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Changes in Oil Content and its Physicochemical Properties from Stored Seed of Buchanania lanzan Spreng 



ABSTRACT
The study was carried out with an objective to assess the best storage possibility for seeds and kernels of Buchanania lanzan Spreng. to maximise Oil content with  least degradation in its quality. The seeds were collected from a phenotypically superior tree from the Sundergarh Forest Division of Odisha and were air dried for 3 days followed by oven dried at 500 C for 12 hrs. The Seeds and Kernel were stored separately under various storage conditions i.e. Open Polythene bags in Light (OPL), Closed Polythene bag in Light (CPL), Closed Polythene bag in Dark (CPD) and Open Polythene bag in Dark (OPD) for different storage durations  (0, 30, 60 ,90 and 120 days). The Oil was extracted by Soxhlet apparatus using Petroleum ether (60oC-80oC) and observation were then recorded for the Oil content (%) and its Physicochemical properties like Acid value, Saponification value, Ester value, Carbonyl value, and Density. The oil content, Acid value, Saponification value, Ester value decreased while the Carbonyl value increased with increase in storage period. Kernel was a better storage option than seed for maintaining higher quality of Oil irrespective of storage conditions and durations. CPD may be considered as best storage option for maintain all oil qualities irrespective of seed or kernel as storage material. 60 days of storage duration may be considered ideal storage period with least degradation in oil and its quality. The best storage combination for maintaining higher Oil content and better quality was kernels stored for 120 days in closed dark so as for better utilisation in food, biodiesel, medicinal and other purposes. The correlation study revealed strong positive correlation between saponification value and ester value. Oil content also showed positive correlation with ester value and saponification value whereas negative correlation with carbonyl value and acid value.   
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1. INTRODUCTION 
Buchanania lanzan Spreng. commonly known as Char belonging to family Anacardiaceae is a medium-sized deciduous tree, growing up to an height of 50 ft having dark grey crocodile bark with red blaze. It is well distributed in dry deciduous forest of India as an associate of Shorea robusta and also seen in mixed dry deciduous forest without Sal. It is a very hardy plant, thrives well on rocky and gravelly red soils but has better growth and productivity in well-drained deep loamy soil. It has major natural distribution in Odisha, Chhattisgarh, Jharkhand, Madhya Pradesh and Uttar Pradesh (Siddique et al., 2014). Besides India, it is also distributed in other tropical Asian countries, Australia and Pacific islands and also has a good potential to be grown as a wasteland high economic tree. 

Flowering occurs in B.lanzan from January-March and the Fruits ripens between April to May which remains on the tree for 1-2 months. Fruit is a drupe of size 10-13mm x 8 mm, oblong, laterally compressed, stone hard, 2 valved having one seed which is commonly and commercially known as Chironji. The Seeds are oval and flat enclosed in a hard seed coat similar to the pine nut. Under rainfed condition, the average yield of Fruit per plant is 13.20 kg from 9 year old tree. The Fruit is collected by the villagers and sold in the local market which is further utilized by oil processing, food, pharmaceutical industries. The pulp and nut both are edible and considered to be one of the most delicious fruits which is used as a substitute for almonds. The roasted Chironji seeds has the best flavour for which it is used as an ingredient in the preparation of many Indian sweets and confectionary. Chironji seeds are rich in nutrients and also an important element in Ayurvedic medicine. (Puri et al. 2000). The Seed besides oil are rich in starch, protein, fibre, minerals like calcium, phosphorus, iron and vitamins like thiamine ascorbic acid, riboflavin and niacin. 
The average Oil content of seeds is nearly 56% obtained through solvent extraction method which also varies with different solvents used for oil extraction. The oil is used for food and is used as a substitute for Almond and Olive oil (Bist & Purvar, 2020; Rajpoot et al., 2018) because of its favourable physiochemical properties. It is light yellow in colour, sweet odour, pleasant aroma with Acid value (18.53), Free fatty acids (9.31), Iodine value (59.10), Saponification value (205.79), Unsaponifiable matter (1.4%) and Viscosity (28.6). B.lanzan oil contains Monounsaturated Fatty Acids (MUFA 56.08%) with Oleic Acid 55.17% (ω-9), Poly Unsaturated Fatty Acids (PUFA 6.50%) with Linoleic Acid 6.24% (ω-6) and Linolenic Acid 0.26% (ω-3), Saturated Fatty Acids (SFA 37.40%) with Palmitic Acid 31.28% and Trans Fatty Acids (TFA 0.00%). Niraj et al.(2020) reported that the B.lanzan Seed oil also content Dipalmitoolein (22.7%), Dioleopalmitin (31.0%), and Triolein (11.3%). Chironji oil is used as an expectorant, nervine tonic, anti leprotic, curing skin diseases, cell mediated immunity and humoral immunity in Indian folk medicine, Ayurvedic, unani and modern medicines (Pattnaik et al.2011; Puri et al, 2000). Besides that it is also used for remedy for diarrhoea, respiratory problem, Diuretic Activity swelling and infection, cardiotonic, anticancer, hepatoprotective, antibacterial, antiulcer, Antidiabetic & Antihyperlipidemic Activity,  Anthelmintic activity and DNA protective activity (Elias et al., 2021 & Shirke et al., 2025)  .
The harvested seed need to be stored for some period for extraction of Oil for further uses as all seeds harvested cannot be utilised by the processing unit/Industry immediately. The Oil content in Chironji seeds also undergo changes with time in postharvest period along with the Physicochemical properties (Shelare et al., 2021) there by affecting the medicinal properties, nutritional values, food  and cosmetic and other industrial values.  The harvested seeds therefore should be properly dried under controlled condition and stored in suitable containers to minimise the loss in the physico-chemical properties of oil and prolong use of the oil for different purposes. Keeping in view of the importance of the crop the present experiment was designed to study the changes in Oil content and Physicochemical properties of stored seeds of B.lanzan Spreng.

2. MATERIALS AND METHODS 
2.1. Sample Collection and Storage 
The seed samples were collected from a phenotypically superior tree from Sundergarh Forest Division of Odisha and then air dried for 3 days and subsequently oven dried at 50oC for 12 hours to remove the excess moisture. The experiment was carried out to study the changes in Oil parameters in both Seeds and Kernels. Kernels were then extracted from oven dried seeds by decorticating it manually. Oven dried Seeds of 100 g and oven dried kernels of 75 g were stored separately under different storage conditions like Closed Polythene kept in Light (CPL), Open Polythene kept in Light (OPL), Closed Polythene kept in Dark (CPD), Open Polythene kept in Dark (OPD) for 0, 30, 60, 90,120 days respectively. 

2.2 Treatment Combinations and Statistical Analysis 
The evaluation for Oil content and its properties were done in different Stored materials, stored conditions and stored durations as given below  
Treatments:  1. Seed material: (i) Seed (ii) Kernel
                       2. Conditions:      (i) CPL (ii) OPL (iii) CPD (iv) OPD
                       3. Durations:        (i) 0 Days (ii) 30 days (iii) 60 days (iv) 90 days (v) 120 days 
Treatment Combinations: 40
Replications: 3
The designed experiment was statistically analysed by Factorial CRD.

2.3 Extraction of Oil 
20g of stored Seeds and Kernels were taken for extraction of Oil for each treatment and grounded to powdered form which was extracted by soxhlet apparatus using Petroleum Ether 60oC-80oC as solvent. The extraction was carried out for 4 hours till all the oil in the plant material get extracted. The extracted Oil and Petroleum Ether mixture collected in the round bottom flask fitted to Soxhlet apparatus was then subjected to distillation for collection of Oil in the flask and recovery of Petroleum Ether. The flask was then kept in open in room temperature for 24 hours in order to evaporate the excess Petroleum Ether if any present and then to get Pure oil. The Percentage of Oil content was calculated as follows             
Percentage of Oil Content =  , where 
                                                                    W1- Weight of the empty flask in gram (g).
                                                                    W2- Weight of flask with oil in gram (g).
                                                                    W3- Weight of seed/kernel in gram (g).
2.4 Estimation of Physicochemical properties of Oil 
2.4.1 Density
Density is a Physical property of matter and can be defined as the ratio of mass to a unit volume of matter. It is expressed by the formula: ρ = M/V ,    Where,  
                                                                                                ρ-Density of Oil  
                                                                                                            M-Mass of oil 
                                                                                                V-Volume of the oil
 It is expressed by 1,000 kg/m3 = 1,000 g/l = 1 g/cm3

2.4.2 Acid value
           The Acid value was determined by directly titrating the material in an alcoholic   medium with aqueous KOH solution. About 1gm of Oil was taken in a flask. Then 30ml of a mixture of equal volumes of alcohol and ether was added into the flask. 1mL of phenolphthalein TS was added and titrated with 0.1 N potassium hydroxide VS until the solution remained faintly pink after shaking for 30sec. The change in volume 0.1N KOH was recorded A blank was carried out with same procedure without oil. Acid value was calculated with the following formula:  Acid value = (M × V) × (N/W), Where, 
  M= Molecule weight of KOH (56.11) 
  V= Volume (mL) of 0.1NKOH (Titrated volume of Sample -Titrated volume of Blank)
  N = Normality of the potassium hydroxide solution or the sodium hydroxide solution (0.1N)
  W= Weight of the sample taken (g)

2.4.3 Saponification value
            The saponification value is the number of mg of KOH required to neutralize the free acids and saponify the esters contained in 1.0 g of the substance. About 1.5-2 g of oil was added in a tared, 250 mL flask and weighed to which 25.0 mL of 0.5N alcoholic KOH was added. The flask was refluxed for 30 min to which 1mL of Phenolphthalein TS was added and titrated the excess KOH with 0.5 N HCl. A blank determination under the same condition was also performed. The saponification value was calculated by:
Saponification Value of Oil =  , where, 
MKOH = Molecule weight of KOH (56.11)
Vb = Volume of 0.5 N hydrochloric acid consumed in the blank test (mL)
Vs = Volume of 0.5 N hydrochloric acid consumed in the actual sample (mL)
N= Normality of the hydrochloric acid (0.5N)
W= Weight of the Oil taken for the test (g)

2.4.4 Ester value
            The Ester value is the number of mg of KOH required to saponify the esters in 1.0g of the substance. If the Acid value and Saponification value Oil is known, then the difference between these two represents the Ester value, i.e., Ester value = Saponification value – Acid value.

2.4.5 Carbonyl value
The number of mg of KOH per gm of Oil required to neutralize the HCl liberated in the oximation reaction with Hydroxyl Ammonium Chloride. The amount of Aldehyde and Ketones can be estimated by this method. About 1 gm of oil weighed into a 100 mL conical flask. 20mL of 0.5N hydroxylamine hydrochloride solution was added to it. A blank test was also kept. After allowing to store for the required length of time, the contents in the flask was titrated against standard 0.5N alcoholic KOH.
Carbonyl value =

R= Actual amount of alkali used(R=Z-P)
Z= Volume used (Z=Y-X)
X= Initial reading, Y= Final reading, P= Blank reading

3. RESULTS AND DISCUSSION
3.1 Effect of Interactions of Stored Material, Conditions and Durations on Oil Parameters

Changes in Oil Content of Stored Seeds and Kernels of Buchanania lanzan
B. lanzan seeds are often consumed by forest dependent people for its highly nutritious value and also sold for its high demand as these are rich in Lipids, Phenols and Antioxidants and Minerals. It was reported that the major content in seed shows a wide variation which ranges for Fat/Lipid (34%-59.0%), Protein (19.0-38%), Starch/Carbohydrate (12.1%-12.96%), Fibre (3.8%-18.50%).  The seeds are rich in nutrients like Phosphorus (528-593 mg/100g), Magnesium (275 mg/100g), Calcium (70 -279mg /100g), Iron (4.8-8.5 mg/100g) and Vitamins like Niacin (1.50 mg), Riboflavin (0.53 mg), Thiamine (0.69 mg), Ascorbic acid (5.0 mg). Along these, it also contents some Aluminium, Barium, Boron, Copper and Manganese in traces. These minerals are responsible for various enzyme functions, biochemical synthesis and physiological changes in the seed and also in human body when taken as a source of nutraceuticals. The seed Oil is edible and has other medicinal uses as antioxidant, curing skin diseases and blemishes, cosmetic preparations and substitute for almond and olive oils (Siddiqui et al., 2014).  The present study was emphasized on assessment of Oil quality on Seed and Kernel storage and found that the effect of storage materials, conditions, durations and their interactions on various Oil characteristics are statistically significant (Table-1). The changes occurred in Oil content and other Oil properties in stored seed and kernels (Figure-1&2). The Oil content in all storage conditions for both stored seeds and kernels increased till 60 days of storage and then decreased to minimum till 120 days with maximum degradation in Seed (14.400%) and Kernel (12.527%) stored in OPL.The maximum Oil content observed in stored seeds with minimum degradation (3.600%) in OPD where as for stored kernel maximum oil content with minimum degradation (1.909%) in CPD. The decrease in Oil content in all storage material and storage conditions over the 120 days storage period may be either due to the individual effect of light, air, temperature , moisture content , humidity or their interactions. Under such environment, the unsaturated triglycerides get exposure for a longer period to the available oxygen which may be sufficient to carryout oxidative breakdown and conversion to short chain fatty acids, esters and production of some volatile compounds favoured by light and heat like ketones, aldehydes and alcohols. The loss of these volatile compounds may accounts for loss of the oil. Besides that lesser lipase activity also may accounts for lesser degradation of Triglycerides to free fatty acids and acyl-glycerides. Gao et al. (2017) also mentioned that the oxidation degradation in oil was mainly due to auto-oxidation and thermal oxidation, followed by photo-oxidation and enzymatic oxidation. 
Although no literature is available on changes in Oil content of B.lanzan with duration , However, similar type of storage works has been done by Nayak and Sahoo (2021) in Mahuca latifolia seeds , Tandan et al. (2023) in  Schleichera oleosa seeds, Rout and Nayak (2015) in Pongamia pinnata seeds, Sahoo et al. (2016) & Akowuah et al.(2012) in Jatropha curcas seeds where seed oil content decreased with storage duration in different storage conditions.     

Changes in Acid value of Oil from Stored Seeds and Kernels of Buchanania lanzan
The Acid value of oil from stored seeds decreases rapidly till 30 days of storage from initial storage in all storage conditions which may be due to higher rate of oxidative breakdown of triglycerides than its hydrolysis for lesser moisture content and lipase activity in oven dried seeds (550C). There may be lipogenesis of some free fatty acids to triglycerides as lipase activity can still exist at 550C but at slower rate. Besides that even in traces of moisture content in seed these free fatty acids formed undergoes further changes to acetyl CoA and involved in beta oxidation and citric acid cycle which finally converted to various compounds like carbohydrate, protein, hormones etc. This may be the cause for reduction in free fatty acids in initial 30 days of storage. But after 30 days of storage again the acid value rises in all storage conditions till 120 days of storage. This may be due to production of free fatty acid by oxidative breakdown from the existing triglycerides with further 90 days of exposure and also increase in activity of undegraded lipase with decrease in ambient temperature favouring Triglycerides hydrolysis   .The minimum Acid value was recorded in seeds stored in CPD (19.264) which was 24.820% lower than initial storage indicating lesser rancidity of oil because of lesser exposure of material to light and air for oxidative and hydrolytic degradation of Triglycerides.
 
But in case of stored kernels, the Acid value followed a continuous decreasing trend from initial storage (25.264) till 120 days of storage in all storage conditions. As mentioned above more reduction in activity of lipase as well as its degradation and also reducing moisture content in stored kernel than stored seeds in initial storage days due to direct contact of  heat on seed kernel. Because of this in subsequent period of storage, the lipase activity and moisture content remain very low and the free fatty acids synthesis may be declined. The already synthesized free fatty acids may be degraded to volatile compounds and conversion to other products like carbohydrates, proteins, hormones resulting lowering of Acid value of oil. Here the Acid value was lowest (9.165) in OPD after 120 days storage and decreased by 64.233% with respect to initial storage may be due to low temperature favouring inactiveness of existing lipase in the plant material. 
Shelare et al. (2021) in B.lanzan & Nayak and Sahu (2021) in M.latifolia reported that fatty acid content in stored seed increases which deviates from the present finding that the acid value initially drops down and then slowly rises till 120 days of storage which was lesser than fatty acid content at initial storage except for CPL and OPL in seed. However, Tatic et al.(2012) explained oleic acid and linoleic acid in stored seed of soyabean decreased with increased storage upto 6 months.

Changes in Saponification value of Oil from Stored Seeds and Kernels of Buchanania lanzan
Saponification value of oil indicates the average chain length or molecular weight of all Free Fatty Acids and Triacylglycerols present in the Oil (Murari and Masule, 2024). Higher the saponification value indicates shorter is the average fatty acid chain length and lower its average molecular weight (Gagana et al., 2023). However, the possibility of presence of higher number of medium chain fatty acids in case of higher saponification value triglycerides explained by Seneviratne and Jayathilaka (2016). During the study, the saponification value of stored oil decreased from initial storage till 120 days in both stored seeds and kernels under all storage conditions. In case of seeds after 120 days of storage, the maximum value of saponification value recorded for storage in CPL (166.927) which changes from initial storage (201.966) with minimum decrease by 17.366% (Figure-1&Table-2). The decrease in saponification value of oil may be due to bond saturation of fatty acids because of the activity of small amount of air present in seed which get heated by room temperature or sunlight. The slightly low saponification value in stored oil may be attributed to the low Free fatty acid content. The Saponification value of oil from 0-120 days stored seeds is nearly saponification value of edible oil 168-195 (Gagana et al.,2023) favouring its use for edible purposes even at 120 days of storage. The recorded value of saponification of stored oil also indicates there may be presence of long chain unsaturated fatty acids of C16-C18 chain length (Seneviratne and Jayathilaka, 2016). The saponification value of stored oil also favours its use for soap making. In case of seed kernel after 120 days of storage, the maximum value of saponification value recorded for storage in OPL (190.774) which changes from initial storage (201.966) with minimum decrease by 5.556% (Figure-2 &Table-2) which may be due to lesser oxidative breakdown of triglycerides into free fatty acids and higher conversion of fatty acids to volatile and other compounds 
[bookmark: _GoBack]Saponification value are also reported by Shelare et al. (2021) to decreasing in the Oil extracted from stored seeds in B.lanzan , in stored M.latifolia seed (Nayak and Sahu, 2021) and Cobzaru et al.(2016) in stored olive oil .

Changes in Ester value of Oil from Stored Seeds and Kernels of Buchanania lanzan
Ester value measures the compact binding of the ester bond between fatty acids and glycerols in triglycerides which ensures the stability of the triglycerides. The oxidation of ester found to be less in oils with triglycerides of strong ester bonding and making it suitable consumption and storage. Higher amount of ester value in an oil also favours the production of more biodiesel from the Oil. The Ester value of oil extracted from stored materials followed the same trend as the saponification value as it is a derived value from Saponification value and acid value of oil. Here the saponification values of oil contribute to a greater extent to the ester value than acid value. In case of seeds after 120 days of storage, the maximum value of Ester value recorded for storage in CPL (137.563) which changes from initial storage (176.372) with minimum decrease by 22.004% (Figure-1&Table-2). Similarly, In case of seed kernel after 120 days of storage, the maximum value of saponification value recorded for storage in OPL (169.265) which changes from initial storage (176.372) with minimum decrease by 4.030% (Figure-2 &Table-2).
 Changes in Carbonyl value of Oil from Stored Seeds and Kernels of Buchanania lanzan
Carbonyl value of Oil represents the amount of carbonyl compounds present in oil and is used as an index for determining the degree of oxidative degradation of oil due to heating. The carbonyl value in both stored seeds and kernels increased from the time of initial storage till 120 days of storage (Figure-1&Table-2). In case of seeds the carbonyl value showed least increase of 218.182% in OPD from initial storage (1.54) to 120 days of storage (4.9). However, in case of Kernels (Figure-2 &Table-2) the carbonyl value showed least increase of 209.091% in CPL from initial storage (1.54) to 120 days of storage (4.76). Edible oils deteriorates causing the loss of oil quality and decrease in nutritional value due to lipid oxidation during storage and producing undesirable flavours and toxic compounds (Wang et al., 2024). 

Changes in Density of Oil from Stored Seeds and Kernels of Buchanania lanzan
The Density of Oil depends upon the types and proportion of Triglycerides, Free fatty acids and other oxidative degraded compounds present in the oil. The proportion and amount of above phytochemicals in oil increases or sometimes decreases with storage time under the influence of light, heat, temperature, air etc. The Density also depends upon solubility of the compounds in Oil which is affected by temperature fluctuations. Oils with lower values of density are considered ‘healthy’ by different users. During the study ln case of stored seed (Figure-1&Table-2), the density of Oil found to be minimum in CPL (0.84) which was 4.545% less than density of seed oil at initial storage (0.88). However, in case of stored Kernel (Figure-2 &Table-2), the density of Oil found to be minimum in OPD (0.86) which was 2.273% less than density of seed Oil at initial storage (0.88) but found statistically at par with CPD (0.87) and CPL (0.873). 

The best combination for Oil content and Its characters under different storage materials, Conditions after 120 days of storage duration for use as an edible oil and biodiesel production was found to be Kernels stored in closed dark on basis of highest matrix scoring (Table-3). 
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Figure-1. Changes in Oil content (%) and its quality parameters from stored  Seed of Buhanania lanzan
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Figure-2. Changes in Oil Content (%) and its quality parameters from stored Kernel of Buhanania lanzan



Table-1 Statistical values for different storage components and their Interactions
	Oil Properties
	F-value
	CD at 5%
	SE (d)
	SE
(m)
	Oil Properties
	F-Value
	CD at 5%
	SE (d)
	SE
(m)

	Oil Content(%)
	Ester Value 

	Storage material
	30.821
	0.107
	0.054
	0.038
	Storage material
	15,042.505
	0.586
	0.294
	0.208

	Storage condition
	1,145.423
	0.151
	0.076
	0.054
	Storage condition
	71.016
	0.829
	0.416
	0.294

	Storage material  x Storage condition
	257.322
	0.214
	0.108
	0.076
	Storage material  x Storage condition
	162.536
	1.172
	0.589
	0.416

	Storage Duration
	3,791.049
	0.169
	0.085
	0.060
	Storage Duration
	2,005.180
	0.927
	0.466
	0.329

	Storage material  x Storage Duration
	18.370
	0.239
	0.120
	0.085
	Storage material  x Storage Duration
	1,753.471
	1.310
	0.658
	0.466

	Storage condition x  Storage Duration
	107.396
	0.339
	0.170
	0.120
	Storage condition x  Storage Duration
	34.573
	1.853
	0.931
	0.658

	Storage Material  x Storage condition  x storage duration
	42.194
	0.479
	0.241
	0.170
	Storage Material  x Storage condition  x storage duration
	40.521
	2.621
	1.317
	0.93

	Acid Value 
	Carbonyl Value

	Storage material
	2,352.381
	0.086
	0.043
	0.031
	Storage material
	121.911
	0.064
	0.032
	0.023

	Storage condition
	4,479.266
	0.122
	0.061
	0.043
	Storage condition
	145.293
	0.091
	0.046
	0.032

	Storage material  x Storage condition
	876.719
	0.172
	0.086
	0.061
	Storage material  x Storage condition
	292.675
	0.129
	0.065
	0.046

	Storage Duration
	2,612.416
	0.136
	0.068
	0.048
	Storage Duration
	2,425.617
	0.102
	0.051
	0.036

	Storage material  x Storage Duration
	4,552.188
	0.192
	0.097
	0.068
	Storage material  x Storage Duration
	18.448
	0.144
	0.072
	0.051

	Storage condition x  Storage Duration
	469.170
	0.272
	0.137
	0.097
	Storage condition x  Storage Duration
	20.649
	0.204
	0.102
	0.072

	Storage Material  x Storage condition  x storage duration
	166.803
	0.384
	0.193
	0.137
	Storage Material  x Storage condition  x storage duration
	30.288
	0.288
	0.145
	0.102

	Saponification Value
	Density of Oil

	Storage material
	11,029.209
	0.645
	0.324
	0.229
	Storage material
	3.260
	N/A
	0.002
	0.001

	Storage condition
	99.109
	0.912
	0.458
	0.324
	Storage condition
	20.599
	0.005
	0.003
	0.002

	Storage material  x Storage condition
	195.822
	1.289
	0.648
	0.458
	Storage material  x Storage condition
	21.492
	0.007
	0.004
	0.003

	Storage Duration
	1,908.468
	1.019
	0.512
	0.362
	Storage Duration
	17.777
	0.006
	0.003
	0.002

	Storage material  x Storage Duration
	1,254.569
	1.442
	0.724
	0.512
	Storage material  x Storage Duration
	4.465
	0.008
	0.004
	0.003

	Storage condition x  Storage Duration
	30.413
	2.039
	1.024
	0.724
	Storage condition x  Storage Duration
	5.217
	0.011
	0.006
	0.004

	Storage Material  x Storage condition  x storage duration
	34.296
	2.883
	1.449
	1.024
	Storage Material  x Storage condition  x storage duration
	5.080
	0.016
	0.008
	0.006


Table-2 Change (%) of Oil characters from Initial to Final storage duration(0-120 Days) 
	Oil Properties
	Material
	Oil Content 
	Acid Value
	Saponification Value
	Ester Value
	Carbonyl Value
	Density of Oil

	CPL
	Seed
	6.418
	-14.596
	17.361
	22.004
	-418.182
	4.545

	
	Kernel
	6.982
	42.335
	10.397
	5.779
	-209.091
	0.795

	OPL
	Seed
	14.400
	-11.677
	25.695
	31.124
	-281.818
	-3.409

	
	Kernel
	12.527
	16.059
	5.556
	4.030
	-345.455
	-1.136

	CPD
	Seed
	4.709
	24.820
	26.389
	26.617
	-309.091
	0.000

	
	Kernel
	1.909
	59.854
	12.500
	5.620
	-309.091
	1.136

	OPD
	Seed
	3.600
	20.438
	22.917
	23.276
	-218.182
	-2.273

	
	Kernel
	5.036
	64.233
	47.759
	11.346
	-312.987
	2.273


+Ve value indicates Decrease percentage; -Ve value indicates Increase percentage 
Table-3 Scoring Matrix for assessing Buchnania lanzan Seed oil after 120 Days of storage for Commercial Utilisation
	Storage Material 
	SEED
	KERNEL

	Storage Conditions
Oil Characters
	CPL
	OPL
	CPD
	OPD
	CPL
	OPL
	CPD
	OPD

	Oil Content(%)
	51.47
	47.08
	52.41
	53.02
	51.16
	48.11
	53.95
	52.23

	Score
	3
	1
	6
	7
	3
	2
	8
	5

	Acid Value 
	29.364
	28.616
	19.264
	20.387
	14.776
	21.509
	10.287
	9.165

	Score
	1
	2
	5
	4
	6
	3
	7
	8

	Saponification value 
	166.927
	150.094
	148.692
	155.705
	180.955
	190.774
	176.747
	165.525

	Score
	5
	2
	1
	3
	7
	8
	6
	4

	Carbonyl value 
	7.98
	5.88
	6.3
	4.9
	4.76
	6.86
	6.3
	6.16

	Score
	1
	5
	3
	6
	7
	2
	3
	4

	Density 
	0.84
	0.91
	0.88
	0.9
	0.873
	0.89
	0.87
	0.86

	Score
	8
	1
	4
	2
	5
	3
	6
	7

	Total Score
	18
	11
	19
	22
	28
	18
	30
	28


*   Oil Content & Saponification Value (Lower→Higher)  assigned in ascending order(1→8)
** Acid Value, Carbonyl Value &Oil Density (Lower→Higher) assigned in descending order(8→1)

3.2 Effect of Individual effect of Stored Material, Conditions and Durations on Oil Parameters
Effect of Stored Material on Oil Parameters
In case of sole effect of Stored Material (Table-4) , Seed found highest on Oil content (56.065%), and lowest on Density of Oil (0.869) . Whereas, Kernel found lowest in Acid Value (20.396), Carbonyl Value (3.4863) and highest in Saponification Value (211.254), Ester Value (190.858). As the Oil content between stored seed and stored kernel varies less Kernel was a better storage option than seed for maintaining higher Oil quality parameters irrespective of storage conditions and durations. Higher quality of oil is maintained in kernel storage than seed storage as more air space and seed cover may promotes more heating of the material ad causing higher degradation of oil quality.

Table-4   Effect of Stored material on Oil Content (%) and Properties of stored seeds and kernels of Buchanania lanzan Spreng.
	Oil Properties
	Seed
	Kernel

	Oil Content (%)
	56.065
	55.766

	Acid Value
	22.491
	20.396

	Saponification Value
	177.238
	211.254

	Ester Value
	154.747
	190.858

	Carbonyl Value 
	3.843
	3.486

	Density of Oil
	0.869
	0.872



Effect of Stored Conditions on Oil Parameters
In case of sole effect of Stored Conditions (Table-5), CPD found highest on Oil content (57.555%), OPD with lowest on Acid Value of Oil (18.591) and Carbonyl value (3.136) . Whereas, CPL highest in Saponification Value (198.910) , Ester Value (175.138) and lowest Oil density (0.858). As there is not much difference in saponification value and ester value between CPD and CPL, CPD may be considered as best storage option for maintain all oil qualities irrespective of seed or kernel as storage material. Storage under CPD causes less degradation in oil quality may be due to absence of light and minute traces of air in the packed material. 
Table-5 Effect of Conditions on Oil Content (%) and Properties of stored seeds and kernels of Buchanania lanzan Spreng.
	Oil Properties
	CPL
	OPL
	CPD
	OPD

	Oil Content (%)
	55.123
	53.721
	57.555
	57.262

	Acid Value
	23.772
	24.090
	19.321
	18.591

	Saponification Value
	198.910
	193.439
	193.159
	191.476

	Ester Value
	175.138
	169.349
	173.838
	172.884

	Carbonyl Value 
	3.696
	4.074
	3.752
	3.136

	Density of Oil
	0.858
	0.874
	0.877
	0.871



Effect of Stored Durations on Oil Parameters
In case of sole effect of Stored Durations (Table-6), 60 days of storage period found highest on Oil content (60.555%), Saponification Value (204.626) and Ester Value (183.679). However, 120 days of storage period found lowest Acid Value of Oil (19.171) and 0 days of storage lowest Carbonyl value (1.540) and Density of Oil (0.880) were recorded. Among different storage duration, 60 days storage duration may be considered the best as its acid value is near that of 120 days storage and carbonyl value less than 120 days of storage.

Table-6 Effect of Duration on Oil Content (%) and Properties of stored seeds and kernels of Buchanania lanzan Spreng.
	Oil Properties
	0 Days
	30 Days
	60 Days
	90 Days
	120 Days

	Oil Content (%)
	55.000
	58.606
	60.555
	54.236
	51.179

	Acid Value
	25.624
	20.246
	20.948
	21.228
	19.171

	Saponification Value
	201.996
	203.574
	204.626
	194.106
	166.927

	Ester Value
	176.372
	183.328
	183.679
	172.877
	147.756

	Carbonyl Value 
	1.540
	2.783
	3.185
	4.673
	6.143

	Density of Oil
	0.880
	0.866
	0.866
	0.860
	0.878



3.2 Other Interactions Effect on Oil Parameters
Effect of Stored material and Condition on Oil Parameters
In case of interaction effect of Stored Materials and Conditions (Table-7), highest Oil content (58.548%), Saponification Value (215.743), Ester Value (197.152) and lowest acid value (18.591) was observed Kernel stored Under CPD. The lowest Carbonyl value (2.176) was found in Kernel and Density of Oil (0.852) in seed under CPL. Kernel stored in CPD is best storage option to get higher oil and maintain its quality for using as food material, soap making and biodiesel production. 
Table-7   Effect of Stored material and Condition on Oil Content (%) and Properties of stored seeds and kernels of Buchanania lanzan Spreng.
	Oil Properties
	Material
	CPL
	OPL
	CPD
	OPD

	Oil Content (%)
	Seed
	55.482
	53.862
	56.562
	58.352

	
	Kernel
	54.763
	53.580
	58.548
	56.172

	Acid Value
	Seed
	25.137
	23.604
	20.050
	21.172

	
	Kernel
	22.407
	24.576
	18.591
	16.010

	Saponification Value
	Seed
	184.602
	174.783
	170.575
	178.991

	
	Kernel
	213.218
	212.096
	215.743
	203.960

	Ester Value
	Seed
	159.465
	151.179
	150.524
	157.819

	
	Kernel
	190.811
	187.520
	197.152
	187.950

	Carbonyl Value
	Seed
	4.676
	3.864
	3.864
	2.968

	
	Kernel
	2.716
	4.284
	3.640
	3.304

	Density of Oil
	Seed
	0.852
	0.864
	0.878
	0.880

	
	Kernel
	0.865
	0.884
	0.876
	0.862



Effect of Stored material and Duration on Oil Parameters
In case of interaction effect of Stored Materials and Durations (Table-8), highest Oil content (60.915%) recorded in Seed whereas highest Saponification Value (233.558), Ester Value (213.449) was observed Kernel stored till 60days. The lowest Acid value (13.934) observed in in stored kernel after 120 days, Carbonyl value (1.540) at the time of storage and Density of oil (0.855) after 90 days of storage (Table-8) . As, the oil content in seed and kernel having less difference, Kernel stored for 60 days can provide higher oil content and quality for using as food material, soap making and biodiesel production. 

Table-8   Effect of stored material and Duration on Oil Content (%) and Properties of stored seeds and kernels of Buchanania lanzan Spreng.
	Oil Properties
	Material
	0 Days
	30 Days
	60 Days
	90 Days
	120 Days

	Oil Content (%)
	Seed
	55.000
	59.053
	60.915
	54.360
	50.995

	
	Kernel
	55.000
	58.159
	60.195
	54.113
	51.363

	Acid Value
	Seed
	25.624
	16.693
	21.836
	23.894
	24.408

	
	Kernel
	25.624
	23.800
	20.060
	18.563
	13.934

	Saponification Value
	Seed
	201.996
	189.722
	175.695
	163.421
	155.355

	
	Kernel
	201.996
	217.426
	233.558
	224.791
	178.500

	Ester Value
	Seed
	176.372
	173.029
	153.858
	139.527
	130.947

	
	Kernel
	176.372
	193.626
	213.499
	206.228
	164.566

	Carbonyl Value
	Seed
	1.540
	3.115
	3.535
	4.760
	6.265

	
	Kernel
	1.540
	2.450
	2.835
	4.585
	6.020

	Density of Oil
	Seed
	0.880
	0.865
	0.860
	0.855
	0.883

	
	Kernel
	0.880
	0.868
	0.872
	0.865
	0.873



Effect of Stored Conditions and Durations on Oil Parameters
In case of interaction effect of Stored Conditions and Durations (Table-9), highest Oil content (62.125%) recorded in CPD whereas highest Saponification Value (211.815) and Ester Value (188.997) in CPL, was observed in 60days. The lowest Acid value (14.776) observed in CPD after 120 days, Carbonyl value (1.540) at the time of storage and Density of oil (0.845) after 90 days of storage in CPL(Table-8). 

Table-9   Effect of Stored Conditions and Duration on Oil Content (%) and Properties of stored seeds and kernels of Buchanania lanzan Spreng.
	Oil Properties
	Material
	0 Days
	30 Days
	60 Days
	90 Days
	120 Days

	Oil Content (%)
	CPL
	55.000
	57.088
	59.990
	52.220
	51.315

	
	OPL
	55.000
	55.630
	58.230
	52.150
	47.595

	
	CPD
	55.000
	61.585
	62.125
	55.885
	53.180

	
	OPD
	55.000
	60.120
	61.875
	56.690
	52.625

	Acid Value
	CPL
	25.624
	23.005
	22.818
	25.343
	22.070

	
	OPL
	25.624
	22.538
	22.818
	24.408
	25.063

	
	CPD
	25.624
	17.956
	20.106
	18.143
	14.776

	
	OPD
	25.624
	17.488
	18.049
	17.020
	14.776

	Saponification Value
	CPL
	201.996
	209.010
	211.815
	197.788
	173.941

	
	OPL
	201.996
	204.802
	201.295
	188.670
	170.434

	
	CPD
	201.996
	205.503
	201.295
	194.281
	162.719

	
	OPD
	201.996
	194.982
	204.100
	195.684
	160.615

	Ester Value
	CPL
	176.372
	186.005
	188.997
	172.445
	151.871

	
	OPL
	176.372
	182.264
	178.477
	164.262
	145.372

	
	CPD
	176.372
	187.548
	181.189
	176.139
	147.943

	
	OPD
	176.372
	177.495
	186.052
	178.664
	145.839

	Carbonyl Value
	CPL
	1.540
	2.730
	3.220
	4.620
	6.370

	
	OPL
	1.540
	3.640
	3.920
	4.900
	6.370

	
	CPD
	1.540
	2.730
	3.430
	4.760
	6.300

	
	OPD
	1.540
	2.030
	2.170
	4.410
	5.530

	Density of Oil
	CPL
	0.880
	0.855
	0.855
	0.845
	0.857

	
	OPL
	0.880
	0.865
	0.870
	0.855
	0.900

	
	CPD
	0.880
	0.875
	0.875
	0.880
	0.875

	
	OPD
	0.880
	0.870
	0.865
	0.860
	0.880



3.3 Correlation Analysis of Oil Characteristics 
Correlation coefficient among Oil content and other oil characteristics is given in Table -11. Oil content found to be positively correlated with Ester value (0.401) , Saponification Value (0.364) and negatively correlated with Carbonyl value (0.515) and Acid value (0.220). correlation between Saponification value and ester value found to be very high (0.981).
Table-10 Descriptive Statistics of Oil Characteristics
	Oil Character
	N
	Mean
	Standard Deviation
	Std. Error

	Oil Content (%)
	120
	55.915
	3.947
	0.528

	Density
	120
	0.870
	0.019
	0.020

	Acid Value
	120
	21.444
	5.076
	1.096

	Saponification Value
	120
	194.246
	25.931
	1.861

	Ester Value
	120
	172.802
	26.345
	2.004

	Carbonyl Value
	120
	3.665
	1.771
	0.925



Table-11:  Pearson Correlation Matrix of Oil Characteristics
	Oil
Character
	Oil Content (%)
	Density
	Acid value
	Saponification Value
	Ester Value
	Carbonyl Value

	Oil Content (%)
	1.000
	
	
	
	
	

	Density
	-0.134NS
	1.000
	
	
	
	

	Acid Value
	-0.220*
	0.097NS
	1.000
	
	
	

	Saponification Value
	0.364**
	0.027NS
	0.016NS
	1.000
	
	

	Ester Value
	0.401**
	0.008NS
	-0.177NS
	0.981**
	1.000
	

	Carbonyl Value
	-0.515**
	-0.147NS
	-0.207*
	-0.492**
	-0.444**
	1.000


*and ** indicate correlation coefficient significance level at 5% and 1% respectively
4. CONCLUSION 
The present study revealed that storage of kernels up to 120 days in closed dark conditions with higher Oil content, low acid value, higher ester value, moderate carbonyl value and low density considered to be the best storage combination for its utility in food, fuel and industrial purposes. During the storage due to interaction effect of all three factors, the Oil content, acid value, saponification value and ester value decreased with increased storage period whereas the density remains more or less same throughout the study. Taking individual effect of different factors i.e. stored material, storage condition and storage duration, Kernel storage, CPD and storage up to 60 days found to be more effective for providing better oil content and quality for proper utilisation. Considering the interaction effects for stored material and conditions kernel may be stored in CPD, for stored material and duration kernel may be stored for 60 days and for stored conditions and durations, for stored material and duration no specific combination of condition and duration showed better value for all oil characters. The correlation study revealed strong positive correlation between saponification value and ester value. Oil content also showed positive correlation with ester value and saponification value whereas negative correlation with carbonyl value and acid value.   
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