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ABSTRACT

The physicochemical properties of the exudate ofrfales edulis and those of the saponification acll
hydrolysis products have been determined. The valu¢he purified exudate, acid hydrolysis productda
saponification product where respectively: meltpajnt °C) (73.33, 62.20, and 60.33): flash poif€) (110, 100,
100): Charring point {C) (200, 190. 190) and density (gA&n(0.75, 0.88, 0.95). The exudate has a high isitin
viscosity. The chemical constituents of the exwwdgien were determined using standard methods.dtfewand that
n-hexane was the most suitable solvent for pudfithe exudate and for dissolving the modified potslwvhich
were insoluble in water. The TLG Ralue of the purified exudate extracts shows éxaidate is a mixture of many
chemical substances while IR spectra indicate tlesgnce of —-COOH (carboxylic), -OH (alcohol), N-HdaC-N
(protein) functional groups in the purified exudaseids hydrolysis and saponification products, gesiing the
presents of resin acid, fatty acid, fatty alcohntlgrotein.

Keywords: Dacryodes edulis,exudates, hydrolysis, saponification, physicochamiproperties, and IR
spectroscopy

INTRODUCTION

Environment is endowed with many resources necg$sathe good of man, and for the benefit of theisty. One
of the resources Bacryodes eduli§African pear) also known as Eben (Ibibio), Ubeb@) which its exudates will
be considered in this work. Exudates can be defaseshp liberated from special pores present imtp[a]. It is the
viscous fluid formed spontaneously at sites of ripjin plants, and which become hydrated to givedheear
modular, consisting largely of polysaccharides TIje yield and the quantity of the exudate increesthe weather
becomes warmer [2Dacryodes eduli®xudate with gummy or mucilaginous characteristias wide and varied
applications locally.

Local African pear Dacryodes edulisis a common fruit tree and grows readily on theitral rain forest, but there
are other sources of exudates, some are rubbes,piaffia palm and cashew tree [3]. The most itgmproduct
from Dacryodes eduliss the fruit called African pear or African plumhigh is a popular source of food (bush
butter) in the Southern part of Nigeria, in additithis plant produces exudate (whitish resimjticmously, which
has its peculiar smell and pale gray colour oheshiark of the plant is cut. The exudate is a radsvnatural
resource and can easily be obtained manuBlicryodes eduligxudate is usually sticky (gummy) when touched
with the hand, it also has a sickening odour. Thelates should be treated with acid or alkali talifyoits gummy
nature so that its sticky properties are withdraawd mucilaginous properties are introduced to ecdhats
dispersing ability in water and other solvent.
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Some works have been reported on some physicochkeprioperties of exudate [4], [5], however not mush
known about the physicochemical properties of #ygosification and the acid hydrolysis productssiseen from
the traditional view that the raw African pear eatedcan be used as fuel in providing flame, whemtbas a
primitive lamp oil or a bush candle [6]. It has baesed as fuel as well as adhesives in many phBswth Eastern
States of Nigeria where the plant is mostly foutidhas also be shown that the exudate is usedtal pn
calabashes and for mending earthen wares, roofslapd to stop water getting through indeBdgcryodes edulis
exudate also has a vital application in the papaustry as the sizing and binding agent to incréaseesistance to
penetration of water and related fluid in paper T#e use oDacryodes eduliexudates in the preparation of candle
has been reported [8]

The exudate obacryodes edulifias been found useful as paper sizing agent [2[Jiming its preparation for paper
sizing either in the alkaline or acidic conditi@m oily substance is usually encountered whenitiregspreparation
is hot. This substance solidifies into hard brigitdid on cooling. In this work, the physicocheaticharacteristics
of the solid product obtained either by sodium leyilite (saponification) or mineral acid (HCl onL$0,; and
hydrolysis) treatment on the exudate of tacryodes edulighat are studied with the intension of establighin
proper uses. However, in order to correlate theenies of these products with those of the crudedate, it is
necessary to determine the physicochemical preseofithe crude exudate BAcryodes edulis

MATERIALSAND METHODS

Raw Materials Collection and Purification

The sample crude exudate from African pear tB@@cfyodes edulisjvas collected randomly from three pear trees
at Afua in Nsit Ibom Local Government Area of Akw@om State. Many incisions were made on the barthef
trees and after some few minutes the exudate oozedf the tree. The fresh exudate was a milkyhljigiscous
liquid and this was collected with help of a knbftade and dropped into a container. It was obsethkiatl the
exudates 0oze out faster in rainy season thanedrson. The sample was air dried for two hourstftr lose some

of its moisture before the purification treatmergtsacarried out. The purification of the exudates essential due
to the bark of the tree and other impurities.

Preliminary Test for Solubility

1g of each crude exudate was put into six teststubml of the different solvents were added toekedate in the
test tube and shaken vigorously for 10mins to ofeséneir solubility in each of the solvents. Thdveats used
where water, ethanol, petroleum ether, n-hexahenet-benzene (1:2) and benzene. The mixtures whanmed in
hot water bath and there solubility pattern obsérvihis was repeated with the saponification produal acid
hydrolysis products.

Extraction of Exudate from Dacryodes edulis
The methods reported by Chukwu and Nwankwo [9] vaatepted for the extraction of exudate fr@acryodes
edulis.

Elemental Screening with Atomic Absor ption Spectrophotometer

The sample was digested in order to prepare thdecenudates extract for Atomic Absorption Spectoipmeter

(AAS). 1g of the dry ground and sieved sample waghed into a 100ml beaker; 10ml of conc. HNMd 5ml of

conc. HCIQ were added in the ratio of 2:1. It was coveredwitwatch glass. The mixture was placed in a haiepl
and heated to dryness with the colour changinghitewAfter allowing the sample to cool, the residuas leached
with 5ml of 20% HNQ. It was littered and the volume made up to 2bevith distilled water. A blank was
prepared using the similar method above but wighamission of the sample [1]. The metal elementbénsample

were then determined by reading their absorbanteeispectrophotometer and comparing with theirdsied. This

was repeated with direct extract, column eluatig hgdrolysis product and saponification product.

Determination of Physicochemical properties

Browning and Charring Temperature

These were determined in a melting point appar@adienkamp). One gram sample of the exudate waseflon
the hot stage of the apparatus. The temperaturgysaasially and incrementally raised by’@0The temperature at
which colour changes in the exudate gum was obdeaud recorded. Five replicate determinations weade and
the average taken.
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Determination of Density, Moisture Content and Ash Content.

Two tenth gram of extract exudate obtained was hezigin the weighing balance. The volume was foupd b
immersing the mass in some de-ionise water cordamgraduated cylinder 100ml. The volume of watisplaced
was noted. Division of the weight of solid by th&lwme of water displaced by the exudate gives #resitly.

The moisture content was determined in an Ultra ®{dtire Balance (Model US 2010, Germany). 5g t¢yalithe
exudate was used. The equipment was operatec’@tusfil constant weight of the sample was obtairSamples
were then weighed to determine the percentage d$tune absorbed. The tabulated values in Tablee2tlze
average of three determinations. Ash content wesméned using the method reported by [9].

Determination of Viscosity

A U-tube Ostwald Viscometer (BS 188) having intéto#e diameter of 0.88nm and capillary length &f5tm and
flow time of 120 seconds for the solvent bank (0.38tlium Chloride solution) was used to determirmefliw time
of 10ml dilute solutions (0.05 to 1.0%) of the etbhextract in 0.1M Sodium Chloride solution. Adiypoint flow
time determination was made for each extract andatierage used to calculate the intrinsic viscasiyording to
Huggins equations [10] given below.

PR 1 I G T O (1)

N req = reduced viscosity

[n ]= intrinsic viscosity

K’ = Huggins Constant

C = Concentration of exudate solution

Rosin and Starch Test

The Libermann Torch was used for rosin test. 5ndadtic anhydride was added to 1g of each of thgkes in a
test tube and boiled till the volume decreasesnih It was poured into a crucible and allowed tmlcat room
temperature. Concentrated sulphuric acid (1 drag allowed to run down the side of the crucible. ewthe acid
met the anhydride, a red violet colour shows tles@nce of rosin.

In determining starch, one quarter gram of same laoiled with 5ml distilled water, filtered andoaved to cool
at room temperature. One drop of dilute iodine tmtuwas added, a blue-black colouration was olegkrwhich
indicated a positive test, hence the presenceaoftsin each Sample.

Qualitative Analysis of Lignin

Lignin was detected using phloroglucinol solutiom @escribe by [11]. The solution was prepared ug€irity
phloroglucinol. And 1.0g of n-hexane extract waacgd in a 10crbeaker and a solution of phloroglucinol was
added drop wise to the 10&mark the mixture was allowed to stand for 10mimsthe exudates to settle at the
bottom of the beaker. The characteristics violdtgelour was gradually observed which increaseadtamsity with
time and finally reached the maximum intensity mfievery long time. The presence of lignin is conéd by a
characteristic violet-red colouration. The intepgif the colour is an indication of the amount ighin present in
samples.

Electrical Conductivity

The conductivity meter HACH was switched on anddlestrode was rinsed with distilled water. 50mtloé crude
sample solvent in hexane was measured into a beakkthe electrode was immersed in the crude ghdimg was
taken directly from HACH conductivity/ TDS metertivicorresponding temperature. This was repeated lvath
acid hydrolysis and saponification products, dipaatfied extract and chromatography column pudifétract.

IR Spectroscopic Analysis

Infrared spectra dDacryodes edulisvas recorded on Shimadzu FTIR — IR Prestige-20VYZE) using potassium
bromide (KBr) pellets. 1mg of the sample was inteha mixed with 100mg of dry powdered KBr. Mixingas

effected by grinding thoroughly in a smooth agatertar. The mixture was pressed with special dicdeura

pressure of 13000psi into transparent disks (3lld@he KBr pellets were inserted into the samplagartment of
the instrument and scanned between 4000-480@ine instrument was calibrated with polystyree foefore the

spectral scan was made for the samples.
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RESULTSAND DISCUSSION

Chemical composition of the exudate.

Dacryodes edulisexudate was obtained as an off-white fluffy, odess and tasteless powder. The yield was 30%
in the direct extract and between 34.68 — 61.128ldgiin column extract. Table 1 present the eleateuintents of
crude exudate, including those of direct extraotuimn eluate, saponification products as well ad agdrolysis
products. All the five samples contain some mietallements in varying degrees. The prominent iaoig
elements found in the exudates are potassium, masga sodium, calcium and magnesium. These metallic
elements may occur in the form of cation in thérmressap present in the exudates. Calcium is fdarge of high
proportion. It is known that the amount of elemisnhot fixed for exudate gum but very dependingruthe soil
type, husbandry of the bush, age of the parent &@eunt of rainfall received, time of exudatiolsoathe heavier
the pruning condition, the higher the elemental gosition [12]. The different pruning style is saa affect the
yield of the shoots of the leaf, therefore affegtihe quality of the exudate gum [13].

Physicochemical Properties

Some physiochemical properties of the crude exydhtect extract, chromatography column, saponifcaand
acid hydrolysis products are presented in TablEh2.browning and Charing temperatures are betw@8n17.9 to
200 * 7.9C and 150° 5.7 to 170* 5.7°C respectively. This temperature which indicatesttiermal stability of
excipients is above the temperature encountereidgiprocessing, storing and proper handling of mite The
densities of the direct and column chromatographgrade exudate are 0.75 0.02 and 0.84* 0.02gkm
respectively, while those obtained from acid hygsis product and saponification products are 0788.02 and
0.95 * 0.02 gkni respectively. Density is a measure of packingatteristics of powdered material. An increase in
density is good in tableting because of reductiorthie fill volume of the die cavity of the tabletaohine. The
saponification product is more crystalline due doled sodium ion (N with no impurities. In hydrolysis products,
the density increase more than that of the crudeate.

The moisture content of crude exudates is 1.31%aesalue with both direct extract and chromatogyapdiumn.
It decreases from crude exudates to acid hydrolysisiuct (1.03%). The moisture content is low ih cses
because of the resinous nature of the exudateseliatts the affinity of a material for moistureigH moisture
sorption is a disadvantage when moisture sensititige ingredients are to be formulated [14].

Lignin contents was 7.82% in both crude exudate dinect purified extract, 6.92% in column extrasi22% in
saponification product in the form of soda-lignimda6.25% in acid hydrolysis product as lignosulptacid. More
lignin is present in the crude exudate than inrtloglified products because soda lignin and ligndauwdip acid are
slightly soluble in the liquors.

The amount of ash in the crude exudate lies betde8f. Studies however, revealed that the majorpaments in
wood ash are calcium, magnesium, potassium arehtsli[15], [16]. The ash content in the crude etesland
direct solvent extract sample is 1.8% higher thenash in the column chromatography and modifiediyets. The
difference in the value is due to the fact that¢hede sample and the direct extracted samplesomatain some
impurities which may contribute to the increaséhie amount of the ash.

The electrical conductivity pS/cm in the purifieduelate are similar, while there is an increasenavalue of the
saponification and acid hydrolysis products (2%mnf 28.36 uS/cm) respectively. The electrical cotidity could

be explained in terms of the presence of some netal of K, Mg**, and N4 as major charge carriers in the
exudates gum while the increase in both saponificaand acid hydrolysis products is due to the irosn the
reactants (b50, and NaOH), Conductivity value is important to knbecause if the exudate is used as a paper
sizing agent during paper making, there is neekhtiw how much such paper can conduct electricitgroter to
determine the application of the paper.

Table1: Metal elements present in the exudates and modifies samples (mg/g)

Inorganic Crude Direct Column | Saponification | Acid Hydrolysis

Element Exudates | Extract Eluate Products Products
Calcium (Ca) 50,000.00 5,100.00 5,200.00 3,800.00 ,08(00
Sodium (Na) 90.45 90.48 91.46 72.80 85.28
Potassium (K) 15.46 15.68 16.66 10.90 14.78
Magnesium(Mg) 46.20 46.38 47.36 43.65 45.97
Manganese(Mn) 26.20 26.22 27.2( 25.97 27.00
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From Table 1, it is seen that the exudates comit@norganic elements, K, Mn, Na, Ca, and Mg. Ehaetals may

occur in the form of cation in the resin soap pnégethe exudates. Calcium is found to be of pgbportion owing
to the fact that it is the most abundant elemepiamt [1].

Table 2: Some Physicochemical Propertiesof Crude and Modified Exudates.

Property Crude Direct Chromatog-raphy Saponifica- Acid Hydrolysis
Exudates Extract Column tion Plant Product.
Charing Temp°C) 200*7.9 200" 5.7 200" 3.4 190° 5.7 190°7.9
Browning Temp {C) 170°7.9 170°5.7 169" 3.4 150°5.7 150°7.9
Moisture Content (%) 1.31 1.31 1.31 1.10 1.03
Av. Densities (g/crf) - 0.75*0.02 0.840.02 0.88 0.02 0.95 0.02
Ash Content (%) 18 18 15 1.4 1.2
Electrical Conductivity (uS/cm 27.60 28.40 28.00 2.7 32.99
Lignin Content (%) 7.82 7.82 6.92 5.22 6.25
Flash Point1C) 110° 7.9 110°5.7 110°3.4 100" 3.2 100" 32

It is known that the amount of element is not fixed exudates gum but vary depending upon the typi,
husbandry of the bush, age of the parent tree, atrafuainfall received, time of exudation and tygfeexudation.
Also, the heavier the pruning condition, the higtier elemental composition [20]. The different pngnis said to
affect the yield of the shoots of the leaf therefaffecting the quality of the exudates gum [19].

Viscosity
Table 3 present the viscosity data obtained froenetkudates gums as reduced times of flow. This idatemilar to
the reduced viscosity of grewia gum, trangacartacia and methyl-cellulose [4].

Huggins equation (Eqn.1) was used to evaluaterttignsic viscosity by extrapolation of finite dilah. The least

square method was used to evaluate the ordinateeddtraight line generated from equation 1, tefgesents the
intrinsic viscosity.

An intrinsic viscosity of 0.14dl/g was obtained rfimcethanol extract. This is higher than the inténgiscosity of
0.10, 0.08 and 0.04dl/g obtained for ethanol-beez@r?), n-hexane and petroleum ether extracteotisgly, but
lower than the 0.29dl/g obtained from benzene. ddreelation coefficients (r) are quite significaiihe intrinsic
viscosity is the intrinsic ability of a polymer facrease the viscosity of solvent at a given tempee. It is a
measure of the effective hydrodynamic interactibaveen segments of the same polymer moleculesukilly

falls within the range 0.3 (for good polymer solvgairs) to 0.5 (for poor polymer solvent pairsp]1Values of
Huggins constants obtained for the exudates gueng/isinin this range.

Table3: Viscosity Data for Exudate Gum Solution in 0.1 NaCl at 25°C

Concentration Ethanol | Benzene Petroleum n-hexane Ethanol Benzene 1:2
g/di t-t/t,C t-t/t,C Ether t-ty/t,C t-t/t,C t-ttC difg )
di/g di/g dl/g dl/g °
1.00 0.90 0.80 0.88 1.18 0.91
0.80 0.74 0.70 0.75 1.10 0.72
0.60 0.60 00.60 0.64 0.86 0.43
0.40 0.46 0.50 0.43 0.62 0.29
0.20 0.27 0.20 0.24 0.50 0.28
0.10 0.20 0.17 0.19 0.41 0.20
0.05 00.18 0.05 0.16 0.32 0.17

Table4: IR spectral bands of exudate and the modified products of dacryodes edulis

Acid group (COOH) | Alcohol (-OH) Nitro Group (NOy) Amino Group (NH,)
Bxudatel 61 c=0 co O-H N=O (sym) N=O(asy) C=N " (b';':;) CN
A 294 1710 1210 3500-3400 1380 1460 850 1650890 1245
B 2940 1710 1210 3480-3380 1380 1460 880 1640 670 1240
C 2940 1710 121d 3480-3380 1380 1458 880 1655 660 1245
D 2950 1700 1210 3500-3360 1380 1458 8p0 1655 750 1245
E 2960 1710 121d 3500-3360 1380 1460 880 1650665 1245
F 2945 1750 121d 3480-3400 1380 1455 880 1650675 1245

A = crude exudates, B = n-hexane (Acid hydrolysiglpct), C = Benzene (chromatography column exwgjate =Benzene (saponification
product), E= Ethanol (Direct purified exudates)=FEthanol (saponification product).

The ability of plant exudates gums to increase viseosity of solutions is direct dependent on theislecular
weight. This relationship was used to obtain malec weight of 316,000 for grewia gum [4]. High rinsic
viscosity and hence molecular weight for polymems applied in suspension [17] and emulsion techmold 8].
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The binding properties of polymers used in tabigtare dependent on molecular weight [14]. High malar
weight could prolong tablet disintegration, drugsdilution and biovailality [19], in this case, ttae of hydration
and the solubility of the drug are decreased. Toixept is applied in the sustained release fotimuala

The IR spectra bands (absorption frequency) oettuelate samples, the acid hydrolysis and sapotidic@roducts
are presented in Table 4. The listed absorptioguiacies are shown to be related to their respeétinctional
groups.

For the alcohols, the broad O-H stretching vibrati alcohol group of all the exudates were in ribgion 3500-
3360cnt, this indicates a secondary alcohol with probabtgrmolecular hydrogen bonding. The C-O stretch of
alcohol was in the region 1070-1060tnThe spectra of all the exudates also indicateptieence of a carboxylic
acid.

The broad and intense O-H band stretch absorpfitinecacid was observed in the region 2940-292bemall the
exudates. The C=0 stretch, 1710crand C—O stretch, 1210¢nof the acid also confirm the presence of the acid.

Two absorption bands, symmetric and asymmetridcstireg vibrations of nitro group, (N=0) were obsehin the
region 1380-1375cthand 1470-1455cthrespectively. The C-N stretch of the nitrogen gravas found in the
region 880-850crh indicating the presence of nitro group in exudalés presence of amino group was detected
for the exudates. The only detectable absorptioni®af the amino group were N-H bending 1650-164fdmN
stretch 1245-1240ctand N-H wagging vibrations, 890-660¢m

The weak absorption band in the region 3500-3400aepresenting asymmetric and symmetric stretching
vibrations of O-H alcohol. The N-H of the amino gpowere absent probably due to the strong and b&&t
stretch absorption from alcohol and carboxylic aid.

These absorption bands of all the exudates sanmdécate mainly the presence of carboxylic faityd and O-H
of the fatty alcohol, while the absorption band@N and N-H indicate the presence of some proteterials;
some nitro group may also be present in the exadate

From the above informatioMacryodes edulisexudates consists of mixed compounds mainly of rasids, resin
soap of the metals, fatty alcohols and some prateiterials while the sponification product is tlelism salts of
the acids, the acid hydrolysis products and thim sds. Since the band does not indicate anyrpbso of the C-
H aromatic, it may not contain aromatic compoungenethough it is soluble in benzene.

CONCLUSION

The physicochemical properties of the exudate gummved that the exudate consists of glucose, resihaad fatty
alcohol with traces of metals. It has a high irgignviscosity and appreciable lower density. Thieerane is the
most suitable solvent for the crud@acryodes edulisexuate and should be used in purification by colum
chromatography. The exudate is easily saponifieglcal hydrolyzed into solid substances which casilgaeal up
crack when applied in molten form. The plant frorieh the exudate is derived grows widely in Nigeaiad can
also be cultivated. The isolation technique ispaneconomical and effective. The yield of the date gum is
encouraging. These qualities should warrant conraiithe of this plant polymer as sizing agent ingramaking and

it should be partially saponified or hydrolyzed &ase of spreading on the paper surface duringglryi
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