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Abstract: The aim of this research is to collect Zingiber officinale from the different altitudes of Nepal for the study of 

antioxidant activity, quantification of phenolic and flavonoid content, α-amylase enzyme inhibition and the toxicity test. 

The phenolic and flavonoid content in methanol extracts of Z. officinale was estimated by Folin-Ciocalteu colorimetric 

method and aluminium chloride colorimetric assay. The antioxidant potential was determined by DPPH free radical 

scavenging assay and the toxicity of the extracts was performed by brine shrimp lethality assay. Similarly, the antidiabetic 

activity of extracts was evaluated by the α-amylase enzyme inhibition assay. The antioxidant potential of Zingiber officinale 

was evaluated as inhibitory concentration IC50 values which were found to be in the range from 44.43 µg/mL to 65.71 

µg/mL in the sample collected from the different regions of Nepal. The total phenolic content in Z. officinale collected 

from different regions was found to be in a range from 118.19±3.32 mg GAE/g to 222.04±24.93 mg GAE/g. The total 

flavonoid content was found to be lower than that of total phenolic content in Z. officinale collected from different altitudes 

of Nepal. The total flavonoid was found to be in a range from 42.10 ± 4.48 mg QE/g to 62.95 ± 0.70 mg QE/g. The brine 

shrimp lethality LC50 in Z. officinale collected from the different regions was found to be higher than 1000 µg/mL. The α-

amylase enzyme inhibition IC50 of Z. officinale growing in different regions of Nepal was found to be in a range from 

161.25 µg/mL to 216.59 µg/mL. This study is the first attempt for comparing the antioxidant and α-amylase enzyme 

inhibition activity of Z. officinale growing at different altitudes of Nepal. 

Keywords: Zingiber officinale; DPPH; Antioxidant; Antidiabetic; Antibacterial. 

Introduction 

Nepal is rich in biodiversity due to the wide range of 

climatic conditions existing in Nepal. Nepal is rich in 

natural resources in which medicinal herbs are the second 

most bioresources after water resources1.   In Nepal wide 

variety of medicinal herbs have been distributed throughout 

the country and people have better practices for using such 

medicinal herbs for the care of simple to life-threatening 

diseases. But there is a lack of systematic study, exploration 

and preservation of such plant resources located in different  

 

ecology of the country. Medicinal herbs are used by the 

people in different communities of Nepal as well as in the 

world for many years to prevent and care for several 

diseases  as a source of drugs or their precursors2. In the 

traditional medicinal practices, it is found that people have 

been using the plant secondary metabolites as the medicine 

and the source of medicine for the treatment of different 

diseases3. The earliest record of using medicinal plants for 

the treatment of different diseases are mentioned in 
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Rigveda. Similarly, in Ayurveda the importance of 

medicinal herbs has been reported. The Charak or Caraka 

Samhita and Susruta Samhita mention the art of surgery, 

therapeutic uses of such medicinal herbs4. Nearly 80% of 

the world’s population still relies on traditional medicines 

for primary health care most of which involves the use of 

plant extracts. Total 60% of the population in developing 

countries rely on traditional medicines mostly in medicinal 

herbs for their primary health care needs5.  

However, the study of active chemical constituents of plants 

by chemical analysis was started after the isolation of 

morphine from Papaver somniferum.  Morphine and 

Codeine were obtained from the opium poppy. Various 

other active components from natural resources have been 

identified and used in modern synthetic medicines. 

Atropine obtained from Atropa belladonna is used for the 

treatment of asthma and to decrease saliva production 

during surgery, taxol is obtained from the bark of the pacific 

yew tree which has been used as a potent anti-cancer drug, 

artemisinin from Artemisia alba has been used for the 

treatment of malaria6,7,8.   

Medicinal herbs are a good source of plant secondary 

metabolites that can be used for the treatment of infectious 

diseases, diabetes and several other simple to life-

threatening diseases. These herbs are the sources of natural 

antioxidant, antidiabetic, antibacterial and are rich in 

phenolic and flavonoid compounds. Globally, Nepal is the 

third largest ginger producer country after China and India. 

A large quantity of Zingiber is being produced in various 

geographical locations of Nepal9.  

Ginger has been used as an important ingredient in Chinese, 

Ayurvedic and Tibetan-Unani herbal medicine for the 

treatment of arthritis, rheumatological conditions and 

muscular discomfort, treatment of conditions like 

atherosclerosis, migraine headaches, rheumatoid arthritis, 

high cholesterol, ulcers, depression and impotence10.  

Ginger has been used in both fresh and dried forms for the 

treatment of cough, common cold, flu-like symptoms 

rheumatism, asthma, stroke, diabetes and even menstrual 

periods11. Similarly, the powdered rhizome has been used 

as a traditional remedy for gastrointestinal complaints 

including peptic ulcer treatment & generally regarded as an 

excellent carminative and intestinal spasmolytic and reduce 

motion sickness12. People have been using ginger to kill or 

inhibit the growth of pathogenic bacteria and to control or 

inhibit the multiplication of digestive bacteria13. The few 

bioactive chemical compounds reported from the rhizome 

of Z. officinale are displayed in Figure 1. 

This research aimed at the collection of Z. officinale 

rhizomes from a different altitude of Nepal for the 

comparative study of biological activity along with the 

quantification of phenolic and flavonoid compounds. This 

is the first attempt in which we perform a comparative study 

of the antidiabetic, antioxidant activity, estimation of total 

phenolic and flavonoid content and toxicity test on the Z. 

officinale growing in different altitudes of Nepal. 

Materials and methods 

Chemicals and equipment 

The chemicals and solvents used in this research were of 

analytical and laboratory grade. Methanol Fischer 

Scientific), acetone (Fischer Scientific), hexane (Merck), 

gallic acid, quercetin, ascorbic acid, iodine trichloride, 1,1-

diphenyl-2-picrylhydrazyl (DPPH), NaNO2, AlCl3, NaOH, 

Folin-Ciocalteu reagent (FCR), α-amylase enzyme, 

acarbose and DMSO (Merck) were purchased from the 

local market.  

The equipment used in this research is an electric grinder, 

mortar and pestle, digital weighing balance (GT 210), hot 

air oven (Griffin-Grundy), rotatory evaporator (Buchi RE 

111) with a water bath (Buchi 461), spectrophotometer 

(WPA, supplied by Philip Harris Shenstone, England), 

iodine chamber, cuvettes, burettes, pipettes and 

micropipettes (Erba BIHOT).   

Collection of samples 

The fresh rhizomes of Z. officinale was collected from the 

various geographical regions of Nepal. The regions where 

ginger cultivation is massive were selected for the 
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collection of the samples. The samples and the regions of 

the collection are presented in Table 1. 

Sample preparation 

The contaminants in the samples of Z. officinale rhizomes 

were removed by washing with tap water. The rhizomes 

were chopped, shade dried, ground into powder form and 

stored at 4C in the clean plastic bag until required for the 

estimation of phytochemicals and investigation of 

biological activity. 

Extraction of secondary metabolites 

The secondary metabolites of plant samples were extracted 

by cold percolation methods using methanol as a solvent. 

The filtrates were concentrated in the rotatory evaporator 

and were kept in a beaker wrapping with aluminium foil 

with small pores for the complete evaporation of the 

solvent. The yield percentage of the extracts were 

calculated from the dry extracts. 

Figure 1: Structure of compounds reported from the Z.officinale (a) 

Gingerenone A (b) Isogingerenone B (c) Gingerenone C (d) 

Gingerenone B (e) Zingerone f. dehydrozingerone (g) Shogaol

Table 1. List of samples Z. officinale collected from different altitudes 

Estimation of total phenolic content 

The phenolic content in extracts was estimated by Folin-

Ciocalteu colorimetric method adopting the standard 

procedure based on oxidation-reduction reaction14.  

The calibration curve was constructed by using the gallic 

acid solution of different concentrations as standard. Gallic 

acid solution (1 mL) from each concentration was poured 

into test tubes. Then, 5 mL of 10 % Folin- Ciocalteu reagent 

(FCR) and 4 mL of 7 % sodium carbonate solution 

(Na2CO3) were added to these test tubes to make a total 

volume of 10 mL. The blue coloured mixture was shaken 

well and incubated for 30 minutes at 40 ºC in a water bath. 

Finally, the absorbance of the solution was noted using a 

spectrophotometer at 760 nm against a blank solution 

Sample code District Place of collection Altitude (meter) 

NK1 Salyan Malneta 1380 

NK2 Syangja Chilaunebas 1275 

NK3 Dang Kabhre 1250 

NK4 Palpa Barangdi 1250 

NK5 Tanahau Rishing 1260 

NK6 Dhading Kebalpur 1260 

NK7 Nuwakot Haldekalika 1150 

NK8 Morang Letang 800 
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having all the reagents except gallic acid. Then the various 

concentration of the extracts (20, 40, 80, 160, 320 and 640 

µg/mL) was prepared by serial dilution and their 

absorbance were noted in the spectrophotometer. 

The total phenolic content was calculated as: 

C =
cV
m   ................. (1) 

Where, C = Total phenolic content, (mg GAE/g), c = 

Concentration of gallic acid established from     the 

calibration curve (mg/mL) and V = Volume of extract (mL) 

Statistical analysis 

The data were recorded as a mean of three determinations 

(n=3) of absorbance for each concentration, from which 

linear correlation coefficient (R2) was calculated. 

y = mx + c.............................. (2) 

Where, y = Absorbance of the extract, m = Slope, x = 

Concentration of the extract, c = Intercept. 

The concentration of the extracts was calculated with the 

help of a regression equation. Similarly, the phenolic 

content was quantified from the calculated value of the 

concentration of the extract.  

Estimation of total flavonoid content 

The aluminium chloride colorimetric assay was used to 

estimate the total flavonoid content in the Z. officinale 

samples using quercetin as standard to construct the 

calibration curve15. 

The stock solution was prepared by dissolving 20 mg of 

extract in 2 mL of methanol and the working solutions of 

different concentrations were prepared as 20, 40, 80 and 

160 and 320 µg/mL by serial dilution. Then the absorbance 

of each concentration was noted following the same 

procedure as adopted for the standard quercetin. 

The flavonoid content in the samples was calculated by 

using the equation as,    

c = 
cV
m    ......................... (3) 

Where, C = Total flavonoid content (mg QE/g), c = 

Concentration of quercetin established from calibration 

curve (mg/mL), V = Volume of the extract (mL), m = 

Weight of the plant extract (g) 

Statistical analysis 

The data were recorded as a mean of three determinations 

(n=3) of absorbance for each concentration to calculate the 

linear correlation coefficient.  

y = mx+ c …….………. (4) 

Where, y = Absorbance of the extract, m = Slope, x = 

Concentration of the extract, c = Intercept 

The concentration of the extracts was calculated with the 

help of a regression equation. The flavonoid content in the 

extracts was estimated from the calculated value of the 

concentrations of the extracts. 

Evaluation of antioxidant activity  

The Z. officinale extracts collected from different regions 

were evaluated for the antioxidant potential following 

DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical 

scavenging assay with some modifications16,17. The 

working solutions of extracts were prepared by serial 

dilution of stock solution. The ascorbic acid was used as 

positive control  The free radical scavenging activity of the 

extracts was calculated as, 

% radical scavenging

=
absorbance of control − absorbance of sample

Absorbance of control 
 𝑋 100 

IC50 was calculated graphically by plotting extract 

concentrations against the percentage of radical scavenging.   

α-Amylase inhibition  

The α-amylase enzyme inhibition was performed by using 

the procedure with slight modification18. The undigested 

starch due to enzyme inhibition was detected 

spectrophotometrically at 630 nm due to the formation of a 

blue starch iodine complex. The iodine solution, phosphate 

buffer, starch solution, α-amylase, hydrochloric acid and 

extracts were prepared to adopt the protocol19.  The enzyme 

solution was prepared in a phosphate buffer of pH 6.9. The 

substrate 400 μL was pre-incubated in 200 μL of extracts 

and acarbose separately at 37 °C for 5 min. After this, the 
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α-amylase solution (200 μL) was mixed with each of them 

and incubated at 37 °C for 15 min. The enzymatic reaction 

was quenched by 800 μL of HCl (0.1 M). Then, 1000 μL of 

iodine solution was added to the content and the absorbance 

was noted spectrophotometrically at 630 nm.  

The Percentage of enzyme inhibition was calculated as, 

% Inhibition=1–[A2–A1/A4–A3] ×100 

Where, A1=Absorbance of the mixture plant extract, starch, 

and amylase, A2=Absorbance of the mixture of plant extract 

and starch, A3=Absorbance of the mixture of starch and α-

amylase, A4=Absorbance of the starch. The IC50 for each 

sample was calculated graphically. 

Toxicity test 

The toxicity test was performed by adopting the standard 

procedure19. The artificial seawater was prepared by 

dissolving 15 mg of sodium chloride, 0.45 g of potassium 

chloride, 0.55 g of calcium chloride and 1.76 g of 

magnesium sulphate in distilled water to make a 500 ml 

solution. The brine shrimp nauplii hatching tank was filled 

with water and the eggs were sprinkled into the covered part 

of the tank. This method shows the toxicity of extracts 

towards the nauplii by determining the LC50 (µg/mL). LC50 

value is the lethal concentration required to kill 50 percent 

of the brine shrimp nauplii. The extracts showing the LC50 

less than 1000 ppm are considered toxic. 

α = 
1

n
[Ʃ y – β Ʃ x]………………….. (5) 

β = 
Ʃxy−

Ʃx Ʃy

n

Ʃx²−
(Ʃx)²

n

……………………...…. (6) 

Where ‘n’ is the number of replicates (here three), ‘x’ is the 

log of constituents in mg/mL (log10, log100, and log1000 

for three dose levels respectively). ‘Y’ is prohibited for the 

average survivor of all replicates. 

From probit regression, 

Y = α + β X……………………….... (7) 

X = 
(Y− α)

β
   ………………………..... (8) 

Where Y is constant having value 5 calculating LC50 values 

Thus,  

LC50 = antilog X……………………. (9) 

Percentage mortality = 
Number of dead nauplii

Total number of nauplii 
 x 100 

Results  

The yield percentage of each extract of Z. officinale 

collected from the different altitudes are presented in table 

2. The quantitative estimation of the Z. officinale was 

studied in methanol solvent. The yield percentage of 

extracts was found in the range from 6.05% to 9.5% 

collected from the different districts of Nepal respectively. 

Antioxidant activity  

The radical scavenging activity of the Z. officinale extracts 

was evaluated by DPPH assay. The percentage of radical 

scavenging against the different concentration of the sample 

extracts are displayed in Tables 3 and 4. 

Table 2. The percentage yield of extracts of Z. officinale 

Sample Quantity of sample taken (g) Quantity of extract obtained (g) % Yield 

NK1 200 14.29 7.14 

NK2 200 18.10 9.5 

NK3 200 13.50 6.75 

NK4 200 14.05 7.03 

NK5 200 17.70 8.85 

NK6 200 13.72 6.86 

NK7 200 14.64 7.32 

NK8 200 12.10 6.05 
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Table 3. The DPPH radical scavenging activity of Z. officinale against different concentrations.

Table 4. The DPPH radical scavenging activity of Z. officinale against different concentrations 

Concentration 

(µg/mL) 

Percentage of radical scavenging 

Ascorbic acid NK6 NK7 NK8 

20 39.60±1.86 39.60±1.86 26.10±15.74 26.10±15.74 

40 54.20±1.97 54.20±1.97 48.64±1.37 48.64±1.37 

60 69.33±0.78 69.33±0.78 66.63±4.34 66.63±4.34 

80 81.86±3.24 81.86±3.24 72.28±1.64 72.28±1.64 

100 91.10±1.08 91.10±1.08 77.94±0.70 77.94±0.70 

120 94.44±0.30 94.44±0.30 80.42±1.69 80.42±1.69 

The reducing power of the extracts was measured in 

inhibitory concentration IC50, which is the amount of the 

extracts required to scavenge 50% DPPH free radicals. The 

inhibitory concentration was calculated graphically by 

plotting the concentration of sample extracts against the 

percentage of radical scavenging. The IC50 of the plant 

extract and the standard ascorbic acid is presented in Table 

5.  The IC50 for the various extracts of Z. officinale is in 

ranges from 44.43 µg/mL to 65.71 µg/mL. The sample of 

Z. officinale collected from Chilaunebas of Syangja district  

had shown the lowest IC50 having high antioxidant 

potential as compared to the standard  ascorbic acid 48.74 

g/mL. The sample having low IC50 reflects the greater 

radical scavenging activity.  

Total phenolic content 

The amount of phenolic content in the different extracts of 

Z. officinale are presented in Table 6. The total phenolic 

content in the extracts of Z. officinale collected from Letang 

of Morang district is found in a  ramge from 118.19±3.32 

mg GAE/g to 222.04 ± 24.93 mg GAE/g collected from 

Chilaunebas of Syangja district of  Nepal . The rest of the 

samples of Z. officinale showed a  moderate  amount of total 

phenolic content.

Concentration 

(µg/mL) 

Percentage of radical scavenging 

NK1 NK2 NK3 NK4 NK5 

20 37.29±7.85 33.82±5.40 21.37±4.91 19.00±5.73 11.26±2.96 

40 46.63±3.15 50.61±1.87 49.63±2.66 42.93±1.75 25.68±8.22 

60 60.78±5.30 73.55±2.11 60.66±1.89 59.37±5.12 49.38±6.65 

80 72.86±1.17 82.18±0.31 72.95±2.21 65.47±6.26 61.77±1.75 

100 75.73±3.51 83.35±1.03 77.98±3.45 76.78±6.33 75.06±1.57 

120 83.11±1.49 86.18±0.51 78.66±2.30 79.94±2.73 85.06±1.56 

 

Table 5. The antioxidant potential and inhibitory concentration 

IC50 of the different extracts of Z. officinale 

 

Extracts of Z. officinale and 

ascorbic acid 

 

Inhibitory concentration 

(IC50) g/mL 

NK1 53.64 

NK2 44.43 

NK3 57.58 

NK4 61.37 

NK5 65.71 

NK6 53.33 

NK7 55.21 

NK8 59.65 

Ascorbic acid 48.74 
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Table 6. The spectrophotometric estimation of phenolic content in different samples of Z. officinale (n=3) 

Extracts of Z. 

officinale 

                     Absorbance  Phenolic content (mg GAE/g) Mean±SD 

(mg GAE/g) 

A1 A2 A3 P1 P2 P3 

NK1 1.446 1.559 1.395 145.70 157.55 117.80 140.35 ± 20.41 

NK2 1.905 2.356 2.261 193.83 241.12 231.16 222.04 ± 24.93 

NK3 1.391 1.40 2.389 139.93 140.87 244.56 175.13 ±6 0.15 

NK4 1.334 1.497 1.510 133.95 151.05 152.41 145.81 ± 10.28 

NK5 1.875 1.772 1.754 190.68 179.88 177.99 182.86 ± 6.84 

NK6 1.514 1.576 1.078 152.83 159.33 107.11 139.76 ± 28.46 

NK7 1.251 1.314 1.183 125.25 131.86 118.12 125.07 ± 6.87 

NK8 1.219 1.158 1.174 121.90 115.49 117.18 118.19 ± 3.32 

Total flavonoid content 

The amount of flavonoid content in the extracts of Z. 

officinale is presented in table 7. The total flavonoid content 

was found to be lower than that of total phenolic content in 

the extracts of Z. officinale collected from different regions 

of Nepal. The total flavonoid content in the sample 

collected from the Letang of Morang district was found to 

be in a range from 42.10 ± 4.48 mg QE/g to 62.95 ± 0.70 

mg QE/g in the sample collected from Haldekalika of 

Nuwakot district of Nepal. The rest of the Z. officinale 

samples collected from the different regions showed a 

moderate amount of flavonoid content.  

α- Amylase enzyme inhibition activity 

The comparison of α-amylase enzyme inhibition activity of 

the extracts of Z. officinale to the standard acarbose of 

different concentrations is displayed in Figure 2. The plots 

showed the variation of enzyme inhibition activity against 

the different concentrations of the extracts and the standard 

acarbose. The inhibition activity of the standard acarbose 

was found almost the same as the inhibition shown by the 

extracts of Z. officinale. 

 

Table 7. Estimation of total flavonoid content in different samples of Z. officinale (n=3) 

Extracts of Z. 

officinale 

Absorbance Total flavonoid content (mg QE /g) Mean ± SD 

(mg QE/g) A1 A2 A3 P1 P2 P3 

NK1 1.564 1.401 1.361 57.22 51.01 49.48 52.57±4.10 

NK2 1.576 1.579 1.576 57.67 57.78 57.56 57.67±0.10 

NK3 1.459 1.452 1.446 53.22 52.95 52.72 52.96±0.24 

NK4 1.301 1.313 1.288 47.19 47.65 45.28 46.71±1.25 

NK5 1.257 1.319 1.267 45.52 47.88 45.89 46.43±1.27 

NK6 1.474 1.553 1.557 53.79 56.80 56.95 55.84±1.78 

NK7 1.74 1.70 1.70 63.77 62.51 62.59 62.95±0.70 

NK8 1.161 1.053 1.288 41.85 37.74 46.69 42.10±4.48 

 



40                                                Scientific World Vol. 15, No. 15, June 2022 

 
 

Figure 2. Percentage inhibition of α-amylase against the concentration of the extracts and acarbose 

The percentage inhibition of α-amylase was observed to be 

proportional to the increase in the concentration of extracts. 

The standard acarbose showed the highest percentage 

inhibition as compared to the extracts of Z. officinale 

collected from different altitudes. The IC50 of standard 

acarbose and Z. officinale extracts was calculated 

graphically. The IC50 of standard acarbose was found to be  

100.23 µg/mL whereas, the methanol extracts of Z. 

officinale growing in different altitudes showed IC50 

ranging from 161.25 µg/mL to 216.59 µg/mL. Most of the 

extracts showed moderate antidiabetic activity as compared 

to the standard acarbose. The IC50 for the different extracts 

of Z. officinale is presented in Table 8. 

Table 8. The IC50 for α-amylase inhibition of the  

extracts of Z. officinale 

Z. officinale /acarbose                  IC50 (µg/mL) 

NK1 191.37 

NK2 161.25 

NK3 215.83 

NK4 209.57 

NK5 174.94 

NK6 207.63 

NK7 212.19 

NK8 216.59 

Acarbose 100.23 

Toxicity test 

The toxicity of Z. officinale was evaluated by brine shrimp 

lethality bioassay. The lethal concentration required to kill 

50% of the brine shrimp larva (LC50) is shown in Table 9. 

Table 9. The LC50 of Z. officinale showing the toxicity effect 

Extracts of Z. officinale LC50 (µg/mL) 

NK1 3630780548 

NK2 67608297.54 

NK3 2152781735 

NK4 45708.81 

NK5 15505.16 

NK6 6807693.58 

NK7 46773.51 

NK8 457088.18 

 

The degree of lethality was found to be directly proportional 

to the concentration of the extracts that are maximum 

mortalities of the brine shrimp larvae took place at the 

concentration of 1000 µg/mL and the least mortalities were 

at 10 µg/mL. The extracts having LC50 values less than 

1000 µg/mL are found to be toxic. The LC50 values for Z. 

officinale collected from the different altitudes were found 
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greater than 1000 µg/mL which shows Z. officinale are 

found nontoxic.   

Discussion 

The yield percentage of the extracts of Z. officinale showed 

the sample growing in Rishing of Tanahau district has the 

highest yield percentage indicating the rich source of 

secondary metabolites. The Z. officinale collected from the 

Letang of Morang district was found poor source of 

secondary metabolites with the least yield percentage. The 

rest of the sample showed a moderate amount of secondary 

metabolites. The antioxidant potential of Z. officinale 

extracts was calculated in terms of inhibitory concentration. 

The sample with low IC50 is found to be a potential 

antioxidants. The sample collected from the Chilaunebas of 

Syangja district showed the highest antioxidant potential 

whereas the sample collected from Rishing of Tanauhau 

district showed the least antioxidant potential. This 

variation in the antioxidant potential of Z. officinale is due 

to the altitudinal variations and the other environmental 

conditions. The presence of phenolic compounds such as 

eugenol, shogaols, zingerone, gingerdiols, gingerols etc. in 

ginger oil and oleoresin may be responsible for their 

antioxidant properties20. The difference in the antioxidant 

activity may be attributed to the difference in essential oil 

and oleoresins composition of Z. officinale growing in 

different regions may be altered due to the different 

environmental conditions like altitude, different solar 

exposition, different soil types and also the genetic 

differences21. The half-maximal inhibitory concentration 

(IC50) of radical scavenging activity (RSA) reported in 

aqueous and methanol fraction of Z. officinale was 23.30 

±1.04 μg/mL and 9.78 ± 0.33 μg/mL, respectively and it  

was found comparable to the results of the present study22. 

The antioxidant activity shown by Z. officinale growing in 

different altitudes of Nepal is found nearly the same as the 

methanol extracts of different parts of Z. officinale 

observed by Ghasemzadeh et al. (2010) 23. The excessive 

formation of free radicals in the body might cause various 

cell damage and incite different issues. However, the 

natural antioxidants from the natural origin like plant and 

plant-based products can repair and neutralize these free 

radicals that stop the oxidative damage of the cells and other 

cell components.  

The total phenolic and flavonoid content in the extracts of 

Z.  officinale growing in the different altitudes of Nepal 

were determined spectrophotometrically and results are 

presented in tables 6 and 7. The total phenolic content was 

found maximum (222.04±24.93 mg GAE/g) in Z. officinale 

collected from Chilaunebas of Syangjs district. The lowest 

phenolic content (118.19±3.32 mg GAE/g) was found in the 

sample of Z. officinale collected from Letang of Morang 

district. These values were found higher than those reported 

by EI-ghorab et al. (2010) 95.2±6.2 mg GAE/g and 

87.5±2.3 mg GAE/g in the methanol and hexane extracts of 

fresh ginger rhizomes24. Buchana and Jones (2000) and 

Dias et al. (2016) has reported that phenolic compounds are 

usually generated as products of defense mechanism against 

the pathogen attack or in response to a stressful 

environment of the plants. The results showed that the 

samples of Z. officinale collected from the different 

altitudes of Nepal are found the rich sources of phenolic 

compounds and can be used as the source of these 

supplements that could be used for the treatment of simple 

to life threatening diseases 25,26. The highest flavonoid 

content (62.95±0.70 mg QE/g) was estimated in 

Z.officinale growing in the Haldekalika of Nuwakot district 

while the extract of Z. officinale growing in the Rishing of 

Tanahaun  district showed the least amount (46.43±1.27 mg 

QE/g).  The rest of the extracts showed a moderate amount 

of flavonoid content and vary with the altitude and the 

environmental conditions for plants growing. The flavonoid 

content in Z. officinale extracts collected from different 

altitudes of Nepal was found higher as compared to the 

previously reported values (40.25±0.21 mg QE/g) and 

(6.55±0.10 mg QE/g)27. The antioxidant capacity of the 

plant extract showed a positive correlation to the amount of 

total phenolic and total flavonoid content. Higher amounts 

of polyphenols and flavonoids are responsible to impart the 

higher antioxidant activity of the plant extracts although 

quantitative determination of phenolic compounds in plant 

extracts are hampered by their complex structure, diversity, 
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type of analytical assay method, selection of standard and 

presence of interfering substances. Phenolic and flavonoid 

compounds are reported to act as a reducing agent which 

can be hydrogen donors or oxygen quenchers as well as free 

radical inhibitors. The antidiabetic potential of Z. officinale 

extracts was evaluated by the inhibition of the enzyme α-

amylase. The extracts of Z. officinale collected from 

Chilaunebas of Syangja district displayed the highest α-

amylase enzyme inhibition (161.25 µg/mL) while the 

extract of Z. officinale collected from Letang of Morang 

district showed the minimum (216.59 µg/mL) enzyme 

inhibition activity. Lower the value of inhibitory 

concentration (IC50) higher will be the enzyme inhibition 

activity.  

The present research showed Z. officinale growing in the 

different altitudes of Nepal have high values of inhibitory 

concentration (IC50) indicating the poor α-amylase 

inhibition as compared to the previously reported value 

(3.14 µg/mL)  for red ginger28. The Z. officinale from the 

different altitudes of Nepal were found nontoxic against the 

brine shrimp lethality test. All the samples showed an LC50 

greater than 1000 µg/mL indicating the nontoxic effect. 

Conclusion 

This study showed Z. officinale are a rich source of plant 

secondary metabolites that could be used to cure different 

diseases in human beings. The results of the present study 

suggested that the Z. officinale growing in the different 

altitudes of Nepal are a rich source of phenolic and 

flavonoid compounds. The findings of this study showed 

that ginger samples are found to be the sources of natural 

antioxidants and could be used as the source of natural 

radical scavengers. The Z. officinale growing in the 

Chilaunebas of Syangja district was found to be a good 

antioxidant as compared to the standard ascorbic acid. It can 

be concluded that Z. officinale are rich in the total phenolic 

and flavonoid content that exhibit antioxidant activity for 

pharmacological, cosmetic and agronomic industries.  It 

also concluded that Z. officinale growing at different 

altitudes is nontoxic and is considered to be a safe herbal 

medicine. 
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