energy levels did not guarantee a high SGR, indi-
cating that optimum growth was reached only when
rations contained protein and energy levels appropri-
ate for the physiological conditions of the animal. This
result was in agreement with the results of Abun et al.
[19], who stated that an appropriate balance between
protein and energy in the feed has a positive effect on
growth.

Effect of treatment on FCR (Feed Conversion
Rate)

The FCR represents the ability of the animal to
convert consumed feed into biomass; a low FCR indi-
cates a higher ability to convert the consumed ration
into biomass and vice versa. Feed R6 had a signifi-
cantly lower FCR than all others except R5, and the
highest was obtained with RO. An FCR of 4.77 (R6)
indicates that chickens consuming feed with 18%
protein and 2800 kcal/kg energy needed to consume
4.77 kg feed to increase their body weight by 1 kg. The
absence of significant difference between treatments
R5 and R6 implies both produced the same change
in body weight. This result is similar to that of Iskan-
dar et al. who obtained an FCR of 4.79 for Kampung
chickens fed a ratio of 17% protein [21]. On the other
hand, Mahardika et al. [5] obtained an FCR of 9.39 by
feeding 10- to 20-week-old Kampung chickens con-
taining 18% protein and 2900 kcal/kg metabolic en-
ergy , which was also in accordance with a report by
Sidadolog and Yuwanta [4].

Effect of treatments on IFI (Intraperitoneal Fat
Index)

These present results were higher than the re-
sultsobtained by Iskandar et al. [21], who reported

an abdominal fat index of 0.82% for Kampung hen.
This difference could be due to genetic differences in
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chicken strains that are related to protein and meta-
bolic energy level differences.

Effect of treatments on tissue protein content

The high tissue protein content with feeds R5 and
R6 corresponded to their low feed conversion ratio
and high increase in body weight. This indicates that
a feed with 18% protein and 2800 kcal/kg contained
the required nutrition, especially protein, that was op-
timal for Kampung hens during their growth phase.
This result was similar to that reported by Abun et
al. [19], who stated that high protein quality affects
muscle protein.

Conclusions

The results of the present study showed that feed
containing BSF larvae powder at 18% protein and
2800 kcal/kg energy (R6) contains balanced, adequate
nutrition to support the optimal growth of Kampung
hens. Based on the findings of this research, using
tfeed with 18% crude protein and 2800 kcal/kg of met-
abolic energy results in the optimal growth of kam-
pung hens.

Materials and Methods

Time and place of research

This research was conducted in Kupang, East Nusa Tenggara,
from July to November 2018.

Animal treatment

A total of 44 Kampung hens (Gallus gallus domesticus) aged
4 to 5 months old were used. All Kampung hens were reared in-
house and individually placed in 50 x 50 x 70 cm cages contain-
ing bowls for feed and water. The Kampung hens received feed
containing different BSF larvae powder treatments (n = 4 hens/
treatment). Hens initially received 70 g of feed, and subsequent
amounts of feed added were adjusted based on the remaining
amounts of feed. Water was given ad libitum.

Experimental feed

The raw materials present within the feed included BSF lar-
vae powder, cornmeal, soybean meal, tapioca flour, fish flour, rice
bran, and premix. Premix Composition (in 10 kg): Calcium 4.500
g, Sodium 800 g, Mangan 33 g, Phosphor 3.500 g, Magnesium 297
g, Ferrum 44 g, Zincum 33 g, Cholin 750 g, Cobalt 100 mg, Cu-
prum 5.500 mg, Todine 550 mg, Vitamin B1 1.500 mg, Vitamin A
7.500.00 I.U dan Vitamin D3 1.500.000 1.U. Each ingredient was
analyzed for its crude protein content and metabolizable energy
(Bomb Calory Meter) [22,23], as a basis for formulating the feed.
The dried BSF larvae, cornmeal, soybean meal, and fish purchased
from the marketplace are blended into flour without reducing fat
for BSE BSF larvae and fish meal as a source of animal protein;
soybean meal as a source of vegetable protein; Cornflour, rice
bran, and tapioca as a source of carbohydrates, and Premix as a
source of vitamins and minerals.

Experimental feed treatments included different amounts of
BSF larvae powder (R1-R10) to adjust protein and energy levels as
follows: RO (commercial feed without BSF larvae powder, 17.53%

Protein and energy for Kampung hen
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protein, 3067 kcal/kg energy), R1 (14% protein, 2600 kcal/kg  kcal/kg energy), and R10 (22% protein, 2800 kcal/kg energy). Prox-
energy), R2 (14% protein, 2800 kcal/kg energy), R3 (16% pro-  imate and amino acid analyses were performed on the formulated
tein, 2600 kcal/kg energy), R4 (16% protein, 2800 kcal/kg en-  feed with the desired protein and energy levels. Feed composition,
ergy), R5 (18% protein, 2600 kcal/kg energy), R6 (18% protein, ~ proximate analysis, and amino acid analysis results are shown in
2800 kcal/kg energy), R7 (20% protein, 2600 kcal/kg energy),  Tables 4, 5, and 1, respectively. The duration of the experimental
R8 (20% protein, 2800 kcal/kg energy), R9 (22% protein, 2600  feeding period was a total of 8 weeks.

Table 4.

Composition of feed
Raw material ME 2600 kcal/kg ME 2800 kcal/kg

i 14% 16% 18% 20% 22% 14% 16% 18% 20% 22%

BSF powder 9 12 15 18 21 9 12 15 18 21
Corn flour 31.67 26.63 21.59 16.55 11.51 45.59 40.55 35.51 30.47 2543
Soy flour 5 5 5 5 5 5 5 5 5 5
Tapioca flour 5 5 5 5 5 5 5 5 5 5
Premix 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Fish flour 0.34 2.79 5.23 7.67 10.12 2.17 4.62 7.06 9.50 11.95
Rice bran 48.49 48.09 47.68 47.28 46.87 32.74 32.34 31.93 31.53 31.12
Total 100 100 100 100 100 100 100 100 100 100
ME, kcal/kg 2600 2600 2600 2600 2600 2800 2800 2800 2800 2800
PC, % 14.0 16.0 18.0 20.0 22.0 14.0 16.0 18.0 20.0 22.0

ME = metabolizable energy; PC = crude protein

Table 5.
Proximate composition analysis of the experimental feed
Feed % DM % Ash % OM % CP % CL % CF

RO 89.94 4.07 85.87 16.762 6.44 5.06
R1 89.72 7.58 82.14 13.840 4.84 14.16
R2 88.98 6.09 82.89 14.127 491 12.59
R3 89.31 7.35 81.96 15.645 4.63 12.57
R4 88.78 6.58 82.20 15.825 5.03 12.27
R5 90.02 8.67 81.35 17.951 8.43 14.90
Ro6 88.78 6.44 82.34 17.742 7.44 10.60
R7 89.48 8.04 81.44 20.375 8.28 14.03
R8 89.14 7.59 81.55 19.861 8.17 11.40
R9 89.41 9.26 80.15 22.401 8.22 13.63
R10 89.01 7.90 81.10 22.670 8.87 10.59

Analysis was performed at the Nutrition and Livestock Feed Laboratory, Agriculture Polytechnic,
Nusa Cendana University, Kupang. DM: dry matter, Ash, OM: organic matter, CP: Crude protein, CL:
Crude Lipid, CF: Crude fiber.
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