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ABSTRACT

Recently, spearmint (Mentha spicata) has been used as a valuable source of the
potent antioxidant for the nutraceuticals and cosmetic industries. So, antioxidant
activity of spearmint extracts, ethanolic or water, were determined using two lipid
model systems (DPPH scavenging activity and B-carotene bleaching test) and
compare with a synthetic one, phenolic compounds were also determined. UF-white
cheese was manufactured with adding different concentrations of dried spearmint.
Chemical composition and consumer's acceptability of produced white cheese were
studied. The results show that DPPH scavenging activity was 77 % and 87 % for
ethanolic and water extract respectively and lower concentrations of spearmint
showed the highest overall acceptability.
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INTRODUCTION

Foods contain factors that promote the oxidation of fatty acids, which
is the major cause of chemical spoilage, resulting in rancidity and/or
deterioration of the nutritional quality, colour, flavour texture and safety of
foods (Antolovich et al., 2002). There is an increasing interest in both industry
and scientific research for spices and aromatic herbs because of their strong
antioxidant and antimicrobial properties. These properties are due to many
substances, including some vitamins, flavonoids, terpenoids, carotenoids,
phyto- estrogens, minerals (Calucci et al., 2003 and Suhaj, 2006). Antioxidant
may be present as endogenous factors or may be added to preserve food
lipid components from quality deterioration. Synthetic antioxidants such as
butylated hydroxyl anisole (BHA), butylated hydroxyl toluene (BHT) and
propyl gallate (PG) are commonly used in food formulations. However, due to
safety concerns, interest in natural antioxidants has intensified, to address
the demand by consumers (Shahidi, 2000). Spearmint, as a plant, contains a
board range of bioactive compounds from the secondary metabolism such as
lipids, phytochemical, pharmaceutics, flavor, fragrances and pigments.
Extraction techniques have been widely investigated to obtain such valuable
natural compounds for commercialization. Spearmint (Mentha spicata) is
originally a native of the Mediterranean region, belonging to the family
Labiatae (Lamiaceae), and the most common one (Wang & Weller, 2006).
Plants belonging to the Lamiaceae family are very rich in Phenolic
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compounds which have been shown to have antioxidant activity.
Furthermore, these compounds are very attractive not only in modern
phytotherapy but also in food industry (Kanatt et al., 2007). Previous studies
found that spearmint water extract inhibited the mutagenic activity of the
parent compound and other heterocyclic amines through inhibition of
carcinogen activation and via direct effects on the activated metabolites (Vu
et al., 2004). On the other hand, white cheese is a widespread cheese group
produced in many countries and the most popular and economically the most
important variety of traditional soft or semi hard cheese. In Egypt, more than
70% of milk produced is used in cheese making especially white cheese,
statistics show that there is increase in local consumption of white cheese
with the rate of 1.8 % annually (CAPMS, 2004). So, the aim of the present
work was to study the antioxidant activity of spearmint extracts and applied
for the production of white cheese.

MATERIALS AND METHODS

Buffalo's milk retentate was obtained from Dairy Industry Unit, Animal
Production Research Institute, Ministry of Agriculture, Cairo, Egypt. The
chemical composition of milk retentate was 29.2% total solids; fat 15.5 %;
total protein 12.5% and Titratable acidity 0.09%. Dried spearmint (Mintha
spicata L.) was obtained from Medicinal and Aromatic Plant Research Dept.,
Agriculture Research Centre, Giza, Egypt. Microbial rennet (Mucor mehiei)
was obtained from Novo, Denmark.

Preparation of the extracts:

Alcoholic and water extracts were prepared according to the method
which described by Pautanachokchai et al., (2002) and Kansoh et al., (2001)
respectively. The extracts were decanted and the supernatants were filtered
through filter paper Whatman No.1, and lyophilized by a lyophilizer (Snijders
type 2040, Netherlands). The Yield of each extract was determined.
Evaluation of antioxidant activity of spearmint extracts

Antioxidant activity of spearmint extracts were characterized individually by
two complementary test systems, using 2,2-diphenyl-1 picryl-hydrazil, DPPH
(Tepe et al.,, 2005) and B—carotene/linoleic acid (Miller et al., 1993) with
modifications by Wanasundara et al., (1994), and compared with the stable
synthetic antioxidant, Butylated Hydroxy Anisole (BHA). Spearmint extracts
concentration which providing 50% inhibition (ICso) was calculated using the
graph by plotting inhibition percentage against extract concentration. Total
phenolic compounds were determined according to Zheng & Wang (2001),
and the results were expressed as milligrams of gallic acid equivalent/g of dry
extract. All tests were carried out in triplicate.

Cheese making:

Control and spearmint white cheese were prepared according to Foda et
al., (2006) as follows, milk retentate was divided into 4 portions; the first was
served as control. Three different levels {0.25, 0.5 and 0.75% (w/v)} of
ground dried spearmint were added to the other three portions. The mixture
was salted to a concentration of 3%, mixed well and pasteurized at 73 °C for
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15 sec., curds were hold at 40°C after adding the rennet, then distributed in
plastic containers. All cheese samples were stored under refrigerator
temperature (5+2°C) for 5 weeks; samples were taken fresh and every week
for different analysis. Three replicates were prepared for each cheese to
determine their chemical composition and sensory analysis.
Chemical analysis

Cheese samples were analyzed for moisture, fat contents and Titratable
acidity according to Ling, (1963), while total nitrogen (TN %) was determined
by Kjeldahl method (AOAC, 2000). Protein content was obtained by
multiplying the percentage of total nitrogen by 6.38. Water-soluble nitrogen
(WSN) was extracted, Trichloroacetic acid soluble nitrogen (TCA-SN) and
phosphotungstic acid soluble nitrogen (PTA-SN) were determined according
to the method which described by Coskun & Tuncturk (2000). Total volatile
free fatty acids (TVFFA) were determined according to Kosikowski, (1978).
Sensory analysis:

Fifteen panelists (7 male and 8 female, aged between 25 and 45 years)
who have experience with white cheese and regularly used its descriptive
vocabulary, were participated. They scored the cheese for appearance &
colour (20), body & texture (20), odour (20), taste (20), and overall
acceptability (20). Panel members were also instructed to report any defects
or unpleasant flavour. Water and no salted crackers were provided to clean
their palates between tasting.

Statistical analysis

Statistical analysis of experimental data was performed by analysis
of variance (ANOVA) producers using SAS PROC GLM/STAT (SAS, 1998).
Differences among means were identified using Duncan multiple range test.

RESULTS AND DISCUSSION

Yield of spearmint extracts
Ethanolic extract of dried spearmint obtained higher yield (24 %)

compared with water extract (5.4 %). Similar results were reported by Kanatt et
al., (2007) who found the yield of water extract was 6.1 %.
DPPH radical scavenging activity

DPPH radical scavenging activities (%) were increased with increasing
the spearmint extracts from 10 to 250 pg / ml, as shown in Fig.1, with both
ethanolic and water extract. Higher concentration (= 20 pg/ml) of water
extract reduced the DPPH free radical significantly, with an efficacy much
higher than the reference (BHA). Concentration of spearmint providing 50 %
inhibition of DPPH (ICso) is shown in Table (1). ICso of water extract was (7.7
| ug/ml); lower than ethanolic extract and close to BHA value. Kanatt et al.,
(2007) found the ICso of spearmint water extract was 25.8 pg/ml, this
difference could be due to the spearmint type, the extraction method and/or
the quality of the original plant, its geographic origin, the harvesting date,
storage and processing prior to extraction (Ollanketo et al., 2002). Phenolic
compound is one of the major groups acting as primary antioxidants, is
shown in Table (1). Total phenolic compounds in spearmint ethanolic extract
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were significantly higher than in water extract. Similar result was found by
Kaur & Kapoor (2002).

90 ————
g 80 / —————————————
5 70 —
g 60 —e— Water extract
= 50 / R ic extract
£ 40 —aA— BHA
& 30
o 20

10

(o]
10 20 50 100 150 200 250

Extract concentrations (ug/ml)

Fig.1: DPPH radical scavenging activity of different concentration of
spearmint extracts compared with BHA

Table (1) Spearmint extracts providing 50% inhibition of DPPH (ICso)
and their total phenolic compounds

Concentration Water extract Ethanolic extract BHA
1Cso 7.7+ 0918 13.5+1.714 5.0+ 0.47°¢
Total Phenolic* 39.77 £0.20 117.37 £ 3.47 ND

*Amount of Phenolic compounds (mg gallic acid/ g dry extract)

Means in the same raw showing the same capital letters are not significantly different (p<
0.05)

ND = not detected

B-carotene bleaching test

B-carotene bleaching assay, has a high specificity for lypophilic
compounds and in this assay antioxidant capacity is determined by
measuring the inhibition of the volatile organic compounds and the
conjugated diene hydroperoxides arising from linoleic acid oxidation. The
inhibition of linoleic acid oxidation (%) by different concentrations (50, 100
and 200 pg/ml) of spearmint extracts determined at 20,40,60, 80 and 100
min incubation time are shown in Fig.2 a-c. The antioxidant power decreased
with increasing the incubation time. Ethanolic extract did not show any
antioxidant activity at both concentrations 50 and 100 pg/ml, while with
increasing its concentration to 200 pg/ml the activity reached 36.56%, it is
considered as low antioxidant activity (<60%). Water extract showed higher
antioxidant activity after 40 min of incubation time with lower concentration
(50 pg/ml), and after 60 min with higher concentration 100 or 200 pg/ml,
reached 62.28 %, considered as moderate antioxidant activity (60- 70 %) as
mentioned by Kaur & Kapoor (2002). These results are in agreement with
Tepe et al., (2005) who reported that polar extract exhibited stronger activity
than non-polar extracts, indicating that polyphenoles or flavonoids may play
an important role in the activity. BHA being a synthetic antioxidant cannot be
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used beyond a concentration of 200 ppm, while, for antioxidant from natural
sources there is no such limit (Suja et al., 2005).
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Fig. 2: Antioxidant activity of spearmint extract concentrations
determined by B-carotene test compared with BHA
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Physiochemical properties of white cheese with dried spearmint:

Table (2) shows that increasing spearmint concentration from 0.25 to 0.75
% increased the moisture contents of white cheese insignificantly. This could
be due to the ability of the herb for absorbing more water and keep it into the
curd. Also, prolonging the cold storage for 2 weeks decreased the moisture
content significantly. However, the reduction of moisture content in all
samples was slowly, this is due to the fact that cheese were packaged and
stored in plastic containers with low moisture permeability. These results are
in contrarily with previously obtained by Coskun & Tuncturk (2000), Tarakci &
Kucukoner (2006) and Foda et al., (2006). Different concentrations of
spearmint didn't affect fat or protein contents, but significant effect (P<0.05)
was observed in fat content during the cold storage for 5 weeks, while with
protein content only after 2 weeks. These results are similar to those obtained
by Tarakci et al.,, (2004), Tarakci & Kucukoner (2006)) and Foda et al.,
(2006). Titratable acidity (TA) values were changed insignificantly by
increasing the spearmint concentrations and increased significantly (P<0.05)
by prolonging the storage period. Similar results were previously reported by
Foda et al., (2006) and in contrarily with Coskun, & Tuncturk (2000).

Table (2): Effect of dried spearmint on physiochemical properties of
white cheese during cold storage period

Cheese samples Moisture Fat Protein Acidity
(%) (%) (%)
Dried spearmint (%)

Control 68.22 + 0.595¢ 15.22+ 0.27A 10.52+0.145¢ |0.22+0.10°8

0.25 68.77 + 0.64"8 15.25 +0.23* 10.47 +0.14° |0.22 +0.1®

0.50 68.80 + 0.77/8 15.24 +0.347 10.52+0.21° (0.23 +0.1°

0.75 69.08 + 0.63* 15.23+ 0.19* 10.58 +0.40°¢ [0.22 +0.1°

Storage period
(weeks)**

Fresh 68.86 +0.58" 14.75 +0.58F 10.67 +0.28°% [0.12 +0.04"
1 68.91 +0.71 15.07 +0.71° 10.61 +0.26% [0.14 +0.03F
2 68.63 +0.82" 15.15 +0.82° 10.58 +0.28°%  |0.19 +0.04°
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3 67.94 +0.66° 15.22 +0.66° 10.61 +0.31%  |0.26 +0.06°
4 67.94 +0.53° 15.35 +0.53" 10.72 +0.33%  |0.31 +0.07°
5 67.62 +0.63° 15.63 +0.63* 11.03 +0.27* |0.38 +0.06*

Different letters are significantly different (p< 0.05) in each group (cheese samples or
brage period).*Each value represents 18 values, ** Each value represents 30 values.

Effect of dried spearmint on biochemical characters of white cheese:

Water soluble nitrogen (WSN) in herby white cheese, Fig. 3, were
increased significantly (P<0.05) by increasing the concentrations of spearmint
compared with control cheese. These results could be due to higher content
of proteolytic bacteria in herby cheese. Also, significant increased (P<0.05)
was observed after 2 weeks of cold storage (Table, 3). Similar results were
obtained by Coskun& Tuncturk (2000), Agboola & Tesic (2002), Tarakci, et
al., (2004) and Foda et al., (2006).
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Fig.3: Effect of dried spearmint concentrations on WSN content of
white cheese during cold storage period

Fig.4 shows insignificantly increasing in TCA-SN content between
spearmint cheese and control sample. While, significant increased (P<0.05)
was observed after 4 weeks of cold storage (Table, 3). Fig.5 shows that dried
spearmint increased PTA-SN content, but there is no significant increase
presented between the different concentrations. While, significant increase
(P<0.05) was observed after 2 weeks of cold storage (Table 3). Similar
results were obtained by Coskun, & Tuncturk, (2000), Tarakci et al., (2004),
in contrarily with those obtained by Agboola & Tesic (2002). Previous study
showed that different values of TCA-SN and PTA-SN were found in 20
samples of commercial fresh herby cheese related to the environmental
conditions such as storage temperature and humidity, in addition to cheese
making conditions such as pH, salt, different herbs, etc., (Tarakci &
Kucukoner, 2006).
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Fig.4: Effect of dried spearmint concentrations on TCA-soluble
nitrogen content of white cheese during cold storage period
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Fig.5: Effect of dried spearmint concentrations on PTA-soluble
nitrogen content of white cheese during cold storage period

The changes of total volatile free fatty acids (TVFFA) regard to
spearmint concentration are shown in Fig.6. The highest spearmint
concentration (0.75%) caused significant increase in the TVFFA, this value
significantly increased after one week of cold storage (Table, 3). Lipolysis of
control semi hard cheese and which prepared with 1g mint / kg cheese
showed no increase in lipolysis value between days 7 and 30 (Agboola &
Tesic, 2002). These differences could be due to different type of cheese (soft
and semi —hard).

1044



J. Agric. Sci. Mansoura Univ., 34(2), February, 2009

Cheesesamples | WSN/TN% | TCA-SN [ PTA-SN | TVFFA
Dried spearmint*
(%)
Control | 11.51+1.26° [ 3.44+025° | 2.35+0.17° | 2.31+0.40°
4
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Fig.6: Effect of dried spearmint concentrations on Total Volatile Free
Fatty Acids (TVFFA) content of white cheese during cold
storage period

Table (3): Effect of the concentrations of dried spearmint on iochemical
characters of white cheese during cold storage.
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0.25 12.95+2.38"8 3.79+0.11%® 3.29 +0.32% 2.37+0.68°¢
0.50 13.32 +2.55* 3.79 + 0.38%° 3.14+0.594 2.52 +0.18°
0.75 13.31+1.924 4.05+0.06 A 3.10£0.344 3.02 +0.12*
Storage period (weeks) **
Fresh 10.53+1.34° 3.56+0.46 ¢ 2.44+0.50° 2.12+0.48°
1 10.88+1.00° 3.63+0.375¢ 2.48+0.46°° 2.21+0.46%
2 11.15+1.14¢ 3.62+0.305¢ 2.62+0.55%P 2.37+0.43°
3 12.83+1.66° 3.65+0.385¢ 2.77+0.68C 2.60+0.41°
4 13.59+1.9448 3.84+0.43%® 2.88+0.78"8 2.81+0.43°
5 15.25+2.88% 3.96+0.414 3.02+0.89 A 3.05+0.40%
Different letters are significantly different (p< 0.05) in each group (cheese samples or
prage period).*Each value represents 18 values, ** Each value represents 30 values.
FFA = (Total Volatile Free Fatty Acids ) 0.1N of Na OH /10g cheese

Sensory evaluation

Sensory scores of white cheese contained different concentrations of
dried spearmint during cold storage are presented in Table (4). Dried
spearmint with different concentration decreased the appearance & colour
score significantly (P<0.05). While, prolonging the cold storage for 5 weeks
showed insignificant effect on these scores. Increasing dried spearmint from
0.25 to 0.50 decreased body & texture, odour and taste significantly (P<0.05),
while, prolonging the cold storage didn’t affect these parameters. Similar
results were previously obtained by Tarakci & Kucukoner (2006) and Foda et
al., (2006).

Table (4): Effect of dried spearmint concentrations on some
organoleptic properties of white cheese during cold storage.

Conclusion

Dried spearmint and its extracts (ethanolic or water) are recommended to
produce white cheese with high antioxidative activity. The recommended
concentrations of dried spearmint can vary based on the consumer's
acceptability.

Cheese samples Appearance & Body Overall
colour &Texture Odour Taste acceptability
(20) (20) (20) (20) (20)
Dried spearmint*
(%)
0.25 16.20 +0.318  16.83 +0.46% 17.46 +0.768  17.02 +0.998 16.85 +0.56°
0.50 13.22 #1.22¢ 17.15+0.40® 16.13 #1.00° 15.91 +1.06° 15.07 +0.64°
0.75 11.39 #2.22° 16.74 +0.58% 15.83 +1.02° 14.89 +0.96°° 14.37 +0.49°
Storage period (weeks)**
Fresh 17.50 £#3.65* 18.31 +0.79* 17.07 +1.49"® 16.08 +2.72* 16.04 +2.90*
1 17.41 £3.36" 18.24 +0.73* 16.84 +1.75*C 16.27 +2.22* 16.19 +2.89*
2 17.24 £3.49* 18.12 +0.64* 16.81 +1.72*C 16.06 +2.43* 15.93 +2.64"8
3 17.58 #3.06* 18.20 +1.04* 17.48 +1.38* 16.29 +1.81* 16.43 +1.95*
4 17.32 #1.70° 17.74+0.76"® 16.14 +1.76° 15.40 +2.68"® 15.69 2.26"8
5 17.50 #1.85* 17.43 +1.00® 16.58 +1.625C 15.02 +3.168 15.14 +3.05°

Different letters are significantly different (p< 0.05) in each group, cheese samples or
storage period. *Each value represents 18 values, ** Each value represents 30 values.
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Further research should be done to study the effect of cheese processing
(milk pasteurization and homogenization) on the antioxidant activity of herby
cheese.

REFERENCES

Agboola, S. O. and Tesic, M. R. (2002). Influence of Australian native herbs
on the maturation of vacuum-packed cheese. Lebensm.-Wiss.u.-
Technol. 35, 575-583.

Antolovich, M.; Prenzler, P.; Patsalides, D.; McDonald, S. and Robards, K.
(2002). Methods for testing antioxidant activity, Analyst, 127, 183-198.

AOAC, Association Official Analytical Chemists (2000). Official Methods of
Analysis.Official Agriculture Chemistry 16 ™ Ed. AOAC, Washington.
D.C.

Calucci, L.; Pinzono, C.; Zandomeneghi, M. and Capocchi, A. (2003).
Effects of gamma-irradiation on the free radical and antioxidant
contents in nine aromatic herbs and spices. J. Agric. Food Chem, 51,
927- 934.

CAPMS (2004). Annual book of the Central Agency for Public Mobilization
and Statistics, 155-158, Cairo, Egypt.

Coskun, H. and Tuncturk, Y. (2000). The effect of Allium sp. on the extension
of lipolysis and proteolysis in van herby cheese during maturation.
Nahrung, 44, 52-55.

Foda, I. Mervat; EI-Sheikh, M.M.; EI-Kholy, W.1.; and Seleet, L. Faten (2006).
Herbs as a way for improving quality and prolonging shelf life of soft
cheese. Annals Agric Sci Ain Shams Univ., 51, 457-467.

Kanatt, S.R; Chander, R. and Sharma, A. (2007). Antioxidant potential of mint
(Mentha spicatta L.) in radiation processed lamb meat. Food Chem,
100, 451-458.

Kansoh, A. L; EL-Sayed, S. T. and Jwanny, E. W. (2001). Bioactivity of
purification and some properties of antimicrobial compound from
rornman (Punica granatum) peels. Arab J Biotech, 114-122.

Kaur, C. and Kapoor, H. C. (2002). Antioxidant activity and total phenolic
content of some Asian vegetables. Int J Food Sci and Technol., 37,
153-161.

Kosikowski, F.V. (1978). Cheese and fermented milk foods, 2@ ed, Cornell
Univ. Ithaca New York.

Ling, E.R. (1963). Text book of dairy chemistry, vol Il, Practical Chapman
and Hall Ltd. London..

Miller, N.J.; Rice-Evans, C.A.; Davies, M.J.; Gopinathan, V. and Milner, A.
(1993). A novel method of measuring antioxidant capacity and its
application to monitoring the antioxidant status in premature. Clin Sci,
407-412.

Ollanketo, M.; Peltoketo, A.; Hartonen, K.; Hiltunen, R. and Riekola, M. L.
(2002). Extraction of sage (Salvia officinalis L.) by pressurized hot
water and conventional methods: antioxidant ativity of the extracts.
Euro. Food Res. Tehnol. 215, 158-163.

Pautanachokchai, R.; Kishida, A.; Denda, A.; Murata, N.; Konishi, Y.
Viniketkumnen, U.; and Nakae, D. (2002). Inhibitory effects of

1047



Foda, Mervat I. et al.

lemongrass (Cymbopogon citratus, Stapf) extract on the early phase of
hepatocarcinogenesis after initiation with diethylnitrosamine in male
Fischer 344 rats. Cancer Letters, 183, 9-15

SAS (1998). SAS User Guide Statistics. SAS Ints. Inc Cary. NC.

Shahidi, F. (2000). Antioxidants in food and food antioxidants. Nahrung, 44,
158-163.

Suhaj, M. (2006). Spice antioxidants isolation and their antiradical activity: a
review. J. Food Comp and Anal, 531-537.

Suja, K. P.; Jayalekshmy, A. and Arumughan, C. (2005). Antioxidant activity
of sesame cake extract. Food Chemistry, 91, 213-219.

Tarakci, Z. and Kucukoner E. (2006). Effect of different cultures on physico-
chemical and sensory properties of low-fat herby cheese. Food Science
and Technology Inter., 12, 423-482

Tarakci, Z.; Coskun, H. and Tuncturk, Y. (2004). Some properties of fresh
and ripened herby cheese, a traditional variety produced in Turkey.
Food Technology Biotechnology, 42 (1), 47-50.

Tepe, B.; Daferera, D.; Sokmen, A.; Sokmen, M. and Polissiou, M. (2005).
Antimicrobial and antioxidative activities of the essential oils and
various extracts of Salvia tomentosa Miller (Lamiaceae). Food
Chemistry, 90, 333-340.

Vu, T.; Xu, W. and Dashwood, R. H (2004). Antimutagenic activity of
spearmint. Environ Mol Mutagen, 44, (5), 387-93.

Wanasundara, U.; Amarowicz, R.and Shahidi, F. (1994). Isolation and
identification of an antioxidative component in canola meal. J Agric
Food Chem., 42, 1285-1291.

Wang, L. and Weller, C. L. (2006). Recent advances in extraction of
nutraceuticals from plants. Trends in Food Sci Technol. 17, 300-312.

Zheng, W.; and Wang, Y.S.W. (2001). Antioxidant activity and phenolic
compounds in selected herbs. J Agric food Chem., 49, 5165-5170.

o) Gaadl B daladia) g cilad) gald) g Uadll 3usSU sllaal) Jaldil) anis
¢ Viliall e Bgpe ¢ ') daal  desa gxa o b398 sk ) b yia
'WJQ,MJAL“;J;J‘ *C}ua..\faidh\
BOALRN — Bal) — &gall e gil) S pall — L) anid !
BN - dadl) | judi — (uadi e dmala — 4o 30 AL — La&‘z\”xsyﬁ'

Wil dleliall 8 L\.\A; pdiy ged 1A BaSY) & labaay & jaae galll pliadll ey
u_:LA\ uaw\ b.lmS)J aliaall LL&.\X\} 4.\5}.\.\3“ k—lL\S)A” )JJA.’ ?J k_\;_\l‘ 12 ‘_“J} u\).ﬂ\)
(DPPH scavenging activity and B-carotene bleaching i yay calal) g laill <l

test
).\As.zﬁu .\Bjua.u\ Cuyﬁﬂ\uﬂ\@u&\&w\wmgﬂﬁ} _\;.u\_u} )
@Jb.n\oauﬁ)\.ﬂ\‘_gu)ﬂ\jcju\@u‘umay\uaaﬂsmaﬂrusﬂ\}djmsh&_usﬂ\

Ly ((W%) Sl aliidl 508 slad) Bl of Lo Juaatdl il ol
&Luuﬂ Uaddiall ).\S).\” U\ cﬂ_\l\ ua.u\]\u.\;.ﬂ‘sms.“ ?.15;.\3\ )«_L‘IAS(/\V%) u\S 45"1““” uah.\.wd\
il SSG Ga Y 58 ST i)

1048


javascript:AL_get(this,%20'jour',%20'Environ%20Mol%20Mutagen.');

