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Investigation on the technological traits of Bulgarian and imported merino wool batches

D. Pamukova*

Department of Animal Science – Ruminants and Dairy Farming, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. The investigation was performed with industrial batches of merino wool originating from Bulgaria (1), Russia (2), Romania (2), Spain (1) and the 
Czech Republic (1). A total of 16 batches including 7 greasy wool batches, 5 clean wool batches and 4 wool sliver batches. The primary processing of wool 
batches (classification, washing and carding) was performed using the standard technologies applied at the textile enterprise. After the classification, the 
relative proportions of types vs the total amount of greasy wool were determined. Washing yields of classified greasy wool batches were established. Clean 
merino wool batches were submitted to the following laboratory tests: fibre diameter (µm), mean weighted length (mm), short fibre percentage (%), fatness (%), 
mineral matter content (%), vegetable matter content (%) and moisture (%). The parameters determined on ready wool slivers were as followed: yield (%), fibre 
diameter (measured with a lanameter, µm), mean weighted length (mm), length В (mm), short fibre percentage (%) and moisture (%).The two Russian wool 
batches were superior to all other tested batches with respect to high-grade wool content – 96.88% and 96.03%. They consisted exclusively of a single 
industrial class – grade 64s merino worsted wool (95.94% and 93.95% of batches, respectively). With regard to the relative share of merino worsted wool, the 
Bulgarian batch (40.98%) came after the Russian (96.88% and 96.03%), Romanian (batch 1) (90.23%) and Spanish wool (57.85%). Russian wool was 
superior to other batches with respect to washing yield (55.51%), mean weighted length (55.35 mm) and fibre cleanness (it had the lowest mineral (0.99%) and 
vegetable matter content (1.2%)). There were no considerable differences with respect to yield, mean weighted length and short fibre percentage between 
Spanish and batch 1 Romanian wool, although the mineral and vegetable matter percentages were significantly higher in Spanish clean wool. The batch from 
Czech and Bulgarian wool had higher fibre length, lower dustiness and less vegetable matter content than the Spanish batch, but its washing yield was lower. 
Compared to both Romanian batches, it occupied an intermediate position. The highest yield was established for slivers produced by Russian and Spanish 
wool – 80.63% and 80.12%. The yields of the other two batches were substantially lower (72.06% for Romanian and 70.54% for the mixed Bulgarian and Czech 
batch). The highest mean weighted fibre length was determined for slivers made from Russian wool (67.77 mm) whereas the lowest – for slivers produced from 
mixed Bulgarian and Czech batch (50.83 mm). The studied Russian wool batches were of greatest interest as their technological properties were concerned. 
Mixed with Bulgarian wool batches, they could be largely used to correct and improve the yield, short fibre length and proportion in clean wool and wool sliver.

  

Keywords: merino wool, classification, washing and carding of wool, worsted wool, carded wool, technological traits
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Introduction carried out by Hinkovski et al. (1984), Stoyanov et al. (1986), 
Panayotov and Lukarski (1988).

In a comparative study of technological features of Bulgarian, From 1999 to 2010, the amount of produced wool has 
Russian, Australian and Romanian merino wool Slavov et al. (2005) decreased by 13% on a global scale. In 2011 – 2012, the production 
established that the main technological properties of Australian and increased by 2.45%, with expectations for a moderate increase in 
Russian wool were superior to those of Bulgarian and Romanian consumption and production of wool and wool products in the near 
batches. Panayotov (2012) reported the main technological future (FAOSTAT). The main task to wool producers and processing 
properties of 17 stock batches of merino wool. Out of the total enterprises is to provide wool of high physico-mechanical and 
amount of 118.191 t greasy wool, one-third (24.52%) was worsted technological quality and its processing into high-quality products. 
and two-thirds (75.48%) – carded wool. Among worsted wool, that of This could be achieved only through an integral approach to sheep 
grade 64s was predominant (84.31%), whereas grade 60s (83.49%) breeding, wool preparation and marketing, wool primary treatment 
prevailed among carded wool samples. The mean weighted lengths and its processing at textile enterprises (Sidortsov, 1974). 
were 59.12 and 47.65 mm, respectively. The washing yield of The traditional classification of wool is not compliant to 
batches varied from 44.64% to 53.65%. The vegetable matter industrial standards. Detailed studies conducted in the 1980s in 
content in all wool types exceeded substantially the standards (from Australia and in the 1990s in Russia on variations in fibre diameter 
2.03 to 2.86%).and length resulted in development of new technologies for 

The aim of the present study was to perform a comparative preparation and instrumental methods for wool testing. They 
evaluation of technological features of industrial batches of permitted to establish functional relationships between the principal 
Bulgarian and imported merino wool. properties and spinning traits as well as to predict the outcome of 

processing. The preparation consists of creating uniform industrial 
batches of wool with the same physical, mechanical and 
technological characteristics, requiring a uniform spinning Material and methods
technology (Rogachev, 2000). The two most important features of 
wool fibres – diameter and length, are essential for wool spinning The investigation was performed in an industrial environment in 
quality and its price (Ward, 1998; Adams and Oldham, 1998; co-operation with Kolhida Ltd – Sliven and comprised industrial 
Rogachev, 2000; Pepper et al., 2000). Earlier research on batches of merino wool originating from Bulgaria (1), Russia (2), 
technological properties of merino wool produced in Bulgaria were 
* e-mail: dpamukova@uni-sz.bg
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Romania (2), Spain (1) and the Czech Republic (1). A total of 16 amount of sorted wool. The percentage of merino worsted wool was 
batches including 7 greasy wool batches, 5 clean wool batches and low (0.94-2.08%). The proportion of low-grade wool was also low 
4 wool sliver batches. The primary processing of wool batches (3.12 – 3.97%). 
(classification, washing and carding) was performed using the The range of wool types obtained after the classification was the 
standard technologies applied at the textile enterprise. After the broadest in batches imported from Romania. The share of merino 
classification, the relative proportions of types vs the total amount of worsted wool in batch 1 was 90.23% including grade 64s merino 
greasy wool were determined. Washing yields of classified greasy worsted (71.69%) and grade 60s merino worsted (18.54%). The 
wool batches were established. percentage of medium worsted wool attained 7.19%. In batch 2, 

Clean merino wool batches were submitted to the following merino carded wool prevailed with 57.52%. The relative proportion 
laboratory tests: fibre diameter (µm), mean weighted length (mm), of merino worsted wool was low (34.26%), and that of fine merino 
short fibre percentage (%), fatness (%), mineral matter content wool – only 14.69%. The amount of medium worsted wool classes 
(dustiness, %), vegetable matter content (%) and moisture (%). The was 4.75% relative to the total batch volume. The major proportion of 
parameters determined on ready wool rovings were as follows: yield the batch imported from the Czech Republic consisted of semifine 
(%), fibre diameter (measured with a lanameter, µm), mean worsted wool (57.62%), followed by semifine carded wool with 
weighted length (mm), length В (mm), short fibre percentage (%) 21.21%. The percentage of merino worsted wool was low (15.39%). 
and moisture (%). The share of the medium worsted wool was 3.52%, and other sorts 

After individual classification of the studied batches, the Czech (medium worsted grey wool, white felt wool, etc.) – 2.36%. As fibre 
and Bulgarian merino wool batches were joined together and then diameter was concerned, the wool imported from Spain could be 
submitted to washing and carding as a new mixed batch, whereas classified as fine merino wool (98.92%). According to the length, 
one of Romanian wool batches was sold as clean wool. merino worsted wool prevailed (57.85% of the batch) The share of 

merino carded wool was 41.07%.
The results of classification of wool showed that the two 

Russian wool batches consisted exclusively of a single industrial Results and discussion
class – grade 64s merino worsted wool (95.94% and 93.95% of all 
batches, respectively). The wool imported from Spain contained two The industrial classification of wool consisted of dividing the 
classes of wool. With regard to the relative share of merino worsted fleece into parts representing different wool classes, distinguished 
wool, the Bulgarian batch came after the Russian, Romanian (batch by their physico-mechanical and technological properties 
1) and Spanish wool.  (thickness, length, strength, elasticity, colour, pollution). During the 

One of the important technological features of the primary wool classification, new batches are formed and further submitted to 
treatment influencing the cost of the end product (the tape of merino specific treatments (washing, carding etc.). The results from the 
wool) is the washing yield. Out of the five studied batches, Russian industrial classification of the studied merino wool batches are 
wool exhibited the highest washing yield – 55.51% (Table 2). The presented in Table 1. In the Bulgarian batch, the highest percentage 
lowest yields were established for the Romanian batch (R2) and the was that of merino carded wool grade 64s – 54.22%. The share of 
mixed batch with Czech and Bulgarian wool – 42.68% and 44%, high-grade wools was 40.98%, including 36.28% fine merino 
respectively. The Spanish (47.60%) and R1 Romanian (47.89%) worsted and 4.70% - merino worsted wool. The proportion of cut hair 
batches occupied an intermediate position. The Spanish and and paint-stained wool was high (2.88%). The fine merino worsted 
Romanian (R2) batches were with the lowest mean weighted wool from the Russian wool batch was 93.95 – 95.94% of the total 

Table 1. Results from the classification of Bulgarian and imported merino wool

Kinds of wool, received
a classification

Quality of
Bradford

Bulgarian,
%

Czech, % Spanish, %
Russian, %

Batch 1 Batch 1Batch 2 Batch 2

Romanian, %

Merino worsted wool

Merino worsted wool

Merino carded wool

Merino carded wool

Semifine worsted wool

Semifine carded wool

Merino muddy wool

Medium worsted wool

Medium worsted wool

Medium worsted grey wool

Cut hair and wool stained with paint

White felt wool

Other grade

High-grade

Low-grade

64

60

64

60

56/58

56

-

50

48/50

48/50

-

-

-

-

-

36.28

  4.70

54.22

-

-

 0.09

-

 1.56

-

 0.27

 2.88

-

-

40.98

59.02

95.94

  0.94

  1.14

-

-

-

  0.41

  0.03

-

-

  1.54

-

-

96.88

  3.12

93.95

  2.08

  2.18

-

  0.16

-

  0.21

  0.12

-

-

  1.30

-

-

96.03

  3.97

71.69

18.54

-

-

  0.02

  0.35

-

  4.98

  2.21

  0.68

  0.01

  0.02

  1.50

90.23

  9.77

14.69

19.57

-

57.52

-

-

-

  2.17

  2.58

  0.45

  0.37

  0.14

  2.51

34.26

65.74

15.39

-

-

-

57.52

21.21

-

-

  3.52

  1.38

-

  0.10

  0.88

15.39

84.61

57.85

-

41.07

-

-

-

-

-

-

-

  1.08

-

-

57.85

42.15
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lengths – 22.62 – 22.86 µm (corresponding to Bradford grade 64s) length and cleanness of fibres, i.e. it had the lowest content of 
whereas the other batches had mean weighted lengths ranging mineral and vegetable matter. The other batches could not receive a 
within 23.83 – 24.62 µm (grade 60s). consistent estimate. There were no considerable differences with 

The wool length varied substantially between the batches. The respect to yield, mean weighted length and short fibre percentage 
longest fibres were those from the Russian (55.35 mm) and between Spanish and Romanian (R1) wool batches, however, the 
Romanian (R2) batches (51.77% mm) and the shortest from mineral and vegetable matter percentages were significantly higher 
Spanish wool (42.67 mm). The other two batches had intermediate in Spanish clean wool. The lowest yield and the highest mineral and 
fibre lengths. The percentage of short fibers is the highest in the vegetable matter contents were exhibited by the Romanian (R1) 
batches from Romanian (P1) (38.56%) and Spanish (38.44%) wool, batch. It ranked second after the Russian batch with regard to the 
and the lowest in Russian (29.77%) and Romanian (P2) (29.88%). length of fibres. The batch from Czech and Bulgarian wool had a 
The batch from Czech and Bulgarian wool occupies an intermediate higher fibre length, lower dustiness and less vegetable matter 
position (34.61%). content than the Spanish batch, but its washing yield was inferior. 

Clean wool fatness is necessary for maintenance of the Compared to both Romanian batches, it occupied an intermediate 
strength, pliability and elasticity of fibres. When the fatness of fibres position. 
is low, they break down extensively, whereas high fatness (>1%) The results from the laboratory tests of tape of wool from 
impedes further processing. The optimum clean wool fatness classified merino wool batches (Table 3) showed the highest yield for 
ranges between 0.5 – 1.0% (average 0.75%) (Nitschke, cited by slivers produced by Russian and Spanish wool (80.12 – 80.63%). 
Rogachev et al., 2000). Fatness of clean wool in the studied batches The yields of the other two batches were lower (70.06 – 72.54%). 
varied from 0.43 to 0.74%, but did not exceed the value stipulated by The mean fibre diameter (measured by means of lanameter) varied 
the standard (0.75%). from 23.57 to 24.86 µm, corresponding to Bradford grade 60s and 

The vegetable and mineral matter contents were the highest in 60/64s. The highest fibre length determined in both tests was 
Spanish (1.39% and 2.57%, respectively) and Romanian (R2) wool established for wool tapes made from Russian wool (67.77 and 
(1.48% and 3.56%, respectively), exceeding the reference values 71.60 mm respectively) and Romanian wool (60.23 and 63.68 mm). 
(1.2% and 2.2%, respectively). The values of these parameters of The fatness and vegetable matter contents of the studied of wool 
the other three batches were comparable to standards. tapes were compliant to the standards.

The drying of wool is exceptionally important for preserving the 
technological properties of fibres. Robinson (cited by Rogachev et 
al., 2000) assumed that the moisture content of clean wool should 

Conclusions not be below 15%. A number of observations from the practice have 
confirmed that clean wool moisture should not be lower than 12%, 

The two Russian wool batches were superior to all other tested because this is the limit where fibres lose their elasticity and become 
batches with respect to high-grade wool content – 96.88% and easily broken. According to the Bulgarian State Standard 4591, 
96.03%. They consisted exclusively of a single industrial class – standard moisture content of clean wool should be 17% with 
grade 64s merino worsted wool (95.94% and 93.95% of batches, variations up to 5%. The moisture content of the studied batches 
respectively). With regard to the relative share of merino worsted varied from 15.72% to 17.13% and was compliant with the standard. 
wool, the Bulgarian batch (40.98%) came after the Russian (96.88% The analysis of results showed that Russian wool was superior 
and 96.03%), Romanian (batch 1) (90.23%) and Spanish wool to other batches with respect to washing yield, mean weighted 

 

 

Table 2. Technological characteristics of clean wool

Origin Yield,
%

Quality of 
Bradford

Length,
mm

Short 
fibres, 

%

Fatness,
%

Vegetable 
matter, 

%

Moisture,
%

Mineral matter 
(dustiness), 

%

Fibre
diameter,

µm
CV

Russian

Spanish

Czech + Bulgarian

Romanian, batch 1

Romanian, batch 2

55.51

47.60

44.00

47.89

42.68

24.62

22.62

24.39

23.83

22.86

24.50

23.65

23.50

22.99

23.18

60

64

60

60

64

55.35

42.67

44.87

43.17

51.77

29.77

38.44

34.61

38.56

29.88

0.48

0.74

0.53

0.43

0.70

0.99

1.39

1.09

1.11

1.48

1.20

2.57

1.28

1.43

3.56

16.01

16.49

15.72

17.13

15.86

Table 3. Laboratory analysis of batches of merino wool sliver

Origin Yield, % Fatness,%
Vegetable 
matter, %

Moisture,%

Short fibres, % Short fibres, %

Fibre diameter Mean weighted length Length B 

µm CV mm mm

Wool length

Russian

Spanish

Czech + Bulgarian

Romanian 

80.63

80.12

70.54

72.06

24.70

23.66

24.86

23.57

25.83

24.94

23.53

21.92

67.77

57.96

50.83

60.23

23.39

23.50

24.41

26.23

71.60

-

56.30

63.68

20.30

-

27.90

22.08

0.60

0.58

0.60

0.40

0.02

0.02

0.01

0.01

19.27

19.87

18.97

18.25
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(57.85%). imposed by our capacity to manage hauteur. Proceedings of the 
Russian wool was superior to the other batches with respect to Australian Society of Animal Production, 22, 101-103.

washing yield (55.51%), mean weighted length (55.35 mm) and fibre Hinkovski Ts, Stoyanov A, Mihaylova L, Lazarov V, Damjanov G 
cleanness (it had the lowest mineral (0.99%) and vegetable matter and Botev D, 1984. Problems in the production and processing of 
content (1.2%)). There were no considerable differences with wool. Reports of the Second National Scientific and Technical 
respect to yield, mean weighted length and short fibre percentage Conference, Sliven (Bg).
between Spanish and batch 1 Romanian wool, although the mineral Panayotov D and Lukarski I, 1988. Technological characteristics of 
and vegetable matter percentages were significantly higher in sheep wool of Thracian fine fleece breed. Journal of Animal 
Spanish clean wool. Sciences, 5, 16-19 (Bg).

The batch from Czech and Bulgarian wool had a higher fibre Panayotov D, 2012. Investigation on technological features on thin 
length, lower dustiness and less vegetable matter content than the (merino) wool stock batches. Journal of Animal Sciences, 4, 25-31 
Spanish batch, but its washing yield was lower. Compared to both (Bg).
Romanian batches, it occupied an intermediate position. Pepper PM, Rose M and Mills DMD, 2000. Influence of Measured 

The highest yield was established for slivers produced by Characteristics on Price Received for Merino Wool from the 
Russian and Spanish wool – 80.63% and 80.12%. The yields of the Traprock Area of Southern Queensland. In: Animal Production for a 
other two batches were substantially lower (72.06% for Romanian Consuming World. AAAP-ASAP Conference, 2nd - 7th July, Sydney, 
and 70.54% for the mixed Bulgarian and Czech batch). Australia.

The highest mean weighted fibre length was determined for Rogachev NV, Vassileva LG, Timoshenko NK, Koldaev VM, 
slivers made from Russian wool (67.77mm) whereas the lowest – for Rjabinina EN, Frolov MI, Zaporoshtenko KL and Razgonov NT, 
slivers produced from mixed Bulgarian and Czech batch (50.83 2000. Primary processing  of wool and market, Moscow, 600 p (Ru).
mm). Sidortsov VI, Quality control of wool, Moswov, 157 p (Ru).

The studied Russian wool batches were of greatest interest as Slavov R, Stankov I and Pamukova D, 2005. Investigation of 
their technological properties were concerned. Mixed with Bulgarian technological signs of Bulgarian and imported merino wool. Journal 
wool batches, they could be largely used to correct and improve the of Animal Sciences, 6, 63-67 (Bg).
yield, short fibre length and proportion in clean wool and wool sliver. Stoyanov A, Nedelchev D, Nakev St, Aleksieva S, Botev D, 

Lukarski I, Ivanov Ju and Nikolov K, 1986. Effectively production 
and processing of thin sheep wool. Effectively manufacturing and 
processing of products from sheep, Sofia, 5-59.References
Ward LE, 1998. The potential to improve wool quality and on-farm 
productivity. Proceedings of the Australian Society of Animal Adams NR and Oldham CM, 1998. Constraints to productivity 
Production, 22, 99-100.
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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