


Phytochemical Profiling and Antioxidant Potential of Chenopodium ambrosioides Leaves


ABSTRACT
Medicinal plants have gained considerable attention in recent years due to their therapeutic potential and nutritional benefits. In this study, the proximate composition, mineral content, phytochemical profile, and antioxidant activity of Chenopodium ambrosioides leaves were analyzed from twelve locations in the Kangra Valley, Himachal Pradesh, India. Substantial variation was observed among the collections, including moisture content (26.01-36.64%), ash (15.0-19.15%), protein (23.18-31.20%), fat (2.73-6.89%), fibre (9.01-10.69%), and total carbohydrates (4.95-13.68%). Mineral concentrations varied significantly, with sodium (227.50-315.00 mg/100 g), calcium (912.50-1025.00 mg/100 g), potassium (982.50-1086.67 mg/100 g), iron (0.64-0.69 mg/100 g), zinc (0.11-0.14 mg/100 g), manganese (0.05-0.11 mg/100 g), and cobalt (0.13-0.45 mg/100 g). Phytochemical constituents also exhibited marked differences, including total phenolics (326.33-489.56 mg/100 g), tannins (75.16-195.06 mg/100 g), chlorophyll (0.87-1.68 mg/g), carotenoids (13.33-23.87 µg/g), vitamin C (7.25-17.29 mg/100 g), polyphenol oxidase activity (0.045-0.092 ΔOD/min), and antioxidant potential (DPPH scavenging: 4.53-9.18 µg/ml). Based on cumulative ratings, leaves from Dehra, Harchkiyan, Jaswan, Palampur, and Daroh emerged as versatile accessions, with Thural showing the most favorable profile for nutritional and phytochemical traits. These findings underscore the potential of C. ambrosioides as a nutritionally dense and bioactive-rich species that can be utilized in functional foods, nutraceuticals, and herbal formulations, offering an eco-friendly alternative to synthetic supplements and contributing to sustainable health-promoting strategies.
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1. INTRODUCTION
Chenopodium ambrosioides is reported to be a medicinal plant in scientific and folkloric literature. It is also known as epazote, wormseed, Mexican-tea, smelly grass, and hookworm grass and belongs to the family Chenopodiaceae (Ehiabhi et al., 2012; da Silva et al., 2021). It is considered as the most used traditional medicines in the worldwide. The genus Chenopodium have about 120 species, over 45 species are found to be distributed in different regions in India, and are reported to possess many therapeutic properties (Gupta et al., 2002). C. ambrosioides is native to South America, Central America, and Southern Mexico and has been cultivated worldwide. This plant is an erect herb, up to 1.2 m in height, and irregularly branched bearing small, green flowers in a branched panicle at the top of the stem and an intensely aromatic, annual to short-lived perennial with an upright rising stem. Plant leaves are geomorphologic elliptic, lanceolated and seeds are generally horizontal but sometimes slanted and brown (Carrillo-Lopez et al., 2016). It has a strong smell when bruised and the leaves also have a pungent smell (Nyasvisvo et al., 2024). The plant leaves are commonly used in traditional medicine as an anthelmintic, antifungal activity, and to treat digestive issues, muscle pains, and bone fractures. The dry or fresh aerial part of C. ambrosioides is boiled in water and drunk after meals as digestives, stomachic, and in some cases as haemostatic, stimulant, laxative, and anti-diarrheic. It is also used to reduce blood pressure and to treat colds and fibroids (Ehiabhi et al., 2012). It is an important ethnobotanical plant in Pakistan, locally known as Gandi Buti in the Kotli district, and is useful for the treatment of anthelmintic wounds and constipation (Ajaib et al., 2016). Various illnesses such as cancer and cardiac diseases are controlled by C. ambrosioides plants because it is rich source of natural antioxidant compounds. The important constituents present in this plant that contributes to its nutritional value and medicinal effects include antioxidant compounds and minerals etc (Drioua et al., 2024). C. ambrosioides is a rich source of bioactive constituents, including proteins, enzymes, and an array of secondary metabolites such as phenolics, carotenoids, flavonoids, and anthocyanins. These compounds exhibit diverse biochemical mechanisms, contributing to antioxidant defense, antimicrobial activity, and other pharmacologically relevant functions, thereby underscoring the therapeutic potential of this species (Kasali et al., 2021). Although, there are some studies has been reported that quality to a possible toxic action, supposedly consequential from the presence of some monoterpenes and ascaridole, constituents abundant in the species of C. ambrosioides (Aborisade et al., 2017). In India, C. ambrosioides oil is reported to be effective against parasitic worms such as roundworms and hookworms in dogs, ascarids in swine, cats, and horses (Monteiro et al., 2017). Excessive consumption of Chenopodium species has been associated with certain adverse effects, which may be mitigated through the supplementation of external antioxidants in the form of minerals or dietary components (Ghareeb et al., 2016). In this context, the present study was undertaken to assess the variability in proximate composition, phytochemical constituents, and antioxidant activity of C. ambrosioides leaves collected from diverse locations in the Kangra Valley.
2. MATERIAL AND METHODS
2.1	Plant sampling
The present study was carried out on the C. ambrosioides leaves which were collected from twelve different regions (Tehsil) of Kangra District of Himachal Pradesh. Approximately 200 g of fresh leaves were collected from each location. Samples of fresh C. ambrosioides leaves were collected in the aluminium foil and frequently stored in the freezer till further biochemical analysis. For sample preparation of fresh leaves (without any contaminants) were dried overnight in a hot air oven at 45°C ± 5°C for further analysis (Figure 1).
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Figure 1 Overview of Chenopodium ambrosioides plant
		
2.2	Proximate composition
The proximate composition of C. ambrosioides leaves, including moisture, total ash, crude fibre, crude fat, and crude protein was determined using standard methods recommended by AOAC (2010). Moisture content was estimated by drying fresh samples in a hot-air oven at 65°C for 8 hrs until a constant weight was achieved. Total ash content was obtained by incinerating the dried material in a muffle furnace at 550 ± 25°C for 5-6 hrs until white ash residue appeared. Crude fat was quantified using a Soxhlet extraction unit with petroleum ether as the solvent, while crude fibre was determined through sequential acid and alkali digestion after defatting the samples.
Protein estimation was performed using the micro-Kjeldahl method. Briefly, powdered samples were digested in concentrated sulfuric acid (H2SO4) with a catalyst mixture, followed by distillation and titration to determine total nitrogen content. Crude protein percentage was calculated by multiplying the nitrogen value by a conversion factor of 6.25. Total carbohydrate content was assessed using the anthrone method (Yemm and Wills, 1954), where the colour developed by the reaction was measured spectrophotometrically, and results were expressed as percentage.
2.3	Elemental analysis
The chemical nature of elements as well as their balanced concentration is different within plant species (Minson, 1982). The leaf samples were analysed for minerals by the method of (Piper, 1966). Nitric acid and perchloric acid (3:1) were used for the digestion of the dried sample. The aliquots were then used for the estimation of mineral nutrients. The three mineral elements such as potassium, sodium, and calcium were determined with the help of Systronics Flame photometer 128, whereas an atomic absorption spectrometer (AAS 4129) was used for estimating copper, iron, zinc, and manganese at different wavelengths of 324 nm, 248 nm, 213 nm, and 279 nm, respectively.
2.4	Determination of Total Phenols and Tannins
Total phenolics, simple phenols, and tannins were quantified following the procedure described by Makkar et al. (1993). The estimation was carried out using the Folin-Ciocalteu (FC) reagent, and absorbance was recorded at 725 nm. Tannic acid was used for constructing the standard calibration curve. The tannin content was calculated by subtracting the value of simple phenols from the total phenolic content.
2.5	Determination of Total Chlorophyll and Carotenoid
Chlorophyll and carotenoid contents were estimated from fresh leaves following the method described by Jayaraman (1981) and Davies (1976). Leaf tissues were extracted with 80% acetone, and the absorbance of the extract was measured at 663 nm, 645 nm, and 480 nm using a spectrophotometer (Merck Spectroquant Pharo 100). The concentrations of total chlorophyll and carotenoids were calculated using the following equations and expressed as mg/g and µg/g of fresh weight, respectively:
Total Chlorophyll (mg/g) = (20.2×A645​+8.02×A663​) ×V​
			                1000×W
Carotenoids (µg/g) = (7.6×A480​−1.49×A510​) ×V​ 
 1000×W
Where:
· A663​, A645​, and A480​ represent absorbance at respective wavelengths
· V= volume of extract (ml)
· W = weight of fresh tissue (g).
2.6	Estimation of Vitamin C (Ascorbic acid)
The estimation of ascorbic acid was conducted by the method of dye reduction. In this method, the content of ascorbic acid in the sample was titrated with 2, 6-dichlorophenol indophenols dye as defined in (AOAC, 2010). The L-ascorbic acid was used as standard prepared by dissolving it into 500 ml of 1.0 % oxalic acid. The vitamin C content in the samples is represented as mg/100g.
2.7	Estimation of PPO
Polyphenol oxidase (PPO) activity was determined from fresh leaves using the method described by Singh and Ravindranath (1994), with measurement conditions as per Farkas and Király (1962). Acetone powder was prepared from fresh leaves and used as the enzyme source. For the assay, 2 mL of enzyme extract was mixed with 0.2 mL of phosphate buffer (0.2 M, pH 6.0) and 0.5 mL of 1% pyrogallol solution (E. Merck, India). The reaction mixture was incubated, and the change in absorbance was recorded at 410 nm at 30-sec intervals for 3 minutes using a spectrophotometer (Merck Spectroquant Pharo 100). PPO activity was expressed as the change in optical density per minute (ΔOD min⁻¹).
2.8	Determination of antioxidant activity
The antioxidant activity of the samples was evaluated using the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay as described by Sharma and Bhatt (2009), with slight modifications. A stock solution of DPPH was prepared by dissolving 3.9 mg of DPPH in 50 mL of methanol, ensuring the solution was freshly prepared and stored in the dark at room temperature to prevent degradation. For the assay, an aliquot of sample extract was mixed with the DPPH solution, and the reaction mixture was incubated in the dark to allow the reaction to occur. The decrease in absorbance, indicating DPPH radical scavenging, was recorded at 517 nm using a spectrophotometer (Merck Spectroquant Pharo 100).
The scavenging activity was calculated using the following equation:

DPPH scavenging activity (%) = (Ac−As)  ×100
         Ac
Where:
Ac​ = Absorbance of control (DPPH without sample)
As​ = Absorbance of sample
2.9	Statistical Analysis
All estimations were carried out in triplicate using biological replicates to minimize experimental error. The data obtained were statistically analyzed using Analysis of Variance (ANOVA) under a Completely Randomized Design (CRD) as described by Panse and Sukhatme (1984).
3. RESULTS AND DISCUSSION
3.1	Proximate composition
The proximate composition of dried C. ambrosioides leaves collected from different locations is presented in Figure 2. The moisture content ranged from 26.01% in Palampur to 36.64% in Kangra. The ash content varied between 15.01% in Nurpur and 19.15% in Shahpur. These findings are in agreement with previous reports, where Lohdip et al., (2015) reported 19.01%, and Aborisade et al., (2017) observed 17.30% ash content in C. ambrosioides leaves. The crude protein content ranged from 23.18% in Nurpur to 31.20% in Daroh collections. Mushtaq et al., (2012) recorded 21.92% crude protein in the aerial parts of this species, while Aborisade et al., (2017) reported 30.00%, which aligns well with the present findings. For crude fat, the highest value was noted at Jaswan (6.89%), whereas the lowest was found at Nurpur (2.73%). The variation observed is comparable to the findings of Mushtaq et al., (2012), who reported 4.32% crude fat in the aerial parts of C. ambrosioides. The crude fibre content ranged from 9.01% in Kangra to 10.69% in Dehra, which is slightly lower than the value reported by Aborisade et al., (2017) at 13.04%. Similarly, the total carbohydrate content varied between 4.95% in Jaswan and 13.68% in Nurpur collections. Overall, the variations observed across different locations are in close conformity with earlier reports on this species.

Figure 2 Variation in proximate composition of Chenopodium ambrosioides collections


3.2	Elemental analysis
Minerals play a crucial role in the structure and functioning of living organisms. The mineral composition of C. ambrosioides leaves collected from different locations is summarized in Table 1. Sodium content ranged from 227.50 mg/100 g in Daroh to 315.00 mg/100 g in Baroh collections. Mushtaq et al., (2012) also reported sodium content of 0.23% in the aerial parts of this plant. Calcium content varied between 912.50 mg/100 g in Nurpur and 1025.00 mg/100 g in Baroh. Potassium content was highest in Dehra (1086.67 mg/100 g) and lowest in Palampur (982.50 mg/100 g). Iron content showed minimal variation, ranging from 0.64 mg/100 g in Thural to 0.69 mg/100 g in Jaswan collections. Lohdip et al., (2015) reported a higher iron concentration (15.60 mg/l or 1.56 mg/100 g), whereas the present study recorded comparatively lower values. Zinc content ranged from 0.11 mg/100 g in Dehra to 0.14 mg/100 g in Kangra, which is in line with the findings of Lohdip et al., (2015), who observed 3.27 mg/l zinc in the leaves. The manganese content was lowest in Kangra (0.05 mg/100 g) and highest in Harchkiyan (0.11 mg/100 g), similar to earlier reports by Lohdip et al., (2015) showing 1.06 mg/l. Copper content exhibited notable variation, with the lowest value recorded in Thural (0.13 mg/100 g) and the highest in Nurpur (0.45 mg/100 g).
Table 1. Nutrient profiles (mg/100g) in Chenopodium ambrosioides collections
	Collections
	Na
	Ca
	K
	Fe
	Zn
	Mn
	Cu

	Nagrota
	301.67
	928.33
	1070.83
	0.64
	0.14
	0.08
	0.14

	Kangra
	262.50
	900.00
	1017.50
	0.65
	0.14
	0.05
	0.26

	Nurpur
	253.33
	912.50
	1031.67
	0.64
	0.13
	0.06
	0.45

	Shahpur
	285.83
	958.33
	1040.83
	0.69
	0.13
	0.09
	0.20

	Harchkiyan
	306.67
	967.50
	1055.83
	0.65
	0.12
	0.11
	0.20

	Baroh
	315.00
	1025.00
	985.33
	0.68
	0.11
	0.08
	0.17

	Jaswan
	236.67
	938.33
	989.17
	0.69
	0.12
	0.09
	0.16

	Jawalamukhi
	267.50
	920.83
	1036.67
	0.67
	0.12
	0.10
	0.16

	Dehra
	295.00
	961.67
	1086.67
	0.68
	0.11
	0.10
	0.21

	Daroh
	227.50
	1007.50
	1059.17
	0.64
	0.11
	0.08
	0.17

	Thural
	241.67
	988.33
	1001.67
	0.64
	0.11
	0.08
	0.17

	Palampur
	290.00
	984.17
	982.50
	0.66
	0.12
	0.09
	0.12

	SE (±) 5
	2.66
	3.49
	5.22
	0.005
	0.007
	0.005
	0.003

	CD at 5%
	7.83
	10.26
	15.34
	0.01
	0.01
	0.01
	0.006


Means followed by the same letter within a column were not significantly different at a 5% level of significance by t-test. Data shows 3 replicates of each twelve collections.
3.3	Total Phenols and Tannins
The total phenolic content in Chenopodium ambrosioides collections showed considerable variability, as presented in Figure 3, ranging from 326.33 to 489.56 mg/100 g. The minimum value was recorded in the Dehra collection. These results are comparable to the observations of Singh and Singh (2018), who reported 35.89 mg GAE/g in Chenopodium album leaves. Similarly, the total tannin content ranged between 75.16 and 195.06 mg/100 g, with the lowest value noted in the Thural collection. Sood et al., (2012) documented tannin levels in Chenopodium album cultivars between 150 and 203.91 mg/100 g. Overall, the variation in phenolic and tannin content observed in this study is consistent with previous findings, indicating that environmental and genetic factors may influence these phytochemical levels.

Figure 3 Variation in proximate Total phenols, Simple phenols, and Tannin content in Chenopodium ambrosioides
3.4	Total Chlorophyll content
The chlorophyll ‘a’ content in different collections of C. ambrosioides leaves ranged from 0.61 to 0.98 mg/g, with the maximum value recorded in the Harchkiyan collection and the minimum in Nurpur (Table 2). Similarly, chlorophyll ‘b’ content varied between 0.26 and 0.77 mg/g across the collections. The total chlorophyll content showed significant variation, ranging from 0.87 to 1.68 mg/g, with the highest value in Harchkiyan and the lowest in Nurpur. Boojar and Goodarzi (2007), reported chlorophyll content of 1.06 ± 0.12 mg/g in C. ambrosioides leaves, which is slightly lower than the values observed in the present study. This variation in chlorophyll content could be attributed to differences in light intensity, altitude, soil fertility, and temperature across the collection sites, as these factors significantly influence chlorophyll biosynthesis and pigment stability.
Table 2. Variation in Chlorophyll ‘a’, Chlorophyll ‘b’, and Total Chlorophyll content in Chenopodium ambrosioides
	Collections
Name
	Chlorophyll ‘a’
(mg/g)
	Chlorophyll ‘b’
(mg/g)
	Total Chlorophyll
(mg/g)

	Nagrota
	0.66
	0.67
	1.33

	Kangra
	0.68
	0.26
	0.94

	Nurpur
	0.61
	0.26
	0.87

	Shahpur
	0.85
	0.56
	1.41

	Harchkiyan
	0.98
	0.70
	1.68

	Baroh
	0.83
	0.76
	1.59

	Jaswan
	0.84
	0.77
	1.61

	Jawalamukhi
	0.77
	0.60
	1.37

	Dehra
	0.84
	0.53
	1.37

	Daroh
	0.77
	0.47
	1.24

	Thural
	0.85
	0.63
	1.48

	Palampur
	0.82
	0.51
	1.33

	SE (±m)
	0.03
	0.03
	0.05

	CD (5 %)
	0.07
	0.06
	0.11



3.5	Carotenoid, Ascorbic acid, and Antioxidant activity
The total carotenoid content in different collections of C. ambrosioides ranged from 13.33 to 23.87 µg/g, with the highest value recorded in Harchkiyan and the lowest in Nurpur (Table 3). Variations in carotenoid levels may be attributed to differences in light intensity, altitude, and temperature across locations, as these factors regulate carotenoid biosynthesis and stability.
Similarly, the vitamin C content, which plays an important role in human nutrition, exhibited noticeable variability among the collections (Table 3). The ascorbic acid content ranged from 7.25 to 17.29 mg/100 g, with the maximum value observed in the Jawalamukhi collection and the minimum in Shahpur. These values are comparable to the findings of Barros et al. (2013), who reported approximately 20 mg/100 g of ascorbic acid in C. ambrosioides leaves. The variation in vitamin C content could be influenced by genetic differences, environmental stress, and post-harvest conditions, as these factors affect ascorbate synthesis and retention in leaves. 
Antioxidant activity, expressed in terms of IC₅₀ value, also showed significant variation across the collections, ranging from 4.53 to 9.18 µg/ml (Table 3). The Jawalamukhi collection recorded the highest antioxidant activity (lowest IC₅₀), while the Nurpur collection showed the lowest activity (highest IC₅₀). Silva et al. (2017) reported a higher antioxidant potential in C. ambrosioides leaves (IC₅₀ = 0.64 ± 0.04 μg/ml), which is lower than the values obtained in this study. This difference could be due to variations in phytochemical composition, extraction efficiency, and environmental growing conditions, all of which influence the antioxidant capacity of plant tissues.
Table.3. Variation in Total Carotenoid, Ascorbic acid, and Antioxidant activity in Chenopodium ambrosioides
	Collections
Name
	Total Carotenoid
(µg/g)
	Ascorbic acid (mg/100g)
	Antioxidant activity IC50 (µg/ml)

	Nagrota
	18.83
	11.41
	6.63

	Kangra
	19.16
	11.07
	5.81

	Nurpur
	13.33
	10.51
	4.53

	Shahpur
	21.10
	7.25
	5.80

	Harchkiyan
	23.87
	13.39
	6.42

	Baroh
	22.66
	8.37
	4.59

	Jaswan
	18.92
	13.65
	7.54

	Jawalamukhi
	13.35
	17.29
	9.18

	Dehra
	20.41
	8.76
	6.41

	Daroh
	16.36
	9.21
	8.28

	Thural
	17.73
	11.95
	8.23

	Palampur
	16.80
	10.46
	8.60

	SE (±m)
	1.18
	0.44
	0.24

	CD (5 %)
	2.44
	0.91
	0.51



3.6	PPO activity
The polyphenol oxidase (PPO) activity in different collections of C. ambrosioides ranged from 0.045 to 0.092 ΔOD/min (Figure 4). The highest PPO activity was observed in the Palampur collection (0.092 ΔOD/min), whereas the lowest was recorded in Dehra (0.045 ΔOD/min). A progressive increase in absorbance (OD) was observed from 0 to 180 seconds across all collections, indicating continuous enzymatic oxidation of phenolic substrates. Variations in PPO activity among collections could be attributed to genetic differences, environmental factors such as temperature and light, and phenolic substrate availability, as PPO is closely associated with oxidative stress defense and phenolic metabolism. Similar findings for PPO activity in leafy vegetables have been reported by Zhang (2023).

Figure 4 Variation in PPO activity (ΔOD/min) in Chenopodium ambrosioides collections

4. Conclusion
The present investigation highlights pronounced biochemical and functional diversity among C. ambrosioides collections, reflecting significant ecological and genetic influences. Collections from higher altitudes, notably Harchkiyan, recorded superior chlorophyll, carotenoid, and manganese levels, indicating enhanced photosynthetic and antioxidant capacities. Dehra exhibited the highest crude fibre and potassium content, while Nurpur was rich in carbohydrates and copper; Daroh contributed maximum crude protein, underscoring the nutritional potential of these collections. Enzymatic and antioxidant profiles also revealed marked variation. Palampur demonstrated the greatest polyphenol oxidase activity, whereas Nurpur displayed the strongest antioxidant efficiency (lowest IC50), suggesting robust phenolic metabolism and free radical scavenging ability. Such variability is primarily attributable to altitudinal and microclimatic differences influencing metabolic pathways. Overall, Dehra, Harchkiyan, Jaswan, Palampur, Daroh, and Thural emerged as superior collections with promising applications in nutraceutical development, pharmacology, and value-added products.
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Nagrota	Kangra	Nurpur	Shahpur	Harchkiyan	Baroh	Jaswan	jawalamukhi	Dehra	Daroh	Thural	Palampur	5.1999999999999998E-2	5.7000000000000023E-2	0.05	6.1000000000000013E-2	6.4000000000000112E-2	6.9000000000000034E-2	4.7000000000000014E-2	5.1999999999999998E-2	4.5000000000000012E-2	4.5999999999999999E-2	5.1000000000000004E-2	9.2000000000000026E-2	ΔOD/min

Moisture	Nagrota	Kangra	Nurpur	Shahpur	Harchkiyan	Baroh	Jaswan	jawalamukhi	Dehra	Daroh	Thural	Palampur	34.870000000000005	36.64	35.25	32.380000000000003	35.370000000000005	35.760000000000012	31.79	34.33	29.8	28.41	31.01	26.01	Ash	Nagrota	Kangra	Nurpur	Shahpur	Harchkiyan	Baroh	Jaswan	jawalamukhi	Dehra	Daroh	Thural	Palampur	17.16	17.18	15.01	19.149999999999999	15.57	16.459999999999987	17.38	16.690000000000001	18.93	16.62	15.91	16	Crude Protein	Nagrota	Kangra	Nurpur	Shahpur	Harchkiyan	Baroh	Jaswan	jawalamukhi	Dehra	Daroh	Thural	Palampur	24.93	24.06	23.18	27.56	27.2	25.37	29.310000000000031	29.01	27.56	31.2	28.58	29.89	Crude Fat	Nagrota	Kangra	Nurpur	Shahpur	Harchkiyan	Baroh	Jaswan	jawalamukhi	Dehra	Daroh	Thural	Palampur	5.05	4.1199999999999966	2.73	6.04	4.3599999999999985	5.21	6.89	3.92	5.72	6.41	4.57	5.54	Crude Fibre	Nagrota	Kangra	Nurpur	Shahpur	Harchkiyan	Baroh	Jaswan	jawalamukhi	Dehra	Daroh	Thural	Palampur	9.07	9.01	10.130000000000001	9.06	10.200000000000001	9.93	9.67	9.02	10.69	9.26	10.39	10.370000000000006	Total Carbohydrate	Nagrota	Kangra	Nurpur	Shahpur	Harchkiyan	Baroh	Jaswan	jawalamukhi	Dehra	Daroh	Thural	Palampur	8.9	8.9700000000000006	13.68	5.79	7.28	7.26	4.95	7	7.29	8.09	9.5300000000000011	12.17	


Total phenols	Nagrota	Kangra	Nurpur	Shahpur	Harchkiyan	Baroh	Jaswan	jawalamukhi	Dehra	Daroh	Thural	Palampur	476	445.56	488	489.56	408.9	359.5	352.53	354.86	326.66000000000008	376.66	425.46	447.1	Simple phenols	Nagrota	Kangra	Nurpur	Shahpur	Harchkiyan	Baroh	Jaswan	jawalamukhi	Dehra	Daroh	Thural	Palampur	380.33	251.5	366.5	344.86	237.6	215.96	248.4	262.26	219.06	240.66	350.63	359.53	Tannins	Nagrota	Kangra	Nurpur	Shahpur	Harchkiyan	Baroh	Jaswan	jawalamukhi	Dehra	Daroh	Thural	Palampur	95.66	195.06	121.5	144.69999999999999	171.3	143.53	104.13	92.93	107.26	136.33000000000001	75.16	87.56	
Absorbance at 725nm
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