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Iron is an essential trace element that the human body needs for cellular metabolism and oxygen transportation. Iron is 
widely used as a supplement for the treatment of iron deficiency or anemia, which can have many negative consequences. 
Polysaccharide iron complexes have been widely studied and shown to possess biological activities. The objectives of the 
current study were to prepare polysaccharide iron complexes from P. betel leaves and T. aestivumgrass and to measure, 
characterize and assess their antioxidant activity. The results revealed that Piper betel polysaccharide had a high yield 
percentage of 2.13±0.78 percent and a polysaccharide content of 65.92±0.007%. A high iron content of 16.39% was found 
in PBPS-Fein comparison to 9.5% in TAPS-Fe. Characterization reveals information about structural properties. The FTIR 
spectra showed similarities between the polysaccharides and iron complexes, indicating that complexation did not disturb 
structure or functional groups. PBPS-Fe and TAPS-Fe attain thermal stability at 507.37C and 610.28C, respectively. The 
morphological images of polysaccharides revealed rough and irregular structures and the complexes were smooth and had a 
sheet-like structure. Piper betel and Triticum aestivum iron complex showed the highest antioxidant and anti-hemolytic 
activity in comparison to those of PBPS and TAPS.The complexation of polysaccharides improves their physicochemical 
characteristics and antioxidant activity, anti-hemolytic activity according to the study's findings. Further research has 
explored their biological activities and these polysaccharide iron complexes can be used as organic supplements and food 
fortifiers. 
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Iron is an essential trace metal in the human body that 
is vital for several enzymatic processes, the most 
well-known of which are the transportation of oxygen 
and cellular metabolism1. Iron deficiency (ID) is a 
common root cause of anemia worldwide. Hence, ID 
and anaemia are frequently used interchangeably, and 
the anemia is frequently used as a substitute for IDA. 
Iron deficiency is speculated to be responsible for 
50% of all instances of anemia2. Anemia is a 
hematological disorder and it is a global health 
problem that affects populations in both affluent and 
poor countries3. 

Oral iron supplements are needed in modern 
culture to treat and prevent iron deficiency in 
humans4. Oral consumption of iron complexes leads 
to side effects, such as nausea and vomiting5.  When 
valent iron complexes enter the body, they produce 
free radicals, which are prone to damage the cell 
membrane6. 

Natural products have always made significant 
contributions to the advancement of contemporary 
medicine and are still vital to the process of finding 
new drugs. Butea monosperma bark has been shown 
in earlier research to have antioxidant and 
antihyperglycemic effects7. The alcoholic extract of 
Entada persuatha demonstrated a protective effect in 
a model of DSS-induced mice, according to published 
data8. Similarly, ethanolic extract of Clerodendrum 
infortunatum exhibited significant antioxidant 
activity9. 

Polysaccharide iron complexes are usually 
composed of ferric ions combined with 
polysaccharides thereby forming a stable supplement 
which may probably be used as an effective iron 
supplement with high iron content10,11. These 
compounds are soluble and nontoxic at physiological 
pH values12 Various studies exhibited that  metal 
complexation with bioactive compounds enhances 
their activity and bioavailability. Amino acid-derived 
metal complexes exhibit various biological  
effects, including antitumor, antimalarial, and 
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antioxidant activities13. Additionally, zinc-genistein 
and Zinc- A. paniculata conjugated nanocomplexes 
demonstrated greater antioxidant activity than 
genistein and A. paniculata alone14,15. 

Piper betel leaves are rich in bioactive compounds. 
They belong to the family Piperaceae. P. Betle has 
various names in different countries. Paan is most 
frequently used in India, Pakistan, Nepal and 
Bangladesh16. Previously known Piper betel leaves 
have antioxidant17,18, insecticidal and antitumour19, 
neuroprotective20, antidiabetic and anti-helmintic21, 
anti-microbial22 properties. Similar studies have been 
reported in Calotropis gigantea which a perennial 
herb possessing analgesic, anthelmintic, astringent, 
anti-inflammatory, wound healing, sedative, anti-
asthmatic, antimicrobial, antioxidant, procoagulant, 
hepatoprotective and hypoglycemic properties23. 

Wheatgrass refers to the young grass of the 
common monocot wheat plant “Triticum aestivum”24. 
It belongs to the Poaceae family. T. aestivum grass 
and its extracts are reported  to be high in proteins, 
vitamins, minerals, active enzymes, and bioactive 
substances such as alkaloids, glycosides, saponins, 
steroids, tannins, phenols, and flavonoids25,26.  
T. aestivum grass and its extracts possess antioxidant 
activity26,27. T. aestivum grass has therapeutic 
applications in debilitating diseases such as cancer.  
Due to its antioxidant properties, it aids in the 
management of the majority of degenerative diseases 
such as diabetes and cardiovascular diseases. It has 
been shown to be effective in the treatment of 
anaemia, diabetes, eczema, constipation, kidney 
swelling, and the common cold25. 

Khan et al.28 reported presence of bioactive 
compounds viz 2,4-dihydroxybenzaldehyde in Piper 
betel followed by catechin and chlorogenic acid in 
Triticum aestivum through HPLC analysis29. In silico 
studies demonstrated effective binding with  
hepcidin, a liver-synthesized hormone that regulates  
iron metabolism28. Catechin has also been reported  
to possess hepatoprotective, antidiabetic and 
anticoagulant pharmacological properties30. 

The present study aimed to prepare Piper betel 
leaves and Triticum aestivum grass polysaccharide 
iron complex polysaccharides and compare them 
through characterization and antioxidant assays. 
 

Materials and Methods 
Triticum aestivum grass was collected from the 

Crop Research Centre, School of Agriculture, ITM 
University, Gwalior, Madhya Pradesh.Piper betel 

leaves were procured from village Sandalpure, Antri 
of Gwalior, Madhya Pradesh. All supplementary 
chemicals and reagents were of analytical grade and 
were purchased locally. 
 

Polysaccharide extraction 
Dried powders of T. aestivum grass and P. betel 

leaves were mixed with water at a ratio of 1:20. The 
extraction temperature and extraction time were set at 
80°C and 6 h, respectively. The filtrate was collected 
and reduced to a one-fourth volume in a rotary 
evaporator31,32. Deproteinization was performed by 
the TCA method followed by decolorization. 
Polysaccharides were precipitated by the addition of 
anhydrous alcohol added at a ratio 1:15 and incubated 
at 4°C for 12 h followed by centrifugation at  
4000 rpm for 15 min.  Three subsequent washes with 
alcohol were performed for the complete removal of 
debris31. The precipitates were dried and stored at 
4°C. The polysaccharides were obtained from Piper 
betel leaves and Triticum aestivum grass and were 
named as PBPS and TAPS, respectively. The 
extraction yield (%) was calculated as follows: 

 Extraction	yield	ሺ%ሻ = Weight	of	dried	polysaccharideWeight	of	dried	plant	powder	 × 100						…(1) 
 

Determination of carbohydrate content and protein content 
The total polysaccharide content was quantitatively 

estimated by the phenol sulfuric method33. The total 
protein content was evaluated by using the CBB-
G250 technique with Bovine Serum Albumin as a 
reference at 595 nm34. 
 

Iron complex preparation 
Dried crude polysaccharides and sodium citrate 

were mixed at a ratio of 2:1. The solutions were 
neutralized and heated to 70°C. Addition of 2M FeCl3 
and NaOH led to the formation of a brown precipitate, 
which was subsequently centrifuged. The supernatant 
was dialyzed, precipitated with 95% ethanol and 
freeze-dried. Piper betel and Triticum aestivum 
polysaccharides are referred to as the PBPS-Fe 
complex and TAPS-Fe complex, respectively35. 
 

Qualitative identification of polysaccharide iron complexes 
Ten milligrams of dried PBPS and TAPS were 

dispersed in 2 mL of double distilled water and 
themixture was then stirred at room temperature for  
2 h. After adding a few drops of potassium 
thiocyanate to the solution, the reaction phenomenon 
was monitored. Similarly, 10 mg of PBPS-Fe and 
TAPS-Fe complex was dispersed in 1MHCl and 
agitated for 2 h at room temperature. After adding a 
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few drops of potassium ferrocyanide, the reaction 
phenomenon was monitored and recorded36. 
 
Quantification of the iron content in the polysaccharide iron 
complexes 

Ten milligrams of dried PBPS, TAPS, PBPS-Fe, 
and TAPS-Fe complex were dispersed in 20 mL of 
HCl (1 M) by stirring for 24 h to break the 
compounds and liberate the iron. Then, 1 mL of each 
solution was combined with 1 mL of hydroxylamine 
hydrochloride (10%) 2.5 mL of 1,10-phenanthroline 
(10%) and 5 mL of sodium acetate trihydrate buffer 
solution (pH 4.5) and the absorbance of mixture was 
recorded at 510 nm. The calibration curve was 
obtained by using  standard solutions of ferrous 
ammonium sulfate in distilled water based on the 
following formula: y = 0.0045x – 0.170, where  
y = absorbance and x = conc. (R2 = 0.9972)37. 
 
Fourier Transform Infrared Spectroscopy (FTIR) 

Perkin Elmer spectra Two 105627 FT-IR was used 
to characterize the infrared spectra of the 
polysaccharides and complexes. The frequency 
ranged from 4000-500 cm-1,38. 
 
Thermogravimetric analysis (TGA) 

Thermogravimetric analysis was performed by 
using a thermogravimetric analyzer (Shimadzu’s 
TGA- 50 series). A sample weighing between 10 to 
15 mg was heated in a nitrogen environment at a rate 
of 10°C/min, and the flow rate was 30 mL/min39. 
 
High-performance liquid chromatography (HPLC) 

Ten milligrams of polysaccharide and 
polysaccharide iron complex were dissolved in 5 mL 
of 2M TFA at 90°C for 3 h. followed by 
centrifugation for 5 min40. The hydrolysates were 
repeatedly co-evaporated with ethanol at 45°C to 
remove the excess acid. Then, the hydrolysates were 
derivatized with PMP. They were combined with a 
methanol solution of PMP (0.5 M) and 0.5 mL 
sodium hydroxide solution (0.3 M). The derivative 
reaction was carried out for 30 min at 70°C, followed 
by centrifugation at 10000 g for 5 min. To remove the 
excess PMP, chloroform was used. Subsequently, a 
membrane (0.22 μM) was used to filter the aqueous 
layer. The monosaccharide compositions of the 
polysaccharide and complex were determined from 
the filtrate with a Shimadzu HPLC system with RI 
and PDA detectors. The RP C18 column (4.6 ×  
250 mm, 5 μM) was used at 25°C. The mobile phase 
consisted of acetonitrile and phosphate buffer saline 

(pH 7) and was used at a ratio of 20:80 (v/v) with a 
flow rate of 1 mL/min.41. 
 
Scanning electron microscopy (SEM) 

Scanning electron micrographs of PBPS, TAPS, 
PBPS-Fe, and the TAPS-Fe complex were obtained by 
Joel field Emission electron microscope. Each sample 
was observed at 5000- and 20,000-fold magnification at 
an accelerating voltage of 20.0 kV42. 
 
Antioxidant activity 
 

1,1-Diphenyl-2-Picrylhydrazyl (DPPH) Radical Scavenging 
Activity 

Blois technique was used to assess DPPH free radical 
scavenging activity in various fractions. Aliquots of 
sample and extracts from 200-1000 µg/mL in distilled 
water and 1 mL of DPPH solution (0.1 mM in 
methanol) were added, shaken well, and incubated at 
37°C for 30 min in the dark. The absorbance was 
measured at 517 nm against a suitable blank43. The 
DPPH radical scavenging activity was calculated by 
using the following equation:  

(%)	ݕݐ݅ݒ݅ݐܿܽ	݃݊݅݃݊݁ݒܽܿݏ	݈ܽܿ݅݀ܽݎ	ܪܲܲܦ  = ଵܣ) − ଴ܣ(ଶܣ × 100								…(2) 
 

Metal Chelating Activity 
The metal chelating activity was determined using 

the method described by Chew et al44. A mixture of  
0.2 mL plant extract at varying concentrations, 0.2 mL 
FeSO₄ (0.1 mM) and 0.4 mL ferrozine (0.25 mM) was 
prepared. After incubating the mixture at room 
temperature for 10 min, the absorbance was measured 
at 562 nm44. The metal chelating activity was then 
calculated using equation (i). 
 
Reducing power assay  

A mixture of 2.5 mL phosphate buffer (0.2 M,  
pH 6.6) and 2.5 mL of 1% potassium ferrocyanide 
was added to 1 mL of various fractions of plant 
extract at different concentrations (200–1000 μg/mL) 
diluted in distilled water. The test tubes were 
incubated in a water bath at 50°C for 10 min. After 
incubation, 2.5 mL of 10% TCA was added, and the 
mixture was centrifuged at 3000 rpm for 10 min. 
From the supernatant, 2.5 mL was collected and 
mixed with 2.5 mL distilled water, followed by the 
addition of 0.5 mL freshly prepared 0.1% FeCl₃. The 
increase in absorbance was measured at 700 nm 
against an appropriate blank45. 
 
Ferric reducing antioxidant power (FRAP) 

The total Ferric Reducing Antioxidant Power was 
measured using a modified method by Benzie and 
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9.5%. Compared with TAPS-Fe, PBPS-Fe hasa high 
iron content. 
 
FTIR analysis 

Figure 1A and B represents the infrared spectra of 
P. betel leaves and T. aestivum grass polysaccharides 
and complexes, respectively. The strong broad 
absorbance bands at 3196.09 cm-1 and 3279.04 cm-1 

confirmed the presence of the -OH functional group. 
A prominent, narrow signal at 1598.97 cm-1 in PBPS 
and 1590.78 cm-1 in TAPS indicates the presence of a 
carbonyl group (=CO). A strong and sharp peak at 
1008.28 cm-1 and 1039.97 cm-1 in both PBPS and 
TAPS, respectively, indicate the presence of a 
primary alcohol group (-CH). The fingerprint region 
was showed a peak at 543.73 cm-1 in the P. betel 
spectrum and at 463.19 cm-1 in the T. aestivum 
polysaccharide IR spectrum. The migration of the 
absorption peaks at 1000.28 cm-1 and 1598.97 cm-1 to 
1020.42 cm-1 and 1630.96 cm-1, respectively, may be 
due to complexation. 
 
TGA analysis 

The stabilities of PBPS, PBPS-iron complex, and 
TAPS and TAPS-iron complexes were investigated by 
thermogravimetric analysis (Fig. 2A and B, 
respectively). In the current study, the temperature 
increased from 30 to 600°C. The rate of weight loss of 
PBPS was 40.28%. The rate of mass loss is stable at 
571.56°C. The first weight loss of PBPS-iron complex 
was 52.5%, at 99.99°C followed by second weight  
loss which was 27.5% at 649.80°C thus final weight  
loss was 75.76%.  The PBPS-iron complex  
attained thermal stability at 507.37°C. Similarly, the 
weight loss of TAPS was 52.60% and the rate of mass 
loss was stable at 580.77°C. The rate of mass loss of the 

TAPS-iron complex at 649.80°C was 54.16%. The 
TAPS-iron complex attained thermal stability at 
610.28°C. The PBPS-Fe attained thermal stability at 
507.37°C whereas, TAPS-Fe which attained thermal 
stability at 610.28°C. 
 
HPLC (monosaccharide analysis) 

Four monosaccharides were identified i.e. 
glucuronic acid, galactouronic acid, glucose, and 
arabinose in PBPS, and glucuronic acid, glucose, 
arabinose, and fucose were identified in TAPS  
(Fig. 3A and B). The changes in monosaccharide 
content and retention time between PBPS and PBPS-
Fe and between TAPS and TAPS-Fe may be due to 
the presence of ferric ions in the monosaccharide 
residue chain monosaccharide. 
 
SEM (Morphology analysis) 

As shown in Figure 4A (i) PBPS had an irregular 
rough surface with lumps at ×5000 and PBPS-Fe had 
a smooth surface (Fig. 4A (i)). At ×20,000 PBPS 
exhibited a flocculent structure (Fig. 4B (ii)).  
The surface of PBPS-Fe is relatively flat and smooth 
in comparison to that of PBPS.As shown in (Fig. 4C 
(i)) the TAPS image revealed irregular lumps,  
while the TAPS-Fe had a smooth surface at  
×5000 (Fig. 4D (i)). After 20,000-fold augmentation 
the polysaccharide had a flocculent structure (Fig. 4C 
(ii)) while in TAPS-Fe, had a flat smooth surface  
(Fig. 4D (ii)). 
 
Antioxidant activity 
 
DPPH activity 

As illustrated in Table 2, the highest DPPH 
scavenging activity was observed at a concentration of 
1 mg/mL. The antioxidant activity of the TAPS-Fe and 

 
 

Fig. 2 — Thermogravimetry curves of (A) PBPS and PBPS- Fe; and (B) TAPS and TAPS-Fe 
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PBPS-Fe complexes surpassed that of their respective 
ligands, TAPS and PBPS. Among the tested samples, 
the PBPS-Fe complex exhibited the highest activity at 
82.6%, followed by TAPS-Fe at 77.96%, PBPS at 
57.19%, and TAPS at 54.53%, all at 1 mg/mL. 
Notably, the PBPS-Fe complex maintained superior 
activity across the concentration range of 0.2–1 mg/mL 
compared to TAPS, PBPS, and TAPS-Fe. 
 
Metal Chelating Activity 

Table 3 illustrates the metal chelating activity of 
EDTA, TAPS, PBPS, TAPS-Fe, and PBPS-Fe. The 
chelating activity increased with rising concentration, 
reaching its peak at 1 mg/mL. Notably, the TAPS-Fe 
and PBPS-Fe complexes exhibited greater activity 
compared to their respective ligands, TAPS and 
PBPS. The maximum chelating activities recorded 
were 48.42% for TAPS, 49.15% for PBPS, 55.08% 
for TAPS-Fe, and 53.81% for PBPS-Fe. 
 

Reducing power assay  
Table 4 presents the ferric reducing power activity of 

TAPS, PBPS, TAPS-Fe, and PBPS-Fe. The TAPS-Fe 
and PBPS-Fe complexes demonstrated significantly 

higher reducing capabilities, achieving 82.33±0.11% 
and 72.2±0.64%, respectively, compared to 37.95% for 
TAPS and 35.50% for PBPS. 

 

 
 

H2O2 induced anti-hemolytic activity 
The anti-hemolytic effects induced by H2O2 are 

presented in (Table 5). The anti-hemolytic activity 
increased with higher concentrations. PBPS-Fe showed 
the highest hemolysis inhibition at 75.54±1.74%, 
followed by PBPS at 71.8±0.99%, TAPS-Fe at 
63.6±4.22%, and TAPS at 44.94±9.29% at a 
concentration of 2 mg/mL. TAPS demonstrated the 
lowest inhibition across the concentration range of  
0.5-2 mg/mL compared to the other three. 
 

Ferric reducing antioxidant power (FRAP) 
Table 6 represent the FRAP value. FRAP value were 

calculated by using the standard curve equation:  
y = 0.5607x +0.03614, R2=0.9808 and were expressed as 
mg/g Ascorbic acid equivalent (AAE). PBPS-Fe 
exhibited the highest reducing activity was 411.8 mg 
AAE/g followed by PBPS 260.13 mg AAE/g, TAPS-Fe 
161.15 mg AAE/g, TAPS 61.27 mg AAE/g. The least 
value was 61.27 mg AAE/g in T. aestivum 
polysaccharide. 

 
 

Fig. 3 — HPLC chromatograms of the (A) PBPS; (B) PBPS-Fe; (C) TAPS; and (D) TAPS-Fe monosaccharides 
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Fig. 4 — SEM images of (A) PBPS; (B) PBPS-Fe; (C) and TAPS; and (D) TAPS-Fe: (i) and (ii): ×5000 and ×20,000 magnification 
 

Table 2 — DPPH radical scavenging activity of TAPS, PBPS, TAPS-Fe, PBPS-Fe and AA 

Conc. (mg/mL) AA TAPS PBPS TAPS-Fe PBPS-Fe 

0.2 61.83±1.14 46.72±4.5 42.15±0.57 69.07±0.85 70±0.75 
0.4 66.2±2.7 54.41±0.23 41.35±0.34 72.03±0.75 70.56±3.58 
0.6 57.26±2.7 54.67±0.06 45.53±2.41 72.96±2.57 78.7±0.32 
0.8 74.95±2.18 54.94±1.32 57.32±3.27 75.74±1.18 77.47±0.59 
1 76.34±2.32 54.54±0.29 57.19±0.34 77.96±0.16 82.68±0.69 

Data presented as mean±SE of three measurements 

 

Table 3 — Metal chelating activity of TAPS, PBPS, TAPS-Fe, PBPS-Fe, EDTA 

Conc. (mg/mL) EDTA TAPS PBPS TAPS-Fe PBPS-Fe 

0.2 29.67±2.98 24.28±1.02 20.89±1.26 44.07±0.98 17.27±0.08 
0.4 57.9±3.18 25.72±0.34 31.16±1.31 33.05±0.49 32.29±1.2 
0.6 59.6±4.65 29.66±0.80 40.08±0.72 33.62±3.18 34.38±0.08 
0.8 80.22±0.75 35.56±1.48 43.94±1.43 56.22±0.75 52.37±0.16 

1 81.92±1.23 48.42±0.9 49.16±3.79 55.09±0.49 53.82±0.4 

Data presented as mean±SE of three measurements 
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Table 4 — Reducing power activity of TAPS, PBPS, TAPS-Fe, PBPS-Fe and AA 

Conc. (mg/mL) AA TAPS PBPS TAPS-Fe PBPS-Fe 

0.2 87.49±0.93 38.84±0.26 35.33±0.15 77.27±0.1 65.5±2.55 
0.4 88.96±0.41 40±10 36.04±0.15 76.64±0.33 66.07±1.51 
0.6 89.55±0.07 39.19±0.05 36.4±0.3 80.91±0.55 68.87±1.76 
0.8 89.67±0.14 37.76±0.67 35.77±0.06 82.2±0.08 70.3±2.76 
1 91.18±0.5 37.95±0.05 35.5±0.15 82.33±0.11 72.2±0.64 

Data presented as mean±SE of three measurements 

 

Table 5 — H2O2 induced anti-hemolytic activity of TAPS, PBPS, TAPS-Fe, PBPS-Fe, AA 

Conc.(mg/mL) AA TAPS PBPS TAPS-Fe PBPS-Fe 

0.5 66.04±1.46 27.86±1.17 47.93±0.33 35.9±7.38 37.65±4.98 
1 72.29±2.7 30.18±1.65 68.99±15.75 46.93±9.78 45.52±0.08 

1.5 71.35±5.1 36.65±1.82 60.36±0.83 59.7±3.65 56.22±1.82 
2 82.08±4.7 44.94±9.29 71.8±0.99 63.6±4.22 75.54±1.74 

Data presented as mean±SE of three measurements 

 

Discussion 
The hot water extraction method accelerates 

solvent permeation, polysaccharide dissolution, and 
polysaccharide diffusion through thermal effects48,49. 
The yield percentage was calculated by using 
equation (i). The yield content of PBPS was 2.13% 
greater than that of TAPS, which was 1.6%. Similar 
results were reported for 3.52% of spirulina 
polysaccharide extracted by using the hot water 
extraction technique32. The results revealed that the 
polysaccharide content of P. betel leaves was 
65.92% and that of T. aestivum grass was 27.92%, 
as determined by the phenol sulfuric acid 
technique. A parallel result was obtained in tea 
leaves, where 64.96% of the total polysaccharide 
was evaluated by the phenol sulfuric acid 
technique50.  

Polysaccharide iron complexes were found in  
Piper betel and T. aestivum grass were dark brown 
amorphous powders. Comparable outcomes were 
observed for the AAPS-Fe complex and LBPIC 
(Lycium polysaccharide complex)36,51. Iron ions 
polymerize through an oxygen bridge or a hydroxyl 
bridge under weakly alkaline conditions after Citric 
acid is released. On the surface of polymerized  

ferric citrate, polysaccharide and iron combine to 
create the polysaccharide-iron complex in an alkaline 
environment36. 

No color changes and precipitates were observed in 
PBPS-Fe and TAPS-Fe. These findings strongly 
suggest that the iron complexes do not contain free 
iron ions and that the polysaccharide and iron were 
bonded rather than physically mixed. The bond 
between the polysaccharide and iron was broken by 
strong acid to release the iron ions36.The iron content 
in PBPS-Fe was 16.39%, similar to that in the OPS- 
Fe complex, which was15.61%±0.0452. 

Fourier transform infrared spectroscopy (FTIR) is 
an important technique for functional group 
analysis53. The strong and broad absorption band at  
3300–3000 cm-1 was attributed to -OH bonds 
54,55. The O-H stretching vibration peak and C-H 
stretching vibration peak were characteristic 
absorption peaks of polysaccharides. There was a 
modest peak at 1411.40 cm-1 and 1403.80 cm-1 for 
plant polysaccharides. The Peaks at 1651 cm−1 and 
1420 cm−1represent the asymmetric and symmetric 
stretching of the C=O functional group, respectively54. 
The strong and sharp peaks at 1008.28 cm-1 and 
1039.97 cm-1 in both PBPS and TAPS, respectively, 
indicate the presence of a primary alcohol group  
(-CH). Peaks below 800 cm-1, known as the “skeletal 
region”, are related to carbohydrate skeletal 
vibrations56. The FTIR spectra of both TAPS and 
PBPS revealed similar characteristic bands (Fig. 1A 
and 1B).The similarities in the spectra of the 
polysaccharides and complexes indicate that the 
structure did not degrade or change appreciably 
during the synthesis process of the complexes57,58. 

Table 6 — Antioxidant potential (FRAP) TAPS,  
PBPS, TAPS-Fe, PBPS-Fe 

Sample FRAP (mg AAE/g) 

TAPS 61.27±6.7 
PBPS 260.13±3.09 

TAPS-Fe 161.15±3.6 
PBPS-Fe 411.8±7.2 

Data presented as mean±SE of three measurements 
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Thermogravimetry (TG) curves were generated to 
represent the relationships between the sample weight 
and temperature, as previously described. In PBPS-
Fe, weight loss at low temperatures may be due to the 
loss of water molecules36. A similar result was 
observed for TAPS and the TAPS-Fe complex  
(Fig. 2B). Compared with TAPS and PBPS, TAPS-Fe 
and PBPS-Fe achieved thermal stability at high 
temperatures (Fig 2A and B). The introduction of iron 
ions increases the intramolecular and intermolecular 
bonding and stability of the complex. Hence, the 
thermal stability of PBPS-Fe and TAPS-Fe is boosted 
by addition of iron, and the prepared complexes are 
stable at high temperatures50. 

The monosaccharide composition was determined 
as shown in (Fig. 3). PBPS was composed of 
glucuronic acid, galactouronic acid, glucose and 
arabinose (Fig. 3A) and TAPS was composed of 
glucuronic acid, glucose, arabinose, and fucose  
(Fig. 3C). The ferric ion with the residue chain of the 
monosaccharide is thought to be responsible for the 
differences in monosaccharides and retention times 
between PBPS and PBPS-Fe and TAPS and TAPS-
Fe. Glucuronic acid and galacturonic acid have 
negatively charged carboxylic groups that have a 
strong affinity to bind with iron ions to form a more 
stable complex59, 60. 

SEM revealed the detailed morphology of the 
polysaccharides and iron complexes (Fig. 4). PBPS 
and TAPS showed rough and irregular surfaces while 
after complexation, flat and smooth surfaces  
were seen in images. Similar results were observed 
between OPS and OPS Fe (III) and between  
AAPS and AAPS Fe (III) obtained from onion  
and Auricularia auricula36,52. These morphological 
changes might result from the polysaccharide 
interactions with iron, which can alter the internal 
structures and, in turn, their outwards appearance36.  

Antioxidants play a crucial role in protecting 
organisms by mitigating oxidative damage caused by 
excessive free radicals. Numerous studies have 
identified natural polysaccharides as promising 
antioxidants61. In the present study the In vitro 
methods are employed to assess antioxidant activity, 
based on distinct mechanisms, to evaluate the 
antioxidant capacity of polysaccharides (PS) and their 
iron complexes (FePS).   

The DPPH assay measures the ability of 
antioxidants to neutralize nitrogen-centered free 
radicals in methanol, which gives a characteristic dark 

purple color with an absorbance peak at 517 nm.  
In our study, antioxidant activity increased with  
rising concentrations. These results align with 
findings reported by Feng et al62. Notably, the  
iron complexes (PBPS-Fe and TAPS-Fe) exhibited 
superior scavenging activity compared to their 
respective polysaccharides (PBPS and TAPS).  
This enhanced activity synchronises with the 
observations of Huang et al.63, where galactomannan-
iron complex displayed greater antioxidant  
activity than galactomannan polysaccharide alone. 
The increased effectiveness may be attributed to  
iron complexation, which enhances the antioxidant 
potential. The high DPPH radical scavenging  
activity has also been reported in Areca catechu 
leaves64. 

The metal chelating activity of TAPS, PBPS, TAPS-
Fe, and PBPS-Fe was concentration-dependent, with 
higher concentrations yielding greater activity (Table 3). 
This trend is consistent with findings from a study on the 
Pyracantha polysaccharide-iron complex65. 

Ferric reducing power is a key indicator of the 
antioxidant potential of natural products66. At a 
concentration of 1 mg/mL, TAPS-Fe and PBPS-Fe 
exhibited the highest reducing activities, whereas TAPS 
and PBPS showed the weakest activities (Table 4). 

The FRAP assay evaluates the reducing potential 
by measuring how a compound donates a hydrogen 
atom to ferric  tri-pyridyl-triazine complex, thereby 
disrupting the radical chain reaction46. The iron 
complexes (TAPS-Fe and PBPS-Fe) demonstrated 
higher FRAP values than their corresponding 
polysaccharides, as shown in (Table 5). Similar,  
FRAP activity has been evaluated in extract of  
L. polyphyllum plant67. 

The extent of hemolysis appeared to be 
significantly greater when red blood cells were 
exposed to toxic agents like hydrogen peroxide 68. 
This experiment aimed to evaluate whether 
polysaccharide-iron complexes from T. Aestivum 
grass and P. betel leaves could prevent oxidative 
damage to the erythrocyte membrane. The 
polysaccharides and their complexes displayed 
varying patterns of anti-hemolytic activity. The results 
showed that TAPS, PBPS, TAPS-Fe, and PBPS-Fe 
exhibited strong anti-hemolytic effects in a dose-
dependent manner. PBPS-Fe demonstrated the highest 
hemolysis inhibition at 75.54%, which was 
comparable to the 80% inhibition shown by the 
aqueous extract of Terminalia arjuna69. 
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Conclusion 
In this study, Piper betel and Triticum aestivum 

polysaccharide iron complexes were prepared, and 
physicochemical characterization confirmed that 
complex formation occured. The extraction yield of  
P. betel polysaccharide was high. PBPS-Fe and 
TAPS-Fe were reddish brown powders and soluble in 
water. Compared with TAPS-Fe, PBPS-Fe had a high 
iron content. Concisely, the results confirm that 
polysaccharide-iron complexes exhibit superior 
antioxidant activity and anti-hemolyitc activity 
compared to their corresponding polysaccharides. 
Specifically, TAPS-Fe and PBPS-Fe outperformed 
TAPS and PBPS in all assays conducted. This 
suggests that the incorporation of iron enhances the 
antioxidant properties of these polysaccharides. These 
findings underscore the potential of polysaccharide-
iron complexes as effective antioxidants, contributing 
to the development of natural antioxidant agents for 
various applications and can be used as a food 
fortifier and organic iron supplement for the treatment 
of anemia. 
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