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 والمحمصة. المقشوور السمسم بذور طحن بعد يستخرج ولبنان سويفا من ل٤ في معروف غذائي مثتج هي الطحينة خالصة:

 التصنيع، إجراءات وراءة الخام، للمادة النوعية الخصائص راءة تعتبر . الغذائية الوصفات من ولسع طيف في الطحينة تستخدم

 من رديئة نوعية إنتاج في تساهم التي األساسية العناصر من المؤهلة العاملة األيدي وغياب المالئمة، الجودة مراقبة أنظمة وغياب

 السالمونيال ميكروب فظهور المنتج, هذا في الممرضى السالمونيال ميكروب بتواجد األكير المشكلة تتمثل (الطحينة). النهائي المنتج
 المجتمع على خطر تهديدله يمثل الدولية التحذيرات في لبنان في المنتجة الطحينة في الظهور هذا تكدرر عن وإلبالغ الطحينة في

 مجمل وفي السالمونيال ميكروب في عاما بأشعة المعالجة تأثير اختبار الدرسة هذه في تم التقليدي. الطحينة ولقطاع اللبناني

 الدسالمونيال من بدسالله الطحينة عينات تلويث تم حيث لبنقان. في المنتجة للطحينة والحسية الكيميائية الخصائصى

enterica arizonae 4٠6 مربة من تلوث وبمستوىاةة0٢حا1ةx105 ،عينات تعبئة وتم ميكروب/غ 

 الصادرة غاما أشعة من غري كيلو 3 و 2 و 1 و 0 للجرع وتعريضها اثيلين، البولي من أكياس في ملوثة ولفير الملوثة الطحينة

 الذرة الطاقة هيئة في اإلشعاعية المعالجة (نفذت العساعة، في غري 719 قدرها جرعة بمعدل )60 (كوبالت المشع النظير عن

 يصل السالمونيال ميكروب من الحمولة مستوى خفضى في تأثير غري كيلو 3 الجرعة الستخدام كان المعاملة لهذه ونتيجة .السورية)

 الجرع عن ينتج ولم لوغارتمية. دوورت 4 بمقدار الحمولة خفضى توازي النتائج وهذه ميكروب/غ.، x 4٠4 10ل اد حد إلى

٠ للطحينة ولكيميائية الفيزيائية الخصائص في معنوي تغيير أي المستخدمة

اجلودة السملونيال، ، غاهبا أشعة التلحينات، ٠اذح٦مة٦١ القلكهباتئ
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Abstract

Tahineh is a Lebanese and Syrian food product elaborated from the milling of dehulled, roasted 
sesame seeds. It is used in a wide number of food preparations. Poor quality of raw material, poor 
manufacturing practices, lack of sophisticated quality control systems and lack of qualified 
employees are major elements that contribute to the production of inferior quality end product of 
Tahineh. The greatest problem is the presence of the pathogen Salmonella in this product. The 
appearance of Salmonella in Tahineh and the repetitive notification of Lebanese Tahineh on the 
international alerts represent a serious threat to the Lebanese population as well as to the Traditional 
Tahineh sector.
In this study the effect of gamma irradiation on Salmonella and the overall chemical and sensory 
characteristics of Tahineh products produced in Lebanon have been investigated. Samples were 
artificially contaminated by Salmonella enterica arizonae at a level f 4.6 x 105 CFU/g. Polyethylene 
packed contaminated and non contaminated Tahineh samples were treated with 0, 1, 2 and 3 kGy of 
gamma rays using a 60Co source with a dose rate of 719 Gy/h (irradiation was conducted at the Syrian 
Atomic Energy Commission). Following the treatment, a dose of 3 kGy of gamma irradiation was 
shown to reduce the Salmonella population of Tahineh to level of 4.4 x 101 CFU/g. These results 
correspond to a 4 log10 decimal reduction. The applied irradiation doses did not cause any significant 
change in the physico-chemical properties of Tahineh.

Keywords: Tahineh- Gamma Irradiation- Salmonella- Quality
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Introduction

Tahineh, or sesame paste, is a paste produced from de-hulled roasted sesame seeds (Sesamum 
indicum). Tahineh is the name used for this product from the Middle East, while the product from 
Asia is called sesame paste. In Lebanon there are more than 50 commercial plants, some of which are 
equipped with a modern production line. Poor quality of raw material, poor manufacturing practices, 
lack of sophisticated quality control systems and lack of qualified employees are major elements that 
lead to the production of inferior quality end product of Tahineh by industries in Lebanon.
Sesame seeds and sesame seed products have been linked to outbreaks of foodborne illness, mainly 
due to contamination with Salmonella. This has been reported from the Eurosurveillance in the EU. 
Unicomb et al. (2005) described 3 salmonellosis outbreaks in Australia due to contaminated Tahineh 
of which most were imported from Lebanon and the region. Salmonellosis, which is caused by the 
bacteria, can result in serious and sometimes deadly infections.
Since Tahineh is Mediterranean product, it is exported to European countries and the Far East such as 
Australia and New Zeeland. Lebanese Tahineh products were found positive for Salmonella in 
Europe and Australia (Kirk et al 2011), which has created a national crisis followed a campaign by 
the ministries in charge, to detect the source of contamination and take corrective measures. The real 
problem is in the manufacturing process of this product which does not present any stabilization and 
this is shown because Salmonella is found in water, in the processing line as well as in the final 
product (Tannous et al., 2003).
The solution would be to find a method of effective preservation. Numerous processing techniques 
have been developed to control food spoilage and raise food safety. The traditional methods have 
been supplemented with pasteurization (by heat), canning, freezing, refrigeration and chemical 
preservatives (Agrios, 2005). Another technology that can be added to this list is irradiation. Food 
irradiation is the process of exposing amount of energy in the form of speed particles or rays for 
improving food safety, eliminating and reducing organisms that destroy the food products. This is a 
very mild treatment, because a radiation dose of 1 kGy represents the absorption of just enough 
energy to increase the temperature of the product by 0.36°C. It means that, heating, drying and 
cooking cause higher nutritional losses. Moreover, heterocyclic ring compounds and carcinogenic 
aromatic produced during thermal processing of food at high temperatures were not identified in 
irradiated foods (Tomlins, 2008). More than one century of research has gone into the understanding 
of the effective use of irradiation as a safety method. It has been repeatedly considered and judged 
suitable on available evidence. The international bodies including the Food and Agriculture 
Organization (FAO), the International Atomic Energy Agency (IAEA), WHO and Codex 
Alimentarius Commission (CAC) investigate projects on food irradiation to verify the safety and 
quality of different irradiated products. It has shown that irradiation used alone or in combination 
with other methods could improve the microbiological safety and extend shelf-life (IAEA, 2009).
Indeed, exposing the sesame paste to gamma irradiation will help to decontaminate the Tahineh. In 
contrast, irradiation may have negative side; it may form alkylcyclobutanones products and excessive 
changes on proteins, lipids and vitamins content (The Food Safety and Inspection Service (FSIS) - 
FDA). In parallel, physicochemical changes may occur: fatty acids are transformed, other lipids 
oxidize, trans-isomers are formed.
The purpose of this project is to study the effect of gamma irradiation on salmonella and the overall 
chemical characteristics of tahineh products produced in Lebanon and Syria.
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Materials and methods

I-Contamination and microbiological analysis of Tahineh

1- Bacterial strain and raw materials

a-The bacterial strain used

The bacterial strain used in this study was Salmonella enterica arizonae. The strain frozen in 0.5 V/ 
V glycerol was obtained from the Faculty of science at Saint Joseph University (USJ).

b-The raw material used

Tahineh used in this study was purchased from the local Lebanese market, with a net weight of 900 
grams. The same brand of Tahineh was used for all tests to avoid too much variability of the product.

c-Artificial contamination of Tahineh

A volume of 100 L of frozen stock of Salmonella enterica arizonae were re-activated in 25 mL of 
Trypticase Soy broth (TSB) and cultured under agitation at 37° for 12 hours. About 100L was taken 
from the TSB medium and was spread on Trypticase Soy Agar (TSA) and incubated at 37°C for 24 
hours. Then three colonies were then collected and cultured in 25 mL of TSB under agitation at 37°C 
for 24 hours.
Then 20 mL were collected to be added to 1 Kg of Tahineh and then was incubated for 3 days at 
room temperature. At day 4, the product became almost contaminated at a level of approximately
4,6x105 CFU/g.

2- Preparation of samples for irradiation

About 150 g of artificially contaminated and non contanminated Tahineh was loaded into PET 
bottles. Irradiated PET bottles which contain the artificially contaminated Tahineh was used for 
microbiological analyzes, while irradiated PET bottles which contain uncontaminated Tahineh was 
used for physicochemical analyses.
The irradiation took place in the commission Syrian Atomic Energy in Damascus, Syria. The samples 
were irradiated with three replicates at 1, 2 and 3 kGy using gamma irradiator Cobalt 60 at a rate of 
730 Gy/ hour. Control samples (non-irradiated) were included in the experiment.

3- Detection and confirmation of Salmonella

The detection method of Salmonella was performed according to NF EN ISO 6579. In this method 
225 mL of buffered peptone water was added into 25 g of Tahineh. The mixture was homogenized 
for 30 sec. This leads to a pre-enrichment culture after incubation for 24 hours at 42 °C. About 0.1 
mL of the pre-enrichment culture was inoculated into 10 mL Rappaport-Vassiliadis Broth and then 
incubated for 24 hours at 42°C. Following incubation 10 L of the culture was streak on Rapid 
Salmonella Petri plate and then incubation for 24 hours at 37°C was performed. After the incubation 
period 5 colonies were picked up and incubated each on Tryptic Soy Agar (TSA) for 12 hours at 
37°C. Finally the confirmation was done with API 20E kit.
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4-Enumeration of Salmonella

The enumeration of Salmonella was done by a non-accredited method and was applied to the non- 
irradiated samples and on irradiated samples with different doses. About 25 grams of the product was 
introduced into 225 mL of sterile buffered peptone water. After homogenization for 30 seconds, an 
aliquot of the first decimal dilution10-1 produced was kept for 15 minutes for decantation. After 
settling of solid particles, the clear supernatant was used for the preparation of other dilutions. An 
aliquot 1 mL of the supernatant of the 10-1 dilution was added to a tube containing 9 ml of tryptone 
salt to obtain 10-2 dilution and so on until the preparation of the 10-6dilution. An aliquot of 0.1 mL of 
each dilution was streak onto Rapid Salmonella Petri plate and incubated for 24 hours at 37 °C. The 
counting was calculated according to the formula:
Number in CFU/g = (count number of the plate x dilution factor) / 25.

II-Physicochemical analyses of irradiated Tahineh

1-Moisture content % (AOAC, 2010)

The calculation of moisture sesame paste consists in substracting the mass of Tahineh dry weight to 
the mass of Tahineh wet weight.
First, a glass rod and glass petri dish are washed properly with soap and water and then with acetone, 
and kept in an oven at 105 ° C in order to dry completely and then was cooled in a desiccator for 10 
minutes. The glass rod and glass Petri dish are weighed (M1), and the mass was recorded. A 10g of 
Tahineh is spread by the dried glass rod to form a thin layer on the glass petri dish. The Petri dish 
containing Tahineh is weighed again. This mass was noted as well (M2). The introduced Tahineh 
samples was dried incubated for 5 hours in the oven at 105 ° C, then cooled in a desiccator for 10 
minutes. And the dried mass was noted as M3

Water content is calculated as:

Water content= M٦ M3 X100 
M ٦ - M ١

M1: mass of dish and glass rod
M2: mass of dish and glass rod and sample
M3: mass of dish and glass rod and sample after drying

2-Peroxide value (AOAC, 2010)

About 5 grams of Tahineh are weighed into a 250 mL Erlenmeyer flask, to which 20 mL of glacial 
acetic acid and chloroform (3:2) was added. After having added 0.5 mL of saturated KI solution, the 
mixture was shaken for complete dissolution of Tahineh and allow the mixture to stand for 2 minutes. 
A volume of 30 mL of distilled water was then added to the mixture with a few drops of starch 
solution 1%. After stirring, a blue color appears. The liberated I2 was titrated with sodium 
thiosulphate solution (0.1 N). When the blue color disappears, the titration was stopped and the 
volume of sodium thiosulphate was noted (S).
NB: If the blue color does not appear after adding a few drops of the starch solution means that 
Tahineh does not contain peroxides.
The same procedure is applied in parallel to a blank (B) without Tahineh and water was used in this 
case.
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The results are calculated by the following formula:
Peroxide = (S-B) x N x 1000) / W in mEqO2 / kg of Tahineh.
Where S: volume of sodium thiosulfate (mL) used to titrate the blank.
B: volume of sodium thiosulfate (mL) used to titrate the Tahineh.
N: normality of the sodium thiosulphate solution used for the titration.
W: mass of the sample used Tahineh (g)

3-pH

The pH measurement is carried out using a pH-meter. The electrode previously rinsed with distilled 
water was immersed into the Tahineh sample. After waiting 20 seconds, the pH reading was done and 
the pH was noted. The electrode was rinsed again and is kept in a solution of KCl.

4- Saponification value (AOAC, 2010)

About 5 grams of Tahineh was weighed into a 250 mL Erlenmeyer flask, to which 50 mL of 0.7 N 
KOH was added. The flask was covered with a glass topper and was put into the boiling water bath 
for 30 min. The saponification reaction took place at the bottom of the Erlenmeyer flask. After 
cooling the formed soap, a few drops of phenolphthalein was added, and a violet color appeared in 
the mixture. The remaining KOH was titrated with a solution of 0.5 N HCl until a pink color 
appeared and persisted for 15-30 se. The same procedure was applied to a blank (with water).
The saponification value was expressed by:
((B-S) x N x 56.1) / W in mg KOH / gram of Tahineh.
Where: S: Volume of HCl used to titrate the Tahineh (mL)
B: Volume of HCl used to titrate the blank (mL)
N: normality of the HCl used.
W: Mass of Tahineh (g).
56.1: Molecular weight of KOH

5- Acid Value determination

About 5 grams of Tahineh was weighed into a 250 mL Erlenmeyer flask, to which 100 mL of 
absolute ethanol was added. After stiring well to dissolve the Tahineh, a few drops of 
phenolphthalein was added. Free fatty acids were titrated with a solution of 0.1 N KOH until the 
appearance of violet. The volume of KOH used was noted and the percentage of free fatty acids 
contained in the sample of Tahineh analyzed was expressed by the following formula:
(Volume KOH x N x F x 100) / W x 1000
Where: N: normality of the KOH solution used
F: molecular weight of oleic acid = 282 g / mol
W: mass of the sample used Tahineh.
The acid value W in mg KOH / gram of Tahineh is expressed by:
(Volume of KOH x 56.1 x N) / W
where: N: normality of the KOH solution used.
W: mass of the sample used Tahineh.
56.1: molecular weight of KOH.
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6-Extraction of lipids by the Folch method (Folch et al, 1957)

About 5 grams of Tahineh were weighed into a 100 mL Erlenmeyer flask. A volume of 50 L of 
BHT (7.2%) and 50 mL of Folch 1 solution were added. After mixing well to dissolve the Tahineh 
and obtain a homogeneous mixture, the latter is filtered through a filter paper No. 4. A volume of 10 
mL of Folch 1 solution and 12 mL of 0.88% NaCl were added twice to the recovered filtrate and 
placed in a second Erlenmeyer flask, under agitation. Finally, after adding 2 mL of Folch 2 solution, 
two phases appeared in the Erlenmeyer flask: the lower phase contained lipids and chloroform and 
the upper phase contained water and methanol. The upper phase was discarded and the lower phase 
was transferred to a 100 mL clean and dry rotovap solvent receiving flask which the mass was noted 
previously. Chloroform was evaporated from the mixture using rotavap set at 50 ° C. The mass of the 
remaining lipids was weighed and recorded. The mass of fat in Tahineh was calculated by subtracting 
the mass of the clean and dry flask, to the flask containing the mass of pure lipids.

7-Iodine value (AOAC, 2010)

About 0.5 grams of Tahineh was weighed into a 250 mL Erlenmeyer flask. A volume of 5 mL 
chloroform and 25 mL of iodine monochloride was added. After mixing to dissolve the Tahineh, the 
mixture was incubated in the dark for one hour. A lot of 5 mL of 15% KI waas added, followed by 8 
0 mL of distilled water and the mixture was well skalen. The liberated I2 was titrated with a solution 
of sodium thiosulfate 0.1 N until the disappearance of the yellow color. Few drops of starch solution 
was added for the appearance of a blue color, and the titration was continued with sodium 
thiosulphate solution 0.1 until the blue color disappeared. The volume of sodium thiosulfate used was 
noted.
The same procedure should be applied to the blank. Water was used in this case.

The iodine value was calculated as: ((B - S) x N x 12.69) / W in grams of I2 / 100 grams of Tahineh. 
Where B: Volume of sodium thiosulphate used to titrate the blanck (mL)
S: Volume of sodium thiosulphate used to titrate the Tahineh (mL)
N: normality of the sodium thiosulphate solution.
W: Mass of Tahineh (g)

8-Dectection of ACB by GC-MS (AOAC, 2010)

a- Extraction of ACB from a lipid extract

The ACB extraction from lipid extracts was performed as follow: About 250 mg of extracted lipids 
was weighed in a test tube, to which 2.5 mL of 0.5 N NaOH was added. After carefully closing the 
tube, the mixture was boiled in a water bath for 20 minutes. After cooling the tube, 3 mL of solvent 
diethyl ether was added and the new mixture was then boiled in a water bath for 15 minutes (the tube 
tightly closed). The tube was then cooled before addition of 1 mL of hexane and 4 mL of saturated 
NaCl solution. The mixture was vortexed for 30 seconds. Two phases appeared as well. The upper 
phase containing the fatty acid esters and the hexane was transferred to a new tube and kept at - 20 ° 
C until GC-MS analysis, where a quantity of MgSO4 is added.

b- Detection of ACB by GC-MS
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The instrument used for the detection of ACB is gas chromatography coupled with mass 
spectrometry.
A TG-5MS column TraceGOLD with a length 30 meters and 0.25 meters of diameter (film thickness
0.25 microns) is used.
The carrier gas is N2 at a flow rate of 1 mL / min.
The temperature program was set as follows:
Injection temperature: 270 ° C, splitless injection
Initial oven temperature: 55 ° C, hold for 0.5 min, increased to 200 ° C at 20 ° C / min, hold 1 min, 
then increased to 270 ° C at 15 ° C / min, hold 1 min.
The masses were scanned between 50 and 250 m / z. Quantification was made by the characteristic 
ion 98 m / z.
A standard 2-DCB solution was prepared by solving 2-DCB in hexane to a final concentration of 0.5 
^g /mL.

9- Statistical analysis

The four treatments were distributed in a completely randomized designwith three replicates. Data 
were subjected to the analysis of variance test (ANOVA) using the SUPERANOVA computer 
package (Abacus Concepts Inc,Berkeley, CA, USA; 1998). A separation test on treatment means was 
conducted using Fisher's least significant differences (LSD) methods at 95% confidence level 
(Snedecor and Cochran, 1988). D10 value were calculated using Cricket graph computer package (40 
Valley Stream Parkway Malvern,PA 19355, 1986/87/88 Cricket Software.

Results and discussion

I-Destruction of Salmonella by gamma irradiation

The contaminated product was irradiated at different doses: 1, 2 and 3 KGy and the results are 
presented in Table 1. Results showed that with increasing the irradiation dose, the lethal effect is 
increasing. At the moment of contamination (0 KGy) the Salmonella load was at the level of 4,6x105 
CFU/g and reached 44CFU/g at 3 KGy (Table1).

Table 1: Effect of gamma irradiation on Salmonella survival in Tahineh before and after irradiation

Irradiation C oses (KGy)
Storage period 

(month)
0 1 2 3

0 460000±7071 22560±353 3100±141 44±4
6 490000±2828 23100±565 3400±141 41±4
12 480000±1414 23500±848 2900±84 56 ±9

In fact, the destruction of Salmonella from the irradiation is caused by DNA damage. DNA is the 
principal cellular target governing loss of viability after exposure to gamma irradiation. DNA damage
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occurs predom٠nantl, b, the ٠nd٠rect act٠on of gamma ra,s, wh٠ch ٠nteract w٠th other atoms or 
molecules, part٠cularl, water, to produce react٠ve free rad٠cals٠ Cell death ٠s predom٠nantl, ٠nduced 
b, double-strand breaks ٠n DNA, separated b, not more than a few base pa٠rs, wh٠ch can generall, 
not be repa٠red b, the cell (Hall & G٠acc٠a, 2006)٠ Concern٠ng the cellular level, the degradat٠on of 
the prote٠ns and l٠p٠ds membranes cause the destruct٠on of Salmonella. The cho٠ce of the dose of 
٠rrad٠at٠on ٠s ٠mportant to make sure that we have a complete destruct٠on prevent٠ng the cells to use 
the٠r mechan٠sm of reparat٠on to overcome the ٠rrad٠at٠on effect٠

2- The sensitivity of Salmonella to irradiation

The sens٠t٠v٠t, of m٠cro-organ٠sms to ٠rrad٠at٠on or the rad٠ores٠stance of an, m٠croorgan٠sm ٠s 
expressed b, the D10 value: the dose of ٠rrad٠at٠on that reduces the m٠crob٠al populat٠on to 10% of ٠ts 
٠n٠t٠al value or ٠n other words, ٠t's the dose that destro,s 90% of the ٠n٠t٠all, populat٠on of 
m٠croorgan٠sms (Table 2)٠ D10 value ٠s affected b, d٠fferent factors٠ The low water act٠v٠t,, the 
absence of ox,gen and man, other factors ٠ncrease the rad٠ores٠stance because the, l٠m٠t the act٠on 
the rad٠ol,t٠c products٠ That's wh, ٠t's ٠mportant to determ٠ne the D10 of Salmonella ٠n Tah٠neh 
product٠

a-Calculat٠on of D10 of Salmonella ٠n Tah٠neh

Responses to gamma ٠rrad٠at٠on were expressed as the logar٠thm of the rat٠o of surv٠vors (N/ N0), 
where N represents the mean c٠f٠u٠ ml-1 or c٠f٠u٠ equ٠valent ml-1 or equ٠valent g-1 of ٠rrad٠ated 
bacter٠al suspens٠on or DNA, as appropr٠ate, and N0 represents the mean number of c٠f٠u٠ ml-1 (or g-1) 
or c٠f٠u٠ equ٠valent ml-1 or g-1 of non-٠rrad٠ated control٠ The log10 N/ N0 was plotted aga٠nst the 
correspond٠ng rad٠at٠on dose to obta٠n the sem٠-logar٠thm٠c dose-response curve٠ D10 value, def٠ned 
as the rad٠at٠on dose (٠n kG,) requ٠red to reduce the number of c٠f٠u٠ ml-1 (or g-1) or c٠f٠u٠ equ٠valent 
ml-1 (or g-1) b, one log10, was determ٠ned b, calculat٠ng the negat٠ve rec٠procal of the slope of the 
l٠near regress٠on curve (Az٠z et al٠, 1997; Bar٠ et al٠, 2003; Rajkowsk٠ et al٠, 2003)٠ 

Table 2: Calculat٠on of Log (N/ N0) of Salmonella ٠n Tah٠neh w٠th d٠fferent appl٠ed ٠rrad٠at٠on doses

Dose (KGy) Salmonella (CFU/g) Log (N/ No)

0 4,6 x 105 0٠44

1 22 560 0٠85 -

2 3 100 1٠71-

3 44 3٠56-
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Figure 1: Variation of log (N/ N0) depending on the irradiation dose

The D10 value represents the irradiating dose required to reduce the population by 90%.
The determination of the D10 value is done according to the regression of log (N/ N0) depending on 
the dose. D10= -1 / slope = -1/ (-1.292) = 0.77 KGy (Figure 1).

b-Comparison of D10 value of Salmonella in Tahineh with other D10 value of Salmonella in different 
food and with D10 value of other pathogenic organisms

It's important to make a certain comparison between the D10 value of Salmonella in Tahineh and in 
different food such as chicken which we listed its fatty acid composition in paragraph III, and with 
other D10 value concerning different pathogenic organisms.

Table 3: Differences between D10 value of different microorganisms (Olson, 1998)

Pathogens D10 value ( KGy) Food
Salmonella sp. 0.38-0.77 Chicken
A.hydropla 0.14-0.19 Beef
C.jejani 0.18 Beef
Escherichia ،^olii 0157:H7 0.24 Beef
L. monocytogenes 0.45 Chicken
Staphylococcus aureus 0.36 Chicken

r^t^ei^c^c^c^l^T^t^T^c^a^؛ .T^r^T^a^؛^i^؛Y 0.11 Beef
Clostridium botulinum(spores) 3.56 Chicken

Lower D10 values indicate greater sensitivity of the organism in question. Microbial cells, whether 
pathogenic or comprising the normal microflora of foods, exhibit differences in their responses to 
ionizing irradiation. The key factors that control the resistance of microbial cells to ionizing 
irradiation are the size of the organism (the smaller the target organism, the more resistant it is to 
ionizing radiation), type of organism (i.e., cell-wall characteristics and gram positive or gram 
negative in nature i.e: Salmonella is gram - and Clostridium is gram + ; we have a big difference in 
their D10 value), number and relative “age” of the cells in the food sample, and absence or presence of 
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oxygen i.e : Salmonella and Staph. aureus are aerobic; they have approximatively the same D10 value 
0.36.

The type of food also can affect the D10 value. In fact, the D10 value of Salmonella of Tahineh which 
is 0.77 and that of Salmonella of chicken is between 0.38 and 0.77. We can clearly notice that the 
values are so comparative because the fatty acid composition, the major constituent of chicken and 
Tahineh is so similar.

II-Effects of gamma irradiation on the physicochemical properties of irradiated Tahineh.

It's important to study the effect of gamma irradiation on the physicochemical properties of Tahineh 
because those properties may affect the quality of Tahineh.
Because of the high fatty acid content of Tahineh, which is approximatively 59 %, the main physico 
chemical properties that can be affected are: the lipid content, the iodine value, the free fatty acid (as 
oleic acid), the peroxide value and the saponification index. In the second degree, the moisture 
content and the pH may be affected (Table 4). We can notice in a general overview that the variation 
concerning all the parameters is not considerable.

The saponifaction index has a little variation and this indicates that lipids are conserved without any 
modification with their mass because the saponifaction value is an index of mean molecular weight of 
the fatty acids of the glycerides comprising a fat. The lower the saponifaction value, the larger the 
molecular weight of fatty acids in the glycerides and vice-versa

Peroxide value (PV) determined lipid oxidation and rancidity. Detection is achieved by monitoring 
the liberated iodine from NaI by lipid peroxides. Results showed that there was no considerable 
variation in the PV where values ranged between 1.45 to 1.56 mg KOH/ g . Although several studies 
have reported the role of ionizing radiation in the generation of free radicals that induce lipid 
peroxidation (Sweetie et al., 2006), our results showed that there was no formation of peroxides 
during the irradiation and no rancidity which could influence the sensory properties. We should 
notice that the oxidative stability of the Tahineh is due to the presence of the important antioxidants 
sesaminol, sesamolinol, sesamolin and sesamin. Sesame seed oil contains gamma tocopherols along 
with sesaminol and sesamin which possesss Vitamin E like activity.
Concerning the free fatty acids, there was no remarkable variation (approximately 0.039 as oleic 
acid %) which explains that the quatity of the trigycerides also didn't change.

The iodine value varied with increasing irradiation dose from 18.9 to 22.25 g I2/100 g. This increase 
could be caused by the radiolysis and the formation of new fatty acids. The IV is a measure of the 
degree of unsaturation that is widely used to characterize fats and oils and the greater the unsaturation 
(or high IV), the more rapid the oil tends to be oxidized. The protective role of the natural 
antioxidants induced by the presence of sesame oil (i.e., sesamol, sesamin, and sesamolin) resulted in 
a smaller decrease in the double bonds (Kim and Choe 2004).
Concerning the two remaining properties: pH and the moisture content, there was no variation in 
the pH values while we have a certain decreasing in the moisture content value caused by the cleave 
of the peptiditic bonds and this can affect the water retention leading to the slight decreasing of the 
moisture content, and we should add that moisture content of the food is a determination factor of the 
quality and the stability of the processed food products.
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Table 4: Effects of gamma ٠rrad٠at٠on on the ph,s٠cochem٠cal propert٠es of ٠rrad٠ated Tah٠neh

Parameter Storage
period

(month)
Irradiation dose (KGy)

0 1 2 3
0 5٠63±0٠056 5٠55±0٠028 5.5810.014 5.5710.014

pH 6 5.6110.042 5٠57±0٠028 5.5910.014 5.5710.014
12 5٠62±0٠070 5.5710.014 5.5910.028 5.5910.056

0 1.8610.028 1 8710 000 1.7210.056 1.7810.042
Moisture 

content (%)
6 1٠82±0٠014 1.86±0.042 1.7410.014 1.7610.042

12 1.8710.000 1.8510.028 1.7910.028 1.7410.084

0 18.910.141 19.7910.410 19.310.282 22.2510.494
Iodine value (g

I2/1oo g)
6 19٠8±0٠848 19.9±0.169 19.710.565 23.210.424

12 19.41 0.282 21.712.262 20.410.707 23.710.848

0 0.03910.001 0.03910.001 0.03810.001 0.03910.004
Free fatty acid 

(as oleic acid %)
6 0٠042±0٠004 0.039±0.001 0.03710.001 0.03910.001

12 0.04210.001 0011.0 002 0.03910.001 0.04210.001

0 154.814.666 1361? 969 159.811.5556 158.210.707
Saponification 

index (mg 
KOH/ g)

6 158.7±2.262 137.2±0.565 158.410.989 159.411.414

12 160.312.545 138 110 707 160.311.414 160.411.838

0 56.210.141 54.111.414 57.110.282 54.611.131
Lipid content 

(%)
6 57.1±0.989 56.1610.282 56.911.697 55.210.989

12 56.911.131 55.710.141 58.111.414 54.112.404

0 1.4510.028 1.4110.028 1.5210.014 1.5610.014
Peroxide value 

(C)
6 1.43±0.028 1.4410.014 1.5110.042 1.5710.000

12 1.4510.014 1.4310.028 1.5510.014 1.5910.014

III- Detection of 2-Dodecyclobutanone (2-DCB) in irradiated samples

Treatment of foods, such as red meat,poult, and Tah٠neh, that conta٠n palm٠t٠c ac٠d w٠th ٠on٠z٠ng 
rad٠at٠on ma, lead to the format٠on of 2-dodec,lc,clobutanone (2-DCB), a compound found onl, ٠n 
٠rrad٠ated foods٠ So concern٠ng our stud, and after the ٠nject٠on of the solut٠on conta٠n٠ng f٠ve ppm 
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of the standard molecule of 2-DCB, the specific retention time obtained was at 10.30 minutes (Figure 
2-a). The quantities of 2-DCB extracted from the non-irradiated and irradiated samples at different 
doses and analyzed by GC are all below the detection limit of 0.2 ppm.
The 2-ACB results from the cleavage of the triglycerides during the irradiation process. The nature of 
the 2-ACB depend from the fatty acid composition of the product. So as we didn't have any 
formation and detection of 2-DCB, this means that we don't have any cleavage of palmitic acid in the 
Tahineh during the processing (Figure 2-b).a-

b-

Figure 2: a- Typical chromatograms of 2-DCB monitored at m/z 98. b-Mass spectrum of 2-DCB 
between 50 and 250 m/z
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Conclusion and recommendations

Tahineh is a lebanese and Syrian traditional product prepared by crushing roasted sesame seeds. This 
product was considered to be relatively safe and could not sustain microbial growth due to its high fat 
and low moisture contents. However, many incidences have shown that Tahineh can be contaminated 
with many pathogens such as Salmonella spp. (Durlu-Ozkaya ,2006; De Jong et al, 2001; Yamani et. 
al, 2006). Salmonella spp in Tahineh and its products has been costing the industry major economic 
losses as a result of worldwide refusals due to failure of detection of the pathogens prior to exporting 
because of improper sampling and lack of accurate microbial criteria.
One of the recent treatment which could be used to decontaminate Tahineh is the irradiation. This 
technology is applied in many countries and for several food types.
The aim of our study is to study the effect of gamma irradiation on Tahineh concerning the 
microbiological criteria and the physicochemical properties i.e: the lipid content, the free fatty acids, 
the saponification, the peroxide value, the moisture content.
According to our study, we found that the lethal effect increased with the increasing of the irradiation 
dose and this proves the efficacy of the irradiation on the microbiological side. Concerning the 
physicochemical properties, the results showed that there are no big changes before and after the 
irradiation which proves that's why the quality of the product is not affected. And finally, there is no 
detection of 2-DCB and this means that we don't have any cleavage of palmitic acid in the Tahineh 
during the processing.
So in order to ensure the safety of the marketed products and regulate their microbial quality, 
microbial criteria establishment is essential many perspectives can be given:
-Investigate continuously the current situation in the market by comparing the microbial content of 
marketed brands of Tahineh samples to the established criteria of the studies done 
-Study of the shelf life of the Tahineh product to make sure that the variation caused by the 
irradiation is not considerable
-Continuous check of the raw materials used during the processing of Tahineh to avoid the cross 
contamination.
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