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ABSTRACT 

 The nutritive value of mulberry leaves has a direct influence on various 

economic/commercial parameters of the silkworm including the quality of cocoon and silk 

derived from it. The mulberry leaves supplemented with additional dietary resources have 

often proved to be beneficial in the production of better cocoons and silk yield. In the 

present investigation was undertaken to know the effect of essential amino acids viz., 

methionine, phenylalanine and valine supplemented with mulberry leaf at different 

concentration 0.5, 1.0 and 1.5% on economic characters in FC1, FC2 and FC1X FC2 

silkworm hybrids. The result of the study revealed that marked improvement in the 

economic parameters such as fecundity, larval weight, cocoon weight, shell weight, shell 

percentage, ERR, filament length/weight, denier and renditta when the FC1 X FC2 

silkworm larvae reared on phenylalanine supplementation at 1.5% over control batches.  

Further all the breeds performed better in respect of economic characters with 

phenylalanine followed by methionine and valine. 
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1. INTRODUCTION 

Sericulture is a cottage industry responsible for the onset of economic development 

in various countries across the globe. India is known as the second largest silk producing 

country and consumer of pure silk in the world (Siddappaji et al., 2014). In present time, 

the sericulture is not just restricted to production of quality silk but the byproducts of the 

silk industry have its own market value in different firms. Sericulture products are 

witnessed to be of highest demand in global market in both developing and developed 

countries as it plays an important role in foreign exchange earning opportunities. 

The silkworm, Bombyx mori L. is a sericigenous insect that feeds on mulberry 

leaves and converts the leaf protein into the silk protein (Babu et al., 2009). By and large, 

the economic characters are governed by polygenes (Seshagiri et al., 2009 and Konate et 

al., 2011) and also regulated by several biotic and abiotic factors (Ito, 1978 and Murugan 

and George, 1992), but most importantly by the quality of mulberry leaves consumed by 

the silkworm. The growth and development of the silkworm and the production of quality 

cocoon is regulated by the nutritive value of the mulberry leaves (Legay, 1958 and 

Radjabi, 2010). Consequently, additional supplementation of the nutrition often 

recommended to enhance the nutritional value of mulberry leaves that further aids in the 

production of good quality cocoon and silk yield (Radjabi, 2010). There are several dietary 

compounds such as sugars, amino acids, proteins, minerals vitamins, salts, etc. whose 

supplementation can considerably enhance the growth and development of the silkworm 

and hence improve the quality of cocoons (Kabila et al., 1994; Yasmin et al., 1995; Basit 

and Ashfaq, 1999; Gouder and Kaliwal, 1999; Etebari and Matindoost, 2005).  Nearly 

about 72-86% of the amino acids are derived by the leaves of mulberry out of which 60% 

are utilized in silk production by the silkworm (Lu and Jiang, 1988). The silk fiber is 

composed of a structural protein fibroin (Khan et al., 2008) which is surrounded by sericin 

protein acts as cementing material (Perez Rigueiro et al., 2000).  The fibroin is a semi 

crystalline polymer (Somashekarappa, 2002) mainly derived from the amino acid tyrosine, 

glycine, serine and alanine (Kirimura, 1962) which are directly obtained from the diet (Ito, 

1983). Optimum concentration of amino acid supplementation through mulberry leaves 

could effectively improve the growth and development of the silkworm (Rouhollah, 2010). 

However, alanine and asparagine has little impact on the quantity of silk production and 

hence cannot be considered as a suitable supplement to the silkworm (Rauhollah Radjabi, 

2010).  So far, several studies have been conducted to understand the significance of amino 
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acid supplementation in the enhancement of the economic characters. However, there are 

some amino acids that have not been studied in detail for their role on the commercial 

parameters. Further, it is essential to document the response of amino acid supplementation 

in different breeds of the silkworm to rear them effectively for quality silk production. 

Hence, an attempt has been made in the present investigation to known the effect 

supplementation of three essential amino acids namely methionine, phenylalanine and 

valine for the improvement of commercial characters of the silkworm hybrids FC1, FC2 

and FC1X FC2.  

 

2. MATERIALS AND METHODS 

 The eggs of bivoltine silkworm hybrids FC1, FC2 and FC1 X FC2 (double hybrid) 

were procured from the NSSO, Mysuru.  After hatching the larvae were brushed and reared 

as per the procedure described by Dandin and Giridhar (2010).  The solutions methionine, 

phenylalanine and valine were prepared at different concentrations viz., 05, 1.0 and 1.5% 

by using distilled water. The prepared solutions of respective amino acids were sprayed on 

mulberry leaf and dried under shade and fed to the silkworms. The silkworm selected for 

experimentation divide to five batches such as batch I, batch II and batch III were reared 

on mulberry leaves supplemented with three selected amino acids at 0.5, 1.0 and 1.5% 

concentrations. Whereas batch IV larvae reared on mulberry leaves sprayed with distilled 

water (control) and the larvae reared on mulberry leaf alone batch V serves as absolute 

control. The supplementation of amino acids was initiated during 4
th 

and 5
th 

instar larval 

stages once in a day. Altogether, six rearing trials were conducted with three replication 

comprising 200 larvae in each treatment.  The economic parameters namely fecundity, 

larval weight, cocoon weight, shell weight, shell percentage, effective rate of rearing 

(ERR),  filament length/weight, denier and renditta were recorded in respective treatments 

along with  control batches. 

  The ERR, shell ratio, filament length, denier and renditta were calculated by using 

following formulae. 

ERR �%� =
No. of cocoons harvested

No. of larvae retained
X100 

Shell ratio �%� =
Shell weight �g�

Cocoon weight�g�
X 100 

Filament length (L) = R x1.125 

R= Number of revolutions recorded by an eprouvette. 

1.125= Circumference of eprouvette in meter. 
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Denier =
Weight of the !ilament

Length of the !ilament
X 9000 

It denotes thickness of the filament. 

Renditta =
Weight of the cocoons reeled

Weight of raw silk obtained
 

Unit quantity of cocoons required to produce one unit of raw silk. 

The obtained data was compiled by standard deviation and mean values were 

expressed. 

3. RESULTS AND DISCUSSION 

 The growth and development of the silkworm is directly regulated by the quality 

nutrition gained through diet, which further enhances various economic parameters 

essential in the sericulture industry (Ramesh et al., 2018 : Radjabi, 2010). The nutritional 

supplementation through diet often proved to be beneficial in the improvement of several 

economic characters (Sannapa et al., 2002). In the present study, the supplementation of 

amino acid through mulberry leaves has shown notable impact on both biological and 

economic characters of the selected silkworm hybrids are discussed elaborately in the 

following paragraphs. 

3.1. Fecundity 

 The fecundity of selected silkworm hybrids increase with increase in concentration 

of all three amino acids supplementation. The increase in the fecundity of 558, 609 and 

644 eggs/layings (Table.1) has been observed when larvae supplemented with 1.5% of the 

phenylalanine in FC1, FC2 and FC1X FC2, respectively when compared controls. The 

lowest fecundity of 523 eggs in FC1, 546 eggs in FC2 and 566 eggs in FC1XFC2 was 

observed with 0.5% of valine supplementation as against control (absolute) FC1(515 eggs), 

FC2 (527 eggs) and FC1X FC2 (550 eggs). This reveals that the amino acid valine has 

negligible role in the enhancement of fecundity in the silkworm hybrids.  All these results 

revealed the fact that fecundity of silkworm hybrids can be enhanced by supplementation 

of methionine and phenylalanine. Rezina Laz (2010) studied the effects of methionine and 

tryptophan supplementation at 250, 500, 750 and 1000 ppm on some quantitative traits of 

silkworm compared to the control batches.  The larvae supplemented with 500 and 750 

ppm significantly increase the fecundity and fertility in B.mori. The fecundity is often 

considered as an important parameter to determine the superiority of silkworm breed 

(Singh and Saratchandra, 2004). The enhancement of fecundity observed in FC1 X FC2 
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hybrid in response to the phenylalanine and methionine has confirmed the superiority of 

this hybrid over other two hybrids used in the present study.  Improvement in fecundity 

was observed in glycine and hydrolysed soyabean supplementation (Subburathinam et al., 

1994 and Krishnan et al., 1995). The asparagine supplementation had no clear effect of on 

egg production but alanine at 1 per cent increase fecundity (Radjabi, 2010). Generally, the 

fecundity and fertility are two important factors which have got some impact on cocoon 

and silk production (Hussain et al., 2011).  

3.2 Larval weight 

 The weight of the larva, pupa, cocoon and shell are influenced by the amount and 

quality of food consumed. The supplementation of amino acids through food can also 

regulates these parameters in all the three hybrids.  The weight of the larvae has been 

observed to be enhanced by increase in the concentration of all the three amino acids 

supplemented with mulberry leaves. However, highest larval weight of 53.81g has been 

reported in FC1, 53.58g in FC2 and 56.06g in FC1 X FC2 (Table.1) larvae were 

supplemented with the 1.5% of phenylalanine followed by methionine and valine over 

absolute control batches of respective hybrids (46.44, 47.38 and 48.78g). Similar trend was 

also noticed in distilled water supplied batches.  Whereas lowest weight of 46.92, 48.09 

and 49.88g was observed in FC1, FC2 and FC1 X FC2 larvae treated with 0.5% valine, 

respectively. Overall, the supplementation of phenylalanine has been proved to be ideal in 

the enhancement of the larval weight in all the hybrids. Apart from these, the larvae 

supplemented with methionine and valine has equally beneficial in the enhancement of 

larval weight in FC1 X FC2 hybrid. This observation is in close conformity with increase in 

larval weight due to glycine supplementation (Sridhar and Radha, 1986), L-phenylalanine 

(Shyamala and Visweswara Gowda, 1980 and Radha and Sridhar, 1983), arginine (Davis, 

1987), tryptophan (Krishnappa, 1987), alanine (Krishnappa, 1987 and Moustafa and 

Karaksy, 1988) and serine (Moustafa and Karaksy, 1988). 

3.3 Cocoon weight 

 Maximum cocoon weight was registered by the silkworm reared on mulberry leaf 

supplemented with phenylalanine in FC1 (2.073g), FC2 (2.237g) and FC1 X FC2 (2.338g) 

followed by methionine in FC1 (2.008g), FC2 (2.138g) and FC1 X FC2 (2.294g) and valine 

in FC1 (1.994g), FC2 (2.113g) and FC1 X FC2 (2.262g), respectively at 1.5% concentration 

as against control batches (Table.1).  While it was lowest in valine FC1 (1.893g), FC2 

(1.991g) and FC1 X FC2 (2.210g) supplemented batch at 0.5% concentration over control 
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batches. By and large, cocoon weight in the silkworms are controlled by the feeding period 

associated with the concentration of the juvenile hormone (Chowdhary et al., 1996). 

Moreover, supplementation of amino acids not only increase the cocoon weight but also 

economic parameters of silkworm (Radjabi, 2010). In all the concentration of three amino 

acids supplementation considerable increase in cocoon weight was noticed as compared to 

control batches.  This type of results was also noticed by Shymala and Visweswara Gowda 

(1980) in the silkworm supplemented with L-phenylalanine and observed a significant 

improvement in cocoon weight (1.52g) over control (1.424g) and Krishnappa (1987) also 

noticed significant increase in cocoon weight due to glycine supplementation and 

maximum cocoon yield was obtained with higher concentration (2%) of glycine in both 

PM and NB18 larvae. 

3.4 Shell weight 

 The cocoon shell weight is often representing the nutritional efficiency of the diet 

consumed by the silkworm (Kumar and Kumar, 2011). The highest shell weight of 0.551, 

0.518 and 0.455g was observed in FC1 X FC2,  FC2 and FC1 larvae supplemented with 1.5% 

phenylalanine, respectively followed by methionine and  valine over control 

batches(Table.1).  On the other hand, it was lowest at 0.5% valine supplementation in FC1 

(0.406g), FC2 (0.444g) and FC1 X FC2 (0.497g). The increase in shell weight might be due 

to additional supplementation of amino acids which enhances the rate of biosynthesis of 

protein which leads to increase in shell weight. These results are in agreement in the 

finding of Sengupta et al. (1972), Krishnappa (1987) and Babu (1994) who have reported 

significantly higher shell weight registered by larval batches supplemented with glycine. 

Similarly,  Shymala and Visweswara Gowda (1980) observed improvement of shell weight 

due to supplementation L-phenylalanine. Sridhar and Radha (1986) have also reported that 

glycine improved shell weight as the silk fibroin contains around 44.5 per cent of glycine 

in its amino acids pool.  Krishnappa (1987) also noticed that significant increase in shell 

weight due glycine supplementation at 2 % in the larva of PM (0.148g) and NB18 (0.394g) 

as against to their respective controls (0.120 and 0.305g).  

3.5 Shell percentage 

The shell percentage which is a crucial commercial character in the sericulture 

industry (Chanda  et al., 2013).  Administration of different concentration of amino acid 

has got impact for this character. The supplementation of 1.5% of the phenylalanine has 

resulted in the highest shell percentage of 21.87% in FC1, 23.13% in FC2 and 23.54% in 
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FC1 X FC2, respectively as compared to remaining amino acids supplementation as well as 

control batches (Table.1). A minimum shell percentage of registered in valine at 0.5% 

(21.43%) in FC1, (22.27%) FC2 and (22.50%) in FC1 X FC2, respectively against remaining 

amino acids treated and control batches.  Shyamala and Visweswara Gowda (1980) opined 

that increase in shell ratio due to additional supplementation of glycine and L-

phenylalanine which accelerate the rate of synthesis of sericin and fibroin protein .  These 

results are in conformity in the finding of Sengupta et al. (1972) and Babu (1994) who 

have reported that significant increase in shell percentage on glycine supplementation. 

Krishnappa (1987) also noticed significant increase in shell ratio due to supplementation of 

alanine, glycine, phenylalanine and tryptophan in PM and NB18.  However, glycine 

supplementation recorded highest shell ratio compared to other amino acids. 

3.6 Effective rate of rearing  

The silkworm larvae reared on fortified mulberry leaves with amino acids 

expressed marked effect on ERR ranging from of 91.87 to 94.60%.  The highest effective 

rate of rearing was noticed in the supplementation of phenylalanine at 1.5% in FC1 

(94.07%), FC2 (94.42%) and FC1 X FC2 (94.60%) followed by methionine and valine 

supplementation at 1.5% against control batches (Table.1). The lowest effective rate of 

rearing was recorded valine supplementation at 0.5% in FC1 (92.85%), FC2 (92.92%) and 

FC1 X FC2 (93.03%) as compared to control batches. These results are more or less parallel 

with the finding of Radjabi et al. (2009) who evidenced that silkworm larvae fed with 

alanine (1000ppm) enriched mulberry leaves recorded highest effective rate of rearing. 

Similarly,  Radjabi (2010) opined that mulberry leaves enriched with aspargine (0.1%) and 

alanine (0.5%) recorded positive effects on effective rate of rearing of the silkworm 

B.mori. 

3.7 Filament length 

The amino acid supplementation has good influence on the filament length which is 

one of the important parameter of silk content and regulate the reeling speed 

(Chattopadhyay et al., 2018). The maximum increase in the filament length up to 1198m 

has been observed in the FC1 X FC2 hybrid treated with 1.5% of phenylalanine. Further, 

phenylalanine supplementation at 1.5% concentration also enhanced the filament length in 

FC1 and FC2 with 1088m and 1131m, respectively when compared to control batches 

(Table.2).  It was shorter in the larval batches reared on valine at 0.5% (861, 907 and 
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1010m) in FC1, FC2 and FC1 X FC2, respectively.  At some extent, FC1 X FC2 hybrid has 

responded well when larvae reared with methionine and valine recorded longest filament 

length of 1114m and 1098m, respectively at high concentrations. Overall, the filament 

length of FC1 X FC2 hybrid was considerably prominent when supplemented with all the 

three concentrations of the phenylalanine. The present finding are in harmony with the 

observation of Krishnappa (1987) who observed longer silk filament length with glycine, 

alanine, phenylalanine and tryptophan supplementation. Similarly Ravi et al. (1994) 

observed that glycine and soya protein supplementation individually to the fifth instar 

larvae increase the silk filament length. The increased filament length due to phenylalanine 

and glycine supplementation also noticed in the silkworm by Radha and Sridhar (1983 and 

1986). 

3.8 Filament weight 

The silkworm larva reared on mulberry leaves enriched with amino acids at varied 

concentrations exhibited variation with maximum being in phenylalanine (0.327g in FC1, 

0.361g in FC2 and 0.384g in FC1 X FC2) followed by methionine (0.313g in FC1, 0.342g in 

FC2 and 0.374g in FC1 X FC2) and valine (0.307g in FC1, 0.336g in FC2 and 0.363g in FC1 

X FC2) at 1.5% concentration when compared to control batches (Table.2).  In contrast it 

was lowest in valine (0.286g in FC1, 0.311g in FC2 and 0.351g in FC1 X FC2) at 0.5% 

concentration. On the other hand, the larvae reared on mulberry leaves spayed with 

distilled water (control) recorded filament weight of 0.281g in FC1, 0.305g in FC2 and 

0.336g in FC1 X FC2, respectively and absolute control batch registered filament weight of 

0.272g in FC1, 0.293g in FC2 and 0.311g in FC1 X FC2, respectively. In the present 

investigation more filament weight exerted by FC1 X FC2 when compared to FC1 and FC2. 

It clearly indicated that the double hybrid FC1 X FC2 has more hybrid vigour for silk 

protein synthesis over remaining hybrids. This might have increase the filament weight in 

FC1XFC2.  These results corroborate the earlier finding of Krishnappa (1987), Sridhar and 

Radha (1986) and Ravi et al. (1994) who have noticed the higher filament weight with 

glycine supplementation. 

3.9 Denier 

The silkworm reared on mulberry leaf fortified with amino acids expressed finer 

denier as compared to control.  The lowest denier was expressed by the silkworm larvae 

supplemented with phenylalanine (2.73, 2.86 and 2.89 in FC1, FC2 and FC1 X FC2, 

respectively) at 1.5% followed by methionine and valine over control batches (Table.2).  In 
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contrast higher diner was registered in FC2 (3.20 and 3.21) supplemented with 0.5 and 

1.0% of methionine, respectively. The present finding is concurrent with observation of  

Krishnappa (1987) who has observed the lower denier in the silkworm batches 

supplemented with glycine. Similar type of observations was made in the batches of 

silkworm reared on glycine at varied concentrations by Sridhar and Radha (1986). 

3.10 Renditta 

A notable variation was noticed in respect of renditta among the silkworm batches 

supplemented with amino acids at different concentrations.  The lowest renditta was 

recorded by the silkworm reared on mulberry leaf enriched with phenylalanine 

supplementation at 1.5% in FC1 (6.35kg), FC2 (6.19kg) and FC1 X FC2 (6.09kg) followed 

by methionine in FC1 (6.42kg), FC2 (6.25kg) and FC1 X FC2 (6.13kg) and valine in FC1 

(6.50kg), FC2 (6.305g) and FC1 X FC2 (6.23kg) compared to distilled water control and 

absolute control batches (Table.2).  As against to this, it was highest with valine at 0.5% 

concentration in FC1, FC2 and FC1 X FC2, (6.63, 6.14 and 6.30kg), respectively. The 

improvement for this character in the silkworm larvae might be due to absorption and 

utilization of amino acids which leads to enhance the synthesis silk protein. These results 

are on par with the findings of Sridhar and Radha (1987) who have noticed that silkworm 

reared on mulberry leaf supplemented with glycine at 10ppm concentration significantly 

reduce the renditta.  Similarly, silkworm hybrid PM× CSR2 reared on mulberry leaves 

supplemented with proline and amino acid mixture at 1% improves the renditta than the 

2% (Indira Bhojne et al., 2014). Further, multivoltine races MU11 and MU303 

supplemented with 0.5% concentration of methionine exhibited lowest renditta of 10.57 

and 10.64kg, respectively (Anil Kumar et al., 2018). 
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               Table1: Effect of mulberry leaf fortified with amino acids of the rearing and cocoon parameters of the silkworm hybrids. 

 

                 Table 2: Effect of mulberry leaf fortified with amino acids of the reeling parameters of the silkworm hybrids. 

Amino acids Hybrids 
Concentrations 

 (%) 
Fecundity 

(No.) 
Larval weight 

(g) 
Cocoon weight 

(g) 
Shell weight 

(g) 

Shell 
percentage  

(%) 

 

ERR  
(%) 

Methionine 
 

FC1 
0.5 529±23 47.84±2.90 1.928±0.140 0.417±0.038 21.61±0.39 93.06±1.65 
1.0 541±34 49.18±2.90 1.986±0.158 0.432±0.035 21.73±0.30 93.36±1.40 

1.5 549±32 51.76±2.42 2.008±0.158 0.439±0.037 21.85±0.21 93.83±1.27 

FC2 
0.5 554±25 48.87±2.20 2.037±0.124 0.456±0.038 22.39±0.45 93.16±1.64 
1.0 569±25 50.10±2.01 2.070±0.129 0.471±0.038 22.72±0.48 93.59±1.42 
1.5 577±30 52.46±3.33 2.138±0.126 0.490±0.037 22.91±0.49 94.15±1.18 

FC1xFC2 
0.5 600±25 50.05±2.82 2.239±0.091 0.508±0.021 22.68±0.44 93.25±1.39 
1.0 607±32 52.09±2.23 2.276±0.100 0.521±0.021 22.88±0.42 93.74±1.43 
1.5 617±28 54.47±1.96 2.294±0.098 0.528±0.021 23.02±0.37 94.35±1.16 

Phenylalanine 
 

FC1 
0.5 535±23 50.34±1.90 1.994±0.125 0.432±0.033 21.73±0.69 93.32±1.49 
1.0 544±29 51.68±2.38 2.029±0.126 0.442±0.033 21.82±0.53 93.63±1.50 
1.5 558±30 53.81±1.88 2.073±0.113 0.455±0.033 21.87±0.88 94.07±1.26 

FC2 
0.5 568±27 50.76±1.83 2.157±0.095 0.493±0.026 22.86±0.37 93.42±1.65 
1.0 588±27 51.78±2.04 2.194±0.080 0.506±0.024 23.04±0.66 93.85±1.41 
1.5 609±33 53.58±1.96 2.237±0.077 0.518±0.020 23.13±0.54 94.42±1.39 

FC1xFC2 
0.5 612±31 50.97±2.30 2.301±0.088 0.529±0.023 22.97±0.54 93.54±1.43 
1.0 633±26 53.72±1.99 2.316±0.085 0.537±0.024 23.17±0.51 93.99±1.37 
1.5 644±26 56.06±2.46 2.338±0.090 0.551±0.030 23.54±0.67 94.60±1.16 

Valine 
 

FC1 
0.5 523±25 46.92±2.27 1.893±0.146 0.406±0.034 21.43±0.42 92.85±1.65 
1.0 537±27 48.35±2.61 1.980±0.140 0.429±0.033 21.64±0.45 93.15±1.46 
1.5 546±32 51.53±2.44 1.994±0.154 0.434±0.033 21.75±0.55 93.62±1.21 

FC2 
0.5 546±29 48.09±1.87 1.991±0.144 0.444±0.033 22.27±0.44 92.92±1.59 

1.0 555±24 48.97±2.26 2.016±0.163 0.456±0.042 22.60±0.43 93.38±1.47 
1.5 567±27 51.57±1.93 2.113±0.153 0.481±0.037 22.74±0.44 93.94±1.21 

FC1xFC2 
0.5 566±52 49.88±1.77 2.210±0.125 0.497±0.019 22.50±0.34 93.03±1.68 
1.0 584±44 51.80±1.54 2.228±0.097 0.506±0.024 22.72±0.36 93.52±1.30 
1.5 598±41 53.58±2.03 2.262±0.092 0.518±0.015 22.91±0.39 94.14±1.29 

Control  
(Distilled water) 

FC1 522±25 47.00±1.88 1.875±0.116 0.401±0.029 21.39±0.64 91.87±1.65 
FC2 536±27 47.80±1.95 1.961±0.147 0.436±0.036 22.23±0.19 92.15±1.13 

FC1xFC2 559±47 49.47±2.01 2.120±0.124 0.476±0.029 22.45±0.23 92.57±1.18 

Control 
(Absolute) 

FC1 515±22 46.44±1.91 1.846±0.116 0.394±0.031 21.23±0.98 91.22±1.37 
FC2 527±28 47.38±1.92 1.945±0.155 0.430±0.040 22.13±0.66 91.40±1.12 

FC1xFC2 550±45 48.78±2.04 2.028±0.082 0.454±0.021 22.37±0.52 91.94±0.90 
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Amino acids Hybrids Concentrations 
(%) 

Filament length 
(m) 

Filament weight 
(g) 

Denier Renditta 
(Kg) 

Methionine 

FC1 
0.5 884±40 0.298±0.026 3.11±0.206 6.47±0.161 

1.0 893±29 0.308±0.034 3.18±0.208 6.45±0.149 

1.5 910±31 0.313±0.027 3.16±0.163 6.42±0.159 

FC2 
0.5 924±38 0.322±0.030 3.20±0.163 6.33±0.209 

1.0 943±38 0.329±0.028 3.21±0.132 6.29±0.183 

1.5 971±51 0.342±0.025 3.22±0.143 6.25±0.214 

FC1xFC2 
0.5 1024±34 0.363±0.024 3.19±0.166 6.17±0.237 

1.0 1074±71 0.371±0.022 3.11±0.118 6.14±0.150 

1.5 1114±70 0.374±0.021 3.02±0.149 6.13±0.183 

Phenylalanine 

FC1 
0.5 1018±64 0.312±0.026 2.79±0.137 6.39±0.141 

1.0 1040±72 0.318±0.025 2.78±0.144 6.38±0.247 

1.5 1088±87 0.327±0.031 2.73±0.121 6.35±0.147 

FC2 
0.5 983±58 0.344±0.020 3.17±0.070 6.28±0.169 

1.0 1072±117 0.352±0.024 2.95±0.089 6.23±0.120 

1.5 1131±89 0.361±0.017 2.86±0.113 6.19±0.189 

FC1xFC2 
0.5 1114±61 0.376±0.021 3.05±0.124 6.12±0.126 

1.0 1155±58 0.380±0.023 2.98±0.103 6.10±0.155 

1.5 1198±60 0.384±0.029 2.89±0.105 6.09±0.128 

Valine 
 

FC1 
0.5 861±35 0.286±0.026 3.07±0.178 6.63±0.141 

1.0 872±32 0.302±0.028 3.19±0.215 6.56±0.223 

1.5 883±38 0.307±0.029 3.20±0.205 6.50±0.179 

FC2 
0.5 907±38 0.311±0.033 3.16±0.182 6.14±0.193 

1.0 932±47 0.317±0.030 3.13±0.180 6.36±0.169 

1.5 960±47 0.336±0.033 3.19±0.195 6.30±0.139 

FC1xFC2 
0.5 1010±54 0.351±0.019 3.11±0.186 6.30±0.129 

1.0 1054±72 0.357±0.018 3.04±0.159 6.25±0.111 

1.5 1098±59 0.363±0.017 2.96±0.240 6.23±0.104 

Control  
(Distilled water) 

FC1 861±25 0.281±0.025 3.01±0.155 6.68±0.185 

FC2 906±46 0.305±0.027 3.11±0.177 6.44±0.188 

FC1xFC2 1008±51 0.336±0.025 3.03±0.160 6.31±0.096 

Control 
(Absolute) 

FC1 856±27 0.272±0.030 2.92±0.121 6.79±0.157 

FC2 892±42 0.293±0.026 3.02±0.184 6.63±0.144 

FC1xFC2 987±60 0.311±0.018 3.86±0.129 6.53±0.113 
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