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Received: June 2023 th20 Hyaluronic acid, which is one of the many carbohydrates that has unique physical 
and chemical properties, is one of the important natural polymers, which made it 

widely used in the fields of pharmaceuticals, biomedical, nutritional and cosmetic 
supplements. Hyaluronic acid is composed of repeating units of glucuronic acid 

and N-acetyl glucosamine. Plants are among the important sources for the 

extraction and production of many effective compounds of nutritional importance 
and medical, pharmaceutical and cosmetic applications, due to its features, 

including low production cost, safe in terms of use and rich in natural antioxidants. 
In this study, light was shed on some plant sources such as sweet potatoes and 

local potatoes, as well as some plant residues such as lettuce leaves, which are 
rich in hyaluronic acid, and the modern techniques used in its extraction and 

displaying its biological properties and antioxidant effectiveness. Acid extracted 

by FTIR and high performance liquid chromatography (HPLC). The antioxidant 
activity of extracted hyaluronic acid was also tested. The acid extracted from 

sweet potato crests had higher antioxidant properties compared to the acid 
extracted from local potatoes and lettuce leaves                                    
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INTRODUCTION 
Among the various compounds that are abundant in nature are biopolymers and their derivatives, which are 

characterized by unique characteristics that have made them the focus of attention of many scientists and researchers 
in recent times because of the wide applications these compounds have in different aspects of life. Amino acids, sugars 

and nucleotides are the monounits of biopolymers. Examples of these vital substances are starch, cellulose, proteins, 
pectin and peptides. (Elnashar, 2010; Abeer etal., 2017) 

A great development has been achieved in recent years in the techniques of using natural biodegradable polymeric 

materials in the inputs of various vital fields, because the polymers have important mechanical, physical and chemical 
properties in addition to their ability to be enzymatically and hydrolyzed, and conditions must be met in the polymer in 

order to be allowed to be included in vital applications. It is the bioavailability and that it is non-toxic, and that it is able, 
through interactions, to form a biological network, build and develop tissues, in addition to the properties of tensile 

strength, mechanical strength, in addition to other properties in order to be similar to industrial polymers (Walaa et al., 

2018; Hassan et al., 2019). ). Biodegradable polymers have developed in the applications of various biological 
compounds. They have entered many fields, including the pharmaceutical industry in the seventies of the last century. 

The first successful biodegradable polymers are polyesters. It was developed and introduced in the sewing and textile 
industry. Danhier et al., 2010; Samir et al., 2022). (The biopolymers differ in the structural unit that enters into their 

structure, and the polymers are found in nature (Widner et al., 2004; Kobayashi et al., 2003) . 
Hyaluronic acid is a sulfur-free hydrocarbon organic chemical compound that can also be called hyaluronan (Hemshekhar 

et al., 2016; Zhai et al., 2020). It is a sticky, bio-saccharide substance naturally produced in the body with a high 

molecular weight. It was discovered by Karl Mayer and his assistant, John Palmer, as cow's eyeballs in 1934. Hyaluronic 
acid is a natural, biopolymer compound found in body tissues such as cartilage, eyes, cartilage, and skin. It mainly 

forms the connective tissue of the skin. This substance has the ability to absorb water molecules by 1000 times its 
weight, as it acts as a moisture absorber (Birajdar et al., 2021) 

  .It has important biological functions in humans, animals and bacteria alike. It is spread in most of the connective, 

epithelial and nervous tissues (Necas et al., 2011) and is particularly concentrated in the synovial fluid and the vitreous 
fluid of the eye. Hyaluronic acid is composed of repeated building blocks of D-glucuronic acid and N-glucuronic acid. -

acetyl-D-glucosamine, and they are linked by a β-1→3 glycosidic bond, in addition to molecules of disaccharides, and 
they are linked by a β-1→4, glycosidic bond. Some studies in recent years have shown that hyaluronic acid has 

antioxidant effects (Ke et al., 2011). In recent years, there has been a tendency to move away from industrial sources 
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and replace them with natural sources in the field of food preservation and manufacturing, so the study aimed to extract 

and diagnose hyaluronic acid and to shed light On the antioxidant properties of haloyurinic acid extracted from sweet 

potatoes, local potatoes and lettuce leaves . 
 

 MATERIALS AND METHODS 
Chemicals  

Acetic acid, acetone1, chloroform, and acetic acid were obtained from Merck Chemicals Co. (Darmstadt, Germany),1-

diphenyl-2-picrylhydrazyl (DPPH), trichloroacetic acid. Potassium ferricyanide (K4[Fe(CN)6].3H2O), Butylated 
hydroxytoluene (BHT), Sodium Chloride (NaCl), Hydrogen Peroxide (H2O2), Ferric chloride (FeCl3) were purchased 

from Sigma-Aldrich (Merck) Sulphuric acid (H2SO4),.                                                              
Raw Materials 

  Plant samples were obtained from the local markets of the city of Basra. They were washed, cleaned, cut and dried 
at a temperature of 40 ± 2 °C for a period not exceeding 48 hours, depending on the type of plant. Then they were 

ground with an electric mill and kept in sealed containers by freezing  18±(- 3)  °C until use.                                                                    

Extraction of hyaluronic acid from animal sources 
The method described by Soares. (2017) was followed. With a weight of 500 grams of vegetable samples (sweet 

potatoes, local potatoes, lettuce), acetone was added in a ratio of 1:1 (weight / volume) at a rate of three times within 
24 hours to remove the fat, after which the fat was removed. extraction with acetic acid at a concentration of 0.5 M at 

a ratio of 1:2 (w/v) for 24 hours, after which the centrifugation process was carried out for 30 minutes at a speed of 

7000 revolutions/min. 3000 cycles / minute again, the sediment was collected and dried at a temperature of 40 ° C, 
and kept in a sealed container until use. 

Determination of hyaluronic acid by carbzole method 
HA was determined in the extracts using the carbzole method by taking 0.1 mg / ml of each sample and adding 0.025 

M of sodium tetraborate solution (in sulfuric acid sp. gr.1.84), and heated in a water bath at 100 ° C for ten minutes 

and then cooled the tubes by placing them in an ice bath for 10 min  after that 0.2 ml of carbzole reagent (in 95% 
ethanol) was added and boiled for 15 min in a water bath and then left to cool at laboratory temperature The absorbance 

was measured at a 530 nm. 
FTIR spectroscopy 

Composite HA samples Fourier-Transform Infrared (FTIR) Spectroscopy were performed by( Perkin Elmer Spectrum 
One Nicolet 520, Japan, JASCO). The experiment was carried out at laboratory temperature by mixing HA samples 

with KBr was evaluated at 4000–400 cm−1(Alizadeh-Sani et al., 2018).   

High pressure liquid chromatography (HPLC) 
Analysis of HA compounds were performed by HPLC Lyophilized HA extracts dissolved in 1 mL of distilled water and 

filtered before HPLC analysis. The injected sample volume was 10 µL and commercial HA as a standard  was used to 
analyze. HPLC system  implemented using a column C18  (260 x 4.5mm, 5 µm, Thermo Fisher Scientific,  Japan).  The 

solvent flow rate was 10 ml min-1 and the gradient was 30 min at 205 nm. 

Antioxidant activity of HA 
DPPH radicals scavenging activity 

 A free radical DPPH(f 2, 2-diphienyl-1-picrylhydrazile) was measured according to the method described by Wang et 
al.(2019) with some modification  by mixing 1ml HA (0-125) mg/ml with 1 ml of DPPH( 0.01M of ethanol). The mixture 

was incubated at laboratory temperature for 30 min in the dark, after which the absorption was measured at 517 nm.  
BHT was used as a comparison sample and at the same concentrations, the control sample was prepared in the same 

way except for the addition of methanol instead of the sample. for the following equation:                                                                     

× 100 
S                              A    -CA 

     DPPH scavenging activity 
C A  

   

AControl  is the absorbance value of the DPPH, and As is the sample’s absorbance 
Reducing power  

The reducing power was estimated according to the method used by Zhang etal.(2022). Briefly, with some modifications, 
2.5 mL phosphate buffer (0.2 M, pH 6.6) and 2.5 mL of  0.1%(w\v)  K3Fe (CN) were added to each sample. After 

incubating at 50°C for 30 min in the dark, 2. 5 mL of 10% (w/v) trichloroacetic acid solution has been  added to the 

mix. The supernatant 2.5ml was mixed with 2 mL distilled water and 0.1 mL ferric chloride (0.1% w/v), After of 10 
minutes, the absorbance measured at 700 nm.   

                                  
Chelating of ferrous ion assay 

The chelating effect of the produced HA on ferrous ions was evaluated by the Kosnett (2013) method and modified by 
Halfi (2009) and involving the mixing of 0.4 ml of HA(1-5mg\ml) with 0.4 mL 2 mM FeCl2 and with 0.4 ml 8-hydroxy 

quinolone 5 M (ethanol 98%) Then the reaction mixture was sit at laboratory temperature, for 10 min in a dark. Their 

absorbance were measured at  522 nm. the control sample was prepared in the same way above except for the addition 
of the sample. According to the following equation: 

]×100S A \c  A-Chelating of Ferrous%=[1 
the absorbance of the control is Acontrol , and AS is the absorbance of the samples. 
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) scavenging activity assay2O2(H Hydrogen peroxide 

The ability of HA to scavenge (H2O2)was estimated according to the method by (Türkoğlu et al., 2010) , 1 ml of HA with 

different concentration (1-5mg\ml)was mixed with 0.6 mL of H2O2 solution (2 mM) prepared in a  phosphate buffer (0.1 
M, pH 7.4) and then the absorption was measured at 230 nm after 10 min. Ascorbic acid was used as positive control. 

The following equation was used to calculate the ability HA to  scavenging activity:                      
 Inhibition % =[Ac  - As \Ac ] ×100  

Ac= Absorbance of the control, As = Absorbance of sample  

Statistical analysis 
Statistical analysis was performed using the SPSS software (version 18.0). The ANOVA was used to analyze the data 

and results reported as mean ± SD. Differences were considered significant at p < 0.05. 
 

RESULTS AND DISCUSSION 
Yield hyaluronic acid extraction 

The results showed that there were significant differences at the level of probability p ≤ 0.05 in the percentage of yield 

of hyaluronic acid extracted from plant sources. In Figure 6, the percentage of yield of hyaluronic acid extracted from 
sweet potatoes was 3%, while the percentage of yield in local potatoes and lettuce was 2.71%, 2.53%. % respectively, 

and the reason for the difference in the results may be due to the difference in the content of plant sources in terms of 
the percentage of carbohydrates and the size of the particles of the sample, as well as the difference in extraction 

solutions and the duration of extraction (Abdallah et al., 2020). 

 

 
The percentage of the yield Figure1. 

 

FTIR analysis 
The active and normal totals of  HA extracted Sweet potatoes,  potatoes and lettuce leaves were diagnosed by using 

the infrared spectrum and compared with the spectrum of the standard acid as shown in Figure (2). If the similarity of 

the peaks of the active groups of the extracted HA with the active groups of the standard HA is observed, this indicates 
the presence of the active compounds present in the composition of the HA. They belong to the composition of 

hyaluronic acid, which contains the compound D-glucosamine. Peaks also appeared in the range of 2918-2929 cm-1, 
which are due to the vibration of the C-H bond and related to the Methylene group, while peaks appeared in the range 

of 1650-1400 cm-1, which are due to the vibration of the double bond C=O. Which belong to the amid a group of 

chlorochloronic acid, which is one of the building blocks of hyaluronic acid, and the C-N single bond vibrations of the 
amine group, as well as peaks appeared in the range of 1064-1040 cm -1, which belong to the C-O single bond vibrations 

belonging to the alcohol group . 
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FIGURE 2. FTIR of hyaluronic acid, (A):HA standard, (B): acid extracted from Sweet potatoes, (C): acid extracted 

from  potatoes , (D) : acid extracted from lettuce leaves 
  

High-Pressure liquid chromatography (HPLC) 

  Figure (3) shows the diagnosis of  HA extracted from Sweet potatoes,  potatoes and lettuce leaves, compared with 
standard HA, where one peak appeared for each source with a slight difference in retention time ranging between 1.80-

2.052 minutes, where the retention time was for standard HA and the acid extracted from rooster comb and fish eyes 
And sweet potatoes, local potatoes, and lettuce is 1.945, 1.790, 1.947, 1.978, 1.957, 2.052 minutes, and the appearance 

of one peak in all sources may indicate the purity of the extracted acid. These results were consistent with what was 

found by (Liu et al. 2013), where it was found that the retention time 1.85-1.95 minutes (de Oliveira, Nakamura, and 
Auzély-Velty 2020) found the retention time for standard HA to be 2.4 minutes . 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

  

  

 

 

A B 

C D 



European Scholar Journal (ESJ) 
__________________________________________________________________________ 

100 | P a g e 

 

 
 

 

FIGURE 3. HPLC of hyaluronic acid, (A):HA standard, (B): acid extracted from Sweet potatoes, (C): acid extracted 
from  potatoes , (D) : acid extracted from lettuce leaves 

 
Antioxidant activities 

DPPH Radical Scavenging Activity 
  Figure (4) shows the antioxidant effectiveness of HA extracted from plant sources and compared with synthetic 

antioxidants (BHT) using different concentrations ranging from 25-125 mg ml. It is noted that the extracted HA can 

scavenging the free radical (DPPH). Where this ability increases with increasing concentration, as the ability to absorb 
HA extracted from Sweet potatoes reached 27, 30, 45, 53, 59%, respectively, while the ability to absorb HA extracted 

from potatoes was 21, 29, 38, 44, 51. the ability to absorb HA extracted from lettuce leaves was 17, 26, 31, 40, 46.6 
While the industrial antioxidant (BHT) showed the ability to scavenging the free radical (DPPH) higher for all 

concentrations, if it reached 67, 75, 83, 88.33, 91%, respectively. Antioxidant effect enhanced when the concentration 

was increase.( Al-Ali et al., 2021; Al-Hilifi et al., 2022).The effectiveness of HA in scavenging free radicals (DPPH) is due 
to functional groups such as the carboxyl group and the hydroxyl group that bind with free radicals to convert them 

into more stable compounds and thus end the chain of free radical reactions (Campo et al., 2004; Mohammed and 
Niamah, 2022) 
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FIGURE. 4. DPPH radical scavenging activity of hyaluronic acid extraction and   BHT 

 
 

 
Reducing power  

The results show in Figure (5) the reductive strength of HA extracted from Sweet potatoes,  potatoes and lettuce leaves 
and compared with industrial antioxidant (ascorbic acid) and using different concentrations ranged between (25-125) 

mg ml, so it is noted that the extracted HA has a reductive strength this ability increases with increasing concentration, 

as HA extracted from Sweet potatoes  showed the highest reductive power, followed by potatoes and lettuce leaves, 
and when compared with ascorbic acid, all results were lower than ascorbic acid. For HA extracted from Sweet potatoes, 

the absorbance was 1.023, 1.288, 1.487, 1.645, 1.896, respectively, while the absorbance of  HA extracted from 
potatoes was 0.957, 1.201, 1.434, 1.59, and 1.721, respectively. while the absorbance of  HA extracted from lettuce 

leaves was 0.847, 1.172, 1.298, 1.409, and 1.553, respectively The reducing  ferric ion Fe+3 increased rapidly as the 

concentration increase ( Zhang et al., 2022).These results are in agreement with what was reported by Sadhasivam et 
al. (2013) and Al-Hilifi et al. (2022), noting the increase in reductive power with increasing concentration used. 

 
 

 FIGURE.5.. Reducing power of hyaluronic acid extraction and ascorbic acid 
 

  

Chelating of ferrous ion assay 
Figure (6) shows the ability of HA extracted from Sweet potatoes,  potatoes and lettuce leaves to bind the ferrous ion 

and compare it with the industrial antioxidant EDTA-2Na, using different concentrations that ranged between (1-5) mg 
ml. If it is noted that the extracted HA can bind the ferrous ion. This ability increases with increasing concentration, as 

the ability to bind the ferrous ion HA extracted from Sweet potatoes was 42, 51, 58, 62, 70.33%, respectively, while 

the ability to bind the ferrous ion to HA extracted from ,  potatoes was 41.66, 47, 53, 59.,61%, respectively. while the 
ability to bind the ferrous ion to HA extracted from lettuce leaves was 39, 46, 51, 53,57%, respectively The industrial 

antioxidant (EDTA-2Na) showed a higher binding capacity for all concentrations, if it reached 33, 42, 58, 78, 96%, 
respectively, and these results were consistent with what was mentioned by (Mohammed and Niamah 2022), where 
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was found that with increasing concentration, the ability of HA increases On the binding of iron ions, where the results 

indicate that the binding ability of HA at a concentration of 50 µg ml was 7.11%, while it reached 73.74% at the highest 

concentration of 1300 µg ml. The breakdown of peroxides and the decomposition of hydrogen peroxide (H2O2) into 
effective free radicals, and this is done using the Fenton reaction (Pisoschi et al., 2021). 

 
FIGURE. 6.  Chelating of ferrous ion of hyaluronic acid extraction and EDTA-2Na 

 
Hydrogen peroxide scavenging activity assay 

   Figure (7) shows the ability of hyaluronic acid extracted from Sweet potatoes,  potatoes and lettuce leaves to radical 

the hydrogen peroxide radical and compared it with the synthetic antioxidant (BHT) using different concentrations that 
ranged between (1-5) mg ml. If it is noted that the extracted HA can radical the peroxide radical Hydrogen, as this 

ability increases with increasing concentration, as the ability to absorb HA extracted from Sweet potatoes reached 23,27, 
46,51,58%, respectively . While the ability to scavenge HA extracted from potatoes was 9,14, 23, 34, 39%, respectively. 

While the ability to scavenge HA extracted from lettuce leaves was 8,13, 20, 32, 34%, respectively Hydrogen peroxide 

(H2O2) is a weak oxidizing agent in its natural form, but it is a source for the production of free radicals such as hydroxyl 
radicals and oxygen radicals, and thus their accumulation and the possibility of their interaction with ions mineral. The 

ability of HA to absorb hydrogen peroxide may be due to its possession of active groups in its structural composition, 
such as the carboxyl and the hydroxyl donor of the hydrogen atom, which make the hydroxyl radical (OH) or the free 

oxygen radical (O) more stable and prevents the start of the reverse reaction (AlMamary and Moussa., 2021; Ofoedu 

et al., 2021) 

 
 FIGURE. 7. Hydrogen peroxide scavenging activity of hyaluronic acid  extraction and  BHT  
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