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Abstract

In this study, five ginger accessions from Kumaun (Bana, Kapkot, The results provided evidence that ginger
Takula) and Garhwal (Roorkee, Chamoli) region of Uttarakhand were rhizomes collected from Bana, Pithoragarh
collected and their biochemical screening was evaluated in terms of District of Uttarakhand are potential
the total phenolic content, flavonoid content, orthodihydric content, source of phenolics and could be serve as
proanthocyanidins content as well as tannin contents in an effort to basis for future drugs and food materials.
compare and validate the medicinal & nutritional potential of ginger

rhizomes. On the basis of the analysis it was found that the total Keywords: Spices, Zingiber officinale
phenolic content, flavonoid content and orthodihydric content, of Roscoe, phenolic, Uttarakhand, antioxidant
ginger sample collected from Bana was highest and least in sample
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least.

Introduction

Natural bioactive compounds especially from plant sources, including spices have been investigated for their
characteristics and health effects. India has been recognized as a land of spices. Spices form an important ingredient
of Indian food system. Spices have been known for years as effective therapeutic food [1]. Spices are non-leafy parts
(e.g. bud, fruit, seed, bark, rhizome, bulb) of plants used as a flavoring or seasoning, although many can also be used
as a herbal medicine. Ginger, Zingiber officinale Roscoe, a monocotyledonous herbaceous plant of family
Zingiberaceae is widely used around the world in foods as a spice and it has been an important ingredient for the
treatment of several diseases [2]. It is cultivated in many tropical and subtropical countries including China, India,
Nigeria, Australia, Jamaica and Haiti. Among which, India and China are the world’s leading producers of ginger [3].
Uttarakhand state is hub of unique biodiversity comprising different climatic zones with a wide range of plant species.
Both Kumaun and Garhwal regions of Uttarakhand represents the reservoir of different medicinal and aromatic plants.
Floral diversity in terms of genetic and phytochemical in these regions is due to a wide range of climate, topology and
environmental conditions.

The antioxidant compounds or phytochemicals from natural sources like plants, fruits, crops and spices are
important in the food industry because of their usefulness in various food preparations and health promoting effects
[4]. Therefore, the demand for natural antioxidants has increased due to the growing interest in the food and
pharmaceutical industries for drug development with fewer side effects and potent against various diseases. Ginger
extract also has long been used in traditional medical practices to decrease inflammation. Ginger rhizome extracts
contain specific phenolic compounds like gingerol, zingerone, shogaols and its derivatives with various biological
activities specifically; antioxidant and anticancer [5].The total phenolics, flavonoids, orthodihydric phenols,
proanthocyanidins and tannins are regarded as nutritional secondary metabolites. These compounds present in plants
play an important role in protecting the tissues by reducing oxidative stress and enhance the nutritional values of food
material. Phenolics include simple phenols, phenolic acids (benzoic and cinnamic acid derivatives), coumarins,
flavonoids, stilbenes, hydrolyzable and condensed tannins, lignans, and lignins. These compounds are among the
most widely occurring secondary metabolites in the plant kingdom, acting mainly as phytoalexins, attractants for
pollinators, contributors to plant pigmentation, antioxidants, and protective agents against UV light, among others [6].

Flavonoids are large family of polyphenolic components synthesized by plants. It was found that flavonoids
functioned to reduce blood-lipid and glucose and to enhance human immunity [7]. Flavonoids were also a kind of
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natural antioxidant capable of scavenging free superoxide radical, anti-aging and reducing the risk of cancer. The
objectives of the present study were to determine the total phenolic content, total flavonoid content, orthodihydric
content, tannins and proanthocyanidins content in five accessions of Zingiber officinale Roscoe collected from
Kumaun and Garhwal region of Uttarakhand to compare and validate the medicinal & nutritional potential of ginger
rhizomes.

Material and methods
Plant Material

Five accessions of ginger (Zingiber officinale Roscoe) rhizomes were collected from 5 districts of Uttarakhand State
viz. of Kumaun and Garhwal region. Three of these accessions Bana (Pithoragarh district), Kapkot (Bageshwar
district) and Takula (Almora district) from Kumaun region (29°36°N, 79°42"E) while two of these Roorkee (Haridwar
district) &Chamoli (Chamoli district)) from Garhwal region (30°30"N, 78°30°E).

Extracts Preparation

Ginger rhizomes were washed in running tap water, shade dried at room temperature for at least 15 days. The dried
materials were pulverized into fine powder by a grinding machine. The material was extracted by successive soaking
for a period of 72 hours each in ethanol. All the extracts were stored in sterilized amber coloured bottles and were
kept in refrigerator for further study.

Preliminary phytochemical screening

All the extracts of ginger accessions were tested chemically for the detection of various metabolites viz; alkaloids,
phenols, tannins and flavonoids by using standard reported protocols [8].

Metabolite Profiling
Total phenolic assay

The total phenolic content of different ginger rhizome extracts was estimated by using the Folin—Ciocalteu reagent
method as reported by Singleton and Rossi (1965) with slight modification [9]. 0.5 mL of the extract solutions were
mixed with 0.5 mL of Folin—Ciocalteu reagent, 1.0 mL of aqueous solution of 7% saturated sodium carbonate and
8mL of distilled water. The reaction mixture was mixed thoroughly and was allowed to stand for 1 hour in dark. The
absorbance was read at 765 nm. The standard curve was established using various concentrations of gallic acid. The
total phenolic content was expressed as gallic acid equivalents (GAE) in mg/g of dry material.

Estimation of Flavonoids

250 pL of plant extract was mixed with 1.25 mL of distilled water and 75uL of 5% sodium nitrite solution. The
solutions were incubated for 5 minutes and then 150ul of 10% aluminium chloride solution was added. After 6
minutes 500pL of 1M sodium hydroxide and 275 pL of distilled water were added, after proper mixing of the solution
the intensity of pink colour was obtained at 510 nm. The standard curve was established using various concentrations
of catechin. The flavonoid content was expressed as catechin equivalents (CNE) in mg/g of dry material [10].

Estimation of orthodihydric phenols

ImL of the extract solution was taken and mixed with equal volume of 0.5N HCI and 1mL of Arnow’s reagent (10gm
sodium nitrite in 10 gm sodium molybdate and make upto 100 mL with distilled water), 2mL of 1N NaOH and 4.5
mL of distilled water was added. The solution were mixed thoroughly (pink colour was appeared) and the absorbance
at 515nm was measured. The standard curve was established using various concentrations of catechol. The
orthodihydric phenols content was expressed as catechol equivalents (CLE) in mg/g of dry material [11].

Estimation of Tannins

0.5 mL of the extract solution was taken and mixed with 0.1 mL Folin—Ciocalteu reagent and kept for 15 mins. 2.5
mL of saturated sodium carbonate solution was added and was allowed to stand for 30 mins. The absorbance at 760
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nm was measured. The standard curve was established using various concentrations of tannic acid. The tannin content
was expressed as tannic acid equivalents (TAE) in mg/g of dry material [12].

Estimation of proanthocyanidins

The proanthocyanidins content of extracts was determined by method developed by (Sun et al., 1998)with slight
modification.0.5 mL of the extract solution was taken and mixed with 3 mL of 4% vanillin ethanol solution and 1 mL
of concentrated HCI [13]. The mixture was allowed to stand for 15 mins and absorbance was measured at 500 nm.
The standard curve was established using various concentrations of tannic acid. The proanthocyanidins content was
expressed as tannic acid equivalents (TAE) in mg/g of dry material.

Statistical analysis

Results are presented as mean+tstandard deviations. One way analysis of variance (ANOVA), Tukey’s test (p<0.05)
and the correlation between different altitude of collection place (Kumaun and Garhwal region) with all metabolites
was evaluated by using SPSS16 Statistical Package for Social Science.

Results and Discussion

The preliminary phytochemical screening of ginger ethanolic extracts showed the presence of various
phytoconstituents presented in Table 1. In view of present study the above facts i.e. total phenols, flavonoids,
orthodihydric phenols, tannins and proanthocyanidins content was determined spectrophotometrically and the
maximum content of these for all the parameters was found to be highest in ginger rhizomes of Bana from
Pithoragarh district of Kumaun region. The total phenols in different ginger rhizomes were obtained in the range of
46.24+0.105 to 29.88+0.278mg/g GAE (gallic acid equivalents). The level of total phenols in ethanolic extracts of
different accessions of ginger rhizomes are presented in Table 2. Polyphenolic compounds are known to have
antioxidant activity and it is likely that the activity of the extracts is due to these compounds [14-19]. This activity is
believed to be mainly due to their redox properties, which plays an important role in adsorbing and neutralizing free
radicals, quenching singlet and triplet oxygen, or decomposing peroxides [20, 21].

The different flavonoid content found in the various accessions of ginger rhizomes are shown in the Table 2. The
total flavonoid content of the ginger rhizomes varied from 38.87+0.47 to 21.03+0.47mg/g CNE (catechin equivalents)
and it was found to be maximum in ginger rhizome collected from Bana of Pithoragarh district. The orthodihydric
phenol content found in the various rhizomes of ginger (Table 2) ranged from 31.5+0.866 to 15.5+0.500mg/g CLE
(catechol equivalents).Tannins are basically astringent, bitter polyphenolic compounds that binds to precipitates
proteins and various other organic compounds including amino acids and alkaloids. This tannin-protein complex
provides persistent antioxidant activity [22]. Estimated tannic acid in the present study of all five ginger accessions
varied from 7.48+0.323to 3.21+0.128 mg/gTAE (tannic acid equivalents).Similarly, the proanthocyanidins content in
all five ginger rhizomes ranges from 30.91+1.325t0 6.88+1.096 mg/g TAE (Table 2).

Table 1 Phytochemical specifications of ginger rhizomes

Phytoconstituents Test Bana Kapkot Takula Roorkee Chamoli
Alkaloids Mayer’s Test 4 4 4 4 +
Wagner’s Test + + + + +
Dragendroff’s test 4 4+ 4+ 4+ +
Hager’s test = = = = =
Phenols Ferric Chloride Test s 4 4 4 1
Tannins Gelatin Test s 4 4 4 1
Flavonoids Alkaline Reagent Test + 4 4 4 4
Lead acetate Test s 4 4 4 ah
Shinoda Test - i - - i

+ = presence, - =absence

The results obtained showed that all the five ginger accessions possess high variation in all these metabolites. On
the basis of the analysis it was found that the total phenolic content, flavonoid content, orthodihydric content of ginger
rhizomes collected from Banaregion was found to be highest followed by Kapkot, Roorkee, Chamoli, and least in
Takula. In ginger rhizomes tannin content follows the order Kapkot>Bana>Takula>Roorkee>Chamoli while in, case
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of proanthocyanidins content it is different and follows the order Chamoli>Bana>Kapkot>Roorkee>Takula. From the
above results it may be concluded that ginger rhizomes from Kumaun region are the richest sources of phenolics than

that of Garhwal region.

Table 2 Biochemical screening of different accessions of ginger rhizomes

Ginger Altitude Total Flavonoids Orthodihydric Tannins Proanthocyanidins
accessions (mts) phenolics (mg/g CNE)  phenols (mg/g TAE) (mg/g TAE)
(mg/g GAE) (mg/g CLE)

Bana 520 46.24+0.105°  38.87+0.47°  31.5+0.866° 6.11+0.196° 26.53+1.053°
Kapkot 1104 38.55+0.182°  30.05+0.47°  22+0.5° 7.48+0.323"  22.49+1.993"
Takula 1400 29.88+0.278°  21.03+0.47*  155%0.5° 5.6+0.196°  6.88+1.096°
Roorkee 268 34.85+0.278°  28.31+0.308° 20+0.5 4.02+0.267°  19.86+1.096°
Chamoli 2100 33.03+0.378"  24.92+0.308" 18.83+0.764" 3.21+0.128*  30.91+1.325°

Values are Means of three replicates + Standard Deviation. Within a column, mean values followed by the same letter are not

significantly different according to Tukey’s test (p<0.05).

Correlation analysis

Correlation analysis of all metabolites (Table 3) shows moderate to strong correlations. In present investigation,
found that total phenols are positively correlated with flavonoids and orthodihydric phenols content at 0=0.01 level of
significance. Flavonoids are positively correlated with orthodihydric phenols content at a=0.01. The positive
correlation describes high degree of interdependence between these parameters.

Table 3 Correlation coefficients, R, for relationships between the altitude and assays of different accessions of ginger

rhizomes

Altitude T.P.C F.L O.P T.N pP.C
Altitude 1 -.533 -.633 -.545 .164 .007
T.P.C 1 .992** .989** 463 516
F.L .987** .381 .533
Oo.P 1 .364 528
T.N 1 -.255
P.C 1

Correlation is significantat the 0.01 level; T.P.C= total phenolic content; F.L= Flavonoids;
0.P = ortho dihydric phenols ; T.N = tannins ; P.C= proanthocyanidins

Conclusion

The results of this study indicated that ginger rhizomes from Pithoragarh district of Kumaun region are the richest
sources of phenolics than that of Garhwal region and could be serve as basis for future drugs and food materials. The
phytochemical contents in ginger accessions may also be influenced by environmental factors, such as growing
region, cultivation methods, climatic conditions. This new investigation of ginger rhizomes from Kumaun and
Garhwal region could be a first step to develop a new variety of ginger for further applications.

Acknowledgement

One of the authors Jyotsna Dhanik is thankful to Department of Science and Technology, New Delhi, India for

providing DST-INSIPRE for research work.

References

[1] Rathore S S, Saxena S N, Solanky S, Manasia P M, Saxena R and Kakani R K. Analysis of medicinally
important compounds and antioxidant activity in crude extract of fenugreek (Trigonellafoenumgracium L.)
plant parts. In: National seminar “Harnessing Seed Spices for Better Socio Economic Well Being held on 6-7

January 2012 at DAV College, Ajmer. 2012.

[2] Ali B H, Blunden G, Tanira M O and Nemmar A. Some phytochemical, pharmacological and toxicological
properties of ginger (Zingiberofficinale Roscoe): a review of recent research. Food and Chemical

Toxicology.2008, 46 (2):409-420.

[3] Blumenthal M, Goldberg A and Brinckmann J. Ginger root. In Herbal medicine: Expanded commission E
monographs Newton, Massachusetts: Integrative Medicine Communications. 2000, 153—159.

Chem Sci Rev Lett 2017, 6(24), 2453-2457

Article CS032048111 2456



Chemical Science Review and Letters ISSN 2278-6783

[4]
[5]

[6]
[7]
(8]
9]
[10]
[11]

[12]

[13]
[14]
[15]
[16]

[17]

[18]

[19]

[20]
[21]

[22]

Iba™nez E, Kubatova A, Se™norans FJ, Cavero S, Reglero G and Hawthorne S B. Subcritical water extraction of
antioxidant compounds from rosemary plants. Journal of Agricultural and Food Chemistry. 2003,51: 375-382.
Yeh H Y, Chuang C H, Chen H C, Wan C J, Chen T L and Lin L Y. Bioactive components analysis of two
various gingers (Zingiberofficinale Roscoe) and antioxidant effect of ginger extracts. LWT- Food Science and
Technology.2014, 55: 329-334.

Gottlieb O R and Borin M R. Medicinal products: Regulation of biosynthesis in space and time. Memorias do
Instituto Oswaldo Cruz. 2000,95: 115-120.

Atoui K, Mansouri A, Bosku G and Kefalas P.Tea and herbal infusions: their antioxidant activity and phenolic
profile. Food Chemistry. 2005, 89: 27-36.

Brain K R and Turner T D. The practical evaluation of phytopharmaceuticals. 1975. pp. 81-82. 2nd ed. Bristol:
Wright sciencetechnica.

Singleton, V L and Rossi J A. Colorimetry of total phenolics with phosphomolybdicphosphotungstic acid
reagents. American Journal of Enology and Viticulture. 1965,16: 144-158.

Heimler D, Vignolini P and Dini M G. Antiradical activity and polyphenol composition of local Brassicaceae
edible varieties. Food Chemistry. 2005, 99: 464-469.

Mahadevan A and Sridhar R. In: Methods in physiological plant pathology. Sivakami Publication, Chennai. 3rd
ed. 1986, 183-184.

Garg D, Muley A, Khare N and Marar T. Comparative Analysis of Phytochemical Profile and Antioxidant
Activity of Some Indian Culinary Herbs. Research Journal of Pharmaceutical, Biological and Chemical
Sciences.2012, 3(3): 845.

Sun B, Ricardo-da-Silva J M and Spranger |. Critical factor of vanillin assay for catechins and
proanthocyanidins. Journal of Agricultural and Food Chemistry.1998, 46: 4267-4274.

Mccall M R and Frei B. Can antioxidant vitamins materially reduce oxidative damage in humans?.Free Radical
Biology and Medicine. 1999,26: 1034-1053.

Chen H G, Yu Y G and Zeng O X. Study on extraction of flavonoids and Alkaloids from lotus leaf. Food
Science. 2002, 23: 69-71.

Djeridane A, Yousfi M, Nadjemi B, Boutassouma D, Stocker P and Vidal N. Antioxidant activity of some
Algerian medicinal plants extracts containing phenolic compounds. Food Chemistry. 2006, 97: 654-660.
Luximon-Ramma A, Bahorun T, Soobrattee A M and Aruoma O I. Antioxidant activities of phenolic,
proanthocyanidin and flavonoid components in extracts of Acacia fistula. Journal of Agricultural and Food
Chemistry.2005, 50: 5042-5047.

Osawa M T, Huang S and Rosen R T. Chemistry and Antioxidative Effects of Phenolic Compounds from
Licorice, Tea and Compositae and Labiateae Herbs. American Chemical Society: Washington, DC, USA.
1994, 132-143.

Rozanida A R, Nurullzza N, MohdHelme N H and Zanariah H A. Cosmeceutical product from species in the
family Zingiberaceae. In Harnessing Cures from Nature: Trends and Prospects; Mazura, M.P., Ed.; Forest
Research Institute: Kepong, Selangor, Malaysia. 2006,31-36.

Yingming P, Ping L, Hengshan W and Min L. Antioxidant activities of several chinese medicinal herbs. Food
Chemistry. 2004,88: 347-350.

Louli V, Ragoussis N and Magoulas K. Recovery of phenolic antioxidants from wine industry byproducts.
Bioresource Technology.2004,92: 201-208.

Youwei Z, Jinlian Z and Yonghong P. A comparative study on the free radical scavenging activities of some
fresh flowers in southern China. LWT-Food Science and Technology. 2008. 41: 1586-1591.

© 2017, by the Authors. The articles published from this journal are distributed to
the public under “Creative Commons Attribution License” (http://creative

Publication History
Received 03 Nov 2017

commons.org/licenses/by/3.0/). Therefore, upon proper citation of the original | Revised 24" Nov 2017
work, all the articles can be used without any restriction or can be distributed in Accepted 05" Dec 2017
any medium in any form. Online 30" Dec 2017

Chem Sci Rev Lett 2017, 6(24), 2453-2457 Avrticle CS032048111 2457



