


ENHANCING SILKWORM PUPAE NUTRITION BY FERMENTATION: PROXIMATE AND AMINO ACID ANALYSIS
ABSTRACT: 
Silkworm pupae (SWP) are recognized for their potential as a protein source in animal feeds, and their nutritional value can be further enhanced through fermentation. This study investigated the effects of fermentation using Lactobacillus casei and Saccharomyces cerevisiae on the nutritional profile of silkworm pupae. We compared Tthe nutritional composition of three types of silkworm pupae: non deoiled, deoiled, and fermented were compared. The analysis revealed that fermentation significantly increased protein content by 33% compared to non deoiled silkworm pupae and by 15% compared to deoiled one silkworm pupae. Beyond protein enhancement, fermentation also induced changes in other nutrient levels and the amino acid composition of the pupae. These results indicatinge that the fermented silkworm pupae could serve as a valuable alternative protein source in aquaculture and poultry feeds, potentially boosting the nutritional quality and efficiency of feed formulations and thus reducing the cost.	Comment by shambhavi thyagraj: Mention the species	Comment by shambhavi thyagraj: Mention accurately if you have the data
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1. INTRODUCTION
Silkworms are renowned for their efficiency in large-scale silk thread production. Among the various silkworm species, the mulberry silkworm, (Bombyx mori L.) is predominantly used in Ssericulture.  These insects are economically significant due to their role as primary producers of silk (cocoon). However, one of the by-products of this process, silkworm pupae, which are collected after the silk threads are reeleing silkd from the cocoons, is are not widely recognized by the consumers. Despite being typically discarded, these pupae are highly valuable due to their rich content of amino acids, oil, carbohydrates, and minerals. The substantial volume of waste generated during the silk reeling process in India presents an opportunity to repurpose this by-product as a high-value raw material for various applications, including animal nutrition.	Comment by shambhavi thyagraj: Order, family?
India is the second-largest producer of silk globally, trailing only China. According to the Annual Report of Central Silk Board, of India's Annual Report for 2021-22, the production of raw mulberry silk was 34,903 metric tons, resulting in approximately 20,941 metric tons of silkworm pupal waste. Effective utilization of this by-product could provide a substantial source of silkworm pupal protein, which is suitable for fortifying animal and human feeds, given its amino acid profile meets FAO/WHO/UNO standards.	Comment by shambhavi thyagraj: Try writing this in the last paragraph of the introduction
Silkworm pupae are rich in proteins and fats, and contain notable amounts of moisture, fiber, and ash. Recent studiesresearch indicates that fermentation of insects can break down large molecules into smaller components through diverse oxidation/reduction processes (Agyei et al., 2019; Yadav et al., 2011). This fermentation process enhances the production of valuable compounds, such as essential amino acids, digestible proteins, essential fatty acids, alcohols, and vitamins (Mishra et al., 2017; Srivastava, 2018). Additionally, fermentation eliminates the fishy odor associated with pupae, thereby increasing their value in the feed industry (Yang et al., 2021; Zhou et al., 2017). This process significantly broadens the application potential of fermented edible insects across various sectors (Castro-López et al., 2020).
The primary aim of this study is was to evaluate the proximal composition of fermented silkworm pupae (FSWP) and explore their potential applications in the feed industry.
2. MATERIALS AND METHODS
2.1 Sample preparation:
SWP were sourced from a reeling center in Coimbatore District, where they were typically discarded post-silk reeling. The collected pupae were thoroughly cleaned and sundried until reaching a constant weight. The weight of the SWP got reduced by 80%. Subsequently, the dried pupae were ground into a fine powder (Figure 1) using a blender. (Figure 1). The powdered samples wereand subjected to deoiling using n-hexane as the solvent in a Soxhlet extractor.	Comment by shambhavi thyagraj: Don’t start the sentences with shortforms	Comment by shambhavi thyagraj: Merge the sentences
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Fermentation of deoiled silkworm pupae (DSWP) was conducted following the protocol outlined by Siddik et al. (2018). Specifically, 100 g/Kkg of baker's yeast (Instant Dried Yeast, Saccharomyces cerevisiae, Angel Yeast, China) and 50 g/Kkg of Lactobacillus casei (Yakult Danone India Pvt.; cell density of 0.1 × 10^9 cells/ml) were added to the weighed DSWP. Approximately 700 mLl/L of distilled water was then incorporated into the mixture. The combined ingredients were thoroughly mixed and the mixture was covered securely. Fermentation was allowed to proceed for 3 days under controlled conditions, with the temperature and pH monitored and maintained at 29°C and 6.2, respectively (Figure 2). 	Comment by shambhavi thyagraj: Italicize everywhere
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 Fermentation condition of the silkworm pupal powder
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Upon completion of the fermentation period, the fermented silkworm pupae (FSWP) were dried in a hot air oven at 40°C for 48 hours. The dried FSWP (Figure 3) were subsequently stored in an airtight container for further analysis. Biochemical analyses, including assessments of crude protein, carbohydrate content, amino acid profile, ash content, and moisture content, were performed on the sample.
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2.2 Proximate composition:
The proximate composition of the samples was determined using standard analytical methods. The crude protein content was measured spectrophotometrically according to Lowry et al. (1951). Ash content was quantified by incinerating the samples in a muffle furnace at 600°C until a constant weight was achieved, following method 942.05 of the AOAC (2005). Crude fiber content was determined through dilute acid and alkali hydrolysis, as outlined in method 978.10 of the AOAC (2005). Lipid content was assessed using Soxhlet extraction with n-hexane. The nitrogen-free extract (NFE) was calculated by subtracting the sum of moisture, crude protein, crude lipid, ash, and crude fiber from 100% (Castell and Tiews, 1980). These analyseis wereas performed in triplicates form and the results were written as mean±SD..	Comment by shambhavi thyagraj: Cite this in the reference section	Comment by shambhavi thyagraj: Cite this in reference section
2.3 Amino acid analysis:
Silkworm pupal powder was mixed with ethanol and stirred using an agitator. The mixture was then filtered to collect the particles. These particles underwent triple extraction with ethyl acetate. The resulting extracts were dissolved in hexane, and the oil was extracted using a Soxhlet apparatus. The oil extract was hydrolyzed with 6 N hydrochloric acid (HCl) at 110°C for 22 hours. Post-hydrolysis, amino acid analysis was conducted using high-performance liquid chromatography (HPLC).
2.4 Statistical analysis:
All the measurements were performed in triplicate. Mean values ± standard deviations (SD) were calculated. The data were subjected to one way analysis of variance (ANOVA) following Tukey’s honestly significant difference post hoc analysis. The significance of variance (p<0.05) between means was calculated using IBM SPSS 23 software. DMRT test was done to check the best sample.	Comment by shambhavi thyagraj: Write this in methodolgy
3. RESULTS:
The proximate composition of mulberry silkworm pupae (SWP) exhibited notable differences across non-deoiled, deoiled, and fermented treatments (Table 1). Non-deoiled SWP had a crude protein content of 46.51% ± 0.63%, which significantly increased to 59.01% ± 1.39% in deoiled SWP and further to 69.88% ± 0.42% in fermented SWP, with and these differences being are statistically significant (SE(d) = 0.74; CD(0.05) = 1.85). Conversely, non-deoiled SWP had the highest crude fat content at 27.35% ± 0.07%, which decreased markedly in deoiled SWP to 4.16% ± 0.82% and further to 3.81% ± 0.72% in fermented SWP, with the reductions being statistically significant (SE(d) = 0.51; CD (0.05) = 1.28). Moisture content was highest in non-deoiled SWP at 7.59% ± 0.06%, dropping to 4.10% ± 0.11% in deoiled SWP and 5.16% ± 0.04% in fermented SWP, with these changes being statistically significant (SE(d) = 0.063; CD(0.05) = 0.158). The ash content was significantly higher in deoiled SWP (6.28% ± 0.56%) compared to non-deoiled SWP (4.10% ± 0.18%) and fermented SWP (6.58% ± 0.35%), with differences being statistically significant (SE(d) = 0.323; CD(0.05) = 0.805). Crude fiber content was lowest in fermented SWP (3.02% ± 0.02%) and non-deoiled SWP (3.03% ± 0.02%), while it was significantly higher in deoiled SWP (6.33% ± 0.11%), with the variations being statistically significant (SE(d) = 0.054; CD(0.05) = 0.134). These results underscore the significant impacts of deoiling and fermentation on the nutritional profile of mulberry SWP, affecting key components such as protein, fat, moisture, ash, and fiber content.	Comment by shambhavi thyagraj: Every data if mentioned in the running text, what is the need for table 1?
The amino acid profile of mulberry SWP reveals significant differences between non-deoiled, deoiled, and fermented samples (Table 2). The fermentation process generally resulted in increased concentrations of essential amino acids such as methionine, lysine, isoleucine, leucine, phenylalanine, threonine, and histidine compared to both non-deoiled and deoiled SWP. For instance, methionine increased from 3.43% ± 0.06% in non-deoiled to 4.07% ± 0.21% in fermented SWP, and lysine rose from 6.93% ± 0.06% to 7.53% ± 0.06%. Similarly, other essential amino acids, including isoleucine and leucine, also exhibited notable increases in fermented SWP. The fermentation process also enhanced non-essential amino acids, with significant increases in glutamic acid, aspartic acid, and glycine, compared to non-deoiled and deoiled samples. 
4. DISCUSSION:
The Lactobacillus casei and Saccharomyces cerevisiae have been reported to enhance the nutritional composition of feed ingredients (Dawood, et al., 2020; Samaddar et al., (2015); Siddik et al., (2019). Research on FSWP is relatively sparse. Rangacharyulu et al. (2003) reported that fermentation led to a decrease in protein content from 25.5% to 22.9%, moisture from 61.3% to 60.2%, and fat from 9.7% to 9.5%, while noting an increase in ash content. Similarly, Sathishkumar et al. (2021) observed that in the fermentation of poultry by-products, protein, ash, and moisture concentrations increased, whereas lipid and fiber contents degraded. Zhang et al. (2023) found that fermentation of soybean meal resulted in reduced crude fiber and ash content. This shows a change in the nutrient profile after fermentation.	Comment by shambhavi thyagraj: This is more of a review than a discussion. Compare your results with the previous ones
Overall, FSWP demonstrated a superior amino acid profile, with higher levels of both essential and non-essential amino acids, suggesting that fermentation not only improves protein content but also enhances the nutritional quality of silkworm pupae. This aligns with findings from other studies where fermentation using various microorganisms improved the amino acid profiles of feed ingredients, such as Saccharomyces cerevisiae and Bacillus subtilis in sunflower meal (Hassaan et al., 2018), Aspergillus niger in groundnut oil cake (Jannathulla et al., 2018), and Saccharomyces cerevisiae in soybean meal (Sharawy et al., 2016).	Comment by shambhavi thyagraj: Keep this for summary and conclusion

5. Conclusion and future prospects:
The study demonstrates that fermentation significantly enhances the nutritional profile of silkworm pupae (SWP), a typically discarded by-product of the silk industry. The fermentation process increased the crude protein content from 46.51% in non-deoiled SWP to 69.88% in fermented SWP, while reducing crude fat and moisture content. Notably, the fermentation process also decreased crude fiber and increased ash content. Additionally, the amino acid profile improved substantially, with increased concentrations of essential amino acids such as methionine, lysine, and leucine, as well as non-essential amino acids like glutamic acid and glycine. These improvements highlight the potential of fermented silkworm pupae as a valuable protein source for animal and human feeds, with an enhanced amino acid profile meeting FAO/WHO/UNO standards. The findings support the repurposing of silkworm pupae through fermentation, providing an effective strategy to reduce waste and improve feed quality, aligning with broader sustainability goals in the feed industry.	Comment by shambhavi thyagraj: Not required	Comment by shambhavi thyagraj: Try writing discussions about these


Table1: Proximate composition of SWP, DSWP and FSWP:
	Mulberry SWP
	Crude protein (%)
	Crude fat (%)
	Moisture (%)
	Ash (%)
	Crude Fibre (%)

	Non deoiled
	46.51± 0.63c
	27.35± 0.07a
	7.59± 0.06a
	4.1 ± 0.18c  
	3.03± 0.02b

	Deoiled
	59.01± 1.39b
	4.16± 0.0.82b
	4.10± 0.11c
	6.28 ± 0.56a
	6.33± 0.11a

	Fermented
	69.88± 0.42a
	3.81± 0.72c
	5.16± 0.04b
	6.58 ±  0.35a
	3.02± 0.02b

	SE(d)
	0.74
	0.51
	0.063
	0.323
	0.054

	CD(0.05)
	1.85
	1.28
	0.158
	0.805
	0.134


Note: Values are expressed in mean ± SD with three replications (n=3). 
Means followed by different small superscript in a Column are statistically different at 
p<0.05
Table2: Amino acid composition (g/16g N) of SWP
	AMINO ACID
	Mulberry Silkworm

	
	Non deoiled
	Deoiled
	Fermented

	Methionine
	3.43±0.06
	3.00±0.10
	4.07±0.21

	Lysine
	6.93±0.06
	6.04±0.12
	7.53±0.06

	Isoleucine
	5.13±0.06
	3.73±0.21
	6.47±0.06

	Leucine
	7.50±0.10
	5.84±0.06
	8.50±0.35

	Phenylalanine
	5.13±0.06
	4.30±0.10
	7.70±0.35

	Threonine
	5.33±0.06
	4.80±0.10
	7.37±0.15

	Tryptophan
	0.90±0.10
	1.40±0.10
	0.97±0.12

	Histidine
	2.53±0.12
	2.60±0.09
	3.23±0.06

	Valine
	5.40±0.10
	4.83±0.06
	5.90±0.30

	Glutamic acid
	13.83±0.06
	8.30±0.10
	15.53±0.35

	Alanine
	5.77±0.07
	4.20± 0.10
	5.93±0.15

	Arginine
	5.63±0.06
	5.13±0.06
	5.80±0.10

	Aspartic acid
	10.37±0.08
	7.81±0.01
	13.37±0.15

	Cystine
	1.03±0.15
	0.70±0.10
	1.07±0.15

	Proline
	5.23±0.06
	5.23±0.06
	5.67±0.12

	Serine
	5.10±0.10
	4.50±0.10
	5.83±0.40

	Glycine
	4.77±0.06
	3.67±0.06
	5.77±0.15

	Tyrosine
	5.73±0.15
	5.50±0.10
	6.30±0.20


Note: Values are expressed in mean ± SD with three replications (n=3). 
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