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Abstract: Varietal and sun-drying effects on phenolic compounds and their antioxidant activity were investigated during 

the in vitro gastrointestinal digestion of fresh and dried figs. The total phenolic compounds (phenolic, flavonoids, and 

proanthocyanidin) and their antioxidant activity (ferric reducing power; free radical scavenging activity DPPH, and 

phosphomolybdenum test) were evaluated before and after digestion. The total phenolic compounds and the antioxidant 

capacities of fresh and dried figs obtained before digestion were significantly (p < 0.05) higher than those obtained after 

digestion. A significant decrease (p < 0.05) of phenolic compounds and their antioxidant activity was observed during 

different digestion phases (oral phase > gastric phase > intestinal phase). A positive correlation was found between the 

total phenolic compounds and the antioxidant activity tested for both fresh and dried figs. Furthermore, the results showed 

that the digestion has no effect on the total phenolic compounds; however, a negative influence of the pH and the enzymes 

was observed on these compounds and their antioxidant activity. During in vitro gastrointestinal digestion, the varietal 

and the sun-drying has no significant effect on the phenolic compounds and their antioxidant activity. Likewise, the fresh 

or dry variety kept a high content before and after the digestion. 

 

Keywords: In vitro gastrointestinal digestion; figs; phenolic compounds; antioxidant activity; varietal effect; sun-drying 

effect. 

 

INTRODUCTION 

 

Figs are the fruit of fig tree (Ficus carica L.). This 

fruit was originated in the Middle East and is 

naturalized in several regions and especially those 

around the Mediterranean area. According to the 

FAO (2018), Algeria is the third producer of dried 

figs with an annual production of 131,798 tons, 

which represents 12.55% of world production. 

Figs are an excellent source of phenolic compounds 

and have a strong antioxidant activity, which can  
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prevent several diseases (Chawla et al., 2012; Debib 

et al., 2014; Jolayemi et al., 2020). Recently, more 

attention has been paid to phenolic compounds and 

their bioaccessibility, which is defined as the 

amount of a constituent released from a food matrix 

into the lumen of the gastrointestinal tract, which 

could potentially be available for absorption in the 

body through the intestinal barrier. Polyphenols are 

ingested as complex mixtures immersed in a food 

matrix. Only the polyphenols released by the action 

of digestive enzymes in the small intestines and 

bacterial microflora in the large intestine are 
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bioaccessible in the intestine and, therefore, 

potentially bioavailable (Saura-Calixto  et al., 

2007). 

Human studies have taken a long time and they are 

costly and limited by ethical considerations. In vitro 

models, the study of the effects of digestion have 

been developed and used to predict the release of 

polyphenols from the food matrix and assess 

changes in their profiles before absorption 

(Kamiloglu  et al., 2015). These in vitro methods 

have been developed as an alternative approach to 

in vivo studies and are considered as simple tools. 

They have the advantage of being faster, less 

expensive, less manpower and with no ethical 

restrictions (Minekus  et al., 2014).  

Many studies were evaluated the effect of in vitro 

digestion on dietary polyphenols in several fruits 

such as apples (Bouayed  et al., 2011), strawberries 

(Granese  et al., 2014), pomegranate (Gullon  et al., 

2015), grapes (Zoubiri et al., 2019), carob (Ydjedd  

et al., 2017) and prickly pears (Chaalal et al., 2018). 

However, few studies have put interest on the effect 

of in vitro gastrointestinal digestion on phenolic 

compounds of fresh and dried figs. In addition, the 

effects of variety and sun-drying figs on the in vitro 

gastrointestinal digestion of their phenolic 

compounds have been insufficiently investigated. 

Varietal diversity and sun-drying of figs can have a 

significant effect on the contents of phenolic 

compounds and their antioxidant activity during 

gastrointestinal digestion (Kamiloglu and 

Capanoglu, 2013). 

In this work, we investigate the varietal and sun-

drying effect on the bioaccessibility of phenolic 

compounds (total phenolics, total flavonoids, and 

proanthocyanidins) and their antioxidant activity 

during the in vitro gastrointestinal digestion of three 

Algerian fresh and dried figs varieties (Aberkane, 

Azandjar, and Taamriwt).

 

 

MATERIALS AND METHODS  

 

Plant Material 

Three different varieties (Aberkane, Azandjar, and 

Taamriwt) of fig fruits were harvested and dried by 

fig grower’s cooperative from Beni Maouche area, 

Bejaia, which is located in the Northeast of Algeria. 

The varieties were different in their color; the first 

two had a dark color and the third had a light color. 

Drying method was conducted under the sun for 9 

days in August. The figs were spread on reed trays 

in a single layer in an airy and sunny place. They 

were turned from time to time to ensure a 

homogeneous drying. At the end of each day, the 

reed trays were placed inside to prevent absorption 

of moisture during night. The samples were 

lyophilized (Christ, Alpha 1-4 LD plus, Germany), 

ground with a crusher (IKA A 11 B, Germany), and 

passed through a 500 μm sieve. The sample 

powders were kept in the freezer (-18 °C) until 

further analysis. 

 

In vitro gastrointestinal digestion (IVGID) 

In vitro gastrointestinal digestion of the whole 

powders of fresh and dried figs was carried out 

according to the method described by Ydjedd et al. 

(2017). In vitro gastrointestinal digestion of samples 

consists of a three-step procedure, which simulates 

in the mouth (oral phase), in the stomach (gastric 

digestion), and in the small intestines (duodenal 

digestion) using different digestive enzymes such as 

α-amylase, pepsin, and pancreatin, respectively. 

The whole figs powders before digestion phase was 

taken as a control.  

Phenolic extraction procedure 

The extraction was carried out by mixing 1 g of fig 

powder with 20 mL of distilled water on a shaker 

plate at room temperature for 60 min. The mixture 

was centrifuged at 4000 rpm for 15 min and filtered 

using filter paper. The extracts were stored at 4 °C 

until further analysis. 

 

Determination of phenolic compounds 

Total phenolics content (TPC) 

The total phenolic content was quantified according 

to the Folin-Ciocalteu method described by Spanos 

and Wrolstad (1990). A volume of 1 mL of the 

extract, before and after each digestion phases, was 

mixed with 5 mL of folin-Ciocalteu reagent (0.2 N). 

After 3 min of incubation at room temperature, 4 

mL sodium carbonate (Na2CO3, 2%) were added. 

After 2 h of incubation in the dark at room 

temperature, the absorbance was measured at 750 

nm. The results were expressed as milligrams of 

gallic acid equivalent per 100 grams of dry matter 

(mg GAE/100 g DM). 

Total flavonoids content (TFC) 

The total flavonoids content was determined by the 

aluminum trichloride method (AlCl3) which was 

described previously by Dewanto et al. (2002). A 

volume of 0.25 mL of extract was mixed with 1.25 

mL of distilled water and 75 µl of sodium nitrite 

solution (NaNO2, 5%). After 6 min of incubation at 

room temperature, 150 μl of aluminum trichloride 

(AlCl36H2O, 10%) were added. After 5 min, 0.5 mL 

of NaOH (1 M) was added. The volume was 

adjusted to 2.5 mL with distilled water. The 

absorbance was measured directly at 510 nm. The 
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TFC was calculated by referring to a standard curve 

obtained using quercetin as a standard. The results 

were expressed as milligrams quercetin equivalent 

per 100 grams of dry matter (mg QE/100 g DM). 

 

Total proanthocyanidins content (TPrC) 

The proanthocyanidins content was determined 

according to the butanol-HCl method described 

previously by Škerget et al. (2005). A volume of 0.5 

mL of extract was added to 2 mL of the butanol-HCl 

reagent (77 mg FeSO4 dissolved in 500 mL HCl-

butanol (2:3)). The mixture was incubated at 95 °C 

for 15 min. In the acidic medium and under the 

effect of heat, the proanthocyanidins were 

dissociated and gave a specific coloration. The 

absorbance was measured at 530 nm. The results 

were determined according to Beer-lambert's law 

(Eq. 1) using cyanidine as a standard (MW = 287.24 

g/mol, Ԑ = 34700 l/mol/cm). The TPrC was 

expressed as milligrams cyanidine equivalent per 

100 grams of dry matter (mg CE/100 g DM). 

𝐴 = Ԑ. 𝐶. 𝐿                       Eq. 1 

 

Determination of antioxidant activities  

Ferric reducing power (FRP) 

The ferric reducing power was determined 

according to the method described previously by 

Oyaizu (1986). A volume of 0.5 mL of extract was 

added to 0.5 mL of phosphate buffer (0.2 M, pH 6.6) 

and 0.5 mL of potassium ferricyanide (1%). After 

incubation at 50 °C for 20 min, 0.5 mL of 

trichloroacetic acid (10%) was added to the mixture. 

After centrifugation at 1700 g for 15 min, an aliquot 

of 1 mL of the supernatant was mixed with 1 mL of 

distilled water and 0.2 mL of ferric chloride (0.1%). 

After incubation in the darkness for 10 min, the 

absorbance was measured at 700 nm. The results 

were expressed as milligrams ascorbic acid 

equivalent per 100 grams of dry matter (mg 

AAE/100 g DM). 

 

Free radical scavenging activity (FRSA) 

Free radical scavenging activity DPPH was 

determined according to the method described 

previously by Kumaran and Joel karunakaran 

(2006). A volume of 100 μl of extract was added to 

2000 μl of the 2-diphenyl-1-picrylhydrazyl solution 

(DPPH) (0.1 mM). The mixture was incubated for 

30 min in the darkness and the absorbance was 

measured at 517 nm. The results were expressed as 

milligrams ascorbic acid equivalent per 100 grams 

of dry matter (mg AAE/100 g DM). 

 

Phosphomolybdenum test (PhM) 

The antioxidant activity was also evaluated by the 

phosphomolybdate method described previously by 

Prieto et al. (1999). A volume of 2 mL of the 

phosphomolybdate reagent (0.6 mol/l of sulfuric 

acid, 28 mmol/l of sodium phosphate and 4 mmol/l 

of ammonium molybdate) was added to 200 μl of 

extract. After incubation for 90 min at 95 °C, the 

absorbance was measured at 695 nm. The results 

were expressed as milligrams gallic acid equivalent 

per 100 g of dry matter (mg GAE/100 g DM). 

 

Statistical analysis 

All analyses were carried out in triplicate and the 

results were reported as mean ± standard deviation. 

Statistica 5.5 software (StatSoft® Inc. USA) was 

used to perform the analysis of ANOVA followed 

by the post-hoc Tukey HSD test to analyze the 

significance of the differences between 

homogeneous groups at a significance level of 0.05. 

Principal Components Analysis (PCA) was carried 

out using the XLSTAT software (Version 

2009.1.01. Addinsoft®). This factor analysis also 

allows the conduction of Person (n) correlation tests 

to visualize possible correlations between phenolic 

compounds and their antioxidant activities. 

 

 

RESULTS  

 

Phenolic compounds  

Total phenolic content 

The TPC of three fresh and dried figs varieties 

before and during IVGID are presented in Figure 1. 

Before digestion, the fresh figs revealed high levels 

of TPC with values of 456.88, 381.33 and 197.24 

mg GAE/ 100 g DM for the Aberkane, Taamriwt, 

and Azandjar varieties, respectively. A significant 

difference (p < 0.05) was observed in the TPC 

between the three fresh figs varieties before 

digestion and after oral and gastric phases. 

Likewise, in the intestinal phase, only the TPC of 

Aberkane variety was significantly different (p < 

0.05) from the two other varieties studied (Figure 

1a).  

Before digestion and after the oral phase, a 

significant difference was observed between the 

TPC of three dried varieties studied. Indeed, the 

Azandjar variety presents a highest TPC with values 

of 270.48 and 263.43 mg GAE /100 g DM before 

digestion and after the oral phase, respectively, 

followed by the Aberkane and Taamriwt varieties. 

After the gastric and intestinal phases, no significant 

difference (p ˃  0.05) was observed between the both 

varieties with dark color (Aberkane and azandjar), 

however, only Taamriwt variety was significantly 
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different (p ˂ 0.05) from the other varieties which 

presents à lowest TPC after the last two digestion 

phases (Figure 1b). 

Concerning the fresh figs, a significant difference (p 

< 0.05) was recorded between the different 

digestion phases (Figure 1c). For the Aberkane 

variety, a significant decrease (p < 0.05) in TPC was 

observed between the different digestion phases. 

However, a lowest TPC was obtained in the 

intestinal phase with a decrease rate of 38.36%. For 

Azandjar variety, an increase about 30.10% was 

recorded after the oral phase. Then, a decrease was 

noted after gastric and intestinal phases with rates 

reaching 20.65 and 25.43% respectively. Regarding 

TPC of Taamriwt variety, a significant decrease (p 

< 0.05) was observed after oral, gastric, and 

intestinal phases with rates reached of 42.56%, 

63.74%, and 61.49%, respectively. 

. 

 

 

Figure 1. Varietal (a), in vitro gastrointestinal digestion (b), and sun-drying (c) effects on total phenolic content of fresh 

and dried figs during the in vitro gastrointestinal digestion phases (BD: before digestion, OP: oral phase, GP: gastric 

phase, IP: intestinal phase) 
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The dried figs showed clearly that the TPC changed 

differently during the IVGID. For Aberkane variety, 

no significant difference was revealed (p > 0.05) 

between before digestion and oral phase. 

Nevertheless, a significant decrease in TPC (p < 

0.05) was recorded after the gastric and intestinal 

phases with decrease rates of 15.04 and 27.06% 

respectively. In addition, no significant difference 

(p > 0.05) in TPC of the Azandjar variety was noted 

between before digestion and after oral phase. 

Lilkewise, a significant decrease (p < 0.05) was 

showed for the gastric and intestinal phases with 

rates of 20.57 and 34.52% respectively. For 

Taamriwt variety, a significant increase (p < 0.05) 

in the TPC was noted. This increase displays rates 

of 25.25 and 16.37% for the oral phase and the 

gastric phase respectively. Then, the results showed 

a decrease after the intestinal phase that reached 

13.62% compared to the phase before digestion. 

Figure 1c showed the effect of sun-drying on the 

TPC during the different phases of IVGID. It is clear 

that TPC of fresh figs was significantly different (p 

< 0.05) from those recorded with dried figs. For the 

Aberkane and Taamriwt varieties, fresh figs showed 

higher TPC compared to Azandjar variety, which 

was increased under the sun-drying effect 

After the oral phase, it appears that the TPC of 

Aberkane and Taamriwt varieties was higher in 

fresh figs. However, it should be noted that no 

significant difference was recorded (p ˃ 0.05) 

between the TPC of fresh and dried figs of the 

Azandjar variety. After the gastric phase, the total 

phenolic contents of Aberkane variety was higher in 

the fresh figs than in the dry ones. Furthermore, the 

TPC of fresh figs of Taamriwt variety decrease 

significantly (p ˂ 0.05) compared to those of dry 

figs for the same variety.  

 

Total flavonoids content  

The results of the varietal and the in vitro gastro-

intestinal digestion effects of the TFC of fresh and 

dried figs are shown in Figure 2a and Figure 2b 

respectively. A significant difference (p < 0.05) was 

observed between the TFC of three varieties studied 

before digestion and oral phase. The Aberkane 

variety showed a highest levels of TFC whether for 

fresh or dried figs followed by Azandjar and 

Taamriwt varieties, respectively. In the gastric 

phase, an increases in the TFC was noted for the 

Abekane and Azandjar varieties, and, the Taamriwt 

variety remains significantly different (p ˂ 0.05) 

from the other varieties. Likewise, a low TFC was 

obtained for three varieties studied after the 

intestinal phase without significant difference (p ˃ 

0.05). 

As shown in the Figure 2b, the TFC of fresh 

varieties before digestion were 39.77, 28.82, and 

24.71 mg QE/100 g DM for Aberkane, Taamriwt, 

and Azandjar, respectively. However, the TFC of 

dried varieties showed lower values, which were 

31.39, 23.70 and 17.51 mg QE / 100 g DM for 

Aberkane, Azandjar and Taamriwt, respectively. 

The statistical analysis showed a significant 

difference (p < 0.05) before digestion between the 

three varieties of fresh figs and between those of 

dried ones.  

The TFC decreased significantly (p < 0.05) during 

the in vitro gastrointestinal digestion, except 

Taamriwt variety. Indeed, the TFC were decreased 

from 53.85 to 18.16% and from 97.76 to 37.34% for 

fresh figs of Aberkane and Azandjar varieties 

respectively, and from 57.69 to 27.05% and from 

98.69 to 32.46% for dried figs of Aberkane and 

Azandjar varieties respectively.  

The results of the sun-drying effect on the TFC are 

shown in Figure 2c. It appears that before digestion, 

the sun-drying of figs has an effect on the TFC of 

Abekane and Thaamriwt varieties. However, the 

TFC of Azandjar variety seems not be affected by 

the sun-drying. Indeed, no significant difference (p 

˃ 0.05) was observed between the TFC levels before 

and after sun-drying. In addition, no significant 

difference (p ˃ 0.05) was revealed before and after 

sun-drying for the three varieties studied after the 

oral phase. Likewise, a significant difference (p ˃ 

0.05) was observed between the TFC of fresh and 

dry varieties after the gastric phase. After the 

intestinal phase, the results showed no significant 

difference (p ˃ 0.05) between the fresh and dry 

varieties. 

 

Proanthocyanidin content  

The results of the varietal effect on the TPrC of three 

fresh and dried are shown in Figure 3a. The obtained 

results showed a significantly different (p ˂ 0.05) 

between TPrC before digestion, oral and gastric 

phases. However, no significant difference was 

observed after the intestinal phase between the fresh 

figs varieties. For the dried figs, both dark colored 

varieties seem to have comparable TPrC with values 

of 9.08 and 9.85 mg CE/100 g DM for Aberkane and 

Azandjar varieties, respectively. Likewise, 

Taamriwt variety showed a lowest TPrC (6.91 mg 

CE/100 g) without significant difference (p ˃ 0.05) 

with the Azandjar variety. 

The results of the IVGID digestion effect on TPrC 

are reported in Figure 3b. Before digestion, the 

values of the TPrC of the three fresh varieties were 

46.61, 40.04 and 33 mg CE / 100 g DM for the 

Azandjar, Aberkane and Taamriwt varieties, 

respectively. However, the contents of fresh figs 
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were 34.77, 28.74 and 25.86 mg CE/100 g DM for 

Aberkane, Taamriwt and Azandjar varieties, 

respectively.  

In the oral phase, the increase of TPrC of Taamriwt 

fresh variety was 24.81%, however, the increase 

rates of the dried varieties were 12%, 35%, and 

26.58% for Aberkane, Azandjar, and Taamriwt 

varieties, respectively. These values seems higher 

compared to those obtained before digestion. For 

the dried varieties, the TPrC was increased 

significantly (p ˂ 0.05) after the oral phase for the 

three varieties and it was significant decreased (p ˂ 

0.05) after the gastric phase. 

The sun-drying effect on the evolution of TPrC 

during IVGID are shown in Figure 3c. Before 

digestion, it appears that sun-drying leads to a 

significant reduction (p ˂ 0.05) in the TPrC. The 

fresh varieties contain higher TPrC than the dry 

ones. After the oral phase, no sun-drying affect was 

observed on the TPrC of Aberkane and Azandjar 

varieties. 
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Figure 2. Varietal (a), in vitro gastrointestinal digestion (b), and sun-drying (c) effects on total flavonoid content of 
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Figure 3. Varietal (a), in vitro gastrointestinal digestion (b), and sun-drying (c) effects on total proanthocyanidin content 
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each IVGID phases for both fresh and dried fig 

varieties. 
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After the oral phase, a significant decrease of FRP 

was observed with Azandjar and Taamriwt varieties 

extracts with rates of 61.56 and 71.35%, 

respectively. The highest FRP was obtained with 

Aberkane variety followed by Azandjar and, 

Taamriwt varieties. These decreases were 73.44, 

73.24 and 41.53% for the Azandjar, Taamriwt and 

Aberkane varieties, respectively. After the intestinal 

phase, the FRP of the three varieties was 

significantly different (p ˂ 0.05), and the results 

showed that Taamriwt variety has lost 81.72% of 

their FRP. Likewise, Azandjar and Aberkane 

varieties lost 77.96% and 69.04% of their FRP, 

respectively.  

For the dried varieties, a significant decrease was 

observed between the FRP of three varieties studied. 

After the oral phase, the decrease rates of FRP was 

56.16, 41.60 and 25.13% for the Aberkane, 

Azandjar and Taamriwt varieties, respectively. 

After the gastric phase, it appears that Aberkane 

variety has lost most of its FRP (70.94%) and 

Taamriwt variety lost 60.79% of its FRP. Likewise, 

the Azandjar variety preserved more of its FRP with 

a decrease of 50.84%. After the intestinal phase, the 

results show that Taamriwt dried variety has a 

higher FRP than the fresh state, while, the two dark-

colored varieties lossed more noticeable of their 

FRP. 

 

Free radical scavenging activity 

The evaluation of FRSA of the three varieties of 

fresh and dried figs showed that this activity 

decreased after IVGID (Table 1). After the oral 

phase, FRSA of Aberkane, Azandjar and Taamriwt 

dried varieties decrease with rates of 47.98, 46.67 

and 34.14% respectively. Likewise, after the gastric 

phase, a significant decrease (p ˂ 0.05) was 

observed for the FRSA of Aberkane variety, which 

was 44.71%. While, the Azandjar and Taamriwt 

varieties recorded insignificant decreases (p ˃  0.05), 

which were 47.10 and 34.16%, respectively. After 

the final digestion phase, the decrease in FRSA was 

not marked for all varieties but remains significant 

(p ˂ 0.05) compared to the previous phases. 

Furthermore, the decrease rates from the oral to the 

intestinal phases were in the range of 51.11, 53.63 

and 38.6% for Aberkane, Azandjar and Taamriwt 

varieties, respectively. 

For the varietal effect on the FRSA of fresh figs 

after each phase of IVGID, the results revealed a 

significant difference (p ˂ 0.05) between the three 

varieties. Before digestion, Azandjar variety 

showed a highest FRSA with value of 403.86 mg 

AAE / 100 g DM followed by Aberkane variety 

(393.36 mg AAE / 100 g DM) and Taamriwt variety 

(321.47 mg AAE / 100 g DM). After oral phase, this 

activity recorded a significant decrease (p ˂ 0.05) 

and Aberkane variety had the lowest value. 

Furthermore, the Aberkane variety showed a highest 

FRSA with value of 217.45 mg AAE/100 g DM. 

Likewise, after the intestinal phase, Taamriwt 

variety showed a highest FRSA compared to those 

of dark color varieties despite their highest FRSA 

recorded before digestion.  

For the dried figs, Aberkane variety showed a 

highest FRSA with value of 428.62 mg AAE/100 g 

DM followed by Azandjar and Taamriwt varieties. 

After the oral phase, Azandjar variety present a 

highest activity than Aberkane and Taamriwt 

varieties. However, after the intestinal phase, 

Azandjar variety showed a highest FRSA followed 

by Taamriwt and Aberkane varieties. 

 

Phosphomolybdate activity 

The results of phosphomolybdate activity (PhM) 

before and during the IVGID of the three varieties 

of fresh and dried figs are presented in Table 1. 

Before digestion, a strong PhM was recorded for the 

fresh figs of three varieties with values of 917.48, 

872.54, and 807.70 mg GAE/100 g DM for 

Azandjar, Taamriwt, and Aberkane varieties, 

respectively. However, a weak PhM was recorded 

for the dried figs of three varieties. Before digestion, 

the statistical analysis showed a significant 

difference (p < 0.05) between fresh figs and 

between dried figs of three varieties. 

After the oral phase, a high decrease in PhM was 

observed for Aberkane fresh variety with rate of 

83.06%. Likewise, a fewer losses of PhM are 

recorded for Azandjar variety and they are 

estimated at 41.35%. After the intestinal phase, the 

decreases in PhM activity was more intense with 

values of 98.13, 97.05, and 97.35% for the 

Aberkane, Azandjar, and Taamriwt varieties, 

respectively. 

For dried figs, a significant decrease of PhM activity 

can be noted with both dark-colored varieties, which 

are estimated at 33.12 and 52.46% for the Aberkane 

and Azandjar varieties, respectively. In addition, the 

PhM activity of Taamriwt variety were not strong 

losses and most of this activity was preserved. The 

most affected during this digestion phase was the 

PhM activity of Aberkane variety, which was 

decreased at 94.42% followed by Azandjar and 

Taamriwt varieties with values of 90.36 and 

89.31%, respectively. After the intestinal phase, the 

results showed significant decreases of PhM (p ˂ 

0.05) for three varieties studied. In addition, the 

dried varieties display comparable PhM activity and 

were decreased from 96.65, 94.52, and 92.49% for 

Aberkane, Azandjar, and Taamriwt varieties, 

respectively. 
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Relationship between phenolic compounds and 

their antioxidant activities 

The variability of different varieties in the fresh and 

dry state was analyzed by PCA which explain 

61.16% of the variability between the fresh and dry 

varieties (Figure 4). The circle of correlations is 

represented in Figure 4a. This plan consists of the 

first two factors; F1 and F2, which explain 33.97 

and 27.20% of the variability, respectively. The 

factor F1 was positively correlated with TPC, TFC, 

FRP and FRSA. While, factor F2 was positively 

correlated with TFC, FRP and PhM.  

The correlation circle allows the visualization of the 

correlations between variables that characterize the 

different varieties of fresh and dried figs and the 

correlations are given in Table 2. In the oral phase, 

a significant positive correlation can be noted 

between FRP and TFC (r = 0.669). However, FRP 

was negatively correlated with TPrC (r = -0.657). 

After the gastric phase, a positive and high 

significant correlation was observed between the 

FRP and TPC (r = 0.758). In addition, a positive 

correlation was revealed between FRSA and TFC (r 

= 0.626) in the oral phase and with TPrC (r = 0.651) 

in the gastric phase. The results showed that before 

digestion, PhM was positively correlated with TFC 

(r = 0.635) and was highly significant with TPrC (r 

= 0.802). Likewise, high significant and positive 

correlations was noted after the gastric phase 

between PhM and TFC (r = 0.923) and between 

PhM and TPrC (r = 0.823). Furthermore, PhM was 

positively correlated with TPrC (r = 0.705) at the 

end of digestion.  

In order to analyze the variability of the varieties in 

their fresh and dry states as a function of the 

contents of phenolic compounds and their 

antioxidant activities, the biplot was obtained by 

superimposing the plan of the samples with that of 

the variables (Figure 4b). The six samples were 

grouped into three different groups as shown in 

Figure 4c which represents the dendrogram of the 

hierarchical relationship between fresh and dried 

varieties. The first group represents Taamriwt 

variety in both fresh and dried states. This group 

was not associated with any characteristic, and this 

might be due to the low contents of phenolic 

compounds and poor antioxidant activities. 

Likewise, the second group brined together 

Aberkane and Azandjar dried varieties, which are 

associated with high levels of TFC and TPrC at the 

end of IVGID. This group was also associated with 

antioxidant activities, such as FRSA before 

digestion and after the oral phase and FRP after the 

oral and gastric phases. The third group represents 

fresh figs of Aberkane and Azandjar varieties, 

which are associated with very high levels of TPC 

after the oral phase, TFC before digestion, TPrC 

before digestion and antioxidant activities such as 

FRSA after the gastric phase and FRP before and 

after IVGID. 

 

 
Figure 4. Principal components analysis for variability of fresh and dried figs varieties.  Correlation circle between the 

parameters characterizing the varieties of fresh and dried figs and their compositions in phenolic compounds and 

antioxidant activities (a). Biplot of variability of fresh and dried fig varieties (b). Dendrogram of the hierarchical 

relationship between fresh and dried varieties (c). F: fresh, D: dried, TPC: total phenolics content, TFC: total flavonoid 

content, TPrC: total prothocyanidin content, FRP: ferric reducing power, FRSA: Free radical scavenging activity, PhM: 

phosphomolybdate activity, BD: before digestion, OP: oral phase, GP: gastric phase, IP: intestinal phase
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Table 1. Antioxidant activities of phenolic extracts of fresh and dried figs during in vitro gastrointestinal digestion and results of one-way ANOVA followed by Tukey’s HSD test 

for multiple comparison 

 Fresh figs Dried figs 

Varieties Aberkane Azandjar Taamriwt Aberkane Azandjar Taamriwt 

Ferric reducing power (mg AAE/100 g) 

Before digestion  513.93 ± 1.49a,b’ 890.66 ± 1.78a,a’ 491.26 ± 1.19a,c’ 905.95 ± 3.87a,a’ 711.91 ± 1.78a,b’ 493.84 ± 3.87a,c’ 

Oral phase 413.65 ± 3.57b,a’ 342.3 ± 1.78b,b’ 140.72 ± 3.72b,c’ 397.08 ± 5.95b,b’ 415.71 ± 3.57b,a’ 369.69 ± 2.38b,c’ 

Gastric phase 300.49 ± 1.49c,a’ 236.53 ± 0.15c,b’ 131.44 ± 2.71c,c’ 263.23 ± 0.89c,b’ 349.94 ± 0.30c,a’ 193.60 ± 1.93c,c’ 

Intestinal phase  159.09 ± 1.32d,b’ 196.27 ± 1.78d,a’ 89.80 ± 0.59d,c’ 131.7 ± 0.3d,a’ 137.03 ± 5.35d,a’ 114.79 ± 1.19d,b’ 

Free radical scavenging activity (mg AAE/100 g) 

Before digestion  393.36 ± 0.59a,b’ 403.86 ± 0.20a,a’ 321.47 ± 6.52a,c’ 428.62 ± 2.86a,a’ 401.35 ± 0.20a,b’ 378.41 ± 2.77a,c’ 

Oral phase 204.61 ± 0.79c,c’ 215.34 ± 1.48b,a’ 211.69 ± 2.17b,b’ 222.70 ± 0.34c,b’ 223.84 ± 0.40b,a’ 197.54 ± 1.09b,c’ 

Gastric phase 217.45 ± 0.59b,a’ 213.63 ± 1.04b,b’ 211.63 ± 0.20b,c’ 228.92 ± 1.98b,a’ 209.86 ± 0.59c,b’ 194.8 ± 2.24c,c’ 

Intestinal phase 192.29 ± 0.49d,b’ 187.26 ± 0.17c,c’ 197.36 ± 2.08c,a’ 191.03 ± 1.13d,c’ 195.6 ± 0.4d,a’ 193.6 ± 3.09c,b’ 

Phosphomolibdinum activity (mg GAE/100 g)  

Before digestion  807.7 ± 0.1a,c’ 917.48 ± 5.42a,a’ 872.55 ± 3.94a,b’ 722.09 ± 2.46a,a’ 420.63 ± 7.39a,b’ 290.09 ± 5.91a,c’ 

Oral phase 136.80 ± 4.68b,c’ 538.09 ± 9.85b,b’ 571.36 ± 3.2b,a’ 482.91 ± 5.91b,a’ 199.93 ± 3.45b,c’ 255.82 ± 6.4b,b’ 

Gastric phase  68.26 ± 3.69c,a’ 74.23 ± 4.43c,a’ 59.58 ± 8.77c,a’ 40.24 ± 4.10c,a’ 40.53 ± 9.64c,a’ 31.00 ± 3.87c,a’ 

Intestinal phase 15.07 ± 2.46d,b’ 27.02 ± 2.50d,a’ 23.04 ± 0.78d,a’ 24.17 ± 3.20d,a’ 23.04 ± 2.80d,a’ 21.76 ± 0.43d,a’ 
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Table 2. Correlation matrix between the phenolic compounds contents and their antioxidant activities 

Variables FRP-BD FRP-OP FRP-GP FRP-IP FRSA-BD FRSA-OP FRSA-GP FRSA-IP PhM-BD PhM-OP PhM-GP PhM-IP 

TPC-BD -0440    -0.353    0.499    

TPC-OP  0.439    0.356    -0.351   

TPC-GP   0.758**    0.374    0.420  

TPC-IP    0.197    -0.016    -0.286 

TFC-BD -0.033    0.099    0.635*    

TFC-OP  0.669*    0.626*    -0.311   

TFC-GP   -0.184    0.057    0.923***  

TFC-IP    -0.079    -0.082    0.705** 

TPrC-BD 0.375    0.198    0.802***    

TPrC-OP  -0.657*    -0.097    0398   

TPrC-GP   -0.239    0.651*    0823***  

TPrC-IP    -0.253    0.061    0.309 

*significant correlation, **very significant correlation, ***high significant correlation.  

BD: before digestion, OP: oral phase, GP: gastric phase, IP: intestinal phase, TPC: total polyphenols contents, TFC: total flavonoid contents, TPrC: total proanthocyanidin contents, 

FRP: ferric reducing power, FRSA: free radical scavenging activity, PhM: phosphomolybdate activ
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DISCUSSION 

 

The varieties with dark skin showed high levels of 

phenolic compounds such as TPC, TFC, and TPrC 

compared to the light-skinned variety. These dark 

varieties showed more antioxidant activity than the 

light one. The results of this study was an agreement 

with those reported previously by (Bachir Bey and 

Louaileche, 2015). According to the results reported 

in the literature (Solomon et al., 2006), the color 

difference between varieties may be due to the 

expression of genes that control the synthesis of 

anthocyanins; high expression is associated with 

varieties with dark skin.  

The sun-drying of figs can play a negative influence 

on phenolic compound contents (TPC, TFC, and 

TPrC) and on their antioxidant activities (FRP, 

FRSA, and PhM). This decrease may be the result 

of the enzymatic degradation of phenolic 

compounds, especially flavonoids and 

anthocyanins, by polyphenol oxidases (PPO) and 

peroxidases which are not inactivated by the 

insufficiently high temperatures of sun-drying (Lim 

and Murtijaya, 2007; Li et al., 2018). Sun-drying 

temperatures varied between 30 and 40 °C, which 

are activation temperatures of these enzymes 

(Mizobutsi et al., 2010). Phenolic compounds play 

a protective role in the plant. During sun drying, 

flavonoids act as filters against UV rays by 

protecting some cell structures such as chloroplasts, 

which leads to a reduction in these contents 

(Treutter, 2010; Bachir Bey, 2017). The 

concentration of sugars, the interaction of 

polyphenols with organic acids and proteins, 

changes in the chemical structure, the efficiency of 

extraction can also cause losses in these compounds 

(De Ancos et al., 2000; Mueller-Harvey, 2001; 

Gümüşay et al., 2015). 

The decrease in antioxidant activity after sun-drying 

can be explained by the decrease in the phenolic 

compounds contents, especially flavonoids which 

play a pivotal role in the antioxidant activity, and 

the degradation of other antioxidants such as 

vitamins, carotenoids and amino acids under sun-

drying effect (Kamiloglu et al., 2016; Matłok et al., 

2020). 

Whatever the nature of the fresh or dried figs, the 

decrease in the phenolic compounds contents during 

the in vitro gastrointestinal digestion can be 

explained by the instability of these compounds 

under simulated digestion conditions. During 

digestion, phenolic compounds undergo changes 

due to mechanical action, enzymatic activity and the 

effect of pH. The in vitro gastrointestinal conditions 

lead to the hydrolysis of some phenolic compounds 

and interactions with the released products after 

hydrolysis. Other components of the food matrix 

released after gastric digestion can cause the change 

in molecular weight, in solubility, and in structure, 

which results in poor phenolic compounds 

extractability from the food matrix (Chen et al., 

2016; Seraglio et al., 2018). 

The increase in the phenolic compounds content 

after the oral and gastric phase is noted especially 

for the clear variety. These results agree with those 

reported in literature (Bouayed  et al., 2011), which 

be explained by the extraction time which was 2 

hours and the effect of digestive enzymes on the 

food matrix by facilitating the release of phenolic 

compounds linked to the matrix. Furthermore, the 

decrease in TPrC during the digestion phases can be 

explained by the interaction between these 

compounds and proteins (used enzymes and 

proteins from figs). One of the characteristic 

properties of tannins is their ability to precipitate 

proteins from aqueous solutions (Bennick, 2002). 

Indeed, an in vivo study on rats having ingested a 

diet enriched with tannins shows a decrease in the 

enzymatic activity of two enzymes of the digestive 

system, which are trypsin and α-amylase (Dupas et 

al., 2005). However, the interactions between 

proteins and polyphenols lead to a decrease in the 

bioavailability of phenolic acids (Roowi et al., 

2009). On the other hand, a low TPrC obtained 

before digestion compared to the oral phase can be 

explained by the interaction between fruits tannins 

and polysaccharides, which causes a modification 

of their structure (Dupas et al., 2005). The 

extraction time during the oral phase was very short 

compared to before digestion, this may cause an 

insufficient contact time between the tannins and 

the polysaccharides.  

The decrease in FRSA can be explained by the 

incomplete release or degradation of antioxidants. 

Indeed, the alteration of the structure of antioxidants 

during digestion can affect their reactivity with the 

formation of free radicals (Morelló et al., 2004). In 

addition to the dependence of the phenolic 

compounds activity on ambient conditions, such as 

the pH and the interaction of these phenolic 

compounds with other dietary constituents released 

during digestion (iron, minerals, dietary fibers or 

proteins), solubility and bioavailability of 

polyphenols may be affected by these conditions.  

Similarly, these factors would have an impact on 

their antioxidant potential (Bouayed et al., 2011). 

Due to the pH conditions of the antioxidant activity 

tests performed in this study, one would assume that 

the FRP test leading to a pH of 6.6 might be more 

suitable for assessing the antioxidant activity of 

intestinal digestion than gastric digestion.  
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Finally, the measurement of antioxidant activities, 

particularly in the case of multifunctional or 

complex multi-phase systems, can not be 

satisfactorily assessed by a single method. 

Therefore, several tests must be performed as done 

in this study. 

The correlation between the antioxidant activity and 

TFC was higher than those found with TPC and 

TPrC. Indeed, the antioxidant capacity was strongly 

linked to TFC and modestly linked to TPC and 

TPrC. This means that there is a potential 

synergistic effect between the antioxidants. 

However, a negative correlations noted with 

antioxidant activity and some phenolic compounds 

could be explained by the fact that antioxidant 

activity is not always related to the phenolic 

compounds content but also to their qualities, which 

play a critical role for this activity. In some cases, 

despite the high phenolic compound contents, their 

biological activities remain low (Morelló et al., 

2004). 

From the obtained results, it can be concluded that 

there is a positive correlation between the phenolic 

compound contents and the antioxidant activities. 

Indeed, this coordination confirmed that TPC, TFC 

and TPrC are responsible of the antioxidant activity 

tested. Therefore, the antioxidant activity of the 

phenolic compounds can be linked to their redox 

properties, which allow them to act as reducing 

agents or donating hydrogen atom giving it the 

ability to chelate metals, inhibit lipoxygenase and 

eliminate free radicals (Mishra et al., 2012).  

However, the lack of correlation could be due to the 

presence of other antioxidants in the extracts, which 

are at the origin of the activity detected. 

 

 

CONCLUSION 

 

The present study showed that the total phenolic 

compounds (TPC, TFC, and TPrC) and their 

antioxidant capacities (FRP, FRSA, and PhM) of 

the three fresh and dried figs varieties (Aberkane, 

Azandjar, and Taamriwt) decreased significantly 

after the IVGID. Before digestion, high phenolic 

compound contents and high antioxidant activities 

were observed. However, after digestion, phenolic 

and antioxidant activities decreased significantly 

from the oral phase to the intestinal phase.  

 

 

 

 

A positive correlation was observed between the 

phenolic compounds and the tested antioxidant 

activities. Therefore, IVGID has an effect on 

phenolic compounds and their antioxidant potential, 

where pH and enzymes have a negative influence on 

the amount of these compounds and their activities. 

No significant effect of the variety and sun-drying 

was reveled on the content of phenolic compounds 

and their antioxidant activity during in vitro 

gastrointestinal digestion. Likewise, the fresh or dry 

variety kept a high content before and after the 

digestion. 
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