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in application in biotechnology as a tool to interfere the hydrogen metabolism in these 
bacteria. 
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In dried vine fruit production much attention is paid to the development of technologies and 
methods for inhibition the growth and evolution of potentially toxigenic fungi. The most effective 
method to limit the fungi growth is the treatment of raw grape with sulfur dioxide. However, the 
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usage of SO2 is limited by international sanitary regulations. The purpose of this work is to identify 
the correlation between sulfur dioxide content and the contamination degree of dried vine fruits by 
filamentous fungi, as well as to determine if the quantity of sulfur dioxide in dried vine fruits sold in 
Armenia meets the requirements presented in international sanitary rules and regulations. 

Sulfur dioxide – dried vine fruit – grape – filamentous fungi 
 
âáñ³óñ³Í Ë³ÕáÕÇ ³ñï³¹ñáõÃÛ³Ý Ù»ç Ù»Í áõß³¹ñáõÃÛáõÝ ¿ ¹³ñÓíáõÙ åáï»ÝóÇ³É Ãáõ-

Ý³ÍÇÝ ÙÇó»ÉÇ³É ëÝÏ»ñÇ ³×Á ¢ ½³ñ·³óáõÙÁ ³ñ·»É³ÏáÕ ï»ËÝáÉá·Ç³Ý»ñÇÝ ¢ Ù»Ãá¹Ý»ñÇÝ: êÝÏ»ñÇ 
³×Ç ë³ÑÙ³Ý³÷³ÏÙ³Ý ³Ù»Ý³³ñ¹ÛáõÝ³í»ï Ù»Ãá¹Ý ¿ ÑáõÙù³ÛÇÝ Ë³ÕáÕÇ Ùß³ÏáõÙÁ ÍÍÙμÇ »ñÏûù-
ëÇ¹áí (SO2): ê³Ï³ÛÝ SO2-Ç ÏÇñ³éáõÙÁ ë³ÑÙ³Ý³÷³Ïí³Í ¿ ÙÇç³½·³ÛÇÝ ë³ÝÇï³ñ³Ï³Ý Ï³Ýá-
Ý³Ï³ñ·»ñáí: ²Ûë ³ßË³ï³ÝùÇ Ýå³ï³ÏÝ ¿ª áñáß»É SO2-Ç å³ñáõÝ³ÏáõÃÛ³Ý ¢ ÙÇó»ÉÇ³É ëÝÏ»ñáí 
ãáñ³óñ³Í Ë³ÕáÕÇ ³Õïáïí³ÍáõÃÛ³Ý ³ëïÇ×³ÝÇ ÙÇç¢ Ï³åÁ, ÇÝãå»ë Ý³¢ μ³ó³Ñ³Ûï»É Ã» Ð³-
Û³ëï³ÝáõÙ Çñ³óíáÕ ãáñ³óñ³Í Ë³ÕáÕáõÙ SO2-Ç å³ñáõÝ³ÏáõÃÛáõÝÁ áñù³Ýáí ¿ Ñ³Ù³å³ï³ë-
Ë³ÝáõÙ ÙÇç³½·³ÛÇÝ ë³ÝÇï³ñ³Ï³Ý Ï³ÝáÝ»ñÇÝ ¢ ÝáñÙ»ñÇÝ: 

ÌÍÙμÇ »ñÏûùëÇ¹ –ãáñ³óñ³Í Ë³ÕáÕ – Ë³ÕáÕ – ÙÇó»ÉÇ³É ëÝÏ»ñ 
 
В производстве сушеного винограда большое внимание уделяется технологиям и ме-

тодам ингибирования роста и развития потенциально токсигенных грибов. Самым эффек-
тивным методом для лимитирования роста грибов является обработка сырьевого винограда 
диоксидом серы. Однако, использование SO2 лимитировано международным санитарным 
законодательством. Целью настоящей работы является выявление корреляции между 
содержанием диоксида серы и степенью контаминации сушеного винограда мицелиальными 
грибами; а также определение соответствия международным санитарным правилам и нормам 
количества диоксида серы в сушеном винограде реализуемом в Армении. 

Диоксид серы  – сушеный виноград  – виноград – мицелиальные грибы 
 
Favorable climatic conditions in countries with well-developed viticulture contribute 

to the spreading of mold fungi potential producers of ochratoxin A (OTA). As a result of 
mycological analyzes carried out by many authors in different countries OTA was 
frequently detected in grapes and grape derived products, especially in different types of 
dried vine fruits [1, 2, 9, 10].  In order to reduce the risks of contamination of the final 
product during dried vine fruit production much attention is paid to the development of 
technologies and methods for inhibition the growth and evolution of mycotoxigenic 
filamentous fungi. The use of appropriate agrotechnical means and fungicides in grape 
cultivation can significantly prevent the growth of fungi and contamination of final product 
by toxigenic species [6]. In post harvest period, the most effective method for limiting the 
development of mold fungi is the treatment of raw grape with sulfur dioxide [8].  

Sulfur dioxide (SO2) is used in both gas state and powder form of its sulphite, 
bisulphite and metabisulphite salts. These compounds are considered relatively strong 
preservatives because of their strong antimicrobial activity. It also acts as an antioxidant 
that prevents oxidative processes, which results in a discoloration of final product [3]. 
Some sultana and raisin types of grape are treated with sulfur dioxide for getting a lighter 
and golden color [7]. Sulfitation of row materials is usually carried out by gas fumigation 
or immersion in 2-3% sulfuric acid solution. In Armenia dry sulfitation is widely accepted. 

However, it was reported that the residual amount of sulfur dioxide can have a 
dangerous effect on the health of consumer. Food intake with sulfite content, according to 
Settipane [16], caused acute allergic reactions in humans and anaphylactic shock with a 
fatal outcome. It is also known about dangerous effect of SO2 on asthmatic patients [18]. 
SO2 and sulfites greatly reduce the absorption of vitamin B1 in human organism, which can 
lead to a number of health problems, such as chronic headaches and impairment of 
memory. The residual amount of SO2 in the grapes and in the products of its processing 
should not exceed the limit of 1500 mg / kg, established by the Codex Alimentarius [4]. 

The purpose of this work is to identify the correlation between sulfur dioxide content 
and the contamination degree of dried vine fruits by filamentous fungi, as well as to 
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determine if the quantity of sulfur dioxide in different varieties of dried vine fruits sold in 
Armenia meets the requirements presented in international sanitary rules and regulations. 

 
Materials and methods  
Mycological analyses of dried vine fruit samples were carried out with direct planting 

and serial dilution planting methods [12]. The dilution includes following steps: 1) shaking 
the product suspension for 15 minutes on a shaker; 2) infusion for 10 minutes; 3) 
preparation of serial dilutions 1:10 and 1: 100; 4) surface plating from dilutions on nutrient 
mediums. Plates were incubated at 25±1 °C for 7 days. Following nutrient mediums were 
used: CYA (Chapek-Yeast Agar medium, HiMedia Ltd.), GYA (Glucose-Yeast Agar 
medium, HiMedia Ltd.), and MEA (Malt-Extract Agar medium, HiMedia Ltd.). 

The quantity of microscopic fungi in 1 g food was detected according to NF ISO 7698-
91 [5]: 

dn 0.1n
Cω

)( 21 
   

 
С –sum of colonies of fungi grown in all dishes;  d – dilution coefficient; 
n1 – number of dishes used for I dilution;  n2 – number of dishes used for II dilution.  
The quantity of SO2 in dried vine fruit samples was determined by aspiration method 

[20]. The method consists of 3 stages:  
1. Determination of free SO2 – involves aspiration a mixture of sample homogenate 

and 25% phosphoric acid solution, for 15 minutes and titration with 0.01M NaOH solution 
until an olive green color appears. Registration of title value (A). 

2. Determination of bound SO2 - involves aspiration 15 min and simultaneously 
heating solution with content of a sample homogenate. Titration of solution with 0.01 M 
NaOH until an olive green color appears. Registration of title value (B). 

3. Calculation 
 

Free SO2 (mg/l)  Bound SO2 (mg/l) 

 
Total SO2 (mg/l) = Free SO2 (mg/l) + Bound SO2 (mg/l), 
M = molarity of the NaOH solution,  V = sample volume 
 
Results and discussion 
In recent years the volume of imports of dried vine fruit exceeds the volume of its 

production in Armenia [17]. Dried grape are imported into Armenia mainly from Turkey, 
Iran, as well as from other countries: Uzbekistan, Kazakhstan and USA (California). The 
results showed that the contamination level of Armenian, Uzbek and Kazakh dried vine 
fruits by filamentous fungi often exceeds the maximum permissible level of this parameter 
presented in local and international sanitary rules and regulations (table 1). According to 
SanPin 2.3.2.1078-01 maximum permissible amount of diasporas of molds in 1 g of dried 
vine fruit is 5 x102 CFU/g. 
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Table 1. The number of fungi species in genera isolated from dried grape produced in different 
countries and the contamination level of samples 

* Sometimes it was difficult to find out exactly from which country (Iran or Turkey) the product was imported 
 

In order to identify the correlation between content of sulfur dioxide (SO2) and 
contamination level of dried vine fruit by filamentous fungi, the quantities of bound and 
free sulfur dioxide were determined in 30 samples of dried vine fruits by aspiration method. 
The high total amount of sulfur dioxide up to 1350 mg/kg was observed in Iranian and 
Turkish samples (seedless variety) (Fig. 1). The contamination degree of these dried vine 
fruit samples (sultana) by micromycetes did not exceed the value of 1.9x102 CFU/g. In 
local produced samples of white varieties of dried vine fruit the content of bound and free 
sulfur dioxide met the requirements of Codex Alimentarius Commission [4]. 

At the 30 mg/kg residual amount of sulfur dioxide the contamination level of samples by 
fungi exceeded the value of 7.4x102 CFU/g. This does not meet the microbiological safety 
requirements set out in SanPiN 2.3.2.1078-01 [14]. The content of "free" sulfur dioxide (SO2) 
in Iranian and Turkish samples was in range of 45 - 80 mg/kg. The inhibitory effect of SO2 on 
quantity of viable spores - potential producers of ochratoxin A occurred when the residual 
amount of free sulfur dioxide was 60 mg/kg. In analyzed samples of Iranian and Turkish dried 
vine fruit the total content of sulfur dioxide was 900 - 1350 mg/kg, which did not exceed the 
maximum allowable concentrations. But it was very high and could harm consumer with 
diseases in upper respiratory tract. The total content of sulfur dioxide in samples of Armenian 
white dried vine fruit was detected within 600 - 800 mg/kg. Sporulation degree of these 
samples was in rang of 2.3x102- 7.4x102 CFU/g (Fig. 1). 

 
Fig. 1.Correlation between SO2content in dried vine fruit and their contamination level by filamentous fungi  
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Dried vine fruit produced from black or dark red grape varieties are not treated with 
sulfur dioxide, which causes the high contamination degree of black dried vine fruit 
samples by filamentous fungi. The results of mycological analysis of 11 Armenian black 
dried vine fruit samples showed high contamination levels of analyzed samples by 
micromycetes: in range of 4.6х103– 4.3х104 CFU/g.  

Sulfur dioxide and its derivatives have long been used for treatment of raw grape as a 
preservative inhibiting the development of mold-forming fungi and other microorganisms. 
Previously, SO2 was included in the list of safe chemicals, for which no control was 
required. But based on the results of studies that proved its dangerous effect on the human 
health, today its quantity in food products is limited by the international sanitary rules and 
norms. For this reason many scientific works are done to find safe biological methods to 
prevent contamination of food products by filamentous fungi. 
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