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Abstract 
Fruit tree leaves are increasingly gaining attention in the context of the circular economy and the valorization of 
unconventional nutrient sources. Current research focuses on identifying valuable nutrient sources to supplement 
monogastric diets. Fig (Ficus carica L.) leaves and black mulberry (Morus nigra L.) leaves offer an alternative for 
this purpose. This study aimed to compare the chemical composition and antioxidant potential of these 
unconventional materials for potential application in monogastric nutrition. The proximate composition, mineral 
content, total polyphenols, xanthophylls and tocopherols and antioxidant activity (DPPH method) were determined. 
The results indicated that fig leaves had significant concentrations of crude protein and ash, while black mulberry 
leaves were rich in crude fiber and fat. Additionally, black mulberry leaves contained twice the amount of iron and 
higher levels of tocopherols compared to fig leaves. Conversely, fig leaves were richer in xanthophylls than mulberry 
leaves. The analysis of the polyphenolic profile identified 19 different compounds, with 3-hydroxybenzoic acid and 
rutin being the dominant compounds in fig leaves (5.92 mg/g). In contrast, chlorogenic acid and ellagic acid were the 
most abundant in mulberry leaves (7.99 mg/g). The DPPH assay revealed that mulberry leaves had a higher 
antioxidant capacity through free radical scavenging compared to fig leaves. Overall, the results demonstrate that 
black mulberry leaves could be a valuable source of phytonutrients with strong antioxidant activity, with potential 
use in monogastric nutrition. 
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1. Introduction  
 
There is currently a growing interest in analyzing 
medicinal plants that are used as functional foods 
and herbal medicines. Utilizing by-products and 
co-products from the food industry in animal 
nutrition provides a sustainable solution for 
minimizing waste and lowering costs in animal 
husbandry. While fruit tree leaves are often 
overlooked compared to the fruits, they are a 
significant source of bioactive compounds that 
offer antioxidant effects and may benefit human 
health [1,2]. These bioactive compounds can help 
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combat oxidative stress by neutralizing free 
radicals, thereby protecting cellular structures [3]. 
Incorporating these leaves into animal feed 
supports a circular economy, reduces 
environmental impact, and promotes the efficient 
use of agricultural and food resources. 
Figs (Ficus carica L.), part of the Moraceae 
family, have been cultivated for thousands of 
years and are among the earliest known cultivated 
plants. Phytochemical analyses have identified the 
presence of tannins, flavonoids, and hydrocarbons 
[4]. Some authors [4] noted that F. carica is 
particularly abundant in two main categories of 
phenolic compounds: phenolic acids (such as 
gallic, chlorogenic, and syringic acids) and 
flavonoids (including catechin, epicatechin, and 
anthocyanins). Additionally, fig leaves contain 
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high-value biomolecules that exhibit various 
health benefits, including antidiabetic, antipyretic, 
antioxidant, and antilipemic properties [5]. 
Black mulberry (Morus nigra L.), a member of the 
Moraceae family, is well-known for its significant 
role in folk medicine. It is reported to contain 
various phytochemical constituents and exhibit 
numerous biological activities [6]. The leaves of 
the black mulberry are particularly rich in 
flavonols, including quercetin and kaempferol in 
their glycosylated forms, as well as chlorogenic 
acid, which is the predominant phenolic acid [7]. 
Research has demonstrated that mulberry leaves 
possess strong antioxidant properties in rice bran 
oil, showing an even greater effectiveness in 
preventing oxidative deterioration of the oil than 
synthetic antioxidants [8]. Therefore, this study 
aimed to compare the chemical composition and 
antioxidant potential of these unconventional 
materials for potential applications in monogastric 
nutrition. 
 
2. Materials and methods 
 
The study utilized leaves from fig and black 
mulberry, which were harvested from local flora 
in Ilfov County, Romania (44°37′N 26°07′E). 
Samples of leaves were gathered during their full 
physiological maturity.The leaves were ground 
into a fine powder using a Grindomix GM 200 
mill (Retsch, Germany) with a 0.5-mm sieve. 
Average samples were created from the ground 
material and were stored in a dark environment 
until further analysis was conducted. 
The dry matter (984.25), ash (925.51), protein 
(950.36), fat (935.38) and dietary fiber (985.29) 
and Calcium content (935.13/927.02) of the 
samples were determined using standard methods 
defined by the Association of Official Analytical 
Chemists (AOAC, 2000). The concentrations of 
copper, iron, manganese, and zinc in the samples 
were measured using a flame atomic absorption 
spectrometer (Thermo Electron SOLAAR M6 
Dual Zeeman Comfort, Cambridge, UK) after 
microwave digestion (Berghof, Eningen, 
Germany), following the method outlined in [9]. 
Phosphorus content was determined separately by 
a spectrophotometric assay based on colorimetric 
detection, with absorbance measurements 
recorded using a UV–VIS spectrometer (Thermo 
Electron, Cambridge, UK). 

The assessment of the fatty acid profile was 
performed using a gas chromatographic method 
[10]. The amount of each fatty acid was expressed 
as g/100 g fatty acid methyl esters (FAME). 
Xantophyls and vitamin E determinations were 
carried out using liquid chromatography according 
to the methods published by [11]. The results were 
expressed as μg/g.  
Total polyphenols were quantified using Folin 
Ciocalteu method as [12] described. The results 
were expressed as milligrams of gallic acid 
equivalents (GAE) per g of dry weight of sample 
(mg GAE/ g dw.). 
DPPH• scavenging activity of samples was 
determined using spectrophotometric method 
according to [13]. The antioxidant activity of each 
sample is expressed as millimoles Trolox 
equivalents (TE) per kilogram of sample. 
Polyphenolic profile was determined using HPLC-
DAD analysis as previously described by [12]. 
 The data obtained were analyzed using one-way 
ANOVA, followed by Tukey’s test (p = 0.05) 
using XLSTAT software (v.19.01, Addinsoft, 
Paris, France). 
 
3. Results and discussion 
 
The proximate analysis demonstrated significant 
variation between black mulberry and fig leaves.  
 

Table 1. Proximate and mineral composition of the 
analysed fruit tree leaves  

Parameter  Fig 
leaves 

Black 
mulberry 

leaves 

SEM1 P-value  

Proximate composition (%) 
Dry matter 91.09 91.06 0.005 0.051 
Crude 
protein 

20.08a 19.79b 0.004 0.001 

Crude fat 1.97b 3.56a 0.002 <0.0001 
Crude fiber 14.04b 14.21a 0.029 0.002 
Ash 12.82a 10.77b 0.003 <0.0001 

Mineral composition 
Ca (%) 2.03a 1.69b 0.116 0.0001 
P (%) 0.49b 0.53a 0.004 0.027 
Cu, mg/kg 5.74a 5.65b 0.008 0.011 
Fe, mg/kg 157.96b 310.99a 0.005 <0.0001 
Mn, mg/kg 45.31a 30.10b 0.007 <0.0001 
Zn, mg/kg 28.99b 36.53a 0.003 <0.0001 
1 Standard Error of the mean. Different letters (a, b) in 
the same row show significant statistical differences 
according to ANOVA test (p < 0.05). 
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Fig leaves contain a higher concentration of crude 
protein and ash compared to black mulberry 
leaves. High ash content signifies a substantial 
presence of inorganic nutrients in plant material. 
Other researchers [14] found that mulberry leaves 
have lower fiber and ash content than our findings. 
The differences in results may stem from the 
climate, harvesting season, leaf maturity stage and 
drying method. Results showed that black 
mulberry leaves are richer in crude fiber and fat 
than fig leaves. The elevated fiber and protein 
levels in mulberry leaves suggest greater potential 

as a functional feed or nutraceutical resource. An 
important point to mention is that higher fiber 
content can bind minerals and speed up their 
passage through the digestive tract, which may 
reduce nutrient absorption. Mineral analysis 
revealed that fig leaves contained higher levels of 
Ca, Cu, and Mn compared to mulberry leaves, 
while mulberry leaves had a greater concentration 
of P, Fe, and Zn. These differences may arise from 
species variation, environmental conditions, and 
leaf maturity stage [15]. 
 

Figure 1. Concentration of xantophylls and tocopherols of fruit tree leaves 

Both fig leaves and black mulberry leaves are 
characterized by high content of xanthophylls, 
which contribute to their antioxidant activity and 
nutritional value. As shown in Figure 1, there are 
notable differences between fig leaves and 
mulberry leaves. Fig leaves have a higher 
concentration of xanthophylls, such as lutein, 

astaxanthin, and canthaxanthin, compared to 
black mulberry leaves. However, black mulberry 
leaves are richer in vitamin E than fig leaves. 
Among all isomers of vitamin E, the most 
abundant is α-tocopherol. These results are 
consistent with other reports [3].
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Table 2. Polyphenolic profile of the analysed fruit tree leaves 
Parameter Fig leaves Black mulberry leaves SEM1 P-value 

  mg/g mg/g   
Total polyphenols (Folin Ciocalteu assay) 11.78b 18.37a 1.279 0.022 

Hydroxybenzoic acids     
Gallic acid 0.19b 0.20a 0.001 0.004 

Vanillic acid 0.01a 0.05b 0.001 0.0001 
Syringic acid  0.03b 0.17a 0.001 <0.0001 

3-Hidroxibenzoic acid 5.92a 0.36b 0.001 <0.0001 
Ellagic acid  0.14b 1.18a 0.004 <0.0001 

Protocatechuic acid 0.001a 0.002a 0.001 0.086 
Hydroxycinnamic acids     

Chlorogenic acid 0.72b 7.99a 0.001 <0.0001 
Caffeic acid 0.01b 0.029a 0.001 0.002 

p- Methoxycinnamic acid 0.54a 0.37b 0.030 <0.0001 
Ferulic acid 0.02a 0.009b 0.001 0.003 

Coumaric acid 0.01b 0.05a 0.002 0.001 
Flavonoids     
Flavanols      

Epigallocatechin 1.32a 0.17b 0.001 <0.0001 
Catechin 0.52a 0.35b 0.001 <0.0001 

Epicatechin 0.10b 0.27a 0.028 <0.0001 
Flavonols     

Rutin 2.41a 1.09b 0.001 <0.0001 
Quercetin 0.03a 0.001b 0.001 0.001 

Kaempferol 0.043 0.050 0.035 0.895 
Stilbenes     

Resveratrol 0.005a 0.006a 0.001 0.820 
Anthocyanins     

Cyanidin 3-O-glucoside 0.570a 0.055b 0.001 <0.0001 
1 Standard Error of the mean. Different letters (a, b) in the same row show significant statistical differences according 
to ANOVA test (p < 0.05). 
 

 
As table 2 show, mulberry leaves contained a 
higher concentration of total polyphenols than 
fig leaves. In terms of the polyphenol profile, fig 
leaves were rich in 3-hydroxybenzoic acid and 
rutin, while mulberry leaves had chlorogenic 
acid and ellagic acid as their major constituents. 
A total of nineteen compounds were found in the 
studied samples, including hydroxybenzoic acids 
(gallic, vanillic, caffeic), hydroxycinnamic acids 
(chlorogenic, p-metoxycinamic acids) and six 
flavonoids (epigallocatechin, rutin, catechin), 
stilbenes and anthocyanins. Some reports (he et 
al., 2020) showed that chlorogenic acid, rutin, 
quercetin 3-O-glucoside and kaempferol 3-O-
glucoside were largely responsible for the 
antioxidant capacity of the mulberry leaves. In a 
previous study [3] analyzing five varieties of fig 
leaves from Lisbon, Portugal, thirteen 
polyphenolic compounds were identified: five 
phenolic acids and eight flavonoids, with 
flavonoid derivatives apigenin-C-hexoside-C-

pentoside and quercetin-O-deoxyhexosyl-
hexoside in significant amounts among the five 
extracts analyzed. Regarding mulberry leaves, 
the present results are in agreement with other 
findings [17] which found chlorogenic acid as 
dominant compound in samples purchased from 
Polish pharmacies and herbal stores.  In contrast 
to our findings, the same authors identified rutin 
as the second major compound in mulberry leaf 
samples. Other researchers [18] found that 
mulberry leaves harvested from Turkey were 
rich in chlorogenic acid and rutin. The 
differences in the composition of phenolic 
compounds can be attributed to factors such as 
geographical production location, drying 
methods, and the ripeness of the samples, among 
others. Due to the valuable phytochemical 
content like coumarins, flavonoids, and phenols, 
the mulberry leaves have been shown to help 
reduce blood pressure and cholesterol levels 
[14]. 

http://phenol-explorer.eu/compounds/9
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Figure 2. Antioxidant capacity (DPPH assay) of 

selected fruit tree leaves 
 
 The antioxidant potential was assessed using 
DPPH to evaluate the ability of compounds to 
scavenge free radicals. DPPH serves as an 
artificial reactive oxygen species (ROS) in vitro, 
allowing researchers to determine how 
effectively different substances can neutralize 

free radicals. Free radical scavengers such as 
phenolics, provide electrons or hydrogen, 
converting harmful radicals into less toxic 
molecules and interrupting destructive oxidation 
chain reactions [19]. As showed in the figure 2, 
the mulberry leaves demonstrated a higher 
antioxidant capacity through their ability to 
scavenge DPPH free radicals compared to fig 
leaves. Other reports showed   high radical 
scavenging potential of black mulberry leaves 
[14,20]. Interestingly, some authors [21] have 
noted that the radical scavenging effect of 
mulberry leaves varies depending on the season 
they are harvested. Their findings indicate that 
leaves harvested in December demonstrate the 
strongest radical-scavenging activity, while those 
collected in March show the weakest activity. 
Extensive research has demonstrated that the 
radical-scavenging activity is closely linked to 
the polyphenol content in leaves, with higher 
levels found as leaves reached full maturity [21]. 

 
Table 3. Fatty acids content of the analysed fruit tree leaves regarding the unsaturation degree 

Parameter Fig leaves  Black mulberry leaves SEM1 p-value  

α -Linolenic acid (%) 31.12b 31.97a 0.005 <0.0001 
Σ SFA2 23.37b 35.07a 0.006 <0.0001 

Σ MUFA3 17.98a 15.12b 0.005 <0.0001 
Σ PUFA4 of which: 53.94a 46.34b 0.007 <0.0001 

Ω3 31.26b 32.96a 0.005 <0.0001 
Ω6 22.68a 13.38b 0.007 <0.0001 

Ω6/Ω3 0.73a 0.41b 0.003 0.0001 
1 Standard Error of the mean.  
2 Saturated fatty acids 
3Monounsaturated fatty acids 
4 Polyunsaturated fatty acids.  Different letters (a, b) in the same row show significant statistical differences 
according to ANOVA test (p < 0.05). 

 
Table 3 highlighted the fatty acids content of the 
mulberry leaves and fig leaves regarding the 
unsaturation degree. Black mulberry leaves 
contained a higher content of α-linolenic acid, 
total saturated fatty acids and omega 3 
polyunsaturated fatty acids compared to fig leaves. 
Moreover, MUFA, PUFA, n6 were higher in fig 
leaves compared to black mulberry leaves. As n-
6/n-3 ratio was lower in black mulberry leaves 
than fig leaves, we can deduce that mulberry 
leaves have a higher nutritional value, improved 
anti-inflammatory properties, or a better profile of 

polyunsaturated fatty acids, as a lower n-6/n-3 
ratio is generally considered more beneficial for 
health and suggests a higher relative concentration 
of n-3 fatty acids, which are often associated with 
anti-inflammatory effects. Some authors [22] 
showed that mulberry leaves contain a 
considerable amount of primary fatty acids such as 
palmitic (26.38% and 25.99%), α-linolenic 
(34.97% and 37.57%), and linoleic acid (14.76% 
and 16.05%). Consistent with our work, other 
authors [3] showed that the predominant fatty acid 
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observed in mulberry leaves was alpha-linolenic 
acid, followed by palmitic acid and linoleic acid.  
 
4. Conclusions 
 
The current study demonstrated that black 
mulberry leaves contain higher levels of bioactive 
compounds, including polyphenols, fatty acids, 
xanthophylls, and vitamin E, compared to fig 
leaves. These findings suggest that black mulberry 
leaves could be a valuable source of nutrients for 
monogastric animal nutrition. 
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