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Abstract
Carbohydrates are the most abundant class of organic compounds found in living organisms. Environmental conditions affect the plant growth as well as the formation of secondary metabolites, as they are mostly formed in young and actively growing tissues. Studies  have demonstrated that temperature stress can affect the secondary metabolites and other compounds that plants produce  which are usually the basis for their medicinal activity.Therefore, the present study was carried out to have a better understanding of plant metabolic products under seasonal influences in four important  medicinal plants Macrotyloma uniflorum, Vigna unguiculata, Cinnamomum zeylanicum and Mentha piperita using spectrophotometry. The samples were collected and subjected to study the content of Carbohydrates using two different methods i.e. Anthrone Method and DNSA method. revealed that maximum amount of secondary metabolites (carbohydrate) were observed in Cz plant during summer and winter season both. In accordance to the Anthrone method maximum amount of carbohydrate was found in Cz 2 and lowest in Mp2. Similar results were observed through DNSA method. Results through DNSA method clearly shows that winter collection has more amount of carbohydrate on comparison to summer with maximum in Cz1 and minimum in Mu2. Overall results reveal that on the bases of seasonal variation winter collection has more content of carbohydrate as compared to summer. Thus the seasonal changes have effect on the physiological parameter.
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Introduction      
The vast and different natural resources are essential for the well being of human kind. Among the natural resources the forest resources holds an important position [1]. Humans consume a wide range of foods, drugs, and dietary supplements that are derived from plants and which modify the functioning of human body. In many cases, the effects of phytochemicals (secondary metabolites) on the human might be linked either to their ecological roles in the life of the plant or to molecular and biochemical similarities in the biology of plants and higher animals [2]. Horse gram (Macrotyloma uniflorum Lam) is a popular pulse, locally known as Gaheth belongs to the family Fabaceae that still remain an under exploited legume crop. Horse gram seeds are rich in protein and consumed in majority by poorest section of the society. [3] 
* Corresponding Author
Vigna unguiculata subsp. unguiculata (black coloured seed coat) is a less known pulse possessing high nutritional quality. [4] The cowpea (Vigna unguiculata L. Walp) is considered a grain legume or pulse which is potential agent of reducing serum lipids and glucose. Mentha piperita L. or peppermint with vernacular name of “nana felfeli”, a plant from the Labiatae family, is traditionally used as an antiseptic, stimulant, carminative agent or it is further used as a flavoring agent in cosmetic and pharmaceutical industries throughout the world. [6] Cinnamon (Cinnamomum verum, synonym C. zeylanicum) is a small evergreen tree, 10-15 meters (32.8-49.2 feet) tall, belonging to the family Lauraceae, native to Sri Lanka and South India. In medicine it acts like other volatile oils and once had a reputation as a cure for colds. It has also been used to treat diarrhoea and other problems of the digestive system.[7] Environmental conditions affect the plant growth as well as the formation of secondary metabolites, as they are mostly formed in young and actively growing tissues [5]. Carbohydrates are the important components of storage and structural materials in the plants. They exist as free sugars and polysaccharides. The basic units of carbohydrates are the monosaccharides which cannot be split by hydrolysis into simpler sugars. The carbohydrate content can be measured by hydrolysing the polysaccharides into simple sugars by acid hydrolysis and estimating the resultant monosaccharides.[9]  Thus the seasonal changes have effect on the physiological parameters. Therefore, the present study was carried out to have a better understanding of plant metabolic products under seasonal influences in four important medicinal plants, viz. Macrotyloma uniflorum, Vigna unguiculata, Cinnamomum zeylanicum and Mentha piperita these plants are used in curing various diseases such as in urinary troubles
Material and Methods
Collection and preparation of plant material:

The plant materials were collected in two seasons i.e. summer collection in the month of July and winter collection in the month of January from the local area. The samples collected were washed, dried and authenticated and were coded as follows:

	S no.
	Plants studied on
	Summer collection
	Winter collection

	1
	Macrotyloma uniflorum
	Mu1
	Mu2

	2
	Vigna unguiculata
	Vu1
	Vu2

	3
	Cinnamomum zeylanicum
	Cz1
	Cz2

	4
	Mentha piperita
	Mp1
	Mp2


Table no. 1 Coding of the samples

Determination of Total Carbohydrate by Anthrone Method

Anthrone dissolved in sulphuric acid may be used for the quantitative determination of different carbohydrates. Quantitative determination is only possible where the identity of sugar components is known because colour development varies with the different sugars. Nevertheless, the anthrone method is widely used for the determination of starch and soluble sugars in plant material. Generally sugars and carbohydrates are extracted from dried and ground plant material. First soluble sugars are extracted with aqueous ethanol; later starch is extracted with an acid. Acidic starch extracts are typically clear; however ethanolic sugar extracts may be green (leaves) or brown (roots). To remove these interfering colours first pre-extract plant material with 100% acetone and then with ethanol. [8] Carbohydrates are first hydrolysed into simple sugars using dilute hydrochloric acid. In hot acidic medium glucose is dehydrated to hydroxymethyl furfural. This compound forms with anthrone a green coloured product with an absorption maximum at 630 nm. [9]
Preparation of plant extract: 100 mg of the sample was Weighed  into a boiling tube  And Hydrolysed by keeping it in a boiling water bath for three hours with 5 mL of 2.5 N HCl and cool to room temperature. Neutralised with solid sodium carbonate until the effervescence ceases. The volume was marked up to 100 mL and centrifuge. The supernatant was collected and 0.5 and 1 mL aliquot was taken for analysis.

Preparation of Reagent used:  Anthrone reagent: Dissolve 200 mg anthrone in 100 mL of ice-cold 95% H2SO4. Prepared fresh for use.
 Preparation of standard curve:  Standard glucose: Stock—Dissolve 100 mg in 100 mL water. Working standard—10 mL of stock diluted to 100 mL with distilled water. Store refrigerated after adding a few drops of toluene.
Procedure: the standards were prepared by taking 0, 0.2, 0.4, 0.6, 0.8 and 1 mL of the working standard where ‘0’ serves as blank. The volume was marked up to 1 mL in all the tubes including the sample tubes by adding distilled water. Then 4 mL of anthrone reagent was added to all and heated in a boiling water bath for eight minutes. Cool rapidly and read the green to dark green colour at 630 nm.  Draw a standard graph by plotting concentration of the standard on the X-axis versus absorbance on the Y-axis. The absorbance of the reaction mixture was measured at 510 nm against a blank spectrophotometrically. Results were expressed as carbohydrate equivalents (mg carbohydrate /g dried extract). [9]

Estimation of Reducing Sugar by Dinitrosalicylic Acid Method:

Reducing sugars contain free carbonyl group which has the property to reduce many of the reagents.  All monosaccaride and some disaccaride are reducing sugars. It detects the presence of free carbonyl group (C=O) of reducing sugars. [10] This involves the oxidation of the aldehyde functional group (in glucose) and the ketone functional group (in fructose).  When alkaline solution of 3,5-dinitrosalicylic acid reacts with reducing sugars(eg. Glucose, lactose.) It is converted into 3-amino-5-nitrosalicylic acid with orange colour which has an absorbance maximum of 540 nm.
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Figure no. 1 Intensity of the colour is an index of reducing sugar.
Preparation of plant extract: Weigh 100 mg of the sample and extract the sugars with hot 80% ethanol twice (5 mL each time). Collect the supernatant and evaporate it by keeping it on a water bath at 80°C. Add 10 mL water and dissolve the sugars.

Preparation of Reagent used:  

DNSA Reagent: Dissolve by stirring 1 g dinitrosalicylic acid, 200 mg crystalline phenol and 50 mg sodium sulphite in 100 mL 1% NaOH. Store at 4°C. Since the reagent deteriorates due to sodium sulphite, if long storage is required, sodium sulphite may be added at the time of use.

Preparation of 40% Potassium sodium tartrate (Rochelle’s salt) (50 ml): Dissolve 20 g of

Potassium sodium tartrate in 25 ml of distilled water and make up the volume to 50 ml.

Preparation of standard curve:  Standard glucose: Stock—Dissolve 100 mg in 100 mL water. Working standard—10 mL of stock diluted to 100 mL with distilled water. Store refrigerated after adding a few drops of toluene. The standards were prepared by taking 0, 0.2, 0.4, 0.6, 0.8 and 1 mL of the working standard where ‘0’ serves as blank. 

Procedure

 Pipette out 0.5 to 3 mL of the plant extract as well as the standard aliquots in test tubes and equalize the volume to 3 ml with water in all the tubes. Add 3 mL of DNS reagent. Heat the contents in a boiling water bath for 5 min. When the contents of the tubes are still warm, add 1ml of 40% Rochelle salt solution. Cool and read the intensity of dark red colour at 540 nm. The concentration of the sample was calculated using the standard absorbance curve and the regression equation so obtained. [11]
Results and Conclusion

Anthrone method 
Observation for absorbance for the standard curve
	S.No
	D- glucose Concentration

(1mg/ml)
	Absorbance

630nm

	1
	0
	0.00

	2
	2
	0.20

	3
	4
	0.31

	4
	6
	0.43

	5
	8
	0.48

	6.
	10
	0.50


Table no. 2 Absorbance for the standard curve in Anthrone method
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Figure no. 2 The standard curve for Anthrone method

According to the standard curve, following regression equation was obtained and using the equation the concentration of sample was calculated.

	S.no.
	Samples
	Absorbance

at 630nm
	Concentration (ug)

	1.
	Mu1
	0.128
	0.836

	2.
	Vu1
	0.130
	0.877

	3.
	Cz1
	0.138
	1.040

	4.
	Mp1
	0.147
	1.224

	5.
	Mu2
	0.119
	0.653

	6.
	Vu2
	0.127
	0.186

	7.
	Cz2
	0.128
	0.836

	8.
	Mp2
	0.144
	1.163


Table no. 3 Absorbance value and Concentration found in samples by Anthrone method

DNSA method

Observation for absorbance for the standard curve
	S.No
	D- glucose Concentration

(1mg/ml)
	Absorbance

540nm

	1
	0
	0.00

	2
	2
	0.25

	3
	4
	0.31

	4
	6
	0.44

	5
	8
	0.48

	6.
	10
	0.53


Table no.4 Absorbance for the standard curve in DNSA method
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Figure no.3 The standard curve for DNSA method

According to the standard curve, following regression equation was obtained and using the equation the concentration of sample was calculated.
	S.no.
	Samples
	Absorbance

at 540nm
	Concentration (ug)

	1.
	Mu1
	0.118
	0.632

	2.
	Vu1
	0.145
	1.183

	3.
	Cz1
	0.188
	2.061

	4.
	Mp1
	0.134
	0.959

	5.
	Mu2
	0.109
	0.448

	6.
	Vu2
	0.123
	0.734

	7.
	Cz2
	0.148
	1.244

	8.
	Mp2
	0.124
	0.755


Table no. 5 Absorbance value and Concentration found in samples by DNSA method

Anthrone method:
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Figure no.4 Concentration of carbohydrate in samples by anthrone method 
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Figure no.5 Concentration of carbohydrate by anthrone method in summer collection
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Figure no.6 Concentration of charbohydrate by anthrone method in winter collection
DNSA method
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Figure no.7 Concentration of charbohydrate by anthrone method in winter collection
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Figure no.8 Concentration of carbohydrate by DNSA method in summer collection 
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Figure no.9 Concentration of carbohydrate by DNSA method in summer collection 
Results revealed that maximum amount of secondary metabolites (carbohydrate) were observed in Cz plant during summer and winter season both. In accordance to the Anthrone method maximum amount of carbohydrate was found in Cz 2 and lowest in Mp2. Similar results were observed through DNSA method. Results through DNSA method clearly shows that winter collection has more amount of carbohydrate on comparison to summer with maximum in Cz1 and minimum in Mu2. Overall results reveal that on the bases of seasonal variation winter collection has more content of carbohydrate as compared to summer. 
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