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Revised 18 Jan 2021, Tunisian environmental conditions permitted perfect adaptation of fig trees (Ficus carica

Accepted 02 Feb 2021 L.). However, fresh figs are very perishable due to their high-water content and
considerable losses are recorded. Drying is one of the practical technologies and helps to

Keywords preserve product’s quality and increase the availability of figs throughout the year. This
v’ Ficus carica study concerned the effect of two solar drying techniques (open air and greenhouse) on
v fig tree the physicochemical and biochemical characteristics of two local varieties Bither Abiadh
v’ variety (San pedro type) and Bidhi (Smyrna type). The results showed that the moisture content
v sun drying of dried figs was around 18% indicating no significant effect of the drying type and the
v plastic tunnel variety. The observed variation in water activity was attributed mainly to varietal effect.

Bither Abiadh showed the highest moisture content and water activity. Compared to open
air drying, greenhouse improved the external color of figs of the two varieties which
showed the highest values of yellowness and brightness. Drying in a greenhouse allowed
also having total phenolic content approximately twice as high as that drying at open air

v nutritional quality

lachterdhekra@yahoo.com for both varieties. Bidhi revealed the highest content (1098 mg GA / 100g DM). The
Phone: +21623956756; variations of major mineral compounds (Mg, P, K, Ca) were also mainly due to the
Fax: +21673327591 varietal effect. Bidhi showed the highest amounts. While the type of drying had a

significant effect on the content of traces elements (Mn, Fe, Cu, Zn). High temperatures
of the greenhouse generated a decrease of the levels of trace elements. These results
demonstrated several advantages of tunnel drying over traditional air drying. This
technique deserves further research in the local conditions of farmers.

1. Introduction

The fig tree (Ficus carica L.) has been cultivated since a very long time in several regions of the world.
Fig production is mainly located around the Mediterranean basin or in regions with similar climatic
conditions. It is also widely cultivated in tropical and subtropical countries for its commercial value [1].
Fig is a seasonal fruit and three types are grown commercially: the Common type, which develops fruits
parthenocarpically, the Smyrna type, non-parthenocarpic, which requires pollination and the San Pedro
type, which produces parthenocarpically fruits and the main crop after pollination [2]. Fruits can be
consumed fresh, either peeled or not, dried, as jam and also as juice [3]. Fresh and dried figs, considered
as a traditional food, provide high amounts of calcium, potassium and dietary fibres, and bioactive
compounds compared to other fruits [4]. They are important sources of vitamins (thiamin and riboflavin)
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and containing over than 17 types of amino acids [5, 6, 7]. Besides its nutritional value, fig fruits are
widely consumed for its therapeutic properties confirmed by epidemiological studies [8]. They are
exploited in traditional medicine [9, 10]. Figs are rich in phenolic compounds and contain antioxidants,
which prevent pathogenic processes associated with cancer, cardiovascular diseases; diabetes and can
enhance immune function [11]. However, fig is very perishable and conducive to various degradations.
This can lead to very high losses. Hence, conservation techniques are used as an alternative for the
preservation of its nutrients. Drying is one of the ways commonly used for effective preservation of figs
[8]. Sun drying has been practiced widely since ancient times [12]. The main objective of drying is to
increase the shelf life of the product by means of a reduction in the moisture content and water activity
in order to inhibit microbial growth and enzymatic activity [13, 14]. The advantage of using drying is
not only technically convenient, but the costs of processing, packaging, transportation, and storage are
less for dried products than canned and frozen foods [15]. Dried figs have economic benefits and are
widely appreciated by both industrial users and individual consumers [16]. In Tunisia, fig tree has a very
important value and represents a tradition inherited since many generations. A wide diversity of fig
varieties adapted to the different regions has been investigated by several authors [17, 18]. Despite its
high potentialities, fig crop remains under-valued. Drying techniques increases the availability of figs
throughout the year. The aim of this study was to evaluate the effect of two drying techniques: direct
solar drying (open air) and solar drying in a greenhouse, on the quality of dried figs of two local varieties.

2. Material and Methods

2.1. Plant material

Fig varieties selected for this study were ‘Bither Abiadh’ (San Pedro type) (average diameter= 39.89
mm= 4.7) and ‘Bidhi’ (Smyrna type) (average diameter= 47.31 mm= 4.42). Fruits (main crop) of both
varieties were collected from the governorate of Mahdia in Central-Eastern of Tunisia.

2.2. Drying methods

Two types of drying system have been studied: direct solar drying (open air) and solar drying in a
greenhouse. Fresh figs are put (10 kg /variety for each type of drying) on perforated wooden tables with
nets on the inside, raised from the ground and covered by an insect proof (Fig.1). Drying started in
august. The drying period at open air was 18 days, while in a greenhouse it was 10 days.

Figure 1. Drying process of Bither Abiadh and Bidhi figs
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2.3. Physico-chemical analysis

Dried fruits have been analyzed for several parameters. Moisture content was determined according to
the AOAC method [19]. Water activity of dried figs was determined with a Novasina aw Sprint TH 500
analyzer. Fruit skin color parameters (L*(darkness/lightness), a*(green/ red) and b*(blue/yellow)) were
measured using a colorimeter CM Minolta 508i (Osaka, Japan). Mineral analysis was carried out
according to the official method [20]. The mineral elements (Mg, K, Ca, Mn, Fe, Co, Cu, Zn) were
analyzed by atomic absorption spectrometry, whereas phosphorus (P) was determined by a colorimetric
reaction using a spectrophotometer at 430 nm. All measurements were carried out for three replications
except the color which was measured on a dozen fruits.

2.4. Biochemical analysis

Total phenolic content (TPC) was determined using the method described by Singleton and al. (1999)
[21]. The absorbance of the solution was measured at 760 nm on a UV-VIS spectrophotometer. Results
were expressed as mg of gallic acid equivalents (GAE) on a dry weight (DW) (mg GAE/100 g DW).
The antioxidant activity of dried figs was measured by the DPPH method using spectrophotometer
(Biochrom Libra S60) at 515 nm [22]. Three replications were made for these analyzes.

2.5. Statistical analysis

Statistical analysis of the data was carried out using SPSS 20. For each parameter, analysis of variance
was carried out in order to determine the level of significance of the differences between the varieties
and between the drying methods by applying the general multivariate linear model. Mean values relative
to drying methods were submitted to one-way analysis of variance (ANOVA) and separated by Duncan’s
test (P<0.05).

3. Results and discussion

2.1. Dried fig color

Color is an important characteristic that is especially important in products that contain considerable
amount of total sugars, particularly reducing sugars which have the ability to interact with amino acids
resulting in non-enzymatic browning reaction [23]. ‘Bither Abiadh’ and ‘Bidhi’ provided clear fruits for
which a yellow or clear color is a sign of good quality. Compared to open drying, greenhouse drying
improved the external color of figs (Fig.2) with the highest yellowness (b*) and brightness (L*) values
(Table 1).

Figure 2. Color of ‘Bither Abiadh’ dried figs: (a): at open air; (b): in greenhouse
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In direct sun-drying, climatic conditions and light intensity exert significant impact on product color
[24]. This result is similar to those found by Chimi et al. [25] who indicated that direct sun drying of figs
destroyed color, vitamins and flavor.

Table 1: Effect of drying systems on the external color of dried figs

Bidhi Bither Abiadh Effect of Effect of Interaction
Open air Greenhouse Open air Greenhouse ~ variety drying VxDT
M) type (DT)
CEL* 29.93+6.5 53.34+£7.17 34.92+8.96 45.75+£7.06 *® *x ns
CEa* 7.41£1.65 9.35+1.76 9.41+£2.96 8.31+£1.79 ns ns ns
CEb* 16.63x4.35 27.49+4.81 19.88+7.44  28.25+£5.58 ns *x ns
CEC 18.28+4.35 29.13+4.55 22.12+7.62  29.49+5.59 ns *x ns
CEh 1.14+0.1 1.2440.09 1.11£0.12 1.28+0.06 ns *x ns

ns: not significant, ** : highly significant (P<0,01)

2.2. Moisture and water activity

The purpose of the drying operation is to reduce considerably the water present in an initially wet
product. It is therefore a question of achieving a product capable of being preserved considering the
main microbiological and enzymatic activities. The activity of water (aw) is an important parameter to
follow during drying, it characterizes the availability of "free" water. This is the part of water which
actively participates in exchanges with the ambient environment which will have an influence on the
microbiological stability of the product, allowing the growth or the inhibition of the microorganisms.
The results showed no significant effect of drying type or variety on the moisture content of dried figs
which was around 17-18% (Table 2). The variations observed were attributed mainly to the varietal
effect. Bither Abiadh showed the highest activity and moisture content (Table 2). The changes in aw
values were similar to the loss of water content due to the significant relationships between these two
parameters [26].

Table 2: Effect of drying systems on moisture and water activity of dried figs.

Bidhi Bither Abiadh
. . Effect of Effect of Interaction
Open air  Greenhouse Open air Greenhouse variety (V)  drying type VTS
DT)
Moisture (%) 16.72+1.87 17.87£3.02  18.82+1.21 18.74+1.9 ns ns ns
Water 0.65+0.01 0.66+0.01 0.68+0 0.7+0.01 ok ok ns

activity (aw)

ns: not significant, ** : highly significant (P< 0,01)

2.3. Total phenolic content (TPC) and antioxidant activity (AA)

Highly significant differences were recorded between the two varieties for total phenolic content and
antioxidant activity. Drying in a greenhouse permitted to have total phenols content higher two times
than that recorded with open air drying for both varieties. Bidhi exhibited the highest content (1098 mg
GA / 100g DM) (Table 3). The decrease in the total phenol content with open air drying may be due to
the degradation of phenolic compounds by enzymes. Madrau et al. [27] reported that drying apricots for
a long time in the presence of oxygen promotes the degradation of polyphenols through
polyphenoloxidase (PPO). This enzyme was responsible for the oxidation of phenolic compounds and
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their polymerisation into dark brown polymers called melanins [28]. During drying, the activity of PPO
remained high for a long time if the drying temperature is below 55°C. On the other hand, exposure to
a higher temperature (75 °C) inactivated this enzyme [29]. The variation of the antioxidant activity was
mainly attributed to variety effect. Values of AA ranged between 69.91 and 75.16% and Bidhi variety
exhibited the highest value.

Table 3: Effect of drying systems on Total phenolic content (TPC) and antioxidant activity (AA)of dried figs

Bidhi Bither Abiadh
Effect of Effect of Interactic
Open air Greenhouse Open air Greenhouse variety drying VxTS
V) type (DT)
TPC 767.22+182.67 1098+90.22 434.33+81.88 605.22+116.15 *k *k ns
(mgGAE/100gDM)
AA (%) 75.16£0.56 72.56+2.16 69.91+2.1 70.52+1.65 *k ns ns

ns: not significant, ** : highly significant (P< 0,01)

2.4. Minerals content

The results showed significant differences between the two varieties for mineral content. The major
mineral compound for both varieties was potassium (K: 11.3-10.16g/1) and calcium (Ca: 3.3-2.5g/1)
respectively, in Bidhi and Bither Abiadh (Table 4). These results were comparable to those found by
Aljane et al. [30] who showed that Tunisian figs were rich mostly in potassium, calcium and magnesium.
The variation of major mineral compounds (Mg, P, K, Ca) were mainly due to the varietal effect. Bidhi
showed the highest amounts. While the type of drying had a greater influence on the levels of trace
elements (Mn, Fe, Cu, Zn) (Table 4). These findings highlight that the mineral level found in different
research on dried figs made on Italian, Greek and Tunisian samples [31].

Table 4: Effect of drying systems on mineral content of dried figs

Bidhi BitherAbiadh Effect of Effect of drying Interaction
Openair  Greenhouse  Openair  Greenhouse Vvariety (V)  type (DT) VXTS
Mg (g/h) 1.27£0.15  1.16=0.03 0.98+0.38 0.64+0.02 *E ns ns
P (g/) 1.42+0.41 1.26+0 0.98+0.29 0.58+0.04 *x ns ns
K (g/D) 10.21£2.09 11.37+0.26  10.16£3.96  5.98+0.52 ns ns ns
Ca (g/l) 3.38+¢0.31  3.13+0.33 2.49+1.01 1.52+0.13 *x ns ns
Mn (mg/l) 1.95+0.26  1.55+0.14 2.33+1.17 1.21+0.02 ns ns ns
Fe (mg/l) 43.02+5.98 23.02+0.28 26.82+10.47 13.56+0.91 *x o ns
Cu(mg/l) 523£1.13  5.04+0.23 5.18+2.63 2.69+0.27 ns ns ns
Zn (mg/l) 18.77+£2.06 10.09+0.57 13.52+3.91  5.84+0.51 *x o ns

ns: not significant, ** : highly significant (P< 0,01)

Conclusion
Drying was a reliable way to preserve figs, in terms of technical feasibility and nutritional quality. The
results showed several advantages of drying in a greenhouse over sun drying in open air: improvement
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the external color of figs and preservation of total phenols and antioxidant activity. This technique
deserves further research in the local conditions of farmers.

Acknowledgement-This work was supported by the Ministry of Agriculture, Hydraulic Resources and Fisheries
(IRESA) and the Ministry of Higher Education and Scientific Research (University of Sousse). The authors thank the staff
of the Department of Nutrition and Bromatology, EIA, Extremadura University (Spain) for their valuable collaboration.

References

1.

10.

11.

12.

13.

14.

M. E. Irget, U. Aksoy, B. Okur, A. R. Ongun, M. Tepecik, Effect of calcium-based fertilization on
dried fig (Ficus carica L. cv. Sarilop) yield and quality, Scientia Horticulturae, 118(4) (2008)
308-313

W.B. Storey, Subtropical and tropical fruit and nut crops in California, USA. I International
Symposium on Tropical and Subtropical Fruits, 57 (1976) 53-62.

A. Harzallah, A. M. Bhouri, Z. Amri, H. Soltana, M. Hammami, Phytochemical content and
antioxidant activity of different fruit parts juices of three figs varieties grown in Tunisia, Industrial
Crops and Products, 83 (2016) 255-267.

G. Al Askari, A. Kahouadji, K. Khedid, R. Charof, Z. Mennane, Caractérisations physico-
chimique et microbiologique de la figue séche prélevée des marchés de Rabat-Salé, Temara et
Casablanca, Les technologies de laboratoire, 7(26) (2012), 13pp.

M. Viuda-Martos, X. Barber, J. A. Perez-Alvarez, J. Fernandez-Lopez, Assessment of chemical,
physico-chemical, techno-functional and antioxidant properties of fig (Ficus carica L.) powder
co-products, Industrial Crops and Products, 69 (2015) 472-479.

S. Ouchemoukh, S. Hachoud, H. Boudraham, A. Mokrani, H. Louaileche, Antioxidant activities
of some dried fruits consumed in Algeria, Food Science and Technology,49 (2012) 329-332.
https://doi.org/10.1016/1.1wt.2012.07.022.

A. Solomon, S. Golubowicz, Z. Yablowicz, S. Grossman, M. Bergman, H.E. Gottlieb, M.A.
Flaishman, Antioxidant activities and anthocyanin content of fresh fruits of common fig (Ficus
carica), Journal of Agricultural and Food Chemistry, 54 (2006) 7717-7723.

P. Dudez, A. Thémelin,M. Reynes, Le séchage solaire a petite échelle des fruits et 1égumes,
Expériences et procédés.Editions du GRET, Ministere de la Coopération, (1996) 157 pp.

M.F. Khairuddin, H. Haron, H.M. Yahya, N.A.H.C. Malek, Nutrient compositions and total
polyphenol contents of selected dried fruits available in Selangor, Malaysia, J. Agric. Sci, 9(13)
(2017) 41. DOI: 10.5539/jas.vOn13p41

M. Moniruzzaman, Z. Yaakob, R.A. Taha, In vitro production of fig (Ficus carica L.) plantlets. In

5th International Symposium on Fig. International Society for Horticultural Science, Acta Hortic.
1173 (2017) 231- 235. DOI: 10.17660/actahortic.2017.1173.40

Y. Cai, Q. Luo, M. Sun, H. Corke, Antioxidant activity and phenolic compounds of quality and
shelf-life of Litchi fruit (Litchi chinensis Sonn.), Postharvest Biol. Technol., 57 (2004) 162—175.
http://dx.doi.org/10.1016/j.postharvbio.2010.04.005.

M. Shafiur, M. Rahman, Manual de conservacion de los alimentos, Zaragoza: Editorial Acribia
(2003).

J.M. Aguilera, A. Chiralt, P. Fito, Food dehydratation and product structure, Trends in Food
Science & Technology, 14 (2003) 432-437.

M. Cano-Chauca, A.M. Ramos, P.C Stringheta, J.A.M. Pereira, Drying curves and water activity
evaluation of dried banana, Proceedings of the International Drying Symposium. Brazil: Sdo Paulo
(2004).

Lachtar et al., J. Mater. Environ. Sci., 2021, 12(02), pp. 217-223 222



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

S. M. Rahman, Handbook of Food Preservation. CRC  Press, (2007).
https://doi.org/10.1016/S0963-9969(00)00143-5.
M. Khadhraoui, M. Bagues, F. Artés, A. Ferchichi, Phytochemical content, antioxidant potential,

and fatty acid composition of dried Tunisian fig (Ficus carica L.) cultivars, Journal of Applied
Botany and Food Quality, 92 (2019) 143 - 150, DOI:10.5073/JABFQ.2019.092.020

M. Mars, K. Chatti, O. Saddoud, A. Salhi-Hannachi, M. Trifi and M. Marrakchi, Fig cultivation
and genetic resources in Tunisia, an Overview. In:Eds.: J. Leitad and M.A. Neves, Proc. III"! IS
on Fig, Acta Hort., 798 (2008) 27-32.

G. Baraket, A. Ben Abdelkrim, M. Mars, A. Salhi-Hannachi, Genetic diversity and molecular
evolution of the internal transcribed spacer (ITSs) of nuclear ribosomal DNA in the Tunisian fig
cultivars (Ficus carica L.; Moracea), Biochemical Systematics and Ecology, 48 (2013) 20-33.
A.O.A.C. Official methods of analysis. Association of Official Analytical Chemists, 15th Edition,
Washington, D.C., USA, (1990).

AOAC, MAGRAMA, Ministere de I'agriculture, de 1'alimentation et de I’environnement, Espagne,
(1986), http://www.magrama.gob.es.

V.L. Singleton,R. Orthofer, R.M. Lamuela-Raventos, Analysis of total phenols and other oxidation
substrates and antioxidants by means of folin-ciocalteu reagent, Methods Enzymol, 299 (1999)
152-178.

G. Du, M. Li, F. Ma, D. Liang, Antioxidant capacity and the relationship with polyphenol and
Vitamin C in Actinidia fruits, Food Chemistry, 113(2) (2009) 557-562.

W.N. Mat Desa, M. Mohammad, A. Fudholi, Review of Drying Technology of Fig, Trends in
Food Science & Technology, (2019). https://doi.org/10.1016/].tifs.2019.03.018.

F. Sen, U. Aksoy, K. B. Ozer, H. Z. Can, 1. Késeoglu, R. Konak, Impact of yearly conditions on
major physical and chemical properties of fresh, semi-dried and sun-dried fig (Ficus carica L.
‘Sarilop’) fruit, Acta Horticulturae,1173 (2017) 309-314.

H. Chimi, A. Ouaouich, M. Semmar, S. Tayebi, Industrial Processing of Figs by Solar Drying in
Morocco, ISHS Acta Horticulturae, 798 (2008) 331-334.

S. Kog, F. Sen, U. Aksoy, Research on changes of water activity of different processed dried fruits,
Postharvest and Maketing Symposium of Horticultural Products (Izmir, Turkey), 52(1) (2015)
235-242

M. A. Madrau, A. Piscopo, A.M. Sanguinetti, M. Del Caro, F.V. Poiana, A. Romeo, A. Piga, Effect
of drying temperature on polyphenolic content and antioxidant activity of apricots, Eur Food Res
Technol, 228 (2009) 441-448.

J.E. Lozano, Fruit Manufacturing: Scientific Basis, Engineering Properties and Deteriorative
Reactions of Technological Importance, Springer Science + Business Media, LLC (2006) 230pp.
N. Goncuoglu, B.A. Mogol, V. Gokmen, Phytochemicals and health benefits of dried apricots,
Dried Fruits, Phytochemicals and Health Effects, (2013) 226-240.

F. Aljane, I. Toumi, A. Ferchichi, HPLC determination of sugars and atomic absorption analysis
of mineral elements in fresh figs of Tunisian cultivars, African J. Biotech, 6(5) (2006) 599-602.
V. L. Turco, A. G. Potorti, A. Trope, G. Dugo, G. Di Bella, Element analysis of dried figs (Ficus
carica L.) from the Mediterranean areas, Journal of Food Composition and Analysis, 90 (2020)
103503; https://doi.org/10.1016/1.jfca.2020.103503

(2021) : http://www.jmaterenvironsci.com

Lachtar et al., J. Mater. Environ. Sci., 2021, 12(02), pp. 217-223 223



