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IIPEIT'OBOP
Yuusepsureror ,,l'oue [enueB” — Illtum, co JoHecyBawe Ha 3aKOHOT 3a

OCHOBAH€ Ha JIp>KaBeH YHUBEp3UTeET ,,['oue Henues” — llTumn, 3anoyna co padora Ha
27 mapt 2007 rogriHa KaKo BHCOKOOOPa30BHA MHCTUTYIHMja CO YeTUPU (PaKyITETCKA
eIMHAIM U co ucnep3uja Ha HactaBata Bo IITun, Ctpymuna u Kouanu. [lenec, 3a
CaMO YeTUPU TOIMHU Off CBOETO MOCTOEH:E, OBaa MHCTUTYLIMja NpepacHa BO €fieH Off
BOJIEUKUTE BUCOKOOOPA30BHU LieHTpU Bo Peny6iika MakeioHuja, BTOp MO TOJIEMUHA,
co 13 ¢pakynreTn u 1 BUCOKa IIKOJA U CO JEiCIIep3ja Ha HAcTaBaTa BO 12 OMITHHM:
Mtumn, Crpymuna, Kasagapuy, ['eremmja, Kowann, CBetnt Hukone, Buania, Bepogo,
PapoBum, [Tpunen n Ckonje. Ha mparot o yeTBpTaTa akajieMcka rofjiaa, BO HalllTe
COBpPEMEHO OMNpeMeHH amuTeaTpu, MpefaBalHu, 1abopaTopuu U KabUHETH, CBOjaTa
UHUHA Ke ja rpazaT okony 12.800 ctynenTH (co HoBaTta ctyfucka 2010/2011 ropuHa),
KOM 3aefiHo co okoay 550 BpaGoTeHn Ke I' IorpajyBaaTr TeMeJINUTe Ha OBOj MIIajl, HO
MOJIEpPEH 1 MEePCTIEKTUBEH YHUBEP3UTET.

3eMjofienicKNOT (pakysITeT, KaKo MHTETrpupaH fiesa off YHuBep3ureToT ,,l'one
Hemue” - lltun, T ciaegd MOJEPHATE M COBPEMEHM TPEHIOBM HA BHCOKOTO
o0Opa3oBaHue, a Cropey] MOTpebUTe Ha Ma3apoT Ha TPYAOT BO ApKaBaTa, HACTaBaTa ja
opranusupa Bo 4 omurruau v Toa: lltun, Crpymuna, Kasagapuu u Ceetn Hukose -
Omura Hacoka, TPUTOAWIIHKA CTYAUM, W YETUPUTOMIIHA CTYANM OPraHU3WpaHu IO
Mopysm Bo rpafosute: llTumn - Moy ArpomeHanmenT; CTpymuia - Moyt iHTerpasHo
3emjopesicko pon3BofAcTBO; Kasagapuy - moptyn Enonoruja u Cetn Hukone - momyn
IIpepaboTka Ha 3eMjOAEIICKY MTPOU3BOJIH.

ITokpaj HacTaBHO-0Opa30BHA JIEJHOCT, TOJIEM JieJl O CBOUTE AaKTWBHOCTHU
3eMjoIeICKMOT (hakyJATeT I'M NOCBETYBa Ha HaykaTa U MCTpaKyBaweTo. Kako miop
OJl CTPYYHO-AIVIMKATHBHATA M HAYYHOMCTpPaXKyBaukaTa JejHOCT Ha 3eMjOleJICKUOT
¢hakynTeT npounsserysa u opaa usgaHue Ha [oAMIIHIOT 360PHUK, IITO BO KOHTUHYUTET
rofyHaBa ce o6jaByBa IO IeBETTH MarT.

MakeoHCKOTO 3€MjOJIEJICKO TPOM3BOACTBO MMa JOJTOTOMIIHO WCKYCTBO U
GoraTa TpajuiMja 3a WITO HALUMTE 3eM]jOIeJICKU MPOU3BOAM C€ TO3HATHU MO KBAJUTET
BO PETMOHOB U NMOIIKMPOKO. FIHBOJIBMpameTO Ha HayKaTa BO arpapoT € efieH Of] HaluTe
BOJICUKY TIPUOPHUTETH, CO IITO TO YHANpPEyBamMe MPOM3BOJICTBOTO Ha 37paBa XpaHa o
KBAJINTET U 110 KBAaHTUTET, IPUJIOHECYBaMe 3a pa3BOjOT Ha MHAyCTpHjaTa 3a NpepaboTKa
Ha 3eM]jOJIeJICKHTE TIPOM3BO/M, BIIMjaeMe BO yIPaBYBabeTO Ha MAKEIOHCKHUTE TIPUPOIHA
pecypcH, a co Toa HEMOCPENHO 1 BO Pa3BOjOT HA pypajiHaTa U ypOaHaTa CpenHa.

OBaa wum3panue Ha [ogMIIHMOT 300pHUMK Ha 3eMjOfIeJICKHOT (PaKydTeT TNpH
Yuusep3uretoT ,,['oue Hemue” — lllTun e yimre efHa MoTBpja 3a HallaTa CeBKYITHA
aKTMBHOCT M CTPEME:K 32 HETyBakhe , TOJI00PYBak-e M 0COBPEMEHYBar-e Ha MaKEJIOHCKOTO
3eMjOJIEIICKO TTPOU3BOJICTBO.

N3naBauku ofoop OaroBopeH ypemHuK
I'tun, centemspu 2010 rop. IIpod. a-p Cama Mutpes
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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 affiliates
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 ¢ 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 ¢ 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.

Editorial board Editor in chief
Stip, September 2009 Prof. Sasa Mitrev, Ph.D
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UDC 637.5.054 Crpyuen Tpyn
Professional paper

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. Today,
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 finished 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

*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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CTATUCTNYKA OBPABOTKA HA XEMUCKUTE AHAJ/IN3U HA
HEKOMN BUQOBU MECO

Auo Kyzenos *, [lujana Hacesa *, F'opan Bojkos

AncTpakTt

3aveToliTe Ha MeCHaTa WHAYCTpWja Ha TepuTopujaTa Ha Pemy6nmka
Makejionrja laTvipaat oj BTOpaTa TOJIOBMHA HA MWHATHOT BeK. [leHec mma
NOBeKe MECHM WHJIyCTPUM CO MMIUIEMEHTHPAHU CTaHAapiy 3a 6e30eHOCT Ha
XpaHa, a caMo HEeKOM Of] HUB (KOJIeHe Ha TOBEf]a U CBUbU 1 TIPOM3BOJICTBO Ha
MecHHU mipou3Bon) nmmaatr mmruiemeHTrupaHo HACCP cuctem mn ISO -2001-
9000 ¥ mMaaT CONCTBEHW J1a0OpaTOpWH, Kaje I'M UCIUTYBaaT CYpOBHHHTE
mTo ce ynorpebyBaaT 3a MPOU3BOIUTE Off MECO, KaKO U TOTOBUTE TPOU3BOAN
(opraHoONIeNTUYKY, XEMUCKM W MUKpOOMoJonk). OBue MECHM WHAYCTPUH ja
MMaaT W Hajposrata Tpaguuvja Bo Penmy6mmka Makenonuja. Cute XeMHCKA
aHAJIM3Y Ce HAINPABEH! BO COOJIBETHUTE J1Aa60PaTOPHH.

LenTa Ha oBa MCTpaKyBame € 1a Ce KOHTPOJIMPA KBATUTETOT Ha HEKOJIKY
u30paHu Mpou3BOAM (YaeH Koja0ac, MECEH Hape30K, TOBEACKM Trynall u
YajIeHO CBMHCKO MECO), IPEKY XEMHCKM aHAJM3W W MPeKy AeTepMHUHAIMja Ha
BaprjabMITHOCTA BO HMBHHMOT KBaymTeT. Cepuja Off IeCET XEMWCKM aHaJM3u
Ha M30paHy MapaMeTpy ce COOMpaHM BO TEKOT Ha TOJOJT BPEMEHCKU TEPUOJ
M UCTHTE MOTOa ce 06pabOTyBaHW CO MOMOII Ha MaTEeMaTWYKO-CTATHCTUYKA
METOJIH.

JlobueHnTe pe3yaTaT MOKaXKyBaaT ieKa KBAINTETOT HA WCTIUTYBAHUTE
MECHHUTE MPOM3BOJIM IIEJIOCHO TW 3aJI0BOJTyBAa CBETCKHUTE CTAHAP/IM 32 TAKBHUTE
BUJIOBU MECHU MTPOM3BOJIH.

Knyunuu 3060poBU: xemuckiu anaau3u, 4aer Koabac, MeceH HaApe3ok,
208€0CKU 2YAal, YA0EHO CBUHCKO MECO.

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 finished meat products (Tea Sausage, Meat Luncheon,
Beef Goulash, Smoked Pork Collar etc.) produced by Meat Industry and

* Yausep3uter ,,['one Jemues”, 3emjopencku daxymreT — llItum, Penmy6mmka MakenoHuja
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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 V. 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 ®. Another important parameter of the statistical
analysis is the variation coefficient. 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 final 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®. To determine the quantity of fats
in the final products we used the standard method based on extraction of fats by
organic dissolvent in a Soxlet apparatus -#. The total amount of proteins was
determined by the method of Kjeldahl ©. The total amount of ashes (mineral
materials) was determined by measuring the quantity of ashes in the samples
after mineralization in a Muffle Oven at a temperature of 550-650 °C©.,

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 .

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 O, 1 H solution of
ammonium rodanide .

The obtained results were mathematically and statistically processed by
a standard computer program, Excel, under defined statistical methods. We
determined the mean values, standard deviation, variation coefficient and the
presence of statistically important differences by the criteria of Duncan and
Newman-Keuls &9,

n

X
X — =1
n

3. Results and discussion

The measured quantities of water and fat in the final 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 final
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 coefficients
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 %1V,

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 coefficient 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
coefficient 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.
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Cmmka 1. [Iuctpubynuja Ha pe3yaTaTH Off XEMHCKH aHAJIM3U HA BOJ]A BO
MeCeH Hape30K, YaeH K0JI0ac 1 FOBEJICKY IyJialll

Figure 1. Distribution of the results from chemical analysis of water in Meat
Lucheon, Tea Sausage and Beef Goulash
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Distribution of the results from chemical analysis of fat in Meat Lucheon,
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Cnuka 3.
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Figure 4. Distribution of the results from chemical analysis of minerals (ashes) in
Meat Lucheon, Tea Sausage and Beef Goulash
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Cnuka S. [uctpuOynmja Ha pe3ysITaTé Off XeMUCKHU aHAJI3HM HA HUTPATU BO
YajIeHO CBUHCKO MECO

Figure 5. Distribution of the results from chemical analysis of nitrite in Smoked
Pork Collar
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Cmuka 6. [lucTpubyupja Ha pe3ysTaTv off XeMHCKHY aHAJIM3U Ha KYyjHCKa COJI BO

4aJC€HO CBUHCKO MECO

Figure 6 Distribution of the results from chemical analysis of kitchen salt in

Smoked Pork Collar

Tabena 1. CratrcTrukm BPEIHOCTH HAa XEMUCKHUTE aHAJIN31U Ha MECCH HAPE30K ,9aCH

KOJI0AC Y rOBEJCKY Iynail

Table 1. Statistical values of the chemical analysis of Meat Lucheon, Tea Sausage
and Beef Goulash
. Meat Beef
Indicator Luncheon Tea Sausage Goulash
minimum 55,25% 22.32% 60,19%
average 58,40% 28,68% 74.30%
Water maximum 60,99% 33.29% 79,11%
Standard deviation 1.94% 2.91% 6,13%
Coefficient of variance 30,09 9,86 12,12
minimum 15,22% 28,20% 5,50%
average 16,08% 39,78% 8,70%
Fat maximum 18,00% 48.28% 15,50%
Standard deviation 0,78% 7.41% 3,68%
Coefficient of variance 20,65 5,37 2,36
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minimum 12,20% 18,76% 10,81%
average 14,70% 21,70% 12,18%

Proteins | maximum 16,76% 48,28% 14,20%
Standard deviation 1,13% 2.,40% 1,01%
Coefficient of variance 13,05 9,04 12,00
minimum 2.25% 3,02% 1,17%
average 2,99% 3,24% 1,93%

Minerals |maximum 3,29% 3,72% 2.28%
Standard deviation 0,42% 0,20% 041%
Coefficient of variance 7,14 16,53 4,75

Taoena 2. CTaTUCTUUYKA BPEAHOCTU Ha XEMUCKUTE aHAJIN3U Ha YaJIECHO CBUHCKO MECO

Table 2.  Statistical values of the chemical analysis of Smoked Pork Collar
Indicator Smoked Pork Collar

minimum 2,15mg.%
average 3,28mg.%

Nitrite maximum 4.25mg.%
Standard deviation 0,80%
Coefficient of variance 4,08
minimum 241%
average 2,76%

Kitchen Salt maximum 4.25%
Standard deviation 0,25%
Coefficient of variance 10,90
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