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Abstract 

The Ginger (Zingiber Officinale) extract contain a lot of constituents 

and elements. Ginger extract can effort as a good bio-reductant to 

produce silver nanoparticles (AgNPs). The AgNPs Green synthesis 

was achieved by using the Ginger plant extract with AgNO3. The green 

synthesis of AgNPs is the best developing procedure for preparation, 

since this process is easier than other procedures, eco-friendly and 

fewer times consuming. The produced AgNPs were characterizing via 

UV-Vis, FTIR, AFM, SEM, Zeta potential and EDX. The optimal 

conditions for the synthesis AgNPs which was confirmed through UV–

Vis spectrophotometer. Also, the AgNPs has been characterized by 

AFM with average size of 53.45 nm, SEM with average size of 21.91 

to 33.79 nm. Antioxidant and free radical scavenge activity are 

examined through TLC and DPPH test, the results shows that the 

Ginger have a high activity, moreover, this activity increased with 

characterized AgNPs. 

  

1. Introduction 

The scientific name of Ginger (Zingiber officinale) is initially from southern part of China and it extent to 

Maluku Islands in India from Asia and West Africa. Ginger discovered first in Europe in the 1st century from 

Roman trade with India. It was briefly used by the Romans, decreased of use through the medieval [1]. Such of 

bioactive Ginger compounds had been known, such as phenolic as well as terpenes compounds. The mostly 

phenolic compounds are gingerols, shogaols, and paradols which explain the various Ginger bioactivities [2].  
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Ginger has biological activities as antioxidant, antimicrobial, anti-inflammatory also anticancer [2]. It has above 

400 diverse constituents, the significant compounds are 50–70% carbohydrates, 3–8% lipids, phenolic acids and 

terpenes moreover phytosterols, amino acids, raw fiber, ash, protein, vitamins (vitamin A with slight quantity of 

vitamin B and C) and minerals are also being present [3]. This plant is an excellent source of necessary 

micronutrients such as potassium, magnesium, copper, manganese as well as silicon [4].                                                                   

Ginger extract is a simply obtainable, safe and non-hazardous as well as have a broad metabolites range that can 

lead to fast reduction of metal ions than microbes, this most important advantage of using Ginger extracts for 

nanoparticles (NPs) preparation. The other methods such as chemical synthesis leads to some toxic chemical 

absorbed on the NPs surface which cause differing effect in the medical uses [5, 6]. No such effects are obtained 

when it moves toward synthesized NPs from green synthesis [7].  

Silver Nanoparticles (AgNPs) are of importance since it has some special characteristics like size and shape 

which are dependent optical, electrical and magnetic feature which can be included in antimicrobial uses, 

biosensor equipment, composite filament, cryogenic super conducting substances, cosmetic and electronic 

apparatus [8]. Many of physical and chemical methods were applied for AgNPs production [8, 9].  

The current study described and applied a developed biological preparation of AgNPs using Ginger extract and 

estimation the phytochemicals compounds in Ginger also their characterization. 

2. Experimental Procedure 

2.1 Materials 

Ginger was taking from locally commercial markets in Baqupa / Diyala-Iraq. Silver nitrate, chemical 

reagents and substances are of analytical grade purity gotten from BDH, Sigma Aldrich and Merck.  

2.2. Preparation of Ginger Extract 

All pollutions were removed from ginger by washing using distilled water. The Ginger was parings and cut it 

into very small portions then placed in the mixer for a few time till it turns into juice, then it filtered with a piece 

of gauze to remove the fibers residues and get a clear juice then filtered throughout filter paper No. 1 to obtained 

the extract which set aside at 4 °C until use [10]. 

2.2.1. Quantitative and Qualitative Examination of Phytochemical 

The extract phytochemical quantitative and qualitative examination of primary and secondary metabolites was 

employed for each standard method. The achieved extract was analysis for steroids, alkaloids, saponins, 

carbohydrate, triterpenoids, phenolic compounds, flavonoids, tannins, moisture, ash, protein and fats, following 

standard methods [11-14].  

 2.3. Determination of Total Phenolic Compounds 

A standard graph for Gallic acid in the concentration range between 50-250 μg mL-1 were produced via dilution 

25, 50, 75,100 and 125 μL of 5000 μg mL-1 stock standard solution to 2.5 mL [15]. The regression equation 

[Y=b x + an or Y=0.0035x+0.494, where: b is the slope=0.0035, a; is the intercept= 0.494, X is the concentration 

and Y is the absorbance] was achieved via Least Squares method [16]. The precision of this regression equation 

was examined by analysis of a laboratory made samples. 

Also standard solutions of Ginger extract in the concentration between 50-250 μg mL-1 were formed through 

dilution 25, 50, 75,100 and 125 μL of 5000 μg mL-1 stock standard solution to 2.5 ml. 

The total phenolic contents in the Ginger extract samples were determined through Folin–Ciocalteau reagent 

illustrated by Singleton & Rossi with little adjustments [17]. The absorbance was determined at 765 nm by UV–

Vis spectrophotometer. The total phenolic contents amounts were characterized as Gallic acid equivalent (GAE) 

in milligram per 10 g initial sample with standard calibration curve [18]. 
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2.4. Gas Chromatography-Mass Spectrometry (GC-MS) Analysis 

The various volatile components of methanol Ginger Extract was analysis using GC-MS using capillary column 

(30 mm x 0.25 mm x 0.25 µm) at temperature programming from 70 to 240 °C, Injection temperature: 240 °C, 

Injection Mode: Splitless at Split Ratio: 10.0. Start Time: 3.50 min, End Time: 27 min [19].  

2.5. Biosynthesis of AgNPs  

In a suitable test tube, 1 mL of the Ginger extract was reacted with 9 mL (1 mM) of silver nitrate, AgNO3 at 

room temperature 25°C. The reaction color was gradually turned from light yellow to brown-yellow proposing 

the formation of AgNPs and the time reserved for the alterations was prominent. The AgNPs suspension gained 

was kept in refrigerator at 4°C [20]. 

2.5.1. Fixation of Biosynthetic AgNPs 

2.5.1.1. Temperature 

The above process was repeated for temperature optimization and then the temperature of water bath reaction 

was kept equally at 20, 30, 40, 50, 60, 70, 80 and 100℃ with shaking. The absorbance of the final solutions was 

measured via UV-Vis spectrophotometer [21]. 

2.5.1.2 Time 

The adjusted process was repeat to optimal the required reaction time achievement. The reaction was observed 

from 0.0 to 70.0 min at 10 min period time. The resultant absorbance was obtained via UV-Vis 

spectrophotometer [21]. 

2.5.1.3. Concentration of AgNO3 Solution 

The mention method (2.5.1.2) was recurrent for optimization of AgNO3 concentration, where the reaction was 

preserved using diverse AgNO3 concentrations of 0.25, 0.5, 1, 2, 3, 4 and 5 mM respectively. Other conditions 

were applied. The last solutions absorbance was measured via UV-Vis spectrophotometer [21]. 

2.5.1.4. Ratio of Extract to Ag Solution 

The mentioned method (2.5.1.3) was repeated for the determination the optimal Ag and extract concentration 

required for the greatest produce of AgNPs. Diverse volumes 1,3,5,7,9,11 and 13 mL of AgNO3 was taking with 

firm volume of the extract at 1 ml, then a 0.1,0.5,1,3,5,7 and 9 mL diverse volume was taken with steady 7 mL 

volume of AgNO3 solution. The final solution absorbance was measured through UV-Vis spectrophotometer 

[21]. 

2.5.1.5. Effect of pH 

The previous process (2.5.1.4) was also repeated for the pH value optimization. The reaction pH was kept at 4, 5, 

6, 7, 8 and 9. Additional parameters were applied. The absorbance of the last solutions was measured with UV-

Vis spectrophotometer [21]. 

2.5.1.6. Stability Study 

The resulting solution stability was estimated at room temperature and time intervals of 1 day, 1week and 30 

days [21]. 

2.6. Characterization of AgNPs 

2.6.1. The UV-Vis Spectra Analysis 

The AgNPs were established by determining the reaction mixture wave length via UV–Vis spectrum at 300 to 

800 nm in 3 mL quartz cell [21].  

2.6.2. FTIR Analysis 

After the preparation of AgNPs, they were centrifuging for 15 minutes at 5000rpm. This method was repeated 3-

5 times. Then proceeds the precipitate and dry it in oven at 40 ᴼC for 4 hours. The powder of Ginger extract was 

dry in the oven. For the analysis; the dried AgNPs and Ginger powder were examined by FTIR spectra via KBr 

disc. The spectrum was obtained at the ranging between 500-4000 cm-1 [22]. 
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2.6.3. The AFM Analysis 

The AFM was used to observe the NPs size and size-distribution. The evaporation process of the dropper was 

applied to prepare AFM samples of fluid suspension. One drop of liquid sample was drained on a 2x6 cm2 glass 

cover slide. To dehydrated the sample prior to scan, also left the sample overnight in a dust-shielded location. 

2.6.4. Zeta Potential Analysis 

Zeta potential measurement was used to identifying the Nano-material and the Ginger extract. Zeta potential was 

a probability measured by light dispersion using the Zeta Plus tool. The data were being around with 5 

measurements. Size of NPs were measured by Electrophoretic light scattering (ELS) and dynamic light 

scattering (DLS) using Zeta Plus, while characterizing nano-materials surfaces and estimated their surface 

charge through the determination of the zeta potential [23]. 

2.6.5. Atomic Absorption Analysis 

The AgNPs concentration was obtained via atomic absorption analysis. Standard Ag solutions were prepared and 

the samples absorption values were used for the determination of AgNPs via calibration graph. 

2.6.6. The SEM Analysis 

The SEM was applied for the identification the nature and size of AgNPs biosynthesized. 

2.7. Antioxidant Activity 

Antioxidant activity (in vitro) of Ginger fruit extract was achieved using DPPH, 2, 2- Diphenyl-1-picrylhydrazyl 

via free radical scavenge activity procedure. 

2.7.1. Qualitative Determination via Free Radical Scavenging Activity; TLC Method 

The antioxidant component was estimated by thin layer chromatography (TLC) using DPPH. About 100µg of 

Ginger extract and standard Gallic acid solutions were retained on 10 x 10 cm2 TLC plates. The plates become 

dry and detected at 240 and 300 nm. Varied separated spots were well-known refers to their retention factor (Rf). 

A 0.05% of DPPH solution in methanol was marked on the TLC plates fronts and incubate at room temperature 

for 30 min. The active Ginger and Gallic acid antioxidant showed as a yellow spot versus a violet background 

[24, 25]. 

2.7.2. Quantitative Determination via Free Radical Scavenging Activity; DPPH Method 

 Free radical scavenging activity was employed specified along with Braca et al, 2001 method through little 

changes. 0.5 mL of the extract was adding to 1 mL 0.013g/L DPPH solution in methanol. The DPPH reduction 

was checked at 517 nm vs. a blank later than 30 min. The free radical percentage was estimated as the sample 

absorbance split by that of DPPH control at similar time multiplied by 100. The quantity of sample needed to 

reduction the initial DPPH concentration by 50%, IC50, was estimated graphically using the equation below [24, 

25]: 

% DPPH scavenging activity = [1 – (A test or standard sample / A control sample)] x 100 

Where: A control = Absorbance of DPPH only 

A sample = Absorbance of DPPH as well as diverse extract or standards concentrations 

3. Results and Discussion 

The analytical results of the Ginger extract proved and indicated the presence of diverse phytochemical 

components, Table 1. 
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Table (1). Qualitative phytochemical Ginger extract tests. 

Components Reagents Note Results 

Glycosides 
Molish test 

Benedict test 
Purple ring 

Bluesolution 

+ve 

+ve 

Phenolic Compounds Ferric chloride FeCl3 3% Green ppt +ve 

 

Alkaloids 

Mayer’s reagent 

Wagner reagent 

Picric acid 

White ppt 

Brown ppt 

Yellowppt 

+ve 

+ve 

+ve 

Proteins Biuret test Purple blue +ve 

Steroids Ethanol +acetic anhydride+ H2SO4 Blue/green +ve 

Saponins Strong shaking foam +ve 

Flavonoids Ethanol + KOH Yellow ppt +ve 

Terpenoids CHCl3 + H2SO4 Reddish brown +ve 

 

The results show that the Ginger extract contains glycosides, flavonoids, alkaloids, terpenoids, phenolic 

compounds, tannins, resins as well as Steroid, Tables 1. This results in agree with the study of seda et al. [26]. 

The nutritional rate per 100 gm of Ginger extract was summarized in Table 2, the results in contract with other 

study [27]. 

Table (2). Nutritional contents in Ginger extract. 

Nutritional contents in Ginger extract 

Composition (g/100g) Percentage% 

Moisture 12.46% 

Ash 3.13 % 

Fiber 4.32% 

C.H.O. 67.58 % 

Energy 338.41Kcal 

Protein 8.92 % 

Fat 3.61 % 

3.1. Total Phenolic Contents 

Total phenolic contents of the methanolic portions of Ginger extract were estimated via folin-ciocalteu reagent 

and express as Gallic acid equivalents for each gram of Ginger extract using the standard Gallic acid graph, 

Table (3). 
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Table (3). Total phenolic contents for standard Gallic acid and Ginger extract. 

Concentration(µg/mL) 
Absorption of 

standard Gallic acid 

Absorption of Ginger  

extract 

250 1.345 1.337 

200 1.139 1.328 

150 1.125 1.321 

100 0.869 1.320 

50 0.606 1.315 

 

Analysis of the total phenolic contents [26] for Ginger extract shown informed to contain these phenolic 

compounds as shown in Table 4. 

Table (4). Total phenolic contents for Ginger extract analysis. 

Sample 

Absorbance 

Concentration 

(µg/mL) 

The equation for standard 

Gallic acid 

Total phenolic 

contents in Ginger 

Plant mg/mL 

1.337 250 

 

Y=0.0035x+0.494 

R² = 0.9403 

241.3 

1.328 200 238.7 

1.321 150 236.7 

1.320 100 236.4 

1.315 50 235.0 

 
3.2. GC-MS Analysis of the Phytocomponents of Ginger  

The GC-MS method shows a particular statistics of a number of components in the Ginger extract. These 

compounds were distinguished via MS coupled to GC. The mainly components exposed in the Ginger extract 

found using GC-MS are summarized in Table 5. The GC-MS chromatogram establishes 85 mixed components 

with varied retention times, Figure 1.    

The GC-MS study of Ginger showed several phytochemicals which gives the reduction action of the plant via 

the presence of varied components have different groups such as OH, C-I, NH, CO, C-Br, C-S…etc, this results 

was in agreement with other studies [29, 30] which indicated that the Ginger contains a different antioxidant, 

phenolic compound, terpenes, and others. 

 

Figure (1). GC-MS chromatogram investigation of Ginger extract. 
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Table (5). Retention times, Molecular Formula and peak Area for some Ginger extract components by GC-MS. 

Peak R. Time Area% Name of the compound Formula 

1 2.168 11.76 p-Dioxane, 2,3-bis(tert-butyloxy) C12H24O4 

2 2.168 11.76 Propanoic acid, 2-methylpropyl ester C7H14O2 

3 2.283 0.83 
Oxan-4-one, 2-trifluoromethyl-2-hydroxy-5,5-

dimethyl 
C8H11F3O3 

4 2.283 0.83 1-Pentanol, 4-methyl C6H14O 

5 6.854 11.76 Bis[bicyclo[3.2.0]hept-2-en-4-yl]ether C14H18O 

6 6.854 11.76 
Bicyclo[3.1.0]hexane,, 4-methyl-1-(1-methylethyl)-, 

didehydroderiv 
C10H16 

7 10.312 0.83 2-Propenoic acid, 2-methyl-, ethenyl ester C6H8O2 

8 10.312 0.83 Borane, triethyl C6H15B 

9 10.753 1.68 3,7-Nonadien-2-one C10H16O 

10 10.753 1.68 2-Propenoic acid, 2-methyl-ethenyl ester C6H8O2 

11 13.840 0.68 
Benzoic acid, 4-(2 methylbenzoylamino)-, 2-

methylphenyl ester 
C22H19NO3 

12 13.840 0.68 4-Methyl-N-(4-methyl-furazan-3-yl)-benzamide C11H11N3O2 

13 14.011 2.41 1,3,6,10-Dodecatetraene, 3,7,11-trimethyl-, (Z,E)- C15H24 

14 14.095 1.79 2-Norpinene, 2,6-dimethyl-6-(4-methyl-3-pentenyl) C15H24 

15 14.190 44.51 
1-Pentene, 5-(2,2-dimethylcyclopropyl)-2-methyl-4-

methylene 
C12H20 

16 14.190 44.51 4-(4-Methylpent-3-enyl)-3,6-dihydro-1,2-dithiin C10H16S2 

17 14.409 2.04 1,6,10-Dodecatriene, 7,11-dimethyl-3-methylene C15H24 

18 22.551 5.14 3,4-Hexanedione, 2,2,5-trimethyl C9H16O2 

19 22.551 5.14 Pentane, 1,3-epoxy-4-methyl C6H12O 

20 22.736 12.07 Propanoic acid, 3-(4-benzyloxyphenyl)-, methyl ester C17H18O3 

21 22.736 12.07 
2-Methyl-3-(3-methylenebicyclo[3.2.1]oct-6-en-8-

yloxy)cyclohex-2-enone 
C16H20O2 

22 23.423 0.72 Decane, 1-iodo C10H21I 

23 23.423 0.72 Pentane, 1,3-epoxy-4-methyl C6H12O 

24 24.259 4.63 Sulfurous acid, hexyl pentyl ester C11H24O3S 

25 24.259 4.63 2-Bromononane C9H19Br 

26 25.060 1.83 3,4-Hexanedione, 2,2,5-trimethyl C9H16O2 

27 25.060 1.83 Ethyl propyl ketone C6H12O 

28 25.837 2.41 Borane, diethyl(decyloxy) C14H31BO 

29 25.837 2.41 Sulfurous acid, 2-ethylhexyl isohexyl ester C14H30O3S 

30 26.613 3.57 Nonane, 1-Iodononane C9H19I 

 

3.3. Biosynthesis of AgNPs  

The extract of Ginger has several reducing phytocomponents. The color of residues Ginger extract unchanged 

when protected by AgNO3 solution for five days. Revealing to heating up to 100ºC, the extract having AgNO3 

changes from light yellow to brown-yellow, specifying the AgNPs formation, Figure (2). 
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Figure (2). UV–VIS spectra and change in reaction products of AgNO3, Ginger extract and AgNPs. 

 

The maximum absorption of AgNPs was detected at 430nm, which characteristic the SPR for AgNPs, 

Figure (2). After spreading of AgNO3 in the Ginger aqueous solution, the extract was countered with 

the functional groups of Ginger components to form AgNPs, Figure (3). The AgNPs concentration via 

AAS, was equal to 47.0329 ppm. 

 
Figure (3). Probable compounds of Ginger extract responsible for the bio-reduction of silver ions. 

 

3.3.1. Fixation of Biosynthetic AgNPs 

Diverse limitations were optimized including temperature, time, silver concentration ratio and the Ginger extract 

concentration which have recognized as factors affect the AgNPs yields [11]. 

3.3.1.1. Temperature 

The central factor measured was temperature, at the higher temperature, the AgNPs formation rate was 

distended, also the size is mainly condensed owing to the reduction in the collection of the growing NPs [11], 

while increasing the temperature above 100°C were assistances the crystal growth nearby the nucleus. 

3.3.1.2. Time 

The factor measured was the time necessary for the end of the reaction. During the reaction time resulted rising 

the absorbance spectra by SPR near 430 nm and the intensity of the color increasing with the incubation time. 

The SPR peak intensity increases as the time of reaction increase, which confirms the AgNPs concentration 

increasing. Owing to the variability of the formed AgNPs, an optimal duration is necessary. The optimal time 

needed for the ended of the reaction was 50 min. 

3.3.1.3. Effect of pH 

The size and form of bio synthesized NPs was tested by changing the pH of media. A chief subjective of the pH 

of the reaction is its capacity to adjust the biomolecules electrical charges which might affects their stabilizing 

capability and the NPs growth, the effect of pH on the creation of AgNPs using Ginger extract in its best 
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conditions was checked at pH range 4 to 11. The results obtained via UV-Vis spectrophotometer illustrated that 

the absorbance increased with pH increasing from 4 to 9. The maximum absorbance was in pH = 6 at λ max = 

450 nm, so the optimal pH is 6 for the synthesized of AgNPs using Ginger extract [31]. 

3.3.1.4. Concentration of Ag Solution 

Diverse concentrations of silver solution were used to develop maximum AgNPs. A maximum harvest was 

perceived at 0.5mM silver solution. As the Ag concentration increases, the color intensity also increasing from 

brown to deep brown and drizzle of silver particles on the tube walls. The AgNPs SPR peak developed separate 

via an increasing in Ag solution concentration. The UV-Vis spectra bands are wide with an absorption tail in the 

lengthy wavelengths as the Ag concentration increasing which showed an improvement in the particles size [32]. 

Also, the color strength increasing as it is dependent on the AgNPs size. So, as to get regular growth with lesser 

particle size, it was used 0.5mM Ag at reaction mention condition. 

3.3.1.5. Ratio of Extract to Ag Solution  

The optimization of Ag and Ginger extract concentration is necessary for the maximum fabrication of AgNPs, 

which observed by using a diverse ratio of Ag and Ginger extract to examine the optimal conditions in order to 

maximize the AgNPs yield. It was creating that the best ratio for the reaction is 7: 0.5 constructed on the number 

of trials and the best absorbance. 

3.3.1.6. Stability Study 

The stability of reaction time for realization of AgNPs by the reaction among silver ion and the reducing material 

in the Ginger extract were trailed for one month from synthesis. The UV-Vis spectra of synthesized AgNPs as a 

function of time subsequently the addition of Ginger extract indication that the increases in the reaction time 

results in gradual increases of absorbance with SPR at λmax between 430-450 nm. This takings that prepared 

AgNPs was unchanging more than one month [33] . This study showing no variation in the maximum peak at 

430 nm still later one month indicated high stability of AgNPs. 

3.3.2. Characterization of AgNPs:  

3.3.2.1. UV-Vis Spectrophotometric Study 

The features of AgNPs were known via UV-Vis spectra. The results indicated that there is no clear peak for 

Ginger extract, other than, after the adding of Silver nitrate, a broad peak seems at the range of 425-475 nm, 

Figure 4 [34]. As a further definite by other characterizations that this peak appoints the formation of mono-

dispersed spherical shape of AgNPs. The reaction takes place within 50 minutes with obvious color changed. 

The results were in agreement with other study [35]. 

 

Figure (4). UV-Vis absorbance spectra for Ginger extract and prepared AgNPs. 

 
3.3.2.2. FTIR Analysis 

The FTIR spectra was using for the identifying the probable bio-reducing components in the Ginger extract and 

in the prepared AgNPs following reaction with AgNO3, Figures (4). 



Iraqi Journal of Industrial Research, Vol. 10, No. 2 (2023) 
 

85 

ICNA 2022 

Special Issue 

 

 

Figure (5). The FTIR for Ginger extract and synthesized AgNPs. 

The Ginger extract as well as AgNPs FTIR spectra was showed bands near 569 and 540 cm-1 which is refer to 

CH bend vibrations of substituted ethylene - CH=CH-, while the peak at 1034 to 1149 cm-1 indicate C-O 

stretching vibration. The peak of 1409 to 1454 cm-1 relates to stretching C-C aromatic group, the broad band 

centered at 3393.14 cm-1 is specified to -NH and -OH stretching vibrations of the phyto-constituent obtained in 

the Ginger extract. The peak at 2928.38 cm−1 is assigning to stretching vibration of C-H. The bands appear to 

stretching C=O and bending -NH are join together as one and show a broad peak at range of 1863-1516 cm-1 

with a focus at 1638 cm-1. The peak at 1375 cm−1 is equivalent to the side chain vibrations bands which can 

clarify the Ginger extract proteins also carbohydrates, Figure (5). The AgNPs FTIR spectra indicated every one 

of the Ginger extract vibrations bands, which recommended that NPs were become stable by the phyto-

components. Previous studies illustrate that the phyto-proteins has a tendency to create photo-induced electron 

transfer to reduce metal ions [36], therefore, this study advise that the biological components obtained in the 

Ginger extract referee the photo-induced preparation of AgNPs as well as the stability of NPs in the aqueous 

media. 

3.3.2.3. AFM Analysis 

The AFM was used to distinguish the surface morphology and to define topography which provides 2D and 3D 

of AFM NPs surface images at an atomic level with the conforming size distribution of AgNPs. The average 

particle diameter size is 53.45 nm which was calculated in nano-scale size, Figure (6). Surface analysis by AFM 

needs good care because of factors that affect results such as tip or contaminations [37]. 

 

Figure (6). AFM images and size distributions of prepared AgNPs. 

3.3.2.4. SEM Analysis 
The SEM was applied to study the NPs structure and morphology [38], also obtained further knowledge of the 

AgNPs gained from the suggested biosynthesis process using Ginger extract. The SEM results explained 
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different shapes, such as linear and spherical, but the chief shape or the largest quantity of the NPs shape is the 

spherical, Figure 7.  

 

Figure (7). SEM images of AgNPs (A=200 nm, B=100 nm). 

The average particles size and distribution are firm arbitrarily using SEM technique. The surface of NPs is 

smooth with good crystallinity, in agreement with other study [39]. The chief particles size of the AgNPs 

between 21 to 33 nm. Notable, this size gotten from SEM measurements is meaningfully lesser than the size 

gained from particle. AFM could be ascribed to existence of phyto-constituents around the NPs, for the reason 

that AFM measures the NPs size in the existence of hydrated capping agents to confirm that the NPs become 

stable by phyto-constituents. 

Existence of elemental silver in formation of AgNPS was definite by EDS microanalysis, Figure 8. The spectrum 

shows an indication in the silver area. Metallic silver nano crystal presentation a typical absorption peak near 3 

keV owing to the SPR [40, 41]. Another signs for other metals C, N, O, Na, Mg, P, S, Cl, K and Ca existing in 

the reaction media established that the additional cellular organic components from Ginger extract were initiate 

on the AgNPs surface or the nearness. 

 
 

 

 

 

 

 

Figure (8). The EDS pattern of spherical synthesized AgNPs using Ginger extract. 

 

3.3.2.5. Zeta Potential Study  
Zeta potential measure the NPs stability or in general particles in the colloidal suspension. The zeta potential 

value achieved by ELS for Ginger extract was -17.88 mV with mobility value equal to -1.40 (μ/s) / (V/cm), 

Figure 9 A while the reading for AgNPs was -22.5 mV and -2.11, respectively, Figure 9 B. These suggest that 

the electrical boundary of the AgNPs is comparatively separate and reduced the NPs from more aggregation. The 

ELS is initially applied for characterized the charges on the colloidal particles surface or other macromolecules 

in an electric field for liquid media [42]. So, the obvious data showed that the particles in liquid media are fewer 

stable due to the zeta potential was fewer than ±30 mV and it was more stable as colloidal NPs than it was 

initiated in extract solution. 
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Figure (9). Zeta potential distribution of Ginger (A) and AgNPs (B). 

 

3.7. Qualitative and Quantitative Estimation of Free Radical Scavenging Activity  
The chief antioxidant action mechanism in foods is radical scavenge activity. Therefore, various processs were 

proceeded in which the antioxidant activity was estimated by the scavenge the developed radicals in methanol as 

polar organic solvents [43]. In free radical scavenge activity, DPPH is a stable and saleable nitrogen radical 

organic solvent which have a UV–Vis maximum absorption at 517 nm [44]. The results obtained confirm the 

Ginger extract antioxidant activities were determined through free radical scavenging activity which the color 

change  from purple to yellow as the DPPH radical molar absorptivity at 517 nm reduces, leading to moving of 

acidic H-atom from the molecule to DPPH radical to give DPPH-H. The result decolorization is stoichiometric 

with admiration to an electrons captured number. 

Radical-scavenging possessions of a standard Gallic acid, Ginger extract were assessed alongside the DPPH 

radical. Using DPPH as a TLC scatter, standard Gallic acid and Ginger extract seemed as clear yellow spots 

touching a purple background; mean that they have a strong scavenging activity, Figure (10). The DPPH analyze 

was used to study the quantitative scavenging activity for the samples, Table (6). 

 

Figure (10). The TLC photo-image A and under UV-light B for (1) Gallic Acid, (2) Ginger extract. 

Table (6). The inhibition percentage of standard Gallic acid, Ginger extract at different concentrations (μg/mL) 

by DPPH model. 

Concentration 

(μg/mL) 

% Inhibition (standard 

solution-Gallic acid) 

% Inhibition (Ginger 

extract) 

10 43.2 3.44 

20 46.5 6.68 

40 53.5 9.2 

60 59.6 11.8 

80 62.3 13.3 

100 82.5 20.4 

 



Iraqi Journal of Industrial Research, Vol. 10, No. 2 (2023) 
 

88 

ICNA 2022 

Special Issue 

 
Current consequences expression the scavenging activity for extract associated with Gallic acid as a standard. It 

is understandable from the data that compounds radical scavenging activity under study increases with 

concentration exhibiting increasing, its dose independent nature [45]. The fall outs show that it has a potent 

scavenging activity with IC50 for standard Gallic acid was (28μg\mL), Figures (11), but it was under IC50 value 

for Ginger extract, Figure (12). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (11). The DPPH free radical scavenging activity of standard Gallic acid. 

 

 

 

 

 

 

 

 

 

Figure (12). The DPPH free radical scavenging activity of Ginger extract. 

 

The actual concentration required to scavenge 50% of DPPH, IC50, Figure 10, for standard Gallic acid. The 

lesser the IC50, the better it’s able to scavenge radicals, mainly peroxy radicals which are propagators of the 

oxidation of lipid molecules and thus turn off the free radical chain reaction [46]. Besides, the consequences also 

showed that the increase in biosynthesized AgNPs antioxidant activity recommended that the Ginger extract 

itself is accountable for activity and AgNPs improves less antioxidant activity [43]. Furthermore, this extract has 

a good scavenging activity which could use to work as anti-bacterial and anti-inflammatory. 

4. Conclusions 

The present works explained the phytochemical, antioxidant activity of Ginger extract. The results showed that 

the Ginger was a good source for antioxidant ability observed by chemical DPPH method. The Ginger extract, 

was wealthy in phenolic compounds, antioxidants, unsaturated fatty acids, terpenes, many of trace elements and 

others. The extract biocomponents were analyzed using GC-MS. The synthesis of AgNPs using Ginger extracts 

has an important possibility as well as a number of essential advantages relation to traditional processes of NPs 

preparation. The water-soluble biocomponents from Ginger extract that act as bio-reductants of Ag+ to form 
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synthesize stable AgNPs, which have a yellowish-brown color with SPR band at 430 nm. The AgNPs have also 

been characterized by AFM with average size of 53.45 nm, SEM with average size of 21.91 to 33.79 nm SEM, 

AFM images showed that NPs had spherical morphology. Furthermore, UV-VIS, FTIR, Zetepotential analysis 

were carried out to identify the possible biocomponents. 
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