
Enhancing the Nutritional Value of Dried Figs: Reducing Sugar 
Content Through Lactococcus lactic Fermentation

ICHRAK CHARFI1,2, SARRA RAFAI2, AMANI KAHLAOUI2, ANGELO MARIA 
GIUFFRÈ3*, HANENE GHAZGHAZI4 and INES KARKOUCH5

1Laboratoire Innovation & Valorisation pour une Industrie 
Alimentaire Durable,  Tunis, Tunisia

2Department of Biological Engineering, Tunisia Private University (ULT), Tunis, Tunisia
3Department of Agraria, Mediterranea University of Reggio Calabria, Reggio Calabria, Italy

4Laboratory of Management and Valorization of Forest Resources, National Research Institute of Water, 
Forests and Rural Engineering, University of Carthage, Ariana, Tunisia

5Department of Biotechnology, Center of Biotechnology of Borj Cédria, Hammam-Lif, Tunisia

Abstract
Nowadays, the increasing awareness of the importance of a healthy diet 
has expanded beyond just those who are ill or athletic, affecting the entire 
population as they recognize the harmful consequences of poor nutrition. It 
is within this dynamic context that our research is positioned. The primary 
objective of this research is to enhance the nutritional value of dried figs 
by preserving their inherent nutritional benefits while reducing their sugar 
content through lactic fermentation. After conducting comprehensive 
screenings of various microorganisms, Lactococcus lactis was identified 
as the optimal bacterial strain due to its efficacy in lowering sugar levels in 
dried figs. Three fermentation periods (24h, 48h, and 72h) were carefully 
selected to optimize the process. In addition to assessing sugar content, 
our study aims to maintain the nutritional benefits of dried figs throughout 
the fermentation process. Comprehensive characterizations performed 
before and after fermentation have demonstrated that protein levels and 
total polyphenols were not significantly impacted by lactic fermentation, 
apart from a slight increase in the inhibition percentage of antiradical 
activity. Notably, the sugar content decreased by 31% following the 
72-hour fermentation process. The results have clearly demonstrated 
our capacity to create fermented dried figs that not only possess high 
nutritional value but also significantly lower sugar content. This approach 
marks an innovative breakthrough in food science, providing a model for 
tackling the wider challenges associated with sugar in our diets.
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Introduction
The high prevalence of sugar in most foods 
remains a significant cause of numerous diseases, 
highlighting that sugar is not exclusively confined 
to processed foods but it is also found in natural 
foods. An example illustrating this nutritional duality 
is that of dried figs. Although recognized for their 
antioxidant properties, and abundance of vitamins, 
fibers, minerals, and proteins, these natural delights 
present a significant drawback which lies in their 
high sugar content.

Fruits are naturally abundant in water and sugar, 
making them highly perishable. To preserve them 
out of season, sun drying or traditional drying 
techniques have been used since ancient times.1 
This straightforward yet practical method relies on 
removing water from the fruit's surface through the 
natural convection of warm air. 

Dried figs are notable in the current market not 
only for their exceptional sensory qualities but also 
for their nutritional advantages. Their consumption 
greatly enhances antioxidant capacity, helping to 
mitigate damage from free radicals due to their high 
polyphenol content, particularly flavonoids. Among 
dried fruits, figs are recognized as the richest source 
of flavonoids.2 A comparative study has shown that, 
for the same quantity, dried figs contain more than 
three times the fiber content of fresh figs.3 This 
highlights the significance of dried figs in supporting 
digestion and ensuring healthy intestinal transit. In 
addition to their fiber content, dried figs are abundant 
in vitamins, especially vitamin E. This vitamin not 
only protects against oxidative stress but also plays 
a crucial role in cellular renewal and regeneration, 
thereby promoting skin healing.4 Furthermore, dried 
figs are fundamental for their content in minerals 
(phosphorus and calcium) which benefit bone health, 
as well as potassium, which plays a role in regulating 
blood pressure.5

However, dried figs have a major drawback due 
to their high sugar content, as indicated by. For 
instance, 100 g of fresh figs contain around 20 g 
of total carbohydrates, while the same quantity of 
dried figs provides 63.87 g of carbohydrates, having 
almost the same percentage of glucose and fructose 
as predominant sugars.6 This reality makes this 
product not recommended for diabetics, overweight 
individuals, and even cancer patients. Indeed, 

according to a study,7 cancer cells have a higher 
sugar consumption than normal cells. Additionally, 
several studies have established a link between 
sugar consumption and various conditions, such as 
Alzheimer's disease,8 polycystic ovary syndrome,9 

and insulin resistance, which is the main cause of 
type 2 diabetes.10

Fermentation is a crucial process utilized in the food 
industry, playing an important role in the production 
and preservation of various food items. During 
fermentation, yeasts, bacteria and molds convert 
sugars into gases or alcohol.

This biotechnological method enhances the flavor 
and texture of foods and improves the shelf life and 
the nutritional value. Common examples include the 
production of yogurt, cheese, bread, and beverages 
such as wine, konbucha and beer.11-14

Lactic fermentation is a process known for preserving 
and stabilizing products, currently attracts increased 
attention from researchers due to its added benefits. 
A recent study has highlighted the positive effects 
of lactic fermentation on pseudocereals, showing 
that this process boosts the levels of polyphenol 
and even B-group vitamins, thanks to the action of 
lactic bacteria.15

Recently, this lactic fermentation technique has been 
also employed in fruit juice production, resulting 
in functional beverages that offer substantial 
nutritional benefits.16 Therefore, we have opted 
for the application of this method to reduce sugar 
levels in dried figs while preserving their nutritional 
values. This innovative approach aligns with the 
current trend which emphases the awareness of 
the benefits of a balanced diet, supporting ongoing 
choices towards healthier eating habits.

In this context, the aim of our study is to improve the 
nutritional advantages and the biological properties 
of dried figs by utilizing lactic fermentation, aiming 
to produce a dietary food designed for a specific 
target population. 

Materials and Methods 
Characterization of Dried Figs 
The dried figs used in this study were commercially 
available “Reine des Graines” figs, which are among 
the most widely consumed figs and originate from 
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Tunisia. Prior to analysis, the plant matrix underwent 
thorough washing and was processed through 
steaming.

Determination of Dry Matter
For the determination of dry matter content, a 5 g 
sample was subjected to a temperature of 105 °C 
for 3 hours under atmospheric pressure. The dry 
matter percentage (%DM) was calculated as follows: 

% DM= (P2-P0)/ (P1-P0)*100
 
where:  

P0 = Weight of empty container in grams
P1 = Weight of fresh sample with container in grams
P2 = Weight of dry sample with container in grams

Sugar Assay
The colorimetric method, as outlined by Dubois  
et al.,17 has been employed to assess sugar content.

The plant matrix of dried figs was ground and 
then subjected to extraction with distilled water 
for 4 hours. The centrifugation was conducted at 
10,000 rpm (20 min), after that the supernatant was 
recovered.

In glass assay tubes, 1 ml of the sample was 
placed in an ice bath. Subsequently, 1 ml of a 5% 
aqueous solution of phenol was added, followed by 
homogenization. Then, with caution, 5 ml of sulfuric 
acid H2SO4 (96%) were added. This mixture was 
vortexed under the hood. After cooling in ice, the 
tubes were incubated in darkness for 30 minutes, 
then read using a spectrophotometer (SHIMADZU, 
Kyoto, Japan) at 485 nm.

Finally, the total sugar contents were determined 
according to the reference calibration curve made 
with D-glucose, (y = 11.95x+ 3E-16),  (Figure 1).

Fig.1: Calibration Curve of Optical Density Variation at 485 nm 
as a Function of Glucose Concentration

Protein Assay
The Kjeldahl method was employed to determine 
the protein concentration, primarily involving the 
measurement of total nitrogen and utilizing a 
conversion factor to obtain the protein concentration. 
To carry out this procedure, 5 g ground samples of 
dried figs were used for the assay.

Following titration, the total nitrogen content was 
obtained, which was then multiplied by a fixed 
conversion factor of 6.25 as per literature standards 
for fruits. This multiplication has allowed us to 
estimate the precise protein content in this plant 
matrix.
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Mineral Content Assay
Samples weighing 28 g were placed in crucibles in 
a furnace for 4 hours at 550 °C until white ashes 
were obtained. Once incinerated, the samples 
were placed in a desiccator to avoid regaining any 
moisture. The total ashes content (%) was calculated 
as follows:

%total ashes=mf/mi X100

where:

mf: final mass of the sample,
mi: initial mass of the sample.

Total Polyphenol Assay
The polyphenol content was determined following 
the preparation of extracts from dried figs. Initially, 
the figs were ground under liquid nitrogen using 
a mortar and pestle. The resulting powders were 
then subjected to solid-liquid extraction using 80% 
ethanol, agitating for a period of 24 hours. The 
resulting mixture was centrifuged at 10,000 rpm 
for 20 minutes at 4 °C, allowing the recovery of the 
supernatant containing polyphenols, which was 
concentrated by rotary evaporation after filtration.

The total polyphenolic content was performed by 
spectrophotometry, utilizing the colorimetric method 
with the Folin-Ciocalteu reagent. In an Eppendorf 
tube, distilled water and the Folin-Ciocalteu reagent 
were added to the extract. Subsequently, sodium 
carbonate (Na2CO3; 7%) was introduced into the 
reaction mixture, and the volume was adjusted with 
distilled water. The absorbance was read at 760 
nm after incubation at room temperature (90 min).

The quantification of polyphenols in the extracts 
was performed by referencing a standard curve 
established with Gallic Acid (0-31.25 μg)(y = 
0.0716x). The total phenolic content was expressed 
as milligrams of gallic acid equivalent per gram of dry 
extract. The analyses were conducted in triplicate.

Evaluation of Antiradical Activity
The assessment of the antiradical activity of extracts 
from dried figs, prepared similarly to the method 
used for total polyphenol evaluation, was conducted 
based on the reduction of the DPPH radical. This 
reduction is characterized by the color transition of 
DPPH from purple to yellow, along with a decrease 

in optical density (OD) at 515 nm, expressed as 
the percentage reduction of DPPH. Three DPPH 
solutions, each with varying concentrations of dried 
fig extracts, were prepared and incubated for 30 
minutes in the dark, followed by OD measurement. 
Graphically determining the IC50 from the variation 
in the percentage reduction of DPPH concerning the 
concentration of the extracts, the IC50 represents the 
antioxidant concentration needed to inhibit 50% of 
the DPPH radical, thereby providing a quantitative 
measure of the antiradical efficiency of the dried fig 
extracts.

Solid-State Fermentation
In order to ferment dried figs, Lactococcus lactis 
was selected following preliminary trials that 
demonstrated its fermentative capability with this 
substrate. To achieve this, the reactivation of the 
lyophilized bacterial species is conducted through 
successive passages in MRS nutrient agar. During 
the fermentation process, dried figs have served as 
the sole carbon source for the growth of the lactic 
acid bacteria.

Inoculum Preparation
The lactic acid bacteria (LAB) are initially inoculated 
on nutrient agar at 30 °C. Subsequently, 4 to 5 
well-isolated bacterial colonies are suspended in 
nutrient broth (or physiological saline solution at 
0.9% NaCl). This suspension is then adjusted to the 
McFarland standard 0.5 using a spectrophotometer, 
corresponding to an optical density (OD) read at 
625 nm, equivalent to a suspension containing 
approximately 108 CFU/ml. 

Solid-State Fermentation
In Petri dishes, 30 g of dried figs were cut into equal 
pieces with a thickness of 1 cm each to ensure a 
uniform distribution of the inoculum. Subsequently, 
the samples were inoculated with 108 CFU/g. The 
process was conducted at 30 °C for 24h, 48h, and 
72h.

The selection of the three fermentation time 
points was based on previous work on lactic acid 
fermentation of fruit-based substrates, where 
similar fermentation frameworks are commonly 
applied. Several studies have demonstrated that 
Lactococcus and other lactic acid bacteria show 
consistent metabolic activity and adaptation patterns 
when fermenting fruits.18,19 These works provided 
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the scientific basis for designing our fermentation 
schedule.

The choice of 72 h as the endpoint was guided by 
practical considerations linked to product quality. 
Extending fermentation beyond 72 h increases 
the risk of excessive acidification and undesirable 
changes in taste and texture, which would negatively 
affect the sensory properties of dried figs. For this 
reason, fermentation was stopped at 72 h to avoid 
altering the characteristic flavor and integrity of the 
figs.

Comparison between Fermented and Non-
Fermented Dried Figs 
Following the fermentation of dried figs over periods 
of 24h, 48h, and 72h, a comprehensive analysis has 
been conducted with a dual purpose. Firstly, the 
evaluation aimed to ascertain the utilization of sugars 
by the employed lactic acid bacteria, determined 
through sugar content analyses. Concurrently, 
careful attention was devoted to ensure that this 
lactic fermentation has no adverse impact on the 
inherent nutritional properties of dried figs. To 
this end, protein, mineral, total polyphenol, and 
antiradical activity assays have been meticulously 
repeated after each fermentation interval (24h, 48h, 
and 72h).

Statistical Analysis
For all analyses of both fermented and non-
fermented dried figs, three repetitions were used. 
An Anova test was applied to assess the differences 
between the control group and the samples that have 
been exposed to lactic fermentation (24h, 48h, 72h). 
The significant differences were detected at p < 0.05 
and F > Fcritical, the groups were compared by a 
post-hoc test. The Tukey's test was used to compare 
each experimental group with the control group. 
SPSS 20.0 was used to treat the data.

Results 
In the field of microbiology, fermentation plays a 
key role as a fundamental metabolic process. It is 
essential for breaking down organic materials to 
produce energy and various metabolites. Lactic 
acid bacteria, such as Lactococcus lactis, have 
played a significant role in this process, particularly 
within the food industry where they are utilized for 
fermenting various products. Preliminary trials were 
conducted to assess the ability of Lactococcus lactis 
to assimilate the sugar present in dried figs. This 
preliminary finding provided a promising basis for 
further exploring the fermentative potential of this 
bacterium on dried figs and its potential implication 
in sugar reduction and subsequent health outcomes 
(Table 1). 

Table 1: Comparison between non- fermented and fermented dried figs

Analysis	 T0	 SSF 24h	 SSF 48h	 SSF 72h

Humidity (%)	 18a	 18a	 18a	 18a

Sugar assay (g/100 g)	 40.04±0.02a	 29.76±0.1b	 29.15±0.1b	 27.66±0.01c

Protein assay (g/100 g)	 2.9±0.03a	 2.9±0.01a	 2.9±0.1a	 2.9±0. 1a

Mineral content assay (g/100 g)	 7.25±0.02a	 4.46±0.03b	 4.46±0.01b	 4.46±0.02b

Total Polyphenol (mg GAE/g)	 2.91±0.039b	 2.76±0.02b	 2.83±0.005b	 3±0.01a

Anti-radical air activity: inhibition percentage (%)	 69.4±0.1b	 55.4±0.2c	 62.5±0.02bc	 88±0.12a

Anti-radical activity: IC50 (mg/ml)	 4.25±0.23c	 5.40±0.19a	 5.08±0.42b,a	 4.23±0.11c

Measurements are expressed as mean±standard deviation. Different small letters in the same line show 
significant differences between samples at a 95% confidence level. 

Sugar Analysis
Initially (T0), the sugar content was at 40.04 g/100 
g, following lactic fermentation on solid media, sugar 
levels gradually decreased to 29.76 g/100 g after 
24 hours, further dropping to 29.15 g/100 g after 48 
hours, and finally stabilizing at 27.66 g/100 g after 

72 hours of fermentation, representing a 30.91% 
decrease in sugar content. A significant decrease 
(p<0.05) was found in total sugar content in dried 
figs after fermentation by Lactococcus lactis. This 
decrease aligns with expectations, given the nature 
of fermentation processes. This marked reduction 
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underscores the efficiency of fermentation and 
the bacterium's adeptness at utilizing sugar as a 
substrate.

Protein Analysis
Table 1 shows that our matrix contains 2.9% protein. 
The fermentation process used in our study did 
not affect this content (p> 0.05), as the results 
demonstrated that protein levels remained stable at 
2.9% after the three fermentation intervals.

Mineral Analysis
Our study revealed that lactic fermentation had 
a negative effect on mineral content. The results 
indicated that before fermentation, the ash content, 
and thus the mineral content, was 7.25%, a result 
close to those found in certain studies on dried 
figs.20,21 After 24 hours, 48 hours, and 72 hours 
of fermentation, the mineral content decreased 
(p<0.05) and stabilized at 4.46% (Table 1). 

Fig. 2: Total polyphenol content of not fermented (T0) and fermented 
(24h, 48h and 72h) dried figs mg (GAE/g).

Fig. 3: Evaluation of antiradical activity: inhibition percentage (%) of not fermented 
(T0) and fermented (24h, 48h and 72h) dried figs
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Polyphenol Analysis
The obtained results were expressed as milligrams 
of gallic acid equivalents per gram of dry extract (mg 
GAE/g). Initially, the matrix of dried figs contained 
approximately 2.91±0.039 mg GAE/g (Figure 2). 
A slight and not statistically significant decrease 
in polyphenol content (p > 0.05) was observed 
after 24 and 48 hours of fermentation with values 
reaching 2.76 ± 0.02 mg GAE/g at 24 hours and 
2.83 ± 0.005 mg GAE/g at 48 hours. After 72 hours 
of fermentation, the total polyphenol content showed 
a significant difference (p < 0.05) reaching 3 ± 0.01 
mg GAE/g.

Anti-Radical Activity Analysis
Regarding the anti-radical activity tested on our 
product, it can be observed that at T0, before 
fermentation, and at a concentration of 6.25 mg/ml 
of extract used, we observed an average inhibition 
of 69.4 ± 5%, according to Ouchemoukh et al.2 After 
the first fermentation period (24 hours), the average 
inhibition decreased to 55.4 ± 1.5% (p<0.05). 
Following 48 hours of fermentation, this inhibition 
rose to 62.5 ± 4.8% (Figure 3), and a significant 
difference (p<0.05) was observed after 72 hours of 
fermentation, with the inhibition percentage reaching 
its maximum at 88 ± 0.2% inhibition for the same 
extract concentration, and an IC50 of 4.23 ± 0.11 
mg/ml.

Discussion
In the microbiological field, fermentation represents 
an essential metabolic process involving the 
degradation of organic substrates to produce 
energy and metabolites. Lactic acid bacteria, such 
as Lactococcus lactis, play a prominent role in this 
mechanism, particularly in the food industry where 
they are employed to ferment various products. Our 
study focused on the ability of Lactococcus lactis 
to ferment dried figs and its implications for sugar 
reduction, as well as the resulting health benefits.

The results of our research highlighted a significant 
decrease in sugar content in dried figs following 
fermentation by Lactococcus lactis. Initially (T0), the 
sugar content was 40.04 g/100g, results that align 
with those reported in a study characterizing Tunisian 
dried figs, where a rate of 35.064 g/100g was found.22 
After lactic fermentation on solid medium, the sugar 
content gradually decreased to 29.76 g/100g after 
24 hours, 29.15 g/100g after 48 hours, and finally to 

27.66 g/100g after 72 hours of fermentation. A study 
on lactic fermentation of fig juice also demonstrated 
similar results after 72 hours of lactic fermentation, 
indicating a sugar reduction from 32.1 mg/ml to 18.2 
mg/ml.23 This decrease in sugar content confirms 
the efficacy of fermentation and the ability of this 
bacterium to utilize sugar as a substrate.

Indeed, Lactococcus lactis is a homofermentative 
lactic acid bacterium that assimilates sugar through 
the glycolysis pathway. During this process, sugar 
is degraded into metabolic products such as 
pyruvate. Some of these products are utilized for 
bacterial growth and multiplication, while the rest 
is transformed into lactic acid, which is the main 
product of lactic fermentation. This metabolic 
bifurcation, where a fraction of the sugar is allocated 
to growth and the rest to energy, is crucial for the 
survival and development of the bacterium.24

The health implications of this reduction in sugar in 
dried figs are numerous. Decreasing sugar content 
offers nutritional benefits by reducing the amount of 
available calories and carbohydrates. In a context 
where overconsumption of sugar is associated 
with various chronic diseases, this reduction is 
of paramount importance. In this regard, a study 
conducted in France established a direct link 
between sugar consumption and the risks of cancer, 
particularly breast and prostate cancers. The results 
of this study demonstrated that not only added 
sugars but also natural sugars present in fruits and 
dried fruits are implicated.25

Furthermore, the by-product of fermentation, lactic 
acid, is recognized for its beneficial properties 
for intestinal health. By promoting the balance of 
intestinal flora and strengthening the intestinal 
barrier, lactic acid and lactic acid bacteria can 
contribute to preventing gastrointestinal disorders 
and combating certain food poisonings.26 Regarding 
protein content, our results confirmed that lactic 
fermentation had no impact on protein levels. Before 
and after the fermentation process, the protein 
content remained unchanged at 3%. These findings 
are consistent with those obtained by Nemiche  
et al.27 in their study on the characterization of 
Algerian dried figs, where a protein rate of 3.2% 
was reported. However, our study revealed that 
lactic fermentation had a negative effect on 
mineral content. The results indicate that before 
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fermentation, the mineral rate was 7.25%, and after 
24h, 48h, and 72h of fermentation, it stabilized at 
4.46%. This decrease may be attributed to the 
assimilation of minerals by lactic acid bacteria, which 
require the presence of vitamins and minerals for 
their growth.

Polyphenols are well-known for their nutritional 
value, particularly in fruits, and figs—whether 
enjoyed fresh or dried— that stand out as especially 
rich sources of these beneficial compounds. For 
this study, the extraction of phenolic compounds 
using ethanol was chosen as the literature suggests 
that solid-liquid extraction of fig polyphenols using 
methanol or ethanol has been effective.3 Our findings 
align with other studies conducted on figs and dried 
figs in Tunisia, which revealed a total polyphenol 
range between 1.21 and 2.77 mg GAE/g.22 Total 
polyphenol content remained stable throughout the 
first 48 hours of fermentation, showing no significant 
variation. A slight but statistically significant 
increase was observed after 72 hours, rising from 
2.91 mg GAE/g at T0 to 3.00 mg GAE/g. Although 
this increase is minimal, it confirms that lactic 
fermentation preserves these beneficial compounds, 
which is a valuable outcome. Moreover, aside from 
the fact that lactic fermentation did not result in 
polyphenol degradation, other studies have shown 
that fermentation can enhance the bioavailability of 
polyphenols. Ruiz Rodríguez et al.16 demonstrated 
that fermentation can increase the bioavailability 
of phenolic compounds in humans. Although fruits 
are naturally rich in polyphenols, some of these 
compounds exhibit low intestinal bioavailability due 
to their structural complexity. Lactic fermentation can 
promote the production of simpler and more easily 
absorbable phenolic compounds in the duodenum.28

The increase in anti-radical activity observed in 
our study is supported by a study on pomegranate 
juice fermentation with Lactobacillus plantarum, 
where a 40% increase in anti-radical activity was 
observed.29 This increase in anti-radical activity is 
not necessarily accompanied by an increase in total 
polyphenols, according to Li et al.30 who studied 
the lactic fermentation effect on apple juice. The 
results of this study proved that anti-radical activity 
can increase even in the presence of a decrease 
in total polyphenols, due to changes in the profile 
of phenolic compounds induced by fermentation. 

Indeed, lactic acid bacteria can promote the increase 
of polyphenols with strong antioxidant power, which 
can result in a positive balance in terms of anti-
radical activity.

In conclusion, the lactic fermentation of dried figs by 
Lactococcus lactis results in significant modifications 
in sugar content, mineral content, and anti-radical 
activity, while maintaining stable protein and 
polyphenol levels (Figure 4). These changes have 
potential health benefits, particularly in reducing 
sugar intake and enhancing antioxidant properties.

Conclusion
Our study has highlighted the effectiveness 
of Lactococcus lactis in fermenting dried figs, 
resulting in a significant reduction in sugar content. 
This approach holds crucial importance for the 
valorization of dried figs, as it preserves their 
nutritional benefits while enhancing their status as 
a functional food. These findings offer promising 
prospects for food processing strategies aimed at 
reducing sugar content, as well as for promoting 
intestinal health through the presence of lactic 
acid bacteria. The results also pave the way for 
future research to explore potential applications 
of this strategy in the food industry and to deepen 
our understanding of its effects on human health.It 
should be noted that this study is preliminary and 
primarily aimed at evaluating whether lactic acid 
fermentation could effectively reduce sugar content 
in dried figs while assessing potential changes in 
total polyphenols, protein, minerals, and antioxidant 
activity. Parameters such as pH, lactic acid content, 
detailed sugar composition, and individual mineral 
changes were not analyzed in this preliminary study. 
Future studies will include these measurements to 
provide a more comprehensive assessment of sugar 
reduction, nutrient retention, and functional property 
enhancement in fermented dried figs.
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