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Abstract 

Mulberry (Morus spp.) leaves serve as the sole nutritional source for the mulberry silkworm, Bombyx 

mori L., and their biochemical composition plays a crucial role in silkworm growth, cocoon yield and 

silk quality. The present study evaluated variations in major primary and secondary biochemical 

constituents of mulberry leaves across different varieties and leaf maturity stages. Eight mulberry 

varieties viz., Mysore Local, Sahana, S36, DD, AR12, V1, G2 and G4 were cultivated under uniform 

agronomic conditions at the College of Agriculture, Mandya, Karnataka. Leaf samples were collected 

45 days after pruning and analysed for total chlorophyll, crude protein, total carbohydrates, crude fibre, 

total phenols, proline and tannins using standard biochemical methods. The results revealed significant 

varietal and leaf maturity-dependent variations in all biochemical parameters. Chlorophyll content 

increased from 1.79-1.98 mg g⁻¹ in young leaves to 2.27-2.76 mg g⁻¹ in matured leaves, with Sahana, 
V1 and G4 recording the highest values. Crude protein content declined with maturity, ranging from 

21.94-24.36% in young leaves to 18.22-20.16% in matured leaves, with V1 and G4 consistently 

exhibiting superior protein levels. Total carbohydrate content increased from 16.08-20.58% in young 

leaves to 18.14-22.02% in matured leaves, with V1 registering the maximum concentration. Crude fibre 

content increased with maturity (7.54-9.06% to 8.30-9.84%), though V1 and G4 maintained relatively 

lower fibre levels in young leaves. Secondary metabolites such as total phenols (3.02-4.32 mg g⁻¹), 
proline (8.92-12.18 µmol g⁻¹) and tannins (1.02-1.39 mg g⁻¹) were higher in young leaves and declined 
with maturity. Overall, the study underscores the importance of varietal selection and leaf maturity in 

determining mulberry leaf biochemical quality, with V1 and G4 emerging as superior varieties for 

enhancing silkworm performance and cocoon productivity. 

 
Keywords: Mulberry (Morus spp.), Bombyx mori, biochemical constituents, leaf maturity, mulberry 

varieties 

 

Introduction 

Silk, widely regarded as the “Queen of Textiles” occupies a prominent place in the textile 
sector due to its superior lustre, strength and fineness. The production of silk through 

sericulture is a highly specialized agro-based enterprise that plays a crucial role in rural 

livelihood security and economic development, particularly in India (Raghavendra et al., 

2017) [37]. The efficiency and sustainability of sericulture are intrinsically dependent on the 

biological performance of the mulberry silkworm, Bombyx mori L., which is entirely 

governed by the quality and biochemical composition of its exclusive food plant, mulberry 

(Morus spp.). 

The mulberry silkworm is a holometabolous insect undergoing complete metamorphosis 

through egg, larval, pupal and adult stages. Among these, the larval stage is of paramount 

importance, as it is the sole feeding phase during which nutrients required for growth, silk 

gland development and cocoon formation are accumulated. Since B. mori feeds exclusively 

on mulberry leaves, the biochemical composition of the foliage directly influences larval 

metabolism, nutrient assimilation efficiency, silk protein synthesis and cocoon productivity 

(Datta, 1992) [15]. Variations in leaf biochemical constituents among mulberry varieties and 

leaf maturity stages are therefore reflected in silkworm growth rate, survivability and silk 

yield. Mulberry leaves contain a complex array of primary biochemical constituents such as 

chlorophyll, proteins, carbohydrates and crude fibre, along with secondary metabolites 

including phenols, proline and tannins. Chlorophyll content is closely associated with  
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photosynthetic efficiency and biomass accumulation, 

thereby indirectly influencing nutrient availability in leaves. 

Proteins and carbohydrates serve as major nutritional 

components for silkworm larvae, contributing to body tissue 

formation, energy metabolism and silk protein synthesis. 

High protein content, particularly nitrogenous compounds, 

enhances silk gland growth and cocoon shell weight, 

whereas excessive crude fibre reduces leaf digestibility and 

nutrient utilization efficiency (Bongale et al., 1997; 

Sannappa et al., 2003) [9, 43]. 
In addition to primary nutrients, secondary metabolites play 
a significant regulatory role in silkworm nutrition. Phenolic 
compounds and tannins, though involved in plant defense 
mechanisms, may act as antinutritional factors when present 
in higher concentrations by interfering with protein 
digestion and enzyme activity in silkworms (Murthy et al., 
1990) [33]. Conversely, proline functions as an important 
osmoprotectant and stress-related amino acid, contributing 
to stress tolerance in mulberry plants and influencing 
silkworm feeding behaviour and physiological adaptability 
(Jha et al., 2016) [25]. The balance between beneficial and 
inhibitory biochemical components is therefore critical for 
determining leaf quality and silkworm performance. 

The biochemical composition of mulberry leaves is 

influenced by several factors, including genetic makeup of 

the variety, agronomic practices, environmental conditions 

and leaf maturity stage. Young leaves are generally rich in 

moisture and carbohydrates, supporting early larval instars, 

whereas matured leaves tend to accumulate higher levels of 

proteins and fibre, catering to the nutritional demands of 

later instars involved in silk synthesis (Mahesh et al., 2017; 

Yang et al., 2018) [29, 53]. Understanding these biochemical 

variations is essential for selecting suitable mulberry 

varieties and optimizing feeding strategies in sericulture. 

Considering the pivotal role of mulberry leaf biochemistry 

in determining silkworm growth, cocoon yield and silk 

quality, systematic evaluation of primary and secondary 

biochemical constituents across mulberry varieties and leaf 

stages becomes imperative. Such studies provide valuable 

insights for improving mulberry cultivation practices, 

varietal selection and overall sericultural productivity. 

 

2. Materials and methods 

2.1 Experimental Site and Environment 

The present investigation was conducted at the “A” Block, 
College of Agriculture, Vishweshwaraiah Canal Farm, 

Mandya, is situated in Southern dry region (Zone-6) of 

Karnataka between 120 32’ N latitude, 760 53’ E longitude 
and 690 m above mean sea level. The average rainfall is 751 

mm confined to monsoon from June to November with 

occasional showers in pre-monsoon period (March-May). 

The maximum rainfall is received in September and 

October. The mean maximum temperature and minimum 

temperature varies between 28-35°C and 24-26°C, 

respectively. 

 

2.2 Experimental Material 

The present study was conducted using eight mulberry 

(Morus spp.) varieties, namely Mysore Local, Sahana, S36, 

DD, AR12, V1, G2 and G4. The experiment was laid out 

near the silkworm rearing house under uniform management 

conditions. Mulberry plants were maintained following the 

recommended package of practices for rainfed mulberry 

cultivation as described by Dandin and Giridhar (2014) [13]. 

The recommended dose of fertilizers comprising N:P:K at 

350:40:140 kg ha⁻¹ year⁻¹ and farmyard manure at 20 t ha⁻¹ 
year⁻¹ was applied (Dandin et al., 2003) [12]. Irrigation was 

provided at 10-day intervals and intercultivation was carried 

out 30 days after pruning. Leaves were harvested 45 days 

after pruning for biochemical analysis. 

 

2.3 Experiment Methodology 

Leaf samples from each mulberry variety were collected at 

45 days after pruning. The samples were first air-dried under 

shade and subsequently oven-dried at 60 °C for 18 h to 

achieve constant weight. Dried samples were finely 

powdered using a laboratory grinder and stored in airtight 

containers until further biochemical analysis. The processed 

leaf samples were analyzed for the following key 

biochemical constituents using standard and well-

established procedures. 

Total chlorophyll content (mg g⁻¹) was estimated by 
extracting fresh leaf tissue in 80 per cent acetone, following 

the method proposed by Arnon (1949) [6]. Absorbance was 

recorded at 645 and 663 nm using a UV-visible 

spectrophotometer and total chlorophyll content was 

calculated using standard equations. 

Crude protein content (%) was determined using the method 

described by Lowry et al. (1951) [28]. Protein extraction was 

carried out using appropriate buffers, followed by reaction 

with Folin-Ciocalteu reagent. The intensity of the blue 

colour developed was measured at 650 nm and protein 

concentration was calculated using bovine serum albumin as 

the standard. 

Total carbohydrate content (%) was estimated following the 

phenol-sulphuric acid method of Dubois et al. (1956) [17]. 

The absorbance of the coloured complex formed was 

measured at 490 nm and carbohydrate content was 

quantified using glucose as the reference standard. 

Crude fibre content (%) was determined gravimetrically 

after sequential digestion of leaf samples with dilute acid 

followed by dilute alkali, as per standard analytical 

procedures. The residue obtained after digestion, drying and 

ignition was used for calculating crude fibre content. 

Total phenol content was estimated using the Folin-

Ciocalteu reagent method as described by Bray and Thorpe 

(1954) [10]. The results were expressed as milligrams of 

gallic acid equivalents (mg GAE 100 g⁻¹ fresh weight), 
based on a standard calibration curve prepared using gallic 

acid. Proline content (µmol g⁻¹ fresh weight) was 
determined by the acid-ninhydrin method outlined by Bates 

et al. (1973) [7]. The chromophore developed was extracted 

in toluene and absorbance was recorded at 520 nm. Proline 

concentration was calculated using a standard curve 

prepared with known concentrations of proline. Tannin 

content was estimated using the Folin-Denis method as 

described by Sadasivam and Manickam (1996) [41]. 

Absorbance was measured at 700 nm and tannin content 

was expressed as milligrams of tannic acid equivalents (mg 

TA 100 g⁻¹ fresh weight) using tannic acid as the standard. 
 

2.4 Statistical Analysis 

Data were subjected to analysis of variance (ANOVA) as 

described by Gomez and Gomez (1984) [19] and Hoshmand 

(1988) [20]. Treatment means were compared using Tukey’s 
Honest Significant Difference (HSD) test at a 5% 

significance level (Tukey, 1965) [51]. 
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3. Results and Discussions 
The biochemical constituents of young and matured leaves 
of mulberry varieties varied significantly across the eight 
varieties. 
 
3.1 Chlorophyll (mg/g) 
Chlorophyll concentration serves as a key indicator of 
photosynthetic efficiency and overall foliage quality in 
mulberry. In the present investigation, chlorophyll content 
in young leaves varied from 1.79 mg/g in DD to 1.98 mg/g 
in V1. A marked and significant increase was observed in 
matured leaves, with values ranging from 2.27 mg/g in G2 
to 2.76 mg/g in Sahana. Among the evaluated varieties, V1 
and G4 exhibited the highest chlorophyll content in young 
leaves (1.98 and 1.96 mg/g, respectively). In matured 
leaves, Sahana recorded the maximum chlorophyll 
concentration (2.76 mg/g), followed closely by V1 and G4, 
both registering 2.61 mg/g. Conversely, Mysore Local 
exhibited the lowest chlorophyll content in matured leaves 
(2.41 mg/g), despite maintaining a moderate level during the 
young leaf stage (1.85 mg/g). 
These findings are in close agreement with earlier reports. 
Yadhav et al. (2022) [54] documented maximum total 
chlorophyll content in S146 mulberry leaves. Similarly, 
Raghavendra et al. (2017) [37] reported the highest 
chlorophyll concentration in V1 (2.429 mg/g) and the lowest 
in S30 (1.728 mg/g). Manjunatha and Krishnamurthy (2006) 

[30] further reported a comparatively higher chlorophyll 
content of 2.96 mg/g in V1 bush mulberry, reinforcing the 
superiority of this variety in photosynthetic pigment 
accumulation. 
 
3.2 Proteins (%) 
Protein content, a crucial determinant of leaf nutritive value, 
exhibited notable variation among mulberry varieties and 
leaf stages. In young leaves, protein levels ranged from 
21.94% in S36 to 24.36% in V1. As leaves matured, a 
consistent decline in protein content was observed across all 
genotypes, with values ranging from 18.22% in G2 to 
20.16% in G4. Among the tested varieties, V1, Sahana and 
G4 recorded the highest protein concentrations in young 
leaves (24.36%, 24.20% and 24.16%, respectively) and 
maintained relatively higher protein levels even at the 
matured stage. In contrast, S36 registered the lowest protein 
content in young leaves (21.94%) and only moderate levels 
in matured leaves (18.56%). 
These observations corroborate earlier findings. Bongale 
and Chaluachari (1993) [8] reported significant varietal 
differences in protein content among mulberry varieties 
including S54, C1, MR2, Kitchili, Roso, Kosen, Japanese 
and M5. Raghavendra et al. (2017) [37] also recorded the 
highest protein content in V1 (25.367%) and the lowest in 

M5 (24.21%). Additionally, Ramamoorthy et al. (2018) [38] 
reported high crude nutrient values in V1 and G4, further 
supporting the nutritional superiority of these genotypes. 

 
3.3 Carbohydrates (%) 
Carbohydrate content showed a progressive increase with 
leaf maturity across all mulberry varieties studied. In young 
leaves, carbohydrate levels ranged from 16.08% in G2 to 
20.58% in G4. In matured leaves, carbohydrate 
concentration increased considerably, varying from 18.14% 
in G2 to 22.02% in V1. Among the varieties, V1 (20.26% in 
young and 22.02% in matured leaves) and G4 (20.58% in 
young and 21.78% in matured leaves) consistently recorded 
the highest carbohydrate content at both growth stages. S36 
and DD also exhibited relatively higher carbohydrate levels 
exceeding 20% in both young and matured leaves. In 
contrast, G2 consistently recorded the lowest carbohydrate 
content, indicating comparatively reduced photosynthate 
accumulation or translocation efficiency. 
These results align with the findings of Hossain et al. (2016) 

[21], who reported the highest carbohydrate content in V1 
mulberry leaves (17.85 ± 0.78%). Ramamoorthy et al. 
(2018) [38] similarly observed carbohydrate contents of 
18.3% and 16.3% in V1 and G4 varieties, respectively, 
highlighting their superior nutritional quality. Further 
confirmation was provided by Sapna et al. (2022) [44], who 
recorded the maximum carbohydrate content in V1 
(17.77%), reinforcing its enhanced carbohydrate 
accumulation potential. 
 
3.4 Crude fibre (%) 
Crude fibre content varied significantly among mulberry 
varieties and increased with leaf maturity. In young leaves, 
crude fibre content ranged from 7.54% in G4 to 9.06% in 
G2, whereas in matured leaves it increased to values 
between 8.30% in DD and 9.84% in V1. Among the 
varieties, G2 and S36 recorded the highest crude fibre 
content in young leaves (9.06% and 8.74%, respectively), 
while V1 exhibited the maximum fibre content in matured 
leaves (9.84%). Conversely, G4 and V1 showed the lowest 
crude fibre content in young leaves (7.54% and 7.76%, 
respectively), indicating better digestibility during early leaf 
stages. 
These findings are consistent with previous studies. reported 
maximum carbohydrate and fibre content in V1 followed by 
G4. Sushmitha (2024) [48] observed that V1 recorded the 
highest crude fibre content (9.89%). Earlier studies by 
Maribashetty et al. (1999) [31] and Manjunatha and 
Krishnaswamy (2006) [30] also reported higher fibre content 
in V1 mulberry leaves. Ramamoorthy et al. (2018) [38] 
similarly documented crude fibre values of 8.8% in both V1 
and G4 varieties. 

 
Table 1: Biochemical composition of young and matured leaves of different mulberry varieties 

 

Sl. 
No. 

Mulberry 
varieties 

Young leaves Matured leaves 

Chlorophyll 
(mg/g) 

Proteins (%) 
Carbohydrates 

(%) 
Crude fibre 

(%) 
Chlorophyll 

(mg/g) 
Proteins (%) 

Carbohydrates 
(%) 

Crude fibre 
(%) 

1. Mysore Local 1.85c 22.74 (28.47)d 17.50 (24.72)g 8.26 (16.70)d 2.41f 18.52 (25.48)e 18.92 (25.77)f 9.00 (17.45)c 

2. Sahana 1.90b 24.20 (29.46)b 18.62 (25.55)f 7.94 (16.36)e 2.76a 19.70 (26.34)bc 20.62 (27.00)d 8.74 (17.19)d 

3. S36 1.82d 21.94 (27.92)f 20.04 (26.58)c 8.74 (17.19)b 2.49d 18.56 (25.51)e 21.56(27.66)c 9.06 (17.51)c 

4. DD 1.79e 23.52 (29.00)c 19.82 (26.43)d 8.06 (16.49)e 2.58c 19.62 (26.28)c 20.72 (27.07)d 8.30 (16.74)e 

5. AR12 1.81de 22.86 (28.55)d 19.02 (25.85)e 8.56 (17.01)c 2.46e 18.92 (25.77)d 19.36 (26.09)e 8.76 (17.21)d 

6. V1 1.98a 24.36 (29.56)a 20.26 (26.74)b 7.76 (16.17)f 2.61b 19.90 (26.48)b 22.02 (27.98)a 9.84 (18.27)a 

7. G2 1.82d 22.16 (28.07)e 16.08 (23.63)h 9.06 (17.51)a 2.27g 18.22 (25.26)f 18.14 (25.20)g 9.26 (17.71)b 

8. G4 1.96a 24.16 (29.43)b 20.58 (26.97)a 7.54 (15.93)g 2.61b 20.16 (26.67)a 21.78 (27.81)b 8.72 (17.17)d 

 SE m ± 0.01 0.02 0.02 0.03 0.01 0.02 0.03 0.04 

 CD @p=0.05 0.02 0.06 0.07 0.09 0.02 0.06 0.09 0.09 
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Figures in the parenthesis indicate arcsine transformed values; Values in the column followed by common letters are 

non-significant at p=0.05 as per Tukey’s HSD (Tukey, 1965) [51] 
 

Fig 1: Biochemical constituents (Chlorophyll (mg/g), Proteins (%), Carbohydrates (%) and Crude fibre (%) observed in leaves of mulberry 

varieties 

 
Table 2: Secondary metabolites (Total Phenols, Proline and Tannins) content present in young and matured leaves of mulberry varieties 

 

Sl. No. Mulberry Varieties 
Young Leaves Matured Leaves 

Total phenols (mg/g) Proline (µmol/g) Tannins (mg/g) Total phenols (mg/g) Proline (µmol/g) Tannins (mg/g) 

1. Mysore Local 4.32a 9.84e 1.12e 3.02d 7.24f 0.82c 

2. Sahana 3.54d 10.56c 1.24c 2.96e 8.16c 0.93b 

3. S36 4.26a 8.92h 1.02h 3.64a 6.52h 0.74d 

4. DD 3.98b 10.24d 1.18d 3.16c 7.84d 0.89c 

5. AR12 3.24e 9.62f 1.10f 2.84e 7.54e 0.86c 

6. V1 3.96b 11.46b 1.31b 3.36b 8.64b 0.90b 

7. G2 3.74c 9.24g 1.05g 2.74f 6.84g 0.78d 

8. G4 3.02f 12.18a 1.39a 2.56g 9.24a 1.05a 

 SE m ± 0.03 0.04 0.01 0.02 0.03 0.01 

 CD @p=0.05 0.09 0.12 0.02 0.06 0.10 0.02 

Figures in the parenthesis indicate arcsine transformed values; Values in the column followed by common letters are non-significant at 

p=0.05 as per Tukey’s HSD (Tukey, 1965) [51] 

 

 
 

Fig 2: Secondary metabolites (Total Phenols, Proline and Tannins) observed in young and matured leaves of mulberry varieties 

 

https://www.biochemjournal.com/


 

~ 731 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com    

 

3.5 Total Phenols (mg/g) 

Total phenol content varied considerably among mulberry 

varieties and declined with leaf maturity. In young leaves, 

phenol content ranged from 3.02 mg/g in G4 to 4.32 mg/g in 

Mysore Local. In matured leaves, a noticeable reduction was 

observed, with values ranging from 2.56 mg/g in G4 to 3.64 

mg/g in S36. Mysore Local and S36 recorded the highest 

phenol concentrations in young leaves (4.32 and 4.26 mg/g, 

respectively), whereas AR12, Sahana and G4 exhibited 

comparatively lower levels. Interestingly, S36 was the only 

variety that showed a marginal increase in phenol content at 

the matured stage, while all other varieties displayed a 

declining trend. 

These results are in agreement with earlier findings. Tewary 

et al. (2008) [50] reported higher phenol content in tree 

mulberry (3.18%) compared to bush mulberry (2.90%). 

Vanitha (2018) [52] also recorded significantly higher phenol 

content in tree mulberry (3.22 ± 0.03 mg). Sushmitha et al. 

(2023) [49] further reported a phenol content of 3.82 mg in 

V1 mulberry leaves, supporting the present observations. 

 

3.6 Proline (µmol/g) 
Proline content showed significant varietal differences and 

declined with leaf maturity. In young leaves, proline 

concentration ranged from 8.92 µmol/g in S36 to 12.18 

µmol/g in G4. In matured leaves, values decreased to a 

range of 6.52 µmol/g in S36 to 9.24 µmol/g in G4. Among 

the varieties, G4 and V1 consistently recorded the highest 

proline levels at both leaf stages. In contrast, S36 exhibited 

the lowest proline concentration in both young and matured 

leaves. The observed decline in proline content with leaf age 

may be attributed to reduced osmotic stress and metabolic 

demand in older tissues. 

These findings are supported by Ramamoorthy et al. (2018) 
[38], who reported higher proline levels in V1 (11.8 µmol/g) 

and G4 (12.1 µmol/g), identifying these varieties as more 

drought tolerant with superior osmotic adjustment ability. 

Jha et al. (2016) [25] also highlighted that higher amino acid 

content, particularly proline, is positively associated with 

improved leaf palatability, digestibility and cocoon shell 

weight in silkworms. 

 

3.7 Tannins (mg/g) 

Tannin content exhibited a declining trend with leaf 

maturity across all mulberry varieties. In young leaves, 

tannin concentration ranged from 1.02 mg/g in S36 to 1.39 

mg/g in G4, while in matured leaves it declined to values 

between 0.74 mg/g in S36 and 1.05 mg/g in G4. G4 and V1 

consistently recorded higher tannin content at both stages, 

whereas S36 maintained the lowest tannin levels throughout. 

The reduction in tannin content with advancing leaf age may 

be attributed to decreased synthesis and polymerization of 

phenolic compounds during leaf maturation and 

lignification. 

These results are in close agreement with Ramamoorthy et 

al. (2018) [38], who reported the highest tannin content in G4 

(1.36 mg/g) followed by V1 (1.30 mg/g), with minimum 

levels in S36 and G2. Sapna et al. (2022) [44] also observed a 

decline in tannin content with leaf maturity, influencing leaf 

palatability and silkworm feeding behaviour. Murthy et al. 

(1990) [33] reported that excessive tannins act as 

antinutritional factors by binding to proteins and digestive 

enzymes, thereby reducing nutrient availability and 

assimilation in silkworms. Rathore and Chakraborty (1995) 

[39] further demonstrated that silkworms fed on tannin-rich 

mulberry leaves exhibited reduced silk gland weight and 

overall silk yield, due to impaired digestion and metabolic 

activity. 

 

4. Conclusion 

The present investigation clearly demonstrates that the 

biochemical composition of mulberry leaves varies 

significantly among varieties and between young and 

matured leaf stages and these variations have direct 

implications for leaf quality and suitability for silkworm 

rearing. Primary biochemical constituents such as 

chlorophyll, proteins, carbohydrates and crude fibre, along 

with secondary metabolites including total phenols, proline 

and tannins, collectively determine the nutritional value and 

physiological suitability of mulberry foliage. 

Among the evaluated varieties, V1 and G4 consistently 

exhibited superior biochemical profiles. These varieties 

recorded higher chlorophyll content, indicating greater 

photosynthetic efficiency and biomass accumulation. They 

also showed elevated levels of proteins and carbohydrates in 

both young and matured leaves, which are critical for larval 

growth, silk gland development and silk protein synthesis. 

Although crude fibre content increased with leaf maturity in 

all varieties, V1 and G4 maintained relatively lower fibre 

levels at the young leaf stage, enhancing leaf digestibility 

for early instar silkworms. 

Secondary metabolites showed a general decline with leaf 

maturity. Phenol and tannin contents were higher in young 

leaves and decreased in matured leaves, suggesting reduced 

antinutritional effects in older foliage. G4 and V1 recorded 

comparatively higher proline levels, indicating better stress 

tolerance and metabolic adaptability, which may contribute 

to improved leaf palatability and silkworm performance. In 

contrast, varieties such as S36 and G2 exhibited lower 

protein and carbohydrate contents and relatively higher fibre 

or phenolic concentrations, indicating comparatively inferior 

nutritional quality. 

Overall, the study highlights that varietal differences and 

leaf maturity stages play a crucial role in determining 

mulberry leaf biochemical quality. The superior 

performance of V1 and G4 suggests their suitability for 

commercial sericulture, particularly for achieving enhanced 

larval growth and improved cocoon productivity. The 

findings emphasize the importance of selecting nutritionally 

superior mulberry varieties and adopting stage-specific leaf 

harvesting strategies to optimize silkworm performance and 

sustain higher silk yield. 
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