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ПРЕДГОВОР

Универзитетот „Гоце Делчев” – Штип, со донесување на Законот за 
основање на државен Универзитет „Гоце Делчев” – Штип, започна со работа на 
27 март 2007 година како високообразовна институција со четири факултетски 
единици и со дисперзија на наставата во Штип, Струмица и Кочани. Денес, за 
само четири години од своето постоење, оваа институција прерасна во еден од 
водечките високообразовни центри во Република Македонија, втор по големина, 
со 13 факултети и 1 висока школа и со дисперзија на наставата во 12 општини: 
Штип, Струмица, Кавадарци, Гевгелија, Кочани, Свети Николе, Виница, Берово, 
Радовиш, Прилеп и Скопје. На прагот од четвртата академска година, во нашите 
современо опремени амфитеатри, предавални, лаборатории и кабинети, својата 
иднина ќе ја градат околу 12.800 студенти (со новата студиска 2010/2011 година), 
кои заедно со околу 550 вработени ќе ги доградуваат темелите на овој млад, но 
модерен и перспективен универзитет. 

Земјоделскиот факултет, како интегриран дел од Универзитетот „Гоце 
Делчев” - Штип, ги следи модерните и современи трендови на високото 
образование, а според потребите на пазарот на трудот во државата, наставата ја 
организира во 4 општини и тоа: Штип, Струмица, Кавадарци и Свети Николе - 
Општа насока, тригодишни студии, и четиригодишни студии организирани по 
модули во градовите: Штип - модул Агроменаџмент; Струмица - модул Интегрално 
земјоделско производство; Кавадарци - модул Енологија и Свети Николе - модул 
Преработка на земјоделски производи.

Покрај наставно-образовна дејност, голем дел од своите активности 
Земјоделскиот факултет ги посветува на науката и истражувањето. Како плод 
од стручно-апликативната и научноистражувачката дејност на Земјоделскиот 
факултет произлегува и оваа издание на Годишниот зборник, што во континуитет 
годинава се објавува по деветти пат.

Македонското земјоделско производство има долгогодишно искуство и 
богата традиција за што нашите земјоделски производи се познати по квалитет 
во регионов и пошироко. Инволвирањето на науката во аграрот е еден од нашите 
водечки приоритети, со што го унапредуваме производството на здрава храна по 
квалитет и по квантитет, придонесуваме за развојот на индустријата за преработка 
на земјоделските производи, влијаеме во управувањето на македонските природни 
ресурси, а со тоа непосредно и во развојот на руралната и урбаната средина. 

Оваа издание на Годишниот зборник на Земјоделскиот факултет при 
Универзитетот „Гоце Делчев” – Штип е уште една потврда за нашата севкупна 
активност и стремеж за негување, подобрување и осовременување на македонското 
земјоделско производство.

                        

Издавачки одбор         
Штип, септември 2010 год.

Одговорен уредник
Проф. д-р Саша Митрев
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INTRODUCTION

The “Goce Delcev” University – Stip, resumed operation following the 
enactment of the Law that founded it. The university opened on March 27 th , 2007, 
and established itself as an institution of higher learning made up of four colleges and 
three affi  liates located in Stip, Strumica and Kochani.  

Today, a mere tree years after its establishment, this university has developed 
into one of the leading centers of higher education in the Republic of Macedonia. It 
is now the second largest in the country, and consists of 14 colleges  and affi liates 
in different municipalities, including Stip, Strumica, Kavadarci, Gevgelija, Kochani, 
Sveti Nikole, Vinica, Berovo, Radovish, Prilep and Skopje. 

The university has entered its fourth academic year and already acquired state-
of-the-art equipment for its amphitheaters, lecture rooms, laboratories and offi  ces. In 
that short time 12.800 students (including study year 2010/2011) and 550 employees 
came together to build their future and upgrade the foundation of this young, modern, 
but remarkably prosperous university.

As  an  integral  part  of  the  “Goce  Delcev”  University  –  Stip,  the  College  
of Agriculture  pursued  contemporary  trends  in  higher  education  that  complement  
the requirements of the national labor market. The college has organized its teaching 
and scientifi  c  work  in  four  different  municipalities:  Stip,  Strumica,  Kavadarci  
and  Sveti Nikole. The College of Agriculture, within its department of general studies 
that offers a three and a four year degree, is organized according to various modules: 
agricultural management  in  Stip,  integrated  agricultural  production  in  Strumica,  
enology  in Kavadarci and production and manufacturing of agricultural produce in 
Sveti Nikole.      

The College of Agriculture dedicates a large portion of its activities to science 
and research, in addition to its educational/teaching function. This annual edition, the 
nine in a series, is the result of applied expertise and scientifi  c research performed at 
the “Goce Delcev” University College of Agriculture.     

Macedonian  agricultural  production  has  long  experience  and  a  rich  tradition 
that has led to its excellent reputation in the broader region. Introducing science into the  
agrarian  sector  has  been  a  priority  in  advancing  the  qualitative  and  quantitative 
production  of  healthy  foods.  This  process  contributes  to  the  development  of  food 
manufacturing, and to the university’s scientifi  c impact on the proper management of 
Macedonia’s natural resources. 

This has had a positive effect on the development of rural and urban environment. 
This issue further confi  rms that our overall activity facilitates the goal of fostering, 
improving and modernizing Macedonian agricultural production.

Editor in chief
Prof. Sasa Mitrev, Ph.D

Editorial board     
Stip, September 2009
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UDC 637.5.054   
                                                                             

STATISTICAL PROCESSING OF THE CHEMICAL ANALYSIS 
OF SOME MEAT PRODUCTS

Aco Kuzelov *, Dijana Naseva*, Goran Bojkov**

Abstract
The inceptions of industrial meat processing on the territory of the 

Republic of Macedonia date from the second half of the last century. Тoday, 
there are several meat industries, which have introduced many standards for 
food safety. However, only one of them having set rounded products (slaughter 
of cattle and pigs and production of meat products) has implemented HACCP 
system and ISO-2001-9000. This company has its own laboratory where the 
raw materials and the fi nished product are examined. Various organoleptic, 
chemical and microbiological tests are commonly performed in the laboratory 
existing in this meat company. The above mentioned meat industry has the 
longest tradition in the Republic of Macedonia. The aim of this study is to 
monitor the quality of few chosen products (Tea Sausage, Meat Luncheon, 
Beef Goulash and Smoked Pork Collar) through parameters obtained by 
chemical analysis. Series of ten chemical analyses of chosen parameters were 
gathered through a longer period of time and were treated by mathematical-
statistical analysis.

The obtained results show that the achieved quality fully meets the world 
standards for such types of meat products.

Key words: Chemical analysis, Tea Sausage, Meat Luncheon, Beef 
Goulash, Smoked Pork Collar

Стручен труд
Professional paper

Goce Delcev University, Faculty of Agriculture – Stip, Republic of Macedonia
Student of second cycle studies at the faculty of Agriculture, Module: Processing and control of 
animal products

*
**
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СТАТИСТИЧКА ОБРАБОТКА НА ХЕМИСКИТЕ АНАЛИЗИ НА 
НЕКОИ ВИДОВИ МЕСО 

Ацо Кузелов *, Дијана Насева *, Горан Бојков

Апстракт
Зачетоците на месната индустрија на територијата на Република 

Македонија датираат од втората половина на минатиот век. Денес има 
повеќе месни индустрии со имплементирани стандарди за безбедност на 
храна, а само некои од нив (колење на говеда и свињи и производство на 
месни производи) имаат имплементирано HACCP систем и ISO -2001-
9000 и имаат сопствени лаборатории, каде ги испитуваат суровините 
што се употребуваат за производите од месо, како и готовите производи 
(органолептички, хемиски и микробиолошки). Овие месни индустрии ја 
имаат и најдолгата традиција во Република Македонија. Сите хемиски 
анализи се направени во соодветните лаборатории. 

Целта на ова истражување е да се контролира квалитетот на неколку 
избрани производи (чаен колбас, месен нарезок, говедски гулаш и 
чадено свинско месо), преку хемиски анализи и преку детерминација на 
варијабилноста во нивниот квалитет. Серија од десет хемиски анализи 
на избрани параметри се собирани во текот на подолг временски период 
и истите потоа се обработувани со помош на математичко-статистички 
методи. 

Добиените резултати покажуваат дека квалитетот на испитуваните 
месните производи целосно ги задоволува светските стандарди за таквите 
видови месни производи. 

Клучни зборови: хемиски анализи, чаен колбас, месен нарезок, 
говедски гулаш, чадено свинско месо. 

1. Introduction
The Meat Industry and Slaughterhouse “Sveti Nikole” is a factory for 

processing of meat and meat products with tradition of 50 years. Following 
the world’s achievements in production technologies and ensuring the quality 
of its products, it had implemented ISO 9001:2000 in 2003 and HACCP food 
safety system in 2005.

The quality of the fi nished meat products (Tea Sausage, Meat Luncheon, 
Beef Goulash, Smoked Pork Collar etc.) produced by Meat Industry and 

Универзитет „Гоце Делчев“, Земјоделски факултет – Штип, Република Македонија*
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Slaughterhouse Sveti Nikole, Republic of Macedonia, is regularly monitored 
via microbiological, chemical and sensor analysis of the meat products.

It is well known that the mathematical-statistical analysis is an important 
tool for interpreting the results  obtained by monitoring the quality control of the 
meat. The most important and most commonly used parameter in the statistical 
analysis is the standard deviation (1). If the standard deviation is smaller, that 
much smaller is the variability of a given statistical group of data. The standard 
deviation along with the mean value determines whether the distribution of 
the statistical sum is normal (2). Another important parameter of the statistical 
analysis is the variation coeffi cient. It is used to compare variability of two or 
more characteristics, i.e. the same characteristic measured in different terms.

This study gives preliminary results of the statistical processing of 
the chemical analysis of several meat products. The aim of this study is to 
show the quality of few chosen products (Tea Sausage, Meat Luncheon, Beef 
Goulash and Smoked Pork Collar) through chemical analysis and determine 
their quality variability and rank on quality (unclear sentence, please modify it)

2. Material and methods
Four meat products were chosen to be examined: Smoked Pork Collar, 

Meat Luncheon, Beef Goulash and Tea Sausage. During the production of 
these products, starting from the primary preparation and slaughtering of the 
animals and all through the fi nal production of the mentioned products, all the 
obligatory sanitary and veterinarian measures for slaughtering, as well as the 
primary processing of meat and meat products have been preserved. From all 
these products results were collected in 10 repeated measurements of water, 
fat, proteins, minerals, nitrite and kitchen salt.

The quantity of the water in the products is determined by drying to a 
constant weight at a temperature of 105 C (3). To determine the quantity of fats 
in the fi nal products we used the standard method based on extraction of fats by 
organic dissolvent in a Soxlet apparatus (3, 4). The total amount of proteins was 
determined by the method of Kjeldahl (5). The total amount of ashes (mineral 
materials) was determined by measuring the quantity of ashes in the samples 
after mineralization in a Muffl e Oven at a temperature of 550-650 C (6).

The amount of nitrites was examined by a (please refer just the name of 
the method). The intensity of the color is measured by a spectrophotometer at 
wave longitude of 439 nanometers (7).

The amount of kitchen salt was determined by treatment of 5 gr. of 
the sample with 20 ml of 0, 1 H solution of silver nitrate and 20 ml of nitric 
acid placed on a gas ring for its destruction. A satiated solution of potassium 
permanganate and sugar is then added till the solution becomes colorless. 
A 100 ml of distilled water is then added together with a phero-ammonium 
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sulphate as indicator. Afterwards, the solution is titrated with 0, 1 H solution of 
ammonium rodanide (7).

The obtained results were mathematically and statistically processed by 
a standard computer program, Excel, under defi ned statistical methods. We 
determined the mean values, standard deviation, variation coeffi cient and the 
presence of statistically important differences by the criteria of Duncan and 
Newman-Keuls (8, 9).

3. Results and discussion
The measured quantities of water and fat in the fi nal products are shown 

in Figures1 and 2, respectively. The amount of water in the Tea Sausage varies 
from  22,32% to 33,29% giving an average value of 28,68%. This parameter 
in the Meat Luncheon varied from 55,25% to 60,99% with an average value of 
58,40%, while in the Beef Goulash it ranges from 60,19% to 79,11% with an 
average of 74,30%. The amount of fat in the Tea Sausage ranges from 28,22% 
to 48,28% giving an average value of 39,78%, while in the Meat Luncheon it 
varies from 15,22% to 18,00% giving an average value of 16,08%, and in the 
Beef Goulash it ranges from 5,50% to 15,50% with an average of 8,70%.

The determined amounts of total of proteins and minerals in the fi nal 
products are shown in Figures 3 and 4, respectively. The amount of total proteins 
in the Tea Sausage gives an average values of 21, 70%, in the Meat Luncheon 
give an average of 14, 70%, and in the Beef Goulash gives an average of 12, 
18%. The amount of minerals in the Tea Sausage has an average value of 3, 
24%, while in the Meat Luncheon gives an average of 2, 99%, and in the Beef 
Goulash of the average values is 1, 93%.

The determined amounts of nitrite and kitchen salt in the Smoked Pork 
Collar are shown in Figures 5 and 6, respectively. The average value of nitrite 
is 3, 28mg.%, while the average of kitchen salt is 2, 76%.

The results of the statistical calculation for Meat Luncheon, Tea Sausage 
and Beef Goulash are given in Table 1, while the results for Smoked Pork 
Collar are given in Table 2. 

From the results in Table 1, one can conclude that the minimal coeffi cients 
of variance exist by the Tea Sausage, while the maximum values exist by the 
Meat Luncheon. All sample data are relatively homogenous with low standard 
deviation values. This is an indicator that proves that the production was 
conducted in accordance to standard procedures and with standard quality raw 
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materials. Slight discrepancies were observed only for the Meat Luncheon 
regarding the parameters of water and fat (30,09 and 20,65, respectively), but 
they are within acceptable margins.

The results in Table 2 show that the nitrite quantities are much smaller 
than the permitted ones, while the kitchen salt quantities are within the normal 
margins. The examined samples are relatively homogenous with low standard 
deviation values that indicates that the production was conducted in accordance 
to standard procedures and with standard quality raw materials (10, 11).

4. Conclusions
From the above mentioned we could draw the following conclusions:

1. The average water quantity is 28,68 % for Tea Sausage, 58,40 % for Meat 
Luncheon and 74,30 % for Beef Goulash. The average fat quantity is 8,70 
% for Beef Goulash, 16, 08% for Meat Luncheon and 39,78% for Tea 
Sausage.

2. The average protein quantity is 12,18 % for Beef Goulash, 14,70 % 
for Meat Luncheon and 21,70 % for Tea Sausage. The average mineral 
quantity is 2,28 % for Beef Goulash, 2,99 % for Meat Luncheon and 3,24 
% for Tea Sausage.

3. The smallest coeffi cient of variance denoting the smallest variability 
of the statistical population is observed for the Beef Goulash for the 
parameter of fat 2,36, while the largest statistical variability is observed 
for the Meat Luncheon for the parameter of water 30,09.

4. The examined samples of Smoked Pork Collar show homogenous results 
for nitrite and kitchen salt quantities since the standard deviation and 
coeffi cient of variance have rather low values.
The statistical data prove that the considered meat industry produces 

standard meat products with top quality, thus exhibiting utmost care for the 
health of its consumers. 

5. References
Salitrežić, T., Žugaj, M. (1985). Introduction to scientifi c research work, 

(V. izd.) FOI, Varaždin, 
Šošić, I., Serdar, V.( 1977).  Introduction to Statistical book Zagreb school.
AOC, (1970), Offi cial Methods of Analysis of the Assoc. of Anal. Chemists, 11 Edn.
D. H. William, Washington DC., 20044 
Wochs,W., (1961), Oil und Fette, Analyse nahrnungsfette verlag A. W.HayneErban,1961, 

Berlin, 98-104.
Kjeldahl, J.C.C.T.,En my Methode til Kvaelstofbestemmelse I Organiske Stoffer,
Meed. Carsberg lab.,2,1 0-27 Compt. Rend.Traw. lab.carsberg, 2, 1-12, anal. Chem. 

1883, 22336-382.

Zbornik_Strumica2010.indd   81Zbornik_Strumica2010.indd   81 3/16/11   3:09 PM3/16/11   3:09 PM



 82

Годишен зборник 2009
Yearbook  2009

Универзитет „Гоце Делчев” – Штип, Земјоделски факултет  
Goce Delcev University – Stip, Faculty of Agriculture

Wang,FS, (2001),  Lipolytic and proteolitic properties of dry cured boneless 
hamsripened in modifi ed atmospheres, Mat Sience  59; 1,  15-22.

Chemical analysis of meat and meat products, (1985), Yugoslav Institute of Meat 
Technology 

Brandt, (1979), Statistical and Computational Methods in data analysis Elsevier 
Publichers Co., New York, 55-101.

Georgieva , P.S. Todorinov St. Tančev( 1987), Mathematical methods in statistical 
in technological test  , Preliminary Aanalysis, Agriculltural Science,  XXV, 
100-109.

Rules on meat quality of cattle for slaughter (2003)
Rules for quality of meat products (2003)

Аttachment

Слика 1.    Дистрибуција на резултати од хемиски анализи на вода во 
       месен нарезок, чаен колбас и говедски гулаш
Figure 1.     Distribution of the results from chemical analysis of water in Meat
                    Lucheon, Tea Sausage and Beef Goulash
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Слика 2.    Дистрибуција на резултати од хемиски анализи на масти во месен 
      нарезок, чаен колбас и говедски гулаш
Picture 2.    Distribution of the results from chemical analysis of fat in Meat Lucheon, 
      Tea Sausage and Beef Goulash

Слика 3.    Дистрибуција на резултати од хемиски анализи на протеини во
                    месен нарезок, чаен колбас и говедски гулаш 
Фигуре 3.  Distribution of the results from chemical analysis of proteins in Meat

           Lucheon, Tea Sausage and Beef Goulash
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Слика 4.   Дистрибуција на резултати од хемиски анализи на минерални
                   материи (пепел) во месен нарезок, чаен колбас и говедски гулаш
Figure 4.   Distribution of the results from chemical analysis of minerals (ashes) in
                  Meat Lucheon, Tea Sausage and Beef Goulash

Слика 5.   Дистрибуција на резултати од хемиски анализи на нитрати во
                   чадено свинско месо
Figure 5.   Distribution of the results from chemical analysis of nitrite in Smoked
                  Pork Collar
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Табела 1. Статистички вредности на хемиските анализи на месен нарезок,чаен   
                  колбас и говедски гулаш
Table 1.    Statistical values of the chemical analysis of Meat Lucheon, Tea Sausage
                 and Beef Goulash

Indicator
Meat 

Luncheon
Tea Sausage

Beef 
Goulash

Water

minimum 55,25% 22,32% 60,19%
average 58,40% 28,68% 74,30%
maximum 60,99% 33,29% 79,11%
Standard deviation 1,94% 2,91% 6,13%
Coeffi cient of variance 30,09 9,86 12,12

Fat

minimum 15,22% 28,20% 5,50%
average 16,08% 39,78% 8,70%
maximum 18,00% 48,28% 15,50%

Standard deviation 0,78% 7,41% 3,68%

Coeffi cient of variance 20,65 5,37 2,36

Слика 6.   Дистрибуција на резултати од хемиски анализи на кујнска сол во
                   чадено свинско месо
Figure 6    Distribution of the results from chemical analysis of kitchen salt in
                  Smoked Pork Collar
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Proteins

minimum 12,20% 18,76% 10,81%
average 14,70% 21,70% 12,18%
maximum 16,76% 48,28% 14,20%

Standard deviation 1,13% 2,40% 1,01%

Coeffi cient of variance 13,05 9,04 12,00

Minerals

minimum 2,25% 3,02% 1,17%
average 2,99% 3,24% 1,93%
maximum 3,29% 3,72% 2,28%

Standard deviation 0,42% 0,20% 0,41%

Coeffi cient of variance 7,14 16,53 4,75

Табела 2.  Статистички вредности на хемиските анализи на чадено свинско месо
Table 2.     Statistical values of the chemical analysis of Smoked Pork Collar

Indicator Smoked Pork Collar

Nitrite

minimum 2,15mg.%
average 3,28mg.%
maximum 4,25mg.%
Standard deviation 0,80%
Coeffi cient of variance 4,08

Kitchen Salt

minimum 2,41%
average 2,76%
maximum 4,25%

Standard deviation 0,25%

Coeffi cient of variance 10,90
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