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I. INTRODUCTION

About 150,000 tonnes of arecanut are produced annuslly
in the country, mainly in the states of Karnataka and Kersala.
Wnile good quality arecanut finds use in the preparation of
betelnut powder, inferior quality nuts do not find a ready
market. Arecanut contains 10-12 per cent of fat, rich in
myristic and lauric acids. This fat can easily substituts high-
priced coconut fat in the manufacture of soaps, fatiy uléoholn,
fatty acids and a variety of surfactants. The defatted msal
contains about 15 per cent tannins which can be separated and
ugsed in the leather industry while the defatted and detanned meal
can be used in the preparation of compound feed for cattle.
Good quality defatted meal can also be used in the preparation
of betelnut powder (supari). Thus processing of arscanut on
these lines will open up an atiractive market.

The Central Plantation Crops Research Institute; Vittal
approached the Reglonal Research Laboratory, Hyderabad {REL-H)
for taking up studies on solvent extraction and other processing

methods with a view to utilige the low grade nuts. The laboratory

with its extensive expsrience #m processing of oilsesds, fat
-
splitting and fatty acids processing agreed to undertake this
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work. After discussion, the following programme of work wag
agreed upon:

= Ppretreatment of arecanut for solvent extractiony
= 8olvent extraction of pretreated nuty

= extraction of tannin from deoiled nutj

= 8plitiing of arscanut fat;

=~ dlstillation of fatty acidy and

= enalysils of fatty ascids

Since the fat content in nut is low, expelling is net fomusibls.
Solvent extraction with hexane was therefore considsred sy the
only method sultable for economic recovery of fat.



: The whole nuts were reduced in agize by hand pounding
'ollowed by cr\:\shinz in a laboratory hammer mill. The sample

had B.8 per cent moistur - und 12.8 per cent “-*. The grounc
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- materiel was extracted in a Soxhlet extractor using food-grade
hexane as a solvent. The recovered fat was analygsed (AOCS

- methods) to give the following characteristics:

¢

™

Free fatty acid ' Trace ‘ B
Saponification no. ! 222.5
Icdine no. 3 26.6
Melting point, °C ' ¥2-h3
N Unsaponifiable matter, § 1 1.6

N . The run-of-the-mill sample was found to have a fat con-
~ tent of 9.9 per cent (dry basis). On sieving the sample into
"--. veral fractions, it wag found that the finer the material,
th  higher was the fat content (details are given in Table 1

t the end of tuis gectien).

For the analysis of arecanut, arecanut fat and split
, fat samples, the methods of the American Oil Chemista'
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y l‘i‘nnﬁmt vas carried out on the corresponding methyl ssters
‘4n a Toshniwal unit equipped with flame ionisation detsctor
using & column of EGSS-X on Chromosorb W (80-100 mesh) pro-
~ Eremmed from 110-200°C (6°/min) and nitrogen (30 wl/min) as

- oarrier gas.

I ‘202 Qgpgg-;ggle gtudies

~ 2.2,1  Pretreptment: For efficient solvent extraction, the
surface area of the material for contact should be increaszed
consistent with necessary mechanical strength to avoid crumbling

~during solvent extraction. The arecanut was processed as.

[ follows:

2.2.1.1 Bige reduction: The nut as received was of a size
range 18 to 25 mm and has to be broken to a size acceptable to

‘the rolls of the flaking machine and corregponding to the ranga

~ of nip angle of the rolls. The disc huller was used for this

- m«uth different gap settings of the digsec.

The disc huller ﬁth. one stationary and one rotating

disc is similar to an attrition mill except that the plste on
' gide i§ stationary. There are cast bars or ridges vith

g edges radiating from the centre on the face of both

« The face of each disec is concave to t-?hg the material
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48 centre. The feed material thus travels towards the peri-

Arough a gradually N&ITOWing spaco begween the dises. The
68 batween tne dises is least at the periphery whery the

s8ed 13 out betwesn the stationary ami rotating sharp sdges,

- ™
"

The arecanut wes fed to the digc huller with g maximm "
' Bap setiing whereby it was crushed into two or three plesss

(6-; B mm). The cracked Mits ware then fed iatu the huller twice g
‘with the minimum gap setting when a size reduction to 3 mm or -
less took place.

Ne2. 1.2 Looldug and flaking:  Arscanut erushed to less than

3 ma size was then cooked for 10 minutes in a cooker mounted on
& baby-oil expeller after adding 10 per cen: water (in addition

B AL o ats k]

to the 8.8 per cent motsturs already present). The cooked mate-
rial was flaked in a five-high crushing rolls, consisting of

‘.t.;'.jwa; chilled cast iron rolls arranged vertically one over the

other. The assembly is go erscted that each roll supports the
- weight of all the rolls atove it, with the result that the parti~
cles are subjected to prograssively increasing pressure as they
pass from one pair of rolls to another. As the material is fed,
passed back and forth between adjoining pairs of rolls as it
tre from the top to the bottom. Thus it is rolled four times.
The cooked arecanut flskes (0.25-0.5 am thick) wers kept overnight
.:glgiiut the moisture to equilibrium level and the structure
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fat (yield 9.6%) and 72 kg of meal (yield 86 .7%) were obtained.

.60

2.2.2 Extraction of fat: Freliminary studies on solvent
extraction were carried in a small unit using 3 kg. of uncooked
flaked material using food-grade normal hexane. The yield of
fat was 9.3% (based on the welght of the meal). The fat had a

1ight cream colour.

Bench scale experiments on solvent extraction of cooked
arecanut flakes were carried out in a cylindrical stainless steel -
bateh extractor, 60 cm diameter and 120 cm height. Foodpgruda‘
normal hexane in a ratio of 1:2 (solid:solvent) was ecirculated
in the extractor charged with arecanut cooked flakes (11.7%
molisture) for 6 hours and kept overnight. The miscella was
drained and again the same gquantity of fresh solvent was added
and the extraction repeated. The second stage miscella was remo-
ved and th; resulting residue (marc) was air dried and kept aside
for tannin extraction. The first and second stage miscellag were
pooled; and and the solvent was recovaréd by distillation. The
reglidual fat was further stripped off the remaining solvent undar
a reduced pressure of 40-50 mm/Hg. When 83 kg. of material was
thus extracted (solid:solvent ratlo, 1:2) for 6 hours, 7.9 kg of

The defatted meal had a residual fat content of 1.2 per cent and °
moisture 11.0 per cent. The fat had the following characteristics:
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Acid no. 1 11,9
Iodine no. . 1 25.9
Saponification no. H 222.0
Unsaponifiable matter, ¥ 1 1.6

.3  Extraction of tanninst Experiments were carried out
on the extraction of tannin from defatted arscanut meal in the
extractor (used for fat eibracilon). Since extraction with
‘water resulted in fermentation and the meal got spoiled, a mized
“solvent, namely, aqueous acetone (acetoneswater 40160) was
“tried to recover tannins,

Defatted meal (35 kg) was taken in the extractor end
’thn.ntod 4 times, each time with 50 litres or agqueons acetone
tor 6 hours. The solvent was recovered by distdllation and
‘the tannins were recovered from the residual liquor in a spray
drier (Im'gi type), & direct dispersion typa drier operating
am the primipla of atomiging a fluid feed to rom a spray of
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(on dry basis)

Fraction [Fat extrac- Extracted Total
ted in lat aftor re-
extraction riading

for 6 hrs o =35
sicrong
£ % % p
17.7 1.2 0.1 1.3
17.7 9.9 - 0.7 106
B -80450 mesh 23.2 8.7 2.3 1.0
(-853 microns
4560 microns)
s 53 ‘microns '
coarse)
* Whole arecanut
~ ground to -35
pes o
 size © -
- fraction i.e.A) - g - 12:%
Run of the mill
(befors sieve
anal ﬂ.l 1.9,
' - - 90’

r portions of arecanut give coarser particles
mth h-ur fat content
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3. ARECANUT FATTY ACIDS

3.1 Splitting of arecanut f{at

Arecanut fat collected from the sxtraction experiments
$n the bench scals unit was pooled, dried snd analysed for acld
number, iodine number, sap..dflcatiun pumber anu . wmtent of un-

saponifisble matter (ses 2.2.2).

Studies on splitting were carried out in a 1-1itre capa-
city asutoclave provided with a mechanical stirrer, sampler sdth-
draval system and suitable controls for regulating pressure and
temperature, and a safety valve., Splitting was done keeping the
fat to water ratiow; at 1:0.%, 1:0.5 and 1:0.6 and pressures at
20, 25 and 30 kg/cn>, To achieve a better split in lesser time,
an? for keeping the glycérine concentration in the sweat watar
high (at 1%.0%), two stage splitting ‘was tried, using the sweet
water Trom second stage for spiitting in the first gtage of a
gubgequent batch. This was followed by fresh water in the second
stage. 3Single stage splitting was earried out for + hours, in
each cage draving samples at intervals of half an hour. Split
fat wvhere split was 90 per cent and more was pooled, washed and
dried for carrying out distillation studles. Three successiul
runs were carried out in the two stage splitting to study Tepro-

- i S
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ducibility. Per cent splits were calculated on the basis of
acld value_a of samples extracted with ether which excludes ether-
ingoluble foraign matter. The total quantity of charge vis. b
fat + water taken in each casé was kept constant at 525 + 10 g
(except in the case of residus cpldtting) to keep the space

for steam and rate of stirring constant through cut. Detalled
condltions of splitting and results thereof afe presented in

Table 2 for straight splitting and Table 3 for two stags splitting,
The residue pooled from different distillations was slss analysed
(acid no. 18.9; ether insolubles 15%) and resplit for complete
recovery of fatty acids (Sl. No.8, Table 2) at & pressure of 25
k‘g/cl2 with a fat to water ratio of 1:0.6.

3.2 Distillation of arecanut fatty scids

Split arecamut fatty acids were pooled, washed free of

W7, Lhe Sent Eban ’Tﬂ'. - -—-'q .'A.",".\,:..._..'.g..‘ gweey

v

e
:

glycerol and dried in vacuum., Per cent split was determined on

the ether extracted sample (90.0%). From this, 200 g lots were

taken for distillation, first in a laboratory distillation unit

‘and then in a unit wi*h 30 cm high extended surface glass column.
] ‘Finally further 200 g lots were taken and fractionated in an

~ alectrically heated Towers fractionating columm packed with glass
| “m (1 meter). 4. vacuum of 3 to 5 mm Hg was maintained during

B CRe Aol v
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L ester sanples prepared. Thess mathyl estor fractions
ed by gas liquid chromatography along with a stanu.o2
methyl esterr. Details of these digtillations/frac-

>,



0 &

Table 2  Solitting of arecamut fat (single stage)

8.80. Tatiwater greamu 2 %ﬂporagun 0% 0.5 1.0 i.a 2.0 z.? 3.0 7%, S Y T

ratieo W/v + 1 kg/cm <3

g 1104 25 220 21.9 - 82.3 = 83.6 . BY4.1 - 8%.3
2 110.5 25 220 21.2 S%.2 842 B86.2 88.5 88.y 88.6 88.5 88.5
3 1:0.6 25 220 23.0 66.7 87.7 90.2 90.5 90.% 90.9 91.1 91.2
. 110.5 30 230 29.8 67.6 88.7 85.2 89.0 89.6 89.% 89.6 89,7
5 130.6 30 230 38.6 69.8 90.8 91.2 91,8 92,1 92.3 92.3 924
é 1305 20 205 7% = 80.5 - 85.2 - 86.9 - 87.2
7 110.6 20 205 217 -  8wa8 - 88,7 - 89.1 -  89.7

Besnliktipe of srocaput Latty scid distillatiom residus
8 1106 25 220 By o e 67 .6 - 79 .4 - 81.0
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Table 3 Splitting of arecagut fat :
(in two stages, 1 hr in each stags)

-

ist stag__i 2nd stage

2.

. Fatiwater Pressure Tempera- Time of split percent = percent
8.80. astio + 1 kg/cm® turg in each stage split in  split in hemarks
x5¢C in hrs “lst hr 2nd hr
9 110.% 25 220 1 Bl.2 96.0
an 1:0.% 25 220 1 80.7 95,2 Swee ater from 2nd stage of run
No.9 .as used in the 1lst stags of 4
Tun ! >.10, Fresh wvater was used in i
the % stage of run Neo.lD after
gepz: 'ing lest stage sweet water.
1L 110.% 25 220 1 : 81.0 . 95.5 Sweet water from 2nd stage of run ke
No.10 was used in the lst stage of 5
run 1°, Fregh water was used in -
the znd stage of run No.ll after
separating lst stage sweet water
Bota: 1. GSweet water of Run No.l0 after lst stage and fun No.ll after lst staze 23 pooled

together to determine percent glycerine which was 14.C% as against 12. . obtainad
in gwest watar analysed in an optimum run in direct splitting (single tage).

Saortage in quantity of sweet water from 2nd stage used in the first stage o
tha following batch was made up with fresh water which was about 25 ml
OnEe.
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Table &
Particulars Fraction I Fraction II Fraction IIT Fraction IV Brod Column
8.No. of apparatus Temp. DFA Temp. DFA Temp. DFA Temp, DFA DYA FResgidue hold up
range range range range loss
% b % 5 % 2 S % 2 5
1l Laboratory distil-
lafion unit vith-
out any fractionae below
tion 206 80.0 - = - - - - 8c.c 18.0 2.0
2 Laboratory distil-
lation unit with
12" high extended ‘
surface glass below . .~
c°lm 160 60!0 160-@0 15.0 w - - - '; 0 2205 205
53 Laboratory distil-
lation unit with 12" _ .
high extended surface below
‘1883 column 1".0 1.8-0 1"00-170 l#0.0 170-150 10.0 180’1% 7.0 73.0 22.C 3.0
% Electricallr heated
Tower's fractiona-
tion unit 1 lﬁlxh Sod
acked with 88 ow
Eaads g 80 5.0  80-120 12,5 120-140 M¥1.0 140-200 6.5 65.0 _28.0 7.0
, gagoe
§ 4As in S.Fo. M 100 10.0 100+180 59.0 180-200 6.5 - - 7:.5 18.0 6.5
Eooled and split arecaput fatty acid digtillation residue
& Laboratory distilla-
tion unit without below above :
fractionation 180 22,5 180 37.5 = - - - 60.0 10

1. Pmmhgaa reportad sbove are on the wt, of acids t.am | . |
2+ DFA = Di -un-a tltty acids
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Table 5 ttE acid composition of e k. distilled arecanut fatty acid fractionge
Patty Areca- B ooy B NI ~Fan §o.3 . o __mafoy
acid mut Distl- — Frac- Fracs Frac- nm - Frac- Frac- TFrac- Frass ac- frac~ Frac- frace Frace ..
fat led fat- - tion tion tion tiom tion tion tion tion tion tion tlon tion tion tion
R e 5&.: ﬁts 3&.: \Inl-.lx ﬁfl 5:!5 ‘I:Lx ‘InIZx o 521; 5&.5 s ek hie
0.8 0.8 - - - - - B - - - - 0.5 0.9 - = -
2.2 3.5 = - = - - -  Trace - - =¥ Tzi0 Saa . S R
1.1 B0 BN SN . gkl e 5.1 ”f7 7.1 255 1.2 662 0.k 333 10 0l
51.2 52.0 66.3 8.7 M. 829 12.3
13.5 12.0 9.9 23.9 - 17.1 47,3
1.1 0.5 1%  Trace > - 6.7
10.3 5.0 - 12,k - -~ 28,8
6.8 2.2 N ‘

- - 1.0

@




b, USSIO. CONCLUSIONS

kol £at_content of different sige fractiopg

Soxhlet e.l .ectiry of different sicve fractions
(Table 1) indicates that the harder portions of the arscanut
contelning coarser particles contained lesser smount of fat
compared to the finer fractions. The fractions containing
blggest particle (853 micron) contained 10.2% while the finest
fraction contained 14.3% fat. This indicates the need for
grinding the nuts without however cauging problems due to fines.

It may be necessary to analyse arecanuts grow. in
different regionaifor the yield and quality of fat before the
overall sconomiceg for extraction of fat can be assessed. It is
algo desirable to study the concentration of oil-cell .locations

and develop methods to concentrate these oil-cell-rich fractions.
.2 re t

Difficulty was faced durdng flaking of arecanut in five-
high crushing rolls due to wide variations in particle size
distribution of the pleces obtained during cracking operation.
Whenever a large particle is drawn into the first pair of rolls, w
mors guantity of smaller siged material slips into the gecond roll
space. The unit was overloaded and tripped. Further exhaustive
studies are nesded to evolve gultable cracking, grinding and
flaking units so that meal with uniform size and minimum emount

p‘m can be obtained.

LS L,
So— h_h | e——
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k.3 Solvent Extraction

BExtraction (Table 5) showed that good quality arecsnut
fat could be obtained even from low quality arecanuts. The yicl.
was 9.6% on the weight of cooked arecanut flakes with 11.0¢
molisture (10.8% on moisture~free basis). HResidual fai content
in. the defatted meal (11.0% moisture) was 1.2% (1.35% on molsture-
free basis). This is equivalent to 1.08% on arecanut besis after
accounting for 10% tannins and 10% fat extracted. This iz com-
.parable to the calculated value of 1¥ for residual fat on dry
arecanut basis (11.8% in Soxhlet extraction minus 10.8% extracted
in pilot plant). This residual fat content mnld‘ﬁ)rousht down
to legs than 1.0% in commercial plants where continuous and goun=
ter current solvent extraction is carried out uaing hexane at ‘

elevated temperatures (around ¥5°¢c).

No difficulty is envisaged in alkali reflining of arecanut
fat, bleaching with activated eerth and/or carbon and deodoriss-
tion, if necessary. It is expected that arecenut fat will be a
yery good substitute for ghee.and vanaspati and can also be used ‘
in margarine manufacture. It can algso be blended perhaps d.?h
other fats to give nmutritious oil/fat blends.

!
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Lk Extraction of arecanut tannins

Since agueous extraction of defatted arscanut mesl regul-
ted in fermentation, a mixed solvent of acetone snd water in the
ratio of 40360 (v/v) was tried for extracting tannins. The yield
‘of spray dried tannins was about 10% baged on the weight of defst-
ted meal with 11.,0% moisture, The yleld on dry bagis is 11.2%.
The content of tannins in arecanuts may vary from reglon to regior
and may depend on other factors. Thier needs further study. It
is necessary to get the samples of the tannins evaluated with
regard to their suitability in leather industry by the Cemtral
Leather Research Ingtituts, Madras.

k.5 Arecanut fat splitting

From the data on singls stags splitting, s pressure ..
25 kg/cmz. s fat to water ratio of 1:10.6 and a duration of 1.5
hours are recommended. Under these conditions a split of $0.2%
was achieved (Table 2, Run No.3). When a higher pressure of 4
30 kg/cm” is employed a split of 90.8% was achieved in 1 hr
(Table 2, Bun No.5). N

Two stage splitting is desirable sihce higher concentra-

-

tion of sweet water is cbtained and is better for sconomic
recovery of glycercl., Simultaneously 95-96% split (1.e. 5% highe
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than in single stage splitting) is attained. Highar recovery of
fatty aclds in the {irst distillation step leaving lesser residus
for resplitting is mslso achleved. This slightly inoreesges the
handling capacity of the autoclave. Glycerol content in gweeh
water in a single stage splitting was 12.1% as against 14.0% for

two stage splitting.

.6 Ristillation and Cractionation of arecamut fatty acids

In the laboratory distillation unit, a yield of B0% of
dlstilled fatty aclids was obtained on the waight of dried ecruds
fatty acids taken for distillation in the first stage. An addai-
tional yield of 11% of fatty scids was rocovered by resplitting
with residue followed by distillation (Runs 1 and 6 of Table &),
When fractionation was carried out in an extended surface glass

column and in the Tower's fractionating unit packed with glass

beads, the ylelds were 75% and 65% respectively, on the weight

of crude fatty acids taken (Table 4). However, with arecanut fat

split in twvo stages a yleld of 75.5% of distilled fatiy acids

o

was obtained on the welight of crude fatty acids in the Tower!
golumn as compared to 65% in the case of single stage splitting.
It was found by extracting the material held in Tower's column
with hexane that the hold-up was 5.5% (on the weight of orude
fatty acids). Hence, the yleld can be expected to ba higher by
5.,5% when a series of distillations are carried out (as the column

hold up will be almost constant). Higher ylelds can also ba epacted
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The recovery cf fatty scids is shown belowt

ar

- 335 g fat + 220 g water :

(Containing 302 g fatty acids) | Splitting in single stage

. 320 g dry fatty acids 210 g sweet water

(cvude) | : (12.5% glycerol)
i | Distillation
256 g &gﬂlod Re i due
%ﬂy acids
| Resplitting and distillation i
2¢g ':iamd Ru,‘lﬁn- >
Fastyacids f




Thus from the avallable 302 ¢ of fatty scids, 278 giin

the first distillation aad 22 g from tha split resldue) wora ra-
covered on direct distillation mccounting Tor 92.0% of the av -;L-
lable fatty scids. This recovery, however, excludes nold up

and the relatively lowar bolling fractions which could be conden.
s'éd and recova fin th sommzretal . - o-wtilons bul net o

in the present investigation.

It will be seen from the composition of the fatiy asld
distillate fractions (Table 5) th?t fractions contaliing over 9085
of lauric and myristic acids ecould be obtained which will Be use-
ful in replacing costly coconut fatty acids: These fractlions
ooulh bes used in the manufacture of soaps, fatty alecchols, esters
(0.8., isopropyl myristate) and various surfactants neaded in
cosmetic, pharmaceutical, detergent and pesticide . Jincustrlias,
Lauric and myristic acids are in great demand in the country
but are in ghort supply for the manufacture of various derlvasiv-
These aclids and their derivatives have also excelleni export
potential.

| 4.8 Byproduct Utilization

4.8.1 |
ted and detanned arecanut meal in cempo\md fﬂ¢ T
fortilizers may be investigated at veterinary and agnculgu_..,_,_l

ruurch institutess
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4.8.2 Swest v ter: flycerol can ba racovered from the
awest water containing 12-14% glycerol cbtained during tu
‘splitting of arecanut fat, Quantities obtained in labora’ -
scale experiments are not sufficient for earrying our sbudies
on glycerbl recovery. However, no problea is antici;;at,ad in
the recovery of glycerol from sweet water obtained from split-
ting of aracanut.

4.8.3 facture: Good @Pelity defatted but not
detanned meal can also be used in scented suparl mamufaciure.

Buch evaluation may be carried out by supari manufacturers.



