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Assessment of Cutch, Katha and Catechin content from heartwood of Senegalia catechu and its variation with storage




ABSTRACT 
The present investigation entitled “Assessment of Cutch, Katha and Catechin content from heartwood of Senegalia catechu and its variation with storage” was carried out in the laboratory of College of Forestry, O.U.A.T, Bhubaneswar during 2023-24. S.catechu phenotypically superior trees selected from the natural habitat of Subarnapur forest division situated in western part of Odisha from which heart wood saw dust were extracted and then Cutch, Katha, Catechin content (%) and Catechin yield were estimated. The ranges were found to be for Cutch yield (1.310 – 1.648 gm), Katha yield (1.197 – 0.440 gm), Catechin content in katha (33.640 % – 15.935 %) and Catechin content in saw dust (0.571 % – 1.894 %). For identification of proper storage condition of saw dust of Senegalia catechu to avoid losses in Cutch, Katha and Catechin content (%), Saw dust (15 gm) stored under different regime (Light, Dark), condition (Open and Closed) for various durations (0, 30, 60, 90 days) which were then extracted. The Katha and cutch yield from the stored saw dust after 90 days of storage revealed that saw dust stored in closed light condition had highest yield of Katha (1.605 gm), Cutch (1.395gm) with 28.916% and 27.397% increase respectively from initially stored saw dust. The Catechin content (%) in the extracted Cutch from stored saw dust of S. catechu after 90 days of storage revealed that closed dark condition contain highest catechin content (31.869 %) with 25.137% increase from cutch extracted initial stored saw dust. The study also revealed light and open has a greater effect on degradation of Katha and Catechin in saw dust whereas closed and dark condition on degradation of Cutch in stored saw dust of S. catechu.	Comment by user: Uppercase C	Comment by user: Uppercase C	Comment by user: Same here
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INTRODUCTION
Senegalia catechu is commonly called as Cutch tree in English, Khair in a deciduous medium sized tree belonging to the family Fabaceae. It is one of the widely growing trees found upto an altitude of 1200m in the     forest in India, Pakistan, Nepal, Bhutan, Thailand and China (Kumari et al. 2022). The tree is found to be widely distributed in drier tracts of most of the states of India like Odisha, Chattishgargh, Uttar Pradesh, Madhya Pradesh, Uttrakhand, Himachal Pradesh, Punjab, Jammu, Assam, Karnataka, Assam and Tamil Nadu in the Tropical moist deciduous, tropical dry deciduous and Tropical thorn forest (Chowdhery & Wadhwa, 1984). The heartwood of the tree is mainly used for extracting Katha and Cutch which are sold in the market. Katha is for curing sore throat and commonly used in ayurvedic preparations. It is applied in mouth and on tongue to cure mouth ulcers. It is also applied externally on ulcers, boils, skin eruptions and on gums as disinfectant. Katha after drying is applied on lemon slice and taken regularly with empty stomach    to cure piles. Besides this, it is also serves as one of the major components in masticatory i.e. chewing of betal leaf (pan) in India (Singh and Lal, 2006; Hashmat & Hussain, 2013, Pandey,2020). The katha extracted from heartwood contains mostly Catechin and Epicatechin (Awang et al.,1993; Hye et al., 2009; Amir et al. 2012. Some other major compounds found in heartwood of S.Catechu are Epigallocatechin, Epicatechin gallate, Epigallocatechin gallate, Protocatechunic acid, Acacetin, Quercetin, Kaempferol, Lupernone, Lupeol and Taxifolin (Kumari et al. 2022, Karande and More, 2020 and Kayathri et al.,2013). The high amount of Catechin content in Senegalia catechu contributes to many pharmacological activities such as Immunomodulatory, anti-diabetic, acti-bacterial, anti-oxidant, anti-allergic, anti-viral and also as lipid lowering agent (Kumari et al., 2022; Adhikari etal, 2021; Sharma and Lingha ,2021; Cosarca et al., 2019 and Khan et al., 2010). The phytochemicals present in plant part also changes because of genotypic characters, environmental factors and their interaction in khair (Luna et al., 2008; Khawale et al. ,2023). Senegalia catechu  is found naturally distributed in dry deciduous forest of western tract of Odisha and the harvested wood are sold at very low rate as the major phytochemical content like cutch, katha, catechin etc has not been evaluated sufficiently. So, it necessitates to evaluate the phytochemical content from different plant sources to identify the high content source and fetch higher market rate for the extracted heart wood. Most of the phytochemicals during drying, storage, and processing because of enzymatic and microbiological interactions in presence of light, heat, air, becomes unstable and decomposes. This initiates to identify appropriate storage conditions for each phytochemical which minimize its degradation. Because of the multifarious uses of Senegalia catechu, its availability as natural population in western part of Odisha, the present study was carried out to evaluate the Cutch, Katha and Catechin content in natural population and its variation with storage of wood.	Comment by user: Separate 	Comment by user: Remove 	Comment by user: Italics 	Comment by user: Italics 	Comment by user: Italics 	Comment by user: Bracket close	Comment by user: Lovercase c	Comment by user: Italics 	Comment by user: Separate and italicize.	Comment by user: italicize	Comment by user: italicize	Comment by user: italicize

2. Materials and Methods 
2.1  Estimation of Catechin content from Katha extracted from heartwood    of Senegalia catechu.
2.1.1 Location and Morphology of Sample trees  
The heartwood discs of 5 sample trees of Senegalia catechu were collected from Subarnapur Forest Division of Odisha. The geographical location and morphometric characters of the selected trees are given below:
Table 1. Geographical location of the sample trees of Senegalia catechu

	Sample Tree No.
	Name of    the Range
	Name of the
R eserve forest
	GPS Coordinate
	Girth (in
cm)
	Height (in ft)

	ST-1
	Ullunda
	Ghikundi R.F
	20.958053
	83.967608
	45
	20

	ST-2
	Ullunda
	Harinapali R.F
	20.974608
	83.953809
	30
	14

	ST-3
	Ullunda
	Chandili R.F
	20.979508
	83.880711
	30
	11

	ST-4
	Birmaharajpur
	        Hatilimunda R.F
	21.00655
	84.105053
	38
	18

	ST-5
	Sonepur
	Arjunpur R.F
	20.85861
	83.854444
	28
	10



2.1.2 Extraction procedure of Katha and Cutch
The   heartwood disc of selected 5 harvested sample trees were cut to small wood flakes which were ground to fine powder. The heart wood powder were then sieved to get uniform size of grounded wooden dust of which 15gms from each selected sample tree were refluxed using 250 ml distilled water for 4 hours. Then it was filtered using white cotton cloth. The left saw dust was refluxed once again with 250 ml distilled water for another 4 hours and then it was filtered by using the white cotton cloth. After the reflux process, the filterate of each selected was concentrated to 40 ml at 150 °C temperature till attains specific gravity of 1.07. The concentrated filterate of all samples were then kept in refrigerator for 48 hours at temperature 5°C to allow the Katha to get settled down. After the katha get settled at the bottom of the beaker, the upper layer consisting of Cutch was taken out by using syringe and transferred to another beaker. The cutch was again kept in freezer at 5°C for 48 hours for separation of excess katha present in the cutch extracted. The Katha and Cutch thus collected in different beakers were oven dried at temperature 55°C. The well dried Cutch and Katha of each sample were scrapped, collected and weighed to obtained their yield.	Comment by user: filtrate	Comment by user: filtrate	Comment by user: uppercase K	Comment by user: Uppercase C	Comment by user: The same here

2.1.3 Isolation and Separation of Catechin from Katha by TLC
10 mg of Katha extracted from each sample were taken in separate graduated test tubes and dissolved with 2 ml of methanol of which, one drop (0.03 ml) of each samples was applied on TLC Plate GF254 by using pipette. One drop of Standard Catechin was also applied on the same plate as reference. The spots on TLC sheets were allowed to dry for 30 minutes at room temperature which was then run with solvent system of Toluene : Ethyl acetate: Formic acid in 10:8:1 ratio up to 11.4 cm. The TLC plate was then dried for 10 minutes and observed under UV light  where        single spot corresponding to the Catechin Standard was identified at RF= 0.29 (Fig.1). The Catechin corresponding spot of was cut and dipped in a beaker containing 5 ml methanol (HPLC Grade) till it gets dissolved which was confirmed by visualizing the cutout TLC sheet under UV-VIS Spectrophotometer. Then the vacuum filteration was carried out for the Catechin dissolved methanol solution sample to filter any impurity (silica gel) if present. After the filteration process, the concentration of catechin solution was made to 10 ml by adding methanol (HPLC Grade). The   absorbance of Catechin solution was finally recorded at wavelength 276.8nm. The Aborbance recorded was then further used to determine the concentration of Catechin using the Standard curve.	Comment by user: Remove 	Comment by user: filtration	Comment by user: filtration	Comment by user: Uppercase C	Comment by user: absorbance

2.1.4 Preparation of Standard Curve of Catechin
The Standard Catechin (100 mg) was dissolved in 1000 ml of Methanol (HPLC Grade) which was taken as the Stock solution. From this standard solution 0.2 ml , 0.4 ml, 0.6 ml , 0.8 ml and 1.0 ml were pipette out in separate test tubes to which 9.8 ml. 9.6 ml, 9.4 ml, 9.2ml and 9.0 ml of methanol (HPLC grade) were added to make the concentration of   0.002 mg/ml, 0.004 mg/ml, 0.006 mg/ml, 0.008 mg/ml and 0.01 mg/ml respectively. Then the Absorbance of each concentration solution of Catechin were recorded on UV-VIS Spectrophotometer at 276.8 nm which was plotted against their concentration for standard curve preparation (Fig.2).
[image: G:\prangyashree paper\New Microsoft PowerPoint Presentation.jpg]     [image: ]                     
Fig. 2. Standard Curve of Catechin
Fig. 1. TLC of Standard Catechin and Catechin derived from Katha

   
                                                      
2.1.5 Estimation of Catechin Content (%) from Katha and Saw dust
The Catechin concentration (mg/ml) for each sample was found out from the standard curve using the equation y = 14.129x + 0.001. The amount of catechin was thus obtained by multiplying the dilution factor. The Catechin percentage from Katha and Saw dust were calculated by the given formula:
Amount of Catechin obtained (mg) 
Catechin (%) from Katha =	x100
Weight of Katha (mg)

Amount of Catechin obtained (mg) 
Catechin (%) from Saw dust =	x100
Weight of saw dust (mg)

2.1.6 Observations to be recorded
The observations recorded for the above experiment included Cutch yield (g), Katha yield (g), Catechin (%) in Katha, Catechin Yield from Katha (mg) and  Catechin (%) in saw dust of heart wood.

2.2   Changes in Cutch, Katha and Catechin Content (%) from stored Senegalia catechu wood dust
2.2.1 Experimental Material
During the study of the present experiment saw dust from heart wood of Senegalia catechu were stored for 90 days in different regimes ( Light, Dark), conditions (Open , closed) and the changes in Katha yield, Cutch yield, Catechin content from Katha and catechin content from stored saw dust were assessed. The saw dust was prepared from the oven dried flakes of the heart wood of sample tree ST5. Each sample was stored separately and analysed for each treatment combination after storage durations (0 days, 30 days, 60 days, 90 days). The experiment was carried out on factorial CRD design with 2 regimes, 2 conditions and 4 durations accounting for 16 treatment combination.	Comment by user: Uppercase C.
2.2.2 Extraction procedure of Katha and Cutch
The extraction procedure of Katha and Cutch from the stored saw dust was   carried out as per the same methodology mentioned in 2.1.2 .
2.2.3 Isolation and Estimation of Catechin content (%) from Katha and Saw dust
Isolation and extimation of Catechin (%) fro Katha and Saw dust was carried out as per the same methodology mentioned in 2.1.3 and 2.1.5.	Comment by user: estimation	Comment by user: from
2.2.4 Observations recorded
The observations to be recorded for the above experiment includes Cutch yield (g) , Katha yield (g) , Catechin (%) in Katha , Catechin Yield from Katha (mg) and  Catechin (%) in stored saw dust of heart wood .

3. Results and Discussion

3.1 Estimation of Cutch, Katha and Catechin from heartwood of Senegalia catechu
The cutch, katha and catechin content were found significantly different among the sample trees collected from different natural populations which was confirmed from the Tukay (HSD) test. The Cutch, Katha yield, Catechin Content (%) in katha and Catechin content (%) from 15 gm extracted saw dusts of all 5 sample trees and mean value are given in Table-2. Cutch and Katha yield were found maximum in ST-1 (25.801% and 172.045% higher) than lowest recorded ST-4. Similarly, Catechin yield from Katha and Catechin Content in Saw dust can be considered maximum in ST-1 (as ST-1 and ST-2 are statistically at par) with 224.976% and 224.868% higher than the lowest recorded value of ST-4. However, Catechin content in Katha was found to be highest in ST-2which was even 44.669% more than that of ST-1.  	Comment by user: Uppercase C	Comment by user: Uppercase K	Comment by user: Uppercase C	Comment by user: contents	Comment by user: uppercase K

Table 2 :Cutch, Katha yield and Catechin (%) in Sample trees of Senegalia catechu

	Sl.
No.
	SampleTree No.
	Cutch Yield (g)
	Katha Yield (g)
	Catechin content(%)  in Katha 
	Catechin yield from Katha (mg)
	Catechin content(%)  in   Saw dust

	1
	ST-1
	1.648
	1.197
	23.253
	278.307 f
	1.855 g

	2
	ST-2
	1.485 a
	0.845 d
	33.640
	284.150 f
	1.894 g

	3
	ST-3
	1.421 ab
	0.813 de
	21.836
	177.470
	1.183

	4
	ST-4
	1.310 c
	0.440
	19.476
	85.639
	0.571

	5
	ST-5
	1.369 bc
	0.741 e
	15.935
	117.978
	0.787

	MEAN
	1.447
	0.807
	22.828
	188.709
	1.258

	F-statistics
	51.0958
	120.3674
	3171.9157
	194.751
	195.1376

	p-value
	1.459e-8
	3.305e-11
	0.00
	9.865e-13
	195.1376


          (Letters denoted by a,b,c,d,e,f,g signifies the values are statistically significant)

Higher Cutch and Katha in ST-1 may be because of superior genotype, favourable environment conditions and interaction of both. Similarly, Catechin (%) in katha is high in ST-2 than ST-1 as the synthesis of catechin may be more favoured by the genetical trait of the tree. However, Catechin yield from Katha and Catechin (%) in sawdust is higher in ST- 2 because of multiplicative effect of Katha yield and Catechin (%) in katha. The mean cutch and katha content estimated in our experiment found to be 9.646% and 5.38 %  (Calculated from Table-2) which is in close agreement with the values estimated by Luna et al. (2009). The catechin % in katha found under this investigation varies from 15.935% - 33.640% with average value 22.828 % (Table-2) which is nearly equal to the Catechin (20-25 %) in katha estimated by Sharma et al. (2021).


3.2 Changes in Katha, Cutch and Catechin Content (%) from stored Senegalia catechu wood

Plant official parts being collected at the appropriate harvesting stage mainly for trees and plants having important phytochemicals used as medicinal, gums, resins, tannins, phenols etc need to be properly stored and dried under regulated circumstances until the processing stage. As the harvested official part cannot be processed immediately as the processing unit are at large distance from the site of collections and also availability of plenty of raw materials which cannot be used in a single processing, the drying and storage become essential for keeping the rawmaterial for future processing.

The chemical structure of phytochemical or active principles varies which is the main reason ech having their own biological, chemical and pharmacological identity. Each active principle has different level of stability which is because of its chemical structure, functional groups attached to it. During drying, storage, and processing because of enzymatic and microbiological interactions in presence of light, heat, air, these unstable compounds decomposes or get converted into other compounds. This initiates to evaluate appropriate storage conditions (light, dark, closed, open), storage container (that act as a barrier between the stored herbs and environment) and storage duration which minimize the degradation of the phytochemicals.	Comment by user: each of them is having

Table-3: Changes in Katha and Cutch Yield from saw dust stored under various regimes and conditions for different duration

	Product Yield→
	Changes in Katha Yield (g)
	Changes in Cutch Yield(g)

	Regimes→ 
	LIGHT
	DARK
	LIGHT
	DARK

	Type→
	Open
	Closed
	Open 
	Closed
	Open
	Closed
	Open
	Closed

	Duration↓
	
	
	
	
	
	
	
	

	0 DAYS
	1.245
	1.245
	1.245
	1.245
	1.095
	1.095
	1.095
	1.095

	30 DAYS
	0.890
	1.130
	0.725
	1.810
	0.765
	1.200
	1.165
	1.035

	60 DAYS
	0.920
	0.710
	1.140
	1.705
	1.795
	1.100
	1.255
	0.910

	90 DAYS
	1.205
	1.605
	1.560
	1.325
	1.395
	1.220
	1.240
	1.080

	Intraction (Regime X Condition X
Duration)
	C.D
	SE(d)
	SE(m)
	Intraction (Regime X ConditionX Duration
	C.D
	SE(d)
	SE(m)

	
	0.102
	0.048
	
0.034
	
	0.144
	0.068
	0.048




Table-4: Changes in Catechin content (%) in extracted katha and stored sawdust under various regimes and conditions for different duration	Comment by user: Uppercase K

	Product Yield→
	Changes in Catechin Content (%) in Extracted Katha
	Changes in Catechin Content(%) in Stored Saw dust

	Regimes→
	LIGHT
	DARK
	LIGHT
	DARK

	Type→
	Open
	Closed
	Open 
	Closed
	Open
	Closed
	Open
	Closed

	Duration↓ 
	
	
	
	
	
	
	
	

	0 DAYS
	25.496
(30.291)
	25.496
(30.291)
	25.496
(30.291)
	25.496
(30.291)
	2.126
(2.202)
	2.126
(2.202)
	2.126
(2.202)
	2.126
(2.202)

	30 DAYS
	52.644
(46.497)
	56.421
(48.670)
	58.545
(49.900)
	42.729
(40.802)
	3.117
(2.029)
	4.251
(2.291)
	2.829
(1.957)
	5.158
(2.482)

	60 DAYS
	31.397
(34.065)
	20.066
(26.061)
	23.135
(28.738)
	36.119
(36.926)
	1.929
(1.711)
	0.950
(1.396)
	1.755
(1.660)
	4.105
(2.259)

	90 DAYS
	29.037
(32.592)
	13.456
(21.510)
	17.941
(25.050)
	31.869
(34.355)
	2.330
(1.825)
	1.438
(1.561)
	1.868
(1.693)
	2.814
(1.953)

	Intraction (Regime X Condition X
Duration
	CD
	SE(d)
	SE(m)
	Intraction (Regime X ConditionX Duration
	CD
	SE(d)
	SE(m)

	
	2.361
	1.114
	0.788
	
	0.145
	0.069
	0.049




During this study, the phytochemicals like katha, cutch and catechin estimated  stored heartwood dust of Senegalia catechu. The Katha yield, Cutch yield and Catechin content (%) in saw dust found to be  increasing and decreasing in an irregular fashion from time of storage till 90 days of storage (Table-3 and Table-4) which indicates regimes, conditions and their interaction accelerates or decelerates the synthesis of Katha , Cutch over the period of storage. As few works has been carried out on storage of Senegalia catechu for estimation of cutch, katha and catechin, works related to change in catechin content with storage in tea. Yang et al.(2007) also revealed increasing and decreasing of catechin content in an irregular fashion. Other compounds like phenols showed increase and decrease in pattern with storage of plant extract of Piper betle till 90 days (Ali et al., 2018). However, Catechin (%) in katha found to be increasing till 30 days in all storage types and then decreasing continuously till 90 days of storage (Tabke-4). This may be due to during initial 30 days of storage the phytochemicals present in the stored saw dust when get requisite temperature, humidity promotes higher rate of synthesis or conversion of other comounds to catechin than its degradation. As very less work has been carried out on storage of catechin, phenolic compounds however reported to increase in its content from initial storage till one month and then decreasing, Gelani et al. (2013).	Comment by user: Uppercase K, C, C	Comment by user: Uppercase C,K,C	Comment by user: Uppercase C	Comment by user: italicize	Comment by user: Uppercase C.	Comment by user: Spelling error	Comment by user: italicize	Comment by user: Uppercase K	Comment by user: compounds	Comment by user: Uppercase C	Comment by user: Uppercase C	Comment by user: it decreases	Comment by user: italicize

It was found that irrespective of storage condition and duration , katha , catechin (%) in katha and catechin (%) in saw dust was highest in dark than light (Fig.-3,5 and 6) indicating lesser degradation of katha and catechin. Katha and Catechin content (%) was maximum in case saws dust stored in closed container irrespective of storage regime and strorage duration (Fig.-3 and Fig.-6). However, Cutch production was found to be maximum in open condition (Fig.-4) which may be due to air favoring oxidation of some chemicals in saw dust and getting it converted to phytochemicals constituting the cutch. 	Comment by user: Uppercase K	Comment by user: Uppercase C	Comment by user: Uppercase K	Comment by user: Uppercase C	Comment by user: were	Comment by user: storage

 [image: ]     Fig,3- Katha extracted from stored saw dust 

Fig,4- Cutch extracted(g) from stored saw dust 





[image: ]     [image: ]Fig,6- Catechin(%) on basis of  stored saw dust 


Fig,5-Catechin(%) present in Katha extracted stored saw dust 


[image: C:\Users\COF 6\Desktop\New Microsoft PowerPoint Presentation (2).jpg]6. ConclusionFig.7- Separation of Catechin from extracted Katha of stored saw dusts

The heart wood of Senegalia catechu collected from Odisha contains average Cutch content in saw dust (9.646%) , Katha content in saw dust (5.38%), Catechin Content in Katha (22.828 %) and Catechin Content in saw dust (1.258%) which can have a good market vakue as a raw material fromr Cutah and Katha industry than fuelwood. Inorder to obtain higher Katha yield and catechin (%) from stored saw dust, it should be stoed in closed dark condition. The storage period was may be increased further for a longer period to observe better trend of degradations of Cutch, Katha and Catechin. Different Storage temperature can also be taken up to study its impact on Cutch, Katha and Catechin degradation. 	Comment by user: value	Comment by user: from	Comment by user: In order	Comment by user: Uppercase C	Comment by user: stored	Comment by user: remove
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