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Abstract:  The quality of mulberry leaves play an important role in the success of the sericulture industry and directs its 

economics and hence much effort and research have been carried out to improve the quality and quantity of mulberry leaf 

production for silkworm rearing and then cocoon production. The nutritional status of different mulberry varieties is ascertained 

by its biochemical constituents. Mulberry is rich sources of protein, carbohydrate, free aminoacids, chlorophylls, moisture etc. An 

attempt was made to know the changes in the biochemical components (protein, carbohydrate, free aminoacids), photosynthetic 

pigments (chlorophyll a, b and total chlorophyll), elements (copper and zinc) and moisture in four popular indigenous mulberry 

varieties (V1, S36, MR2 and K2) under the influence of minerals such as, copper and zinc by soil application method. The results 

revealed that the biochemical components were increased in almost all the varieties chosen. The protein (277.25 mg) content was 

increased in S36 mulberry leaves. The carbohydrate (48.25 mg) and free amino acids (15.70 mg) total chlorophyll (3.18 mg) also 

increased in MR2 varieties. The moisture content (84.31%) was increased in V1 mulberry. The alterations in biochemical 

components of mulberry foliage will influence the health, growth and development of silkworm. This in turn results in the 

production of high quality silk. 
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I. INTRODUCTION 

 Mulberry, Morus alba (Moraceae) is a fast growing deciduous, deep rooting perennial tree that grows throughout the 

temperate, subtropical and tropical regions. Depending on cultivation conditions, the tree can be grown as a bush or tree [1] 

and there are at least 1000 known varieties of mulberry [2]. Thirumalaisamy et al. [3] screened biochemical content of six 

varieties of mulberry leaves viz S13, S30, ML, V1 and RFS135 to find out nutritively richer one. Kumar and Chauhan [4] 

investigated the biochemical constituents in different parts of seven mulberry genotypes. The results indicated that AR-12 

mulberry variety have recorded highest biochemical constituents. Foliar application of phosphorous enhance leaf moisture  

percentage, total chlorophyll, crude protein, total carbohydrates and plant nutrients  such as nitrogen, phosphorous, potassium, 

calcium, magnesium and sulphur [5]. Mulberry leaves are very rich in protein (15-35%), minerals (2.42-4.71%), calcium (0.23-

0.97%), and phosphorus 1130-2240 kC /Kg [6-9]. Micro-nutrients improve the moisture and chlorophyll content in mulberry 

leaf producing thicker and darker leaves with high nutritive value [10]. The quality of the mulberry leaf fed to the silkworm is 

reflected by the quality of the silk produced. It is very important to produce quality leaves for feeding silkworms. The growth 

and production of leaf in mulberry depend on intensive management. The naturally occurring fertility of the soil alone cannot 

be entirely depended upon for good growth and farmers rely on organic and inorganic fertilizers to supplement nutrients for 

good health and high leaf yield.  M. alba also contains a considerable amount of dietary supplements such as proteins, 

carbohydrates, fats, fibres, essential minerals [11], ascorbic acid and carotene [12]. Zinc is an essential element for living 

organism and an integral component of thousands of protein, although it is toxic in elevated level [13]. Zinc deficiency induces 

photo oxidative damage under high light intensities [14]. 

 

II. MATERIALS AND METHODS 

In the present study, four popular mulberry varieties (V1, S36, MR2 and K2) were selected. The micronutrients (copper and 

zinc) as sulphates were AR grade chemicals. The active ingredient of 1 mg of Cu present in the 3.9 mg CuSO4.5H2O and 1 mg 

of Zn present in the 3.8 mg ZnSO4.7H2O, were completely dissolved in 100 ml double distilled water to obtain the following 

concentrations of individual and binary mixture of the two metallic nutrients. 

                                  Cu - 0.1 and 0.5%, Zn - 0.1 and 0.5% 

                                  Cu + Zn - 0.1 + 0.1%, Cu + Zn - 0.5 + 0.5% 

In soil application method, the different mulberry varieties were cultivated on separate pots and supplied with minerals of 

individual and binary mixtures at different concentrations. The minerals were applied in four times at 15 days interval. After 

the treatment, 100 g leaves were collected from each variety, dried at 60 °C, powdered, sieved and processed to analyse 

quantitatively the biochemical constituents such as, protein [15], carbohydrate [16] and free amino acids [17], pigments, 

chlorophyll a, b and total chlorophyll [18], copper and zinc [19] and moisture [20]. Biochemical analyses were carried out both 

in control (untreated with mineral) and experimental leaves. 
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III. RESULT 

 Maximum protein content (277.25 ± 6.18 mg) was recorded in S36 variety when treated with 0.1% zinc. Protein content 

reduced (133.14 ± 2.32 mg) in the K2 variety when the leaves were treated with 0.5% zinc (Table 1). Maximum carbohydrate 

(48.25±1.07 mg) was observed in MR2 leaves treated with 0.1% Cu and reduced (31.28 ± 1.63 mg) in K2 variety treated with 

0.5% Zn (Table 2). Maximum (15.70±0.32 mg) amino acid was obtained in MR2 variety with binary mixture of copper and zinc 

at 0.1% and decreased in (4.00 ± 0.29 mg) V1 variety with 0.5% (Table 3). Maximum moisture content (84.31 ±2.75%) was 

recorded in V1 variety when treated with Zn at 0.1% and reduced (61.21 ±3.69) in K2 variety with binary mixture of 0.1% copper 

and zinc (Table 4). Total chlorophyll content was analysed in all the mulberry varieties. When the leaves were treated with low 

percentage of minerals, chlorophyll contents was increased and was decreased with high percentage of minerals. Maximum total 

chlorophyll (3.18 ± 0.28 mg) was recorded in MR2 variety with 0.1% Zn and minimum (1.10 ± 0.15 mg) was noticed with binary 

mixture of Cu + Zn (0.5%) in V1 variety (Table 5). Copper (0.48 mg) content was also increased in S36 mulberry variety. 

Maximum Zn (1.54± 0.11 mg) was obtained at 0.5% Zn treated group in V1 variety (Table 6 and 7). 

 

Table 1.   Effect of minerals on the protein (mg) content of mulberry varieties 

 

 

 

Minerals 

 

Concentration 

(%) 

Mulberry  varieties 

V1 S36 MR2 K2 

Control 211.29±4.15 227.31±3.18 212.32±4.13 193.14±2.31 

 

Cu 

 

0.1 

231.11±4.53 

(9.38) 

241.27±4.43 

(6.14) 

250.18±3.35 

(17.83) 

225.16±2.35 

(16.57) 

 

0.5 

185.12±4.03 

(-12.38) 

211.32±5.32 

(-7.03) 

233.28±5.81 

(9.87) 

173.42±3.43 

(-10.21) 

 

Zn 

 

0.1 

220.22±4.05 

(4.22) 

277.25±6.18 

(21.96) 

273.36±5.85 

(28.74) 

226.17±3.48 

(17.09) 

 

0.5 

196.36±4.09 

(-8.48) 

190.24±6.25 

(-16.30) 

175.16±5.18 

(-17.50) 

133.14±2.32 

(-31.06) 

 

Cu+ Zn 

 

0.1+0.1 

230.16±1.25 

(8.93) 

240.36±3.38 

(5.74) 

263.24±1.14 

(23.98) 

187.18±5.33 

(-3.08) 

 

0.5+0.5 

187.32±2.11 

(-11.34) 

191.12±4.37 

(-15.92) 

191.18±5.25 

(-9.95) 

177.34±5.49 

(-8.18) 

 

Table  2. Effect of minerals on the carbohydrate (mg) content of mulberry varieties 

 

 

 

Minerals 

 

Concentration 

(%) 

Mulberry  varieties 

V1 S36 MR2 K2 

Control 38.67±2.22 35.36±1.22 40.24±1.15 35.38±2.31 

 

Cu 

 

0.1 

43.16±1.11 

(11.61) 

39.99±1.25 

(13.09) 

48.25±1.07 

(19.90) 

39.85±1.43 

(12.63) 

 

0.5 

40.75±1.13 

(5.37) 

36.65±2.23 

(13.64) 

42.18±1.35 

(4.82) 

33.31±1.41 

(-5.85)* 

 

Zn 

 

0.1 

39.45±2.32 

(7.45) 

38.97±2.46 

(10.20) 

45.07±1.43 

(12.00) 

39.89±2.33 

(12.74) 

 

0.5 

37.50±1.45 

(-3.02)* 

32.45±1.37 

(-8.22)* 

43.85±1.93 

(8.97) 

31.28±1.63 

(-11.58) 

 

Cu+ Zn 

 

0.1+0.1 

42.02±2.92 

(8.66) 

40.09±1.35 

(13.37) 

44.05±1.05 

(9.46) 

41.97±2.71 

(18.62) 

 

0.5+0.5 

35.45±1.43 

(-8.32)* 

33.50±1.43 

(-5.26)* 

39.71±1.08 

(-1.31)* 

32.32±1.53 

(-8.64)* 

 

Table  3. Effect of minerals on the free aminoacids (mg) content of mulberry varieties 

 

 

 

Minerals 

 

Concentration 

(%) 

Mulberry  varieties 

V1 S36 MR2 K2 

Control 5.31±0.53 9.32±0.41 10.30±0.38 7.00±0.73 

 

Cu 

 

0.1 

6.98±0.39 

(31.45) 

10.47±0.43 

(12.33) 

10.35±0.38 

(0.48) * 

8.30±0.48 

(18.57) 

 

0.5 

6.31±0.88 

(18.83) 

7.53±0.38 

(-19.20) 

9.00±0.28 

(-12.62) 

7.98±0.32 

(14.00) 

  6.00±0.45 11.58±0.38 12.80±0.34 12.00±0.24 
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Zn 0.1 (12.99) (24.24) (24.27) (71.43) 

 

0.5 

4.00±0.29 

(-24.67 

7.00 ±0.15 

(-24.89) 

4.32±0.49 

(-58.05) 

6.80±0.19 

(-2.85) * 

 

Cu+ Zn 

 

0.1+0.1 

9.80±0.23 

(84.55) 

14.88±0.22 

(59.65) 

15.70±0.32 

(52.42) 

13.00±0.29 

(85.71) 

 

0.5+0.5 

7.45±0.89 

(40.30) 

5.00±0.28 

(-46.35) 

6.39±0.23 

(-37.96) 

4.39±0.22 

(-37.28) 

 

 

Table 4.  Effect of minerals on the moisture (%) content of mulberry varieties 

 

 

 

Minerals 

 

Concentration 

(%) 

Mulberry  varieties 

V1 S36 MR2 K2 

Control 70.22±3.13 71.25±2.73 74.33±2.22 67.81±4.53 

 

Cu 

 

0.1 

72.23±3.14 

(2.86 ) * 

77.14±2.86 

(8.26) 

79.35±1.87 

(6.75) 

69.75±3.73 

(2.86)* 

 

0.5 

67.11±4.25 

(-4.43)* 

68.25±4.89 

(-4.21)* 

74.54±2.54 

(0.28)* 

71.00±2.53 

(2.01)* 

 

Zn 

 

0.1 

84.31±2.75 

(20.06 ) 

81.41±5.32 

(14.25) 

74.81±1.73 

(0.64)* 

74.71±2.75 

(10.17) 

 

0.5 

61.22±4.68 

(-12.81) 

64.32±3.14 

(-9.73 

71.21±3.83 

(-4.19)* 

69.31±4.73 

(2.21)* 

 

Cu+ Zn 

 

0.1+0.1 

84.12±2.63 

(19.79 ) 

79.81±2.87 

(12.01) 

78.25±4.89 

(5.27) ** 

61.21±3.69 

(-9.73)* 

 

0.5+0.5 

69.08±3.18 

(-1.62 )* 

67.08±3.89 

(-5.85)* 

75.20±3.53 

(1.17)* 

61.22±1.83 

( -9.71)* 

 

Table  5. Effect of minerals on the total chlorophyll (mg) content of mulberry varieties 

 

 

 

Minerals 

 

Concentration 

(%) 

Mulberry  varieties 

V1 S36 MR2 K2 

Control 2.44±0.31 2.71±0.21 2.94±0.17 1.77±0.19 

 

Cu 

 

0.1 

2.73±0.31 

( 11.88 ) 

2.80±0.17 

( 3.32)* 

3.17±0.19 

( 7.82) 

1.91±0.32 

( 7.90 ) 

 

0.5 

1.89±0.35 

( -22.54) 

2.34±0.19 

( -13.65) 

1.98±0.20 

( -32.65 ) 

1.34±0.31 

( -24.29 ) 

 

Zn 

 

0.1 

3.03±0.48 

( 24.18 ) 

2.78±0.32 

( 2.58)* 

3.18±0.28 

( 8.16) 

2.19±0.38 

( 23.72) 

 

0.5 

1.30±0.43 

( -46.72 ) 

1.38±0.24 

( -49.07 ) 

2.24±0.27 

( -23.80) 

1.19±0.41 

( -32.76) 

 

Cu+ Zn 

 

0.1+0.1 

2.03±0.41 

( -16.80 ) 

2.57±0.17 

(-5.16)* 

2.64±0.26 

( -10.20) 

2.82±0.42 

( 59.32) 

 

0.5+0.5 

1.10±0.15 

( -54.91 ) 

1.28±0.28 

( -52.76 ) 

1.32±0.31 

( -55.10) 

1.15±0.41 

( -35.02) 

 

Table 6.  Effect of minerals on the copper (mg) content of mulberry varieties 

 

 

 

Minerals 

 

Concentration 

(%) 

Mulberry  varieties 

V1 S36 MR2 K2 

Control 0.15±0.02 0.17±0.04 0.16±0.05 0.17±0.02 

 

Cu 

 

0.1 

0.16±0.05 

(6.66)* 

0.19±0.03 

(11.76) 

0.19±0.08 

(18.75) 

0.19±0.04 

(11.76) 

 

0.5 

0.46±0.11 

(206.66) 

0.42±0.12 

(147.05) 

0.46±0.15 

(187.50) 

0.38±0.14 

(123.52) 

 

Zn 

 

0.1 

0.17±0.03 

(13.33) 

0.18±0.06 

(5.88)* 

0.22±0.07 

(37.50) 

0.19±0.06 

(11.76) 

 

0.5 

0.27±0.11 

(80.00) 

0.26±0.12 

(52.94) 

0.24±0.15 

(50.00) 

0.28±0.11 

(64.70) 

  0.19±0.04 0.18±0.08 0.26±0.15 0.18±0.06 
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Cu+ Zn 0.1+0.1 (26.66) (5.88) (62.50) (5.88) 

 

0.5+0.5 

0.45±0.14 

(200.00) 

0.48±0.13 

(182.35) 

0.47±0.13 

(193.75) 

0.45±0.14 

(164.70) 

 

 

Table 7.  Effect of minerals on the zinc (mg) content of mulberry varieties 

 

 

 

Minerals 

 

Concentration 

(%) 

Mulberry  varieties 

V1 S36 MR2 K2 

Control 1.08±0.12 1.07±0.12 1.10±0.15 1.11±0.14 

 

Cu 

 

0.1 

1.25±0.12 

(15.74) 

1.19±0.21 

(11.21) 

1.15±0.15 

(4.54)* 

1.13±0.14 

(1.80)* 

 

0.5 

1.21±0.15 

(12.03) 

1.24±0.10 

(15.88) 

1.22±0.15 

(10.90) 

1.24±0.12 

(11.71) 

 

Zn 

 

0.1 

1.40±0.13 

(29.62) 

1.41±0.19 

(31.77) 

1.42±0.14 

(29.09) 

1.44±0.13 

(29.72) 

 

0.5 

1.54±0.11 

(42.59) 

1.46±0.15 

(36.44) 

1.37±0.16 

(24.54) 

1.38±0.14 

(24.32) 

 

Cu+ Zn 

 

0.1+0.1 

1.32±0.15 

(22.22) 

1.39±0.12 

(29.90) 

1.33±0.12 

(20.90) 

1.41±0.17 

(27.02) 

 

0.5+0.5 

1.43±0.20 

(32.40) 

1.42±0.13 

(32.71) 

1.38±0.13 

(25.45) 

1.39±0.15 

(25.22) 

 

 

IV. DISCUSSION 

 

In the present study, biochemical analysis of four different varities of mulberry leaves was carried out. Among the four varieties, 

MR2 contains highest carbohydrate, free amino acids and total chlorophyll content. The information collected on the effect of 

different nutritional sources via. of soil application method on the biochemical analysis revealed that the change in the mean 

values was significant for the  improvement of quality of mulberry leaves. The highest protein content (277.25 ± 6.18 mg) was 

recorded in S36 mulberry leaves administered with 0.1% Zn. The high protein values observed is in agreement with 

Thirumalaisamy et al. [3] who screened total protein content of six mulberry leaves viz, S13, S30, S36, Mysore local, V1 and 

RFS135, of which V1 recorded maximum total protein content (26.72%). The carbohydrate content of mulberry leaves is used for 

physiological combustion. In the study, maximum carbohydrate content (48.25±1.07 mg) was recorded in MR2 mulberry leaves 

treated with 0.1% of Cu. The free amino acid content was found maximum in MR2 (15.70 mg) with binary mixture 0.1%. The 

results are correlated with high leaf yield and high protein content. These amino acids provide the nutritional need of the larva. 

The present result was in agreement with Matei et al. [21] who reported that the mulberry leaves contain four main amino acids 

such as, glycine, alanine, serine and tyrosine. The chlorophyll is the most important component of plants. The result indicated that 

the total chlorophyll content of mulberry leaves was increased with minerals and also the chlorophyll -a and chlorophyll - b 

content were increased with individual and binary mixture except binary mixture of 0.5%, where the chlorophyll content 

decreased when compared to control.  Thus, the content of photosynthetic pigments varied depending upon the concentration of 

minerals and the mulberry varieties thereby increasing photosynthetic activity. Zn concentration in mulberry leaves increased 

with the supplementation of zinc. The same type of result, in case of Zn accumulation by weed, Chromolaena odorata was 

reported by [22]. Cu also increased in the mulberry leaves when Cu was supplemented to the leaves through oral and soil 

application methods. The moisture content of the mulberry leaves is a genetic character and is related to the available soil 

moisture content and root proliferation.  
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