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ABSTRACT

Chitin, a major component of the insect exoskeleton, serves as a source of dietary fibre but also acts
as an anti-nutritional factor, limiting the bioavailability of protein and minerals in black soldier fly
(BSF) larvae. Chitinase enzymes, typically secreted by chitinolytic bacteria such as Actinomycetes,
can hydrolyse chitin into simpler, digestible forms. This study aimed to evaluate the nutrient
profile and in vitro digestibility of BSF larval meal hydrolysed with chitinase enzyme derived from
Streptomyces BLH 5-14. This study was set up with the following treatments: soybean meal; BSF
meal without chitinase (EC0); and BSF larval meal treated with chitinase at levels of 2, 4, and 6

units per 100 grams (EC2, EC4, and EC6), each

replicated six times in a randomised complete
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25.51% to 17.28%, and chitin content dropped
from 8.47% to 4.59%. Although bacterial rumen
populations rose when the dose was increased to
6 U/100 g, the chitinase enzyme administration
up to the level 6 U/100 g to BSF larval meal
was insufficient to improve overall digestibility
in both the rumen and post-rumen phases.

© Universiti Putra Malaysia Press



Gresy Eva Tesia, Wisri Puastuti, Dwi Yulistiani, Agustin Herliatika, Nanik Rahmani, Siti Eka Yulianti, I Nyoman Suyasa,
Else Mei Wike Andreas, Susi Riyanti, and Winwin Widaringsih

Protein digestibility in the rumen and post-rumen was numerically increased by 12.30% and 5.51%,
respectively, in comparison to soybean meal. In conclusion, the application of chitinase enzyme up
to level 6 U/100 g to BSF larval meal was inadequate to enhance the overall digestibility in both
the rumen and post-rumen stages.

Keywords: Black soldier fly meal, chitinase, digestibility, protein, Streptomyces

INTRODUCTION

Insect meals have recently gained notoriety as a sustainable source of protein for animal
feed (Jayanegara et al. 2017a; Linh et al. 2024; Vargas-Serna et al. 2025; Zou et al. 2024).
Supported by its simple production system and fast growth rate, Black Soldier Flies
(Hermetia illucens) have been especially noted for their capacity to effectively transform
low-quality organic material into high-quality nutrients (Liland et al., 2017; Lu et al., 2022;
Wang and Shelomi, 2017). Food waste, farm waste, animal manure, and other organic
wastes can all be broken down by larvae of this species to provide high-protein biomass
(Meneguz et al., 2018; Msangi et al., 2022; Siddiqui et al., 2022). It has been explained that
the addition of BSF larval meal to animal feed reduces reliance on unsustainable fishmeal
in addition to promoting waste utilisation, and thus supporting circular economy principles
(Linh et al., 2024; Vargas-Serna et al., 2025). BSF larval meal thus offers a sustainable
and promising substitute for conventional protein sources, with a lower environmental
footprint (van Huis, 2022; Veldkamp et al., 2022).

Nutritionally, BSF larval meal contains 45.20-58.10% crude protein (CP),
19-20.70% ether extract (EE), 7.44-9.85% acid detergent fibre (ADF), 12.40-
32.70% neutral detergent fibre (NDF), 1.34-3.65% calcium, 0.85-1.11% phosphorus,
and 5,325-5,159 kcal kg dry matter (DM) gross energy (Matin et al., 2021). The
true protein of BSF is, nevertheless, overestimated due to the nonprotein nitrogen
from compounds like chitin, which binds protein. Chitin is present in BSF throughout its
life cycle, and its concentrations vary in the different stages: larvae (7.8-9.5%), prepupae
(9.1-10.9%), pupae (10.3-10.7%), adult flies (23.7-31.1%), shed exoskeletons
(22.4-23.8%), and cocoons (5.6-8.4%) (Soetemans et al., 2020). Chitin, which is a N-acetyl-
B-D-glucosamine polymer, provides the insect exoskeleton with its rigidity. However, its high
content in BSF larvae meal can limit its nutritional value by reducing in vitro digestibility
and volatile fatty acid production (Jayanegara et al., 2017a; 2017b). In order to optimise the
protein value of BSF larval meal, effective treatments are needed to eliminate the negative
effect of chitin as well as mto improve digestibility. Arbia et al. (2013) reported that
chitin extraction typically involves two key steps, demineralisation and deproteinization,
that can be carried out by chemical or biological means. In addition, exogenous protease
supplementation has been shown to significantly improve protein digestibility and growth
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performance in fish, showing its potential for the optimisation of BSF larval meal as a
sustainable protein supplement for animal diets (Haider et al., 2024).

Chitinases have been extensively studied for their ability to hydrolyse colloidal chitin
and chitin from black soldier fly larvae into water-soluble N-acetylchitooligosaccharides.
Gebele et al. (2024) reported that when 1% endochitinase Chit36-TA from Trichoderma
asperellum was applied for 24 hours, it led to a hydrolysis degree of 32% for colloidal
shrimp chitin and 12% for insect larvae chitin. In addition to its application, chitinase has
also been used as a feed additive in growing pigs (Yang et al., 2025) and in Nile tilapia
(Agbohessou et al., 2024), and it has been shown to positively affect feed efficiency, protein
digestibility, and increase beneficial bacteria in the intestines. Moreover, the addition
of persimmon peel, which had strong chitinase activity (approximately 50% activity at
pH 3.0 and pH 8.0 conditions) to layer diets improved overall in vitro digestibility, including
protein digestibility, at levels less than 6% (Sangkaew & Koh, 2021). However, previous
studies primarily focused on its direct supplementation in monogastric and aquaculture.
To the best of our knowledge, this is the first study to conduct the use of chitinase from
Streptomyces BLH 5-14 to hydrolyse chitin of black soldier flies (BSF) and assess its
digestibility in a ruminal in vitro assay. We hypothesised that the chitinase enzyme
would improve the availability of nutrients, especially crude protein, and subsequently
increase ruminal digestibility. Thus, this study aimed to evaluate the nutrient profile and
in vitro digestibility of BSF larval meal that was hydrolysed with a chitinase derived from
Streptomyces.

MATERIAL AND METHODS

Ethical Approval

This study has obtained ethical clearance approval in the chemical field from the National
Research and Innovation Agency (Approval Number: 006/KE.04/SK/12/2022).

Feedstuffs and Experimental Design

The black soldier fly larval meal and soybean meal are obtained from a poultry shop
located in Bandung, West Java, Indonesia. These feedstuffs were ground to pass through a
1.0 mm aperture for further processing. The nutrient composition of these feedstuffs used
in this in vitro study is presented in Table 1.

The experiment was based on a completely randomised design using five treatments
with six replications for each treatment. The treatments consisted of

SBM : soybean meal
ECO : BSF larval meal (without chitinase)
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EC2  : BSF larval meal incubated with chitinase at levels of 2 U/100 g

EC4  : BSF larval meal incubated with chitinase at levels of 4 U/100 g

EC6  : BSF larval meal incubated with chitinase at levels of 6 U/100 g
Table 1

Nutrient content of soybean meal and black soldier fly (BSF) larval meal

Nutrient Contents (% DM) Feedstufl
Soybean Meal BSF-Larval Meal
Dry Matter 91.07 96.66
Organic Matter 86.77 85.31
Ash 13.23 14.69
Crude Protein 28.39 33.16
Ether Extract 3.58 29.15
Crude Fibre 13.82 12.15
Nitrogen Free Extract (NFE)?® 40.97 10.85
Total Digestibility Nutrient (TDN) 66.75 84.09
Neutral Detergent Fibre (NDF) 43.41 33.45
Acid Detergent Fibre (ADF) 13.24 25.51
Hemicellulose 30.17 7.93

Note. "NFE = 100 — (Ash % + Crude protein % + Crude fat % + Crude fibre %)

Production of Chitinase

The isolate used to produce chitinase is Streptomyces BLH 5-14 from the Indonesian
cultured collection (InaCC), obtained from the Sulawesi marines, Indonesia. The pre-
cultured isolate of Streptomyces BLH 5-14 is prepared in a baffled Erlenmeyer flask with a
spiral, consisting of 0.4% yeast extract, 1% malt extract, 0.4% glucose (ISP-2) medium, and
supplemented with 3% artificial sea water (ASW). The medium is shaken in an incubator
shaker for three days at 28°C and 190 rpm.

Chitinase was then produced using a medium composition derived from Narayana
& Vijayalakshmi (2009), which is composed of chitin-yeast extract-salts (CYS) medium
(yeast extract, 0.5%; MgS0,.7H,0, 1.0%; K,HPO,, 2.0%); FeS0O,.7H,0, 0.1%; and
colloidal chitin, 5.0%; supplemented with 3% artificial sea water (ASW). The final pH of
the medium was adjusted to 7. Colloidal chitin preparation used the method by Sandhya
et al. (2004). Production was carried out for seven days in an incubator shaker at 28 °C
and 190 rpm. The enzyme was harvested using a centrifuge at 12,000 rpm and 4 °C for
20 minutes, then stored in a refrigerator at 4 °C.
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Chitinase Activity Assay

Chitinase activity was measured as described by Akeed et al. (2020). Each reaction
contained 0.4 mL of the enzyme solution (diluted 5 times with acetate buffer at pH 5) and
0.5 mL of 1 % (w/v) colloidal chitin in 0.1 M sodium acetate bufter (pH 5.0). Subsequently,
the mixture was incubated at 60 °C for 30 minutes, and then the reaction was terminated
by ImL DNS (NaOH 10 g/L, dinitrosalicylic acid C;H,N,0; 10 g/L, phenol C;H4O 2 g/L,
Na,S0; 0.05g/100mL and sodium potassium tartrate C;H,KNaO¢.4H,0 20 g/100mL when
using). Each mixture was immediately incubated at 100 °C for 10 min, cooled in an ice
bath, and centrifuged at 8,000xg for 5 min at 4°C. The supernatant is measured using a
visible spectrophotometer at a wavelength of 540 nm. A standard curve was plotted using
N-acetyl glucosamine (NAG, Sigma). One unit of chitinase activity was defined as the
amount of enzyme that produced 1 umol of GIcNAc per min under reaction conditions.

Incubation of BSF Larval Meal with Chitinase

The hydrolysis method was carried out following Wang et al. (2001), who conducted the
enzyme xylanase on the feed, with a slight modification in the hydrolysis temperature.
The main enzyme activity detected was chitinase (0.1 units/ml). The BSF larval meal
was sprayed using a single-nozzle spray bottle. A total of 100 grams of BSF larval meal
was sprayed with a medium solution of enzymes, with volumes of 20, 60, and 60 ml for
treatments of 2, 4, and 6 U/100 g, respectively. Subsequently, 40 ml of distilled water was
added to the BSF larval meal treated with 2 U/100 grams, and 20 ml of distilled water
was added to the BSF larval meal treated with 4 U/100 grams. The treated feeds were then
incubated at 29°C for 24 hours, followed by drying for 2 days at 60°C. Prior to being used
in an in vitro study, the treated feeds were kept in the freezer.

In vitro Procedure

The in vitro fermentation was conducted using a modified version of the technique by
Goering and van Soest (1970). A 0.5 g sample, 40 mL of McDougall buffer, and 10 mL of
cattle rumen fluid were added to an anaerobic bottle (100 mL). The bottles were placed
in a shaker water bath and incubated for 24 hours at 39 °C. After 24 hours, the pH was
measured, the supernatant was collected, and the residue was dried at 60°C for 48 hours. The
residue was collected to analyse nitrogen. The supernatant was analysed for NH; (Conway &
O’Malley, 1942) and the total population of bacteria and protozoa. For determining in vitro
pepsin digestibility, a modified version of the procedure by Palmer and Jones (2000) was
followed. After 24 hours of anaerobic incubation, the residues in the bottles were washed
with distilled water on a vortex mixer, then centrifuged at 2,500 rpm for 10 minutes. The
supernatant was discarded, and the procedure was repeated before adding 40 ml of acid
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pepsin, which was prepared by dissolving 2 g of pepsin (1:10,000) in 1 L of 0.1 M HCL.
Each tube was then thoroughly vortexed and incubated at 39 °C for 24 hours. The tubes
were centrifuged, the remaining supernatant was discarded, and the residues were dried
at 60 °C for 48 h. Residues were analysed for nitrogen.

Chemical Analyses

AOAC (2002) procedures were carried out to analyse dry matter, ash, ether extract, crude
protein, and crude fibre of feed samples, while the determination of neutral detergent
fibre (NDF) and acid detergent fibre (ADF) contents followed the methods described by
van Soest et al. (1991). Chitin content was determined using the procedure by Black and
Schwartz (Black & Schwartz, 1950; Bori¢ et al., 2020). Total digestible nutrient (TDN)
content was estimated in accordance with Hartadi et al. (1980).

Statistical Analysis

Data were analysed by ANOVA, and differences were declared significant at p < 0.05,
tested by Duncan’s Multiple Range test, with SAS software version 9.0. Correlation and
principal component analyses among parameters were conducted using RStudio software
(version 2024, Post Software, PBC).

RESULTS AND DISCUSSION

Crude protein (CP), neutral detergent fibre (NDF), acid detergent fibre (ADF), and chitin
content of BSF larval meal hydrolysed using different levels of chitinase enzyme are
presented in Table 2. Protein content of the non-treated BSF larval meal of the present
study was 33.16%, which was similar to the results of Renna et al. (2022) and Pedrazzani
et al. (2024). However, the protein content observed was less than in other studies, in
which the protein had a value greater than 44% (Jayanegara et al. 2017a; Matin et al.
2021). Moreover, the chitin content was 8.47%, as reported in Soetemans et al. (2020) and
Renna et al. (2022). Hydrolysis of BSF larval meal by chitinase 2 U/100 g in this study
was the optimal treatment to alter its nutrient content, particularly by reducing ADF and
chitin content (p < 0.0001). ADF content decreased from 25.51% to 17.28%, and chitin
content decreased from 8.47% to 4.59% at this level of enzyme. However, the breakdown
of ADF and chitin was not as effectively enhanced by raising the enzyme concentration to
4 and 6 U/100 g. Instead, the crude protein content reduced slightly at these concentrations,
showing that chitinase degrades structural carbohydrates and chitin effectively at a level
of optimal enzyme level, while excessive application of enzymes could not provide any
further advantage.

These findings suggest that chitinase treatment can modify the nutritional profile of BSF
larval meal, specifically by reducing chitin and fibre content while potentially enhancing

1020 Pertanika J. Trop. Agric. Sci. 49 (3): 1015 - 1030 (2026)



Effect of Chitinase on BSF Meal for Ruminants

crude protein to a certain extent. The incomplete hydrolysis of chitin could be attributed to
the complex matrix of proteins, chitin, and minerals in BSF larval meal, which may hinder
the enzyme's access to chitin. Furthermore, it seems that a one-stage biological procedure,
such as hydrolysis with enzymes (Pedrazzani et al., 2024) or fermentation with chitinolytic
bacteria (Mulyono et al., 2019), was not sufficient to fully break down chitin complexes.
A multi-stage approach combining enzymatic hydrolysis with other methods may be
required for more complete chitin breakdown. As reported by Pedrazzani et al. (2024),
there is an enhanced ability to remove proteins directly from biomass for the extraction
of chitin using enzymatic, chemical, and mechanochemical milling, ultrasonication
methods. Pedrazzani et al. (2024) demonstrated that the total protein retained in the BSF
larval chitin extract using enzymatic, chemical-enzymatic, and mechanochemical milling,
ultrasonication methods was 46.7%, 15.5%, 15.7%, and 13.0%, respectively.

The changes in fermentative characteristics in the rumen of BSF larval meal with the
addition of chitinase are presented in Table 3. Significant differences in rumen digestibility
of dry matter, total gas production, and total populations of bacteria and protozoa (p<0.01),
and rumen digestibility of protein (p<0.05) were observed among the treatments. Our study
has shown that the use of 6 U/100 g of chitinase (EC6) was insufficient to enhance overall
digestibility in both the rumen and post-rumen phases, despite the fact that bacterial rumen
populations increased when the dose was increased to 6 U/100 g. Digestibility of protein in
the rumen and post-rumen for the BSF larval meal treatment at 6 U/100 g chitinase (EC6)
was higher by 12.30% and 5.51%, respectively, compared to soybean meal. This suggests
that although chitinase hydrolysed the nutrient profile of the BSF larval meal, digestibility
was not always improved beyond a certain point. This could be due to a number of factors,
such as enzyme saturation, the structural resistance of the remaining chitin and fibre, or
possible interactions between the hydrolysed components and microbial digestion.

Table 2
Nutrient content of BSF larval meal incubated with chitinase enzyme

Incubate BSF-larval Meal with Chitinase

Nutrient Contents (% DM) Enzyme (U/100 g) SEM  p-value
ECO EC2 EC4 EC6
Crude Protein 33.17b 34.05a 32.36d 32.62¢ 0.20 <.0001
Neutral Detergent Fibre (NDF)  33.45 29.71 35.83 29.27 1.26 0.2021
Acid Detergent Fibre (ADF) 25.51a 17.28d 21.92b 19.63¢c 0.94 <.0001
Hemicellulose 7.93 12.43 13.91 9.64 1.14 0.2565
Chitin 8.47a 4.59b 5.04b 7.65a 0.51 <.0001

Note. Means in the same row with different letters differ significantly; SEM: standard error of the means;
ECO - BSF larval meal; EC2 - BSF larval meal incubated with chitinase enzyme (2 U/100 g); EC4 - BSF
larval meal incubated with chitinase enzyme (4 U/100 g); EC6 - BSF larval meal incubated with chitinase
enzyme (6 U/100 g)
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Table 3
In vitro rumen fermentation and post-ruminal digestibility of soybean meal and hydrolysed BSF larval meal

Treatments
Parameters SEM p-value
SBM ECO EC2 EC4 ECé6

Rumen Digestibility 24h
Dry Matter IVDMD24), %  56.97a  42.85b  47.19b 33.48c  47.52b 1.92 0.0005

Protein (IVCPD24), % 49.83ab 54702 58.69a 41.54ab 55.96a 177  0.0105
Pepsin Digestibility

Dry matter IVDMD48), % 7174 7017 6878 6876 7271  1.72 0.94

Protein (IVCPD48), % 7767 7778 7872 7573 8195 085  0.2202
NH; (mM) 1920  31.67 2400 2840 2550  3.12  0.7676
pH 7.00 692 692 700 700  0.02 0.56

Slis/iorgdm“gg&ﬂh’ 32532 11.49c 1027c  12.13b  10.88bc  1.14  <.0001
a 031 002 014 000 000 006 0382
b 33.14a  1557b  13.98c 14.79bc 14.53bc  1.04 <0001
¢ 0.14a  007b 008 009  0.07b 001 <0001
athb 33452 15596  14.12c 1479%c 14.53bc  1.05 <0001
(T;’I%Lfgﬁgg“’n ofBacteria 5oy 934c  255¢ 3376 430a 0.5 <0001
(Tfleéz‘;ﬁ‘s‘}f&")n ofProtozoa 570 8954 621b  46lc  343d 048 <0001

Note. Means in the same row with different letters differ significantly; SEM: standard error of the means.
a - initial gas production (mL/200 mg DM), b - gas production during incubation (mL/200 mg DM); a +
b - potential gas production (mL/200 mg DM); ¢ - fractional rate of gas production per hour; SBM: Soybean
meal; ECO - BSF larval meal; EC2 - BSF larval meal incubated with chitinase enzyme (2 U/100 g); EC4 - BSF
larval meal incubated with chitinase enzyme (4 U/100 g); EC6 - BSF larval meal incubated with chitinase
enzyme (6 U/100 g)

On the other hand, BSF meal treatment had a lower rate of DM digestibility in the rumen
than soybean meal (SBM). The lower dry matter digestibility of BSF larval meal might be
attributed to its high ether extract content (approximately 29%), which is known to exert a
toxic effect on cellulolytic bacteria, thereby reducing fibre digestibility (Behan et al., 2019;
Lima et al., 2017). Additionally, the presence of chitin, which was not optimally hydrolysed
by chitinase, may have further contributed to the reduced digestibility. Previous studies
evaluating the addition of BSF larval meal instead of SBM to ruminant diets have shown
that BSF larval meal generally has lower nutritional value due to reductions in [IVDMD
caused by their chitin and high fat content (Jayanegara et al. 2017b). However, inclusion of
defatted BSF larval meal substitution up to 40% of SBM (6.4% in TMR) exhibited higher
IVDMD and IVNDFD levels (Kahraman et al., 2023). Notably, in this study, the post-
rumen digestibility of BSF larval meal treated with chitinase was similar to that of SBM.
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In the present study, ruminal ammonia (NHs) concentrations in vitro ranged from
19.20 to 31.67 mM, representing a state that is conducive to the development of robust
rumen microbes. This range is broader than the 5 to 11 mM range established by Schwab
and Broderick (2017) as being most optimal to sustaining microbial nitrogen flow at its
optimal level, whose optimal ammonia content is determined by diet and fermentative
dynamics. The increased NHs concentration in the presence of added black soldier fly
meal might be attributed to the increased degradability of its crude protein in the rumen.
The result coincided with that obtained by Renna et al. (2023), where BSF larval meal
(2.49 mmol/g DM) showed higher ammonia production than SBM and rapeseed meal,
4.48 and 3.06 mmol/g DM, respectively. In contrast to previous research, wherein it was
implied that the incorporation of 40% (Kahraman et al., 2023) and 50% (Jayanegara et al.,
2017b) BSF larval meal into total mixed rations led to the reduction in NHs-N levels, in
the current study, no significant difference (p>0.05) was observed. The difference is due to
particular protein fractions present in BSF larval meal, which could have varied degradation
kinetics compared to soybean meal. Kahraman et al. (2023) explained that soybean meal's
high proportion of rapidly (B1) and intermediately (B2) degradable protein fractions may
be behind its impact on NHs-N concentration.

Furthermore, ruminal pH value in the present work was 6.92 to 7.08, which falls
within the ideal range of 6.8 to 7.2 for facilitating rumen digestion (Phesatcha et al., 2021;
Totakul et al., 2021). The stability of ruminal pH suggests that the addition of the chitinase
enzyme did not exert a significant effect (p<<0.05) on this parameter, thereby maintaining an
environment conducive to optimum microbial activity. In line with this, the results suggest
that the addition of chitinase tends to alter the rumen microbial population. The use of
6 U/100 g chitinase (EC6) resulted in an increase in the total bacterial population from
2.34 x 10° c¢fu mL! to 4.30 x 10° cfu mL1, and a decrease in the protozoan population
from 8.95 x 10° cells mL™" to 3.43 x 10° cells mL".

Interestingly, in the current study, the treatment of BSF larval meal with chitinase
did not increase the total gas production (Table 3, Figure 1). The lower gas production
in BSF larval meal (19.25-20.21 mL/200 mg DM), even with chitinase treatment,
may be attributed to the composition of the substrate. In comparison, soybean meal,
characterised by a higher fermentable fraction, demonstrated significantly greater gas
production (31.26 mL/200 mg DM). Treatment SBM showed the highest values for
both b (33.14 mL) and ¢ (0.14 mL/h), indicating more extensive and rapid fermentation.
Meanwhile, treatments with BSF larval meal (EC0O-EC6) produced significantly less
gas from the insoluble fraction, with b values ranging from 13.98 to 15.57 mL, and
showed lower fermentation rates (c = 0.07-0.09 mL/h). Protein and fat, which are high
in BSF larval meal, contribute little to gas and VFA production (Getachew et al., 1998).
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Figure 1. Cumulative total gas production of experimental diets during 24h incubation

Even the different sources of nitrogen, including NPN at similar concentrations of total
ammonia nitrogen (0 - 128 mmol/L), as reported by Shen et al. (2023), could influence
microbial populations and in vitro rumen fermentation profiles (gas production, dry
matter digestibility, total volatile fatty acid, acetate, propionate). BSF larval meal, despite
being treated with chitinase, has a higher fibre and ether extract (EE) content, which is
less fermentable, thus explaining the lower gas production (Jayanegara et al. 2017a). The
authors explained that BSF larval meals had lower total gas production at 24 hours than
SBM, with recorded values of 214.5 and 93.8-115.8 mL g' DM, respectively, which is
due to their higher fibre and EE content (Jayanegara et al., 2017a). This finding suggests
that while chitinase may alter microbial populations, the fermentation indices and gas
production are strongly influenced by the composition of the substrates, particularly their
fermentable carbohydrate content and fibre levels.

Treatment EC6 was also reported to possess the ability to enhance fermentation
efficiency and microbial balance, indicating a change in the nutritional profile of BSF
larval meal. As illustrated in Figure 2, chitin was positively related to ADF and negatively
to hemicellulose, which means that the higher the ADF content, the lower the digestibility
and nutrient availability can be (Nurdianti et al., 2024; Sandor et al., 2022). Moreover,
near interrelations were established among digestibility coefficients and parameters
of fermentation, GP24 having positive correlations with IVDMD24 and negative with
protozoa, while IVDMD values were highly correlated with N-NHs and [IVCPD. These
correlations were also supported by PCA analysis (Figure 3), which showed that treatment
EC6, as well as SBM, sustained better fermentation and a favourable microbial population.
On the other hand, treatments EC0, EC2, and EC4 were associated with greater protozoa
and ammonia-N content, suggesting reduced nitrogen utilisation and fermentation indices.
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scales, respectively. Significance levels: ***p <0.001, **p < 0.01, *p < 0.05
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Figure 3. PCA of soybean meal and hydrolysed BSF larval meal
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CONCLUSION

The application of chitinase enzyme up to level 6 U/100 g to BSF larval meal was
insufficient to improve the overall in vitro ruminal and post-ruminal digestibility. However,
chitin and acid detergent fibre contents were considerably decreased by treatment with
2 U/100 g, while bacterial rumen populations increased when the dose was raised to
6 U/100 g. Further research is needed to determine the optimal dosage of enzymes and
complementary methods to optimise the digestibility and fermentation characteristics of
BSF larval meal.
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