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Nondestructive (NIRS) determination of some technological traits of Bombyx mori L. 
cocoons

1 2 1M. Panayotov *, S. Atanassova , S. Petrova

1 Department of Animal Science – Non-ruminants and Other Animals, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
2 Department of Biochemistry Microbiology and Physics, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. Populations of silkworms of the BACSA х SVILA hybrid have been reared and the basic technological traits characterising productivity of Bombyx 
mori L. have been determined (cocoon weight, silk shell weight, filament weight, shell ratio and silk ratio). Cocoons have been analysed nondesctructively by 
measuring diffuse reflection by NIRQuest 512 spectrophotometer. Spectral data have been processed and equations have been obtained for quantitative 
determination of the studied technological parameters through PLS regression. A relationship has been found between the analysed traits and the cocoon 
spectrum in the near infrared region. The best expressed is the relationship between cocoon spectrum and the traits silk ratio, cocoon weight and silk shell 
weight – the obtained correlation ration is greater than 0,80. As a result of the study it has been established that near infrared spectroscopy facilitates quick and 
nondestructive analysing and obtaining valuable and useful information for sericuture science and practice. 
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Due to its characteristics spectral analysis in the near infrared Introduction
region can be an alternative to the classical methods of assessment 
of silkworm cocoons. That method is very suitable for in vivo analysis Enhancing the efficiency of sericulture and textile industry and 
of silkworm cocoons, too. First studies within that range for hence the competitiveness of the branch as such is related to 
differentiation of male, female and dead silkworms were made by Jin continuous improvement of the existing and creation of new forms 
et al. (1995). Mossotti et al. (2006) studied the options of that method (breeds and hybrids) of silkworms. The classical methods used for 
to determine the sericin content in cocoons and solutions. that purpose are very time-consuming and expensive. Moreover, 
Atanassova et al. (2008) studied the options of near infrared studies for obtaining the relevant information about the traits 
spectroscopy for classification of Bombyx Mori L. cocoons with characterizing productivity of Bombyx mori L. are related to 
different fluorescence.destroying the samples. For the needs of the selection process quick 

Being a quick, nonaggressive and nondestructive method, near methods for in vivo assessment of cocoons are needed, incl. 
infrared spectroscopy can be applied successfully for establishing accompanied by retaining the integrity of silk shells. These methods 
the effect from the impact of various factors on silk. That makes it would be useful for quality grading, purchasing and payment of the 
possible to undertake the most efficient measures for preserving cocoons produced.
quality of historically valuable silk items - artefacts (Zhang and An alternative for enhancing the efficiency of scientific studies is 
Wyeth, 2007; Richardson and Garside, 2009). Atanassova et al. the practical application of the achievements of other non-traditional 
(2010) studied the options of spectral analysis in the short wave near scientific areas for sericulture, such as spectral methods of analysis. 
infrared region (700–1100 nm) for nondestructive determination of Since silk cocoons consist of two main types of proteins – sericin and 
some technological traits of cocoons and found good accuracy in fibroin, they can be tested through ultraviolet and infrared 
determining the shell weight, reelability, shell ratio and silk ratio.spectroscopy (Shao et al., 2005; Zhou et al., 2006; Bobov et al., 

The overview of available literature shows that near infrared 2006). Near infrared spectroscopy (in the range from 800 to 2500 
spectroscopy has great potential for quick nondestructive tests of nm) is used for quantitative and qualitative analysis of various 
biological items, incl. silkworms. The objective of this study is to agricultural products – grain, forage, milk and dairy products, meat 
establish the options of near infrared spectroscopy for and meat products, etc. (Ozaki et al., 2007). With this method 
nondestructive determination of basic technological traits of Bombyx samples are analysed without preliminary chemical treatment and 
mori L. cocoons.because of that samples do not change when analysed which makes 

it possible to use them in other analyses as well – i.e. the analysis is 
nondestructive, too (Murray and Williams, 2001). The time for 

Material and methodsperforming the analysis is about one minute which makes the 
method efficient in greater number of samples. Simultaneously 
several components can be determined in the sample analysed. The Silkworms
development of tools, their miniaturization and especially the option The study has been carried out in the training and experimental 
to use fiber optical samplers makes it possible to analyse samples centre at the section of Sericulture at the Department of Animal 
not only in laboratories but in the field as well, at various production Science – Non-ruminants and Other Animals at the Faculty of 
lines, etc. Agriculture at Trakia University. The material used were 114 cocoons 
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from population of the univoltine BACSA  SVILA crossbreed, measured samples are put in a black sampler, the fiber probe 
created and provided for the needs of the e periment by the touches the cocoon and diffuse reflection of the sample surface 
Sericulture and Agriculture E perimental Station, Vratsa. radiation is measured igure . or one cocoon spectral data from 

eeding and rearing of silk orms as done according to the  or  different places on the cocoon are measured and averaged. 
re uirements and the routine for highly productive breeds and Spectral data from NIR uest have been processed ith 
hybrids approved for the conditions in our country. The formation of Pirouette 2. 2 soft are Infometrics, Inc., oodinville, A, USA , 
cocoons as according to a technology of changeable bedding. hich is further used for uantitative analysis through various 

th mathematical methods. or uantitative analysis Partial Least Cocoons ere collected on the  day after massive climbing of 
S uare Regression PLS  is used. E uations have been obtained by silk orms onto the structures and the killing of pupae and drying of 

th using varied mathematical processing of the spectral data  cocoons  on the  day according to standard conditions. or the 
smoothing, transformation as first and second derivative and purpose e used an electric drier.
application of various methods for scattering correction. The Unravelling of cocoons for obtaining primary information 
determination of the number of factors in calibration e uations is indispensable to calculate the analysed technological traits as 
made on the basis of standard error in cross validation SECV   the done under standard laboratory conditions. The components 
factors for hich SECV has minimum value are selected. The obtained from un eaving the cocoons have been dried to 
obtained calibration e uations are estimated based on the follo ing permanent eight and eighed at accuracy of . g. The follo ing 
parameters  standard error of calibration SEC  and SECV, hich is technological traits have been determined and analysed  cocoon 
an estimation of hat error could be received hen analyzing eight, mg  silk shell eight, mg  silk thread eight, mg  shell ratio, 
unkno n samples, and multiple correlation coefficient R. silk ratio, .

 
Spectral measurement NIR spectroscopy  of each sample as Results and discussion

made nondestructively, by measuring the diffuse reflection of 
radiation from the sample surface using the NIR uest 2      
spectrophotometer Ocean Optics, USA . NIR uest 2 of the The range of values of the studied technological traits cocoon 
Ocean Optics company is a portable scanning spectrophotometer eight, silk shell eight, filament eight, shell ratio and silk ratio , 

their average values and standard deviation, determined by 
standard methods are presented in Table . The analysed cocoons 
have a big range of values of the studied technological traits. That 

ill allo  development of calibration e uations for determining them 
based on their spectral data valid for a ide range of values.

 
A total of  spectra have been obtained from cocoons of the 

BACSA  SVILA hybrid. In order to determine the absorption 
ma imums contained in the spectra, spectral data are usually 
transformed as second derivative. The average values of spectral 
data for cocoons of the BACSA  SVILA crossbreed transformed as 
second derivative, are presented on igure 2. The spectra obtained 
through measuring the diffuse reflection from the surface of cocoons 
sho  the presence of clear-cut absorption ma imums. They are 
present at avelengths typical of the absorption of protein 
compounds mainly since silk cocoons consist of t o main types of 
proteins  sericin and fibroin. The ma imums at , ,  
and 2  nm are related to the absorption of N-H groups, at 22 , 

orking ithin the range -  nm. The present study uses a ,  and 2 nm related to absorption of C-H groups and the 
reflection measuring probe consisting of  optical fibers through ones at 2  and 2 nm are related to absorption of O-H groups 

hich the analysed sample is illuminated and another one through orkman and eyer, 2 . 
hich the obtained signal returns to the spectrophotometer. hen 

 1. Experimental unit for spectral 
measurements of cocoons.

 1. Range of values, average and standard deviation of technological traits in the studied cocoons.

Traits min ma average SD

Cocoon eight, mg 

Silk shell eight, mg

ilament eight, mg

Shell ratio, 

Silk ratio, 

  2.

  .

2

  

  2

    .

    .

2

2

  .

  

2

  

  

    .

    .2



72

Determining technological traits of analysed cocoons through As a whole the results show that there is a relation between the 
spectral analysis values of the studied traits and cocoon spectrum. The highest 

For quantitative determination of some technological traits of relation has been obtained about cocoon weight, shell weight and 
cocoons PLS regression has been used. The statistical parameters silk ratio – the obtained correlation coefficient is greater than 0.80. 
of equations for determining cocoon weight, shell weight, silk thread The cocoons analysed are both of female and male pupae. It is 
weight, silk ratio and laboratory yield based on spectral data are known that there is a relationship between cocoon weight and 
presented in Table 2. The parameter SEC is the standard error of specimen sex. The results from determining cocoon weight and yield 
calibration and SECV is standard error of cross validation which is an based on spectral data show such a relationship as seen from 
assessment of what error could be obtained when analyzing Figures 3 and 5, where the data about cocoons with male and female 
unknown samples, while R is the coefficient of multiple correlation pupae are in different colour (green and red).
between spectral data and the studied parameter. The equations The obtained good accuracy for determining the silk shell 
include between 8 and 13 PLS factors used to describe 99% of the weight is logical since spectral data have been obtained as diffuse 
spectral information and variations in the studied parameters. reflection from the cocoon surface and they reflect the shell 

Graphically the relation between the actual values of cocoon properties. Perhaps better accuracy for determining cocoon weight 
weight, shell weight and laboratory yield of the studied cocoons and and hence silk ratio will be obtained by measuring the radiation let 
the ones determined on the basis of the obtained spectral data are through the cocoon because in this case both the pupa and the 
presented on Figures 3, 4 and 5. cocoon thickness will influence the spectral data obtained.

0.0008

0.0006
S

pe
ct

ra
l d

at
a,

 tr
an

sf
or

m
es

 a
s 

se
co

nd
 d

er
iv

at
iv

e

0.0004

0.0002

-1E-18

-0.0002

-0.0004

-0.0006

-0.0008

-0.001

950

1018

1220 1347
1373

1421 1467
1498

1525

1582

1050 1150 1250 1350 1450 1550 1650

1642

Wavelength, nm

Figure 2. Average values of spectral data for cocoons of the BACSA x SVILA crossbreed.

Table 2. Statistical parameters of equations for determining some technological traits of cocoons of the
BACSA x SVILA crossbreed.

*SECV – standard error of cross validation, SEC – standard error in calibration, R – multiple correlation coefficient.

Traits Number of factors in the equation SECV* SEC R

Cocoon weight, mg 

Silk shell weight, mg

Filament weight, mg

Shell ratio, %

Silk ratio, %

9

12

12

13

8

117.9

  43.3

  45.5

    3.14

    3.9

71.5

32.9

33.8

  2.74

  2.08

0.87

0.80

0.66

0.65

0.88
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The obtained results confirmed our previous investigation using Conclusion
spectral range from 700 to 1100 nm (Atanasova et al., 2010) that 
good relationship existed between NIR reflectance spectra and the The results from the study show that it is possible to obtain an 
analysed cocoon traits. absorption spectrum of the silk shell of Bombyx mori L. cocoons by 
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Figure 4. Relationship between actual values of the silk shell weight for cocoons of BACSA x SVILA
crossbreed and the ones determined on the basis of the obtained spectral data from NIRQuest.
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Figure 3. Relationship between actual values of cocoon weight of the BACSA x SVILA crossbreed and the
ones determined on the basis of the obtained spectral data from NIRQuest.
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Figure 5. Relationship between actual values of the trait Laboratory yield for cocoons of BACSA x SVILA crossbreed 
and the ones determined on the basis of the obtained spectral data from NIRQuest.
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