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METHODS OF REFINING AND 9704BTLIZING [ALLYAY COCCIUT OIL

X, INTRCRUCTICY

Cogonuts are grown in outeof~the~way plecoes in the
Malayen Feninsula; coconul oll is second only in impordance
to the patural rubber and the tin induvetries in this Penin-
sula, Wartime oxperience domonstrated the basle importance
of the fats and 0ils for food, After World War II, the
British Government introduced new plaﬁtati@n.m@thed@ in
Maloya in order to increngs the produchion of cesonut oil,
iIn Heleye thore sre sbout 50 London ccampanics operating
coconut plantations, alone of in combination with rubber,
end btotal coconul ecreage is now one-sixth that of rubber,
vhieh is the industry of Ffirst importence. The money in-
some from these three {(rubbor, &ihﬁ eoconut ) has boen 80
groat that the natives are no longer intorcsted in the
profiuction of rice, which is the main food in the diet of
the population in this Peninsule. ;

The climate of the Malayan Peninsula is considerably
vetter and more humid then that of Ceylon and most of India. .
The tempevature Goss not average much sbove 80°F., but the
high hunidity makes 1t difficult to endure. . On the west
coast ;, where the coconut plentations are principally lo-
cabved, the reinfall averages from 70 Lo 125 inches & year

(36), coming mostly from September to Jenuary and agein
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from Mareh bo May, but continuing during tho remeinder of
the year usuelly at the rate of several inches a monbth,

The oapt coast hes en evon hsavier preeipitation because
it geta the full sweep of the north-east monsoon off the
Chine Sea,

In quality, Melayen copra ranks below thet from
Coylon end India but above Lhat of the Scuth Sea Islands,
It is in pert sun~dried,; bul weather conditions necossitate
vory soneral use of ertificlel drying mothoeds, The aveorage
yield of oil obtained by erushing dry copre is considered
%o be approximetely 63 percemt (3).

Bofore VWorld VWer II, peanut oll and lexd were the
enly two impertent cooking olle and fats used by the popula-
tion of Malaya, The high froe Lfabtty acid contont of cogos
nut oil in Meslaya is due to he drying of the copra by ¢he
crude and poorly controlled native methed, However, free
acids of cosonut o0il are very nobicesble if prosent im come
giderable smounts, snd they aro sufficliently volatile and
soluble to contribute a declded odor and flavor o the
foods cooked im it. Due to this charscteristic property,
the efible valuse of coconut 01l is greatly reduced.

Pigs grown in Halays eand obher tropical zones usu-
ally have much more muscle then fat in thelr bodles, For
this roason the price of lerd is usually ten times the

price of rice. Beceuse of the limitation of cultivated
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lend , peanut produchbion id laloye is very low, Poanub oLl
ig veually importcd Ifrom China or Indla. Owing to the
civil war in China and the food shortage in India after
World War II, the importotion of peanut 01l into Haleya
g very aifficelt. In addition, itz price is five times
that of rise, while coconut oll is one~helf the price of
rice.

For tais study, 30 pounds of crude ¢oconub 0il wero
lmported Trom o coconut oil plant in the Selangor State of
Maloyo.

The first purpose of the prosent investigetion was
%o rofine; bloach, and decdorize this crude coeomut il %o
produce zn cdible oll and meke 1t possible to gmbati@u€©‘
1t for pecanut oil, Thoe gecond purpose wag Lo study the |
effeetivencss of different sntioxidents oo stablilizors for

the rofined coconut 0Ll



¥T. LITERATURE REVIEW

The Horld Production of Coegoud Oll, The stadistics

relative to the production of vegetable oils are 5o genscr«
ally inadequate that in many coses any estimate of world
pr@au@ti@n.ea@ be regerded as little bottor than en intele
lig@n@-g@@sa,

The aversge yearly production of the principal edis
ble plant oils and fats of commerce Krom 1934 to 1938 are
shiovn 1n Table I {17).

Bofore 1940 {3) spproximetely 40 pevrceont of the
copra from Coylon, 60 percent of that from the Philippines,
70 percent of that from British Maleya, and 95 percont of
thet from the Netherlands East Indlies were exported for
erushing, |

According %o Cruese (5), the United States imported
in exgceoss of 500 nillion pounds of copra in 1238, while the
world prolduction of coprs wes approximately 1500 millien
pounds et thet time.

The principal

use of cocomut 0il in the United States and in Burope is
for the menufaseture of soaps (3). OCoeconut oil is eape~
cially edaptable for soap making, There are & numbexr of

reasons for ite popularity for soap making (36)., Coconub



TABLE X
THE AVERAGE YEARLY PRODUCTION CF THE PRINCIPAL

Cotbonseed 0Ll 30
Peanut €1l 30
Coconut 01l 25
Olive Oild 20
Soybean 011 ' 17.5
Palm 041 12,5
Cornn OL1 245
Polm-kornel 043 75
Roapesoed 011 759
Sunflover 011 | T.5%
Sesame 011 5,0t

¢ Uncertoin, estimate very epproxzimabte

01l (1ike palm~kernel 0il, vhich it resembles very closcly)
containe a large proportion of lauric and myristio acid,
The sediuwm compounds of these two ecids ere fairly scluble
in water bsscause of the shord hydrocarbon ¢hein length.
Other fots and oils, particularly tallow and palm oll, are
well adapted Yo goap making, bubt none except cosonut and
pelm-kernel combines the qualitice in a soegp of golubility

and hardness.
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Formerldy, & large volwae of cosonub oill found its
way into mergerine, Howevor, its uwsoe in this product has
declined groeatly in resent yosrs due %o its shord plastie
range (3)s 4 considersable quantity is consumed in confoc
tions ond othor sdible producdte of & spocial nature, Be~
couse of its deeided flavor and cdor, its use in shortening

has been laprgely reduced.

‘The chemicel

composition of ecoconut o0il is taobuleted in Teble II,
Coconut o1l conteins o greator variety of fatty
ecids than most oils, but this variety is occasioned by
differences in the molocular welghts of saturated ecido,
rabher then by differences in the degree of unsaburabtion of
the socidg. Neormally, about 75 percont of total Latbty ancids
of coconut 01l consist of lauric, myristic, and palmitic
acids. These acide molt ab approximetely 44°C,., 54°C., and
63°C., respectively; consequently, there is a difforence of
only 19%. between the melting points of the lowest and the
higheat of these three acids, On the other hand, the major
fatty acids of high molecular weight fats are usually linos
loic, olelc, palmitic, and stearic acids, which melt at
-7%c., 16%,, 63%., end 70°%., respectively, with & 4if-
feronce of T7°C. between the lowest anf the highest melting

points in this group. The relatively nerrow melting range



TABLE IX
FATTY ACXD CCMPOSITICY OF COOGNUT OIL

Saturated
Caproic | 0.5
Capryliec 9,0
Caprie ) 6.6
Louric | 46,4
Myristic 18,0
Palnitic 9,0
Stearie 1,0
Unaseaturated
Oleic )

Linoloic 1.6

of vhe cogonut oll fetty acids is reflected in the glycer-
ides and accounts for the limited plastlic range of coconub
0il, Unlike ordinery olils, coconub o0il can be chengod very
little in its meltling point and consistency by hydrogonaw
tion (3).

Stendards for coconut oil as reccmmended by the
imerican OLl Chemists' Society are tebulated in Teble 111

(3)+



TABLE XXX
STANDARDS PUR COCONUT OIL

Specific Gravity at 99/15.5 0.869 -  0.87%
Specific Grovity at 25/15.5 0,917, = 0.912
Refractive Imdex ab 40°%C, . 1,458, « 1,450
Seponification value 250,0 | - 264,0
Titer, °C. 20.0 - 24,0
Setting Point, °C. 21.8 -~ 23,0
Reichert-Meissl value 6.0 - 8.0
Polenske value 15.0 - 18,0

The erude
coconut ©il preduced from copre contains varisble cmounts
of non-glyceride impurities. Those impuritics consist
principally of freoe fatity ecids. The fatty acids of coco=
nut oil have & strong oder, It is cssontial that this oil
should be rendered substantially void of freec faitly aeids
by alkali rofining before it 1s used in foed produets.
Willem (39) employed a process to meutralize the
free fatty acid of coconut olil with mﬁﬁ.and nultistage
counter-current extraction with aqueous isopropyl alcchol,
In 1937, Schmidt (34) used alipbatic carbodiimidos
for deocidification of cosonut oil, Tho velocity of dow
acidification deponds upon the temperature at which the
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coarbodiimides act on the free ccids. The amount of carbo~
diimides reguired for complete deacidificobion can be cal-
culated from the smount of alkell required to neutyralize
the oil,

In general, refining by means of alkalles is widely
used in almost all the e¢dible fat and 01l industey.
Aceording to Balley (3) and Hilditeh (14), there are sov~
eral methods used in elkali rofining., However, the follow-

ing two methods ave usually employed,

This ic the one gemerally

procbiced in the United Statos wheore amy kind of fob or oil
is refined by means of coustic seda. In this methed the
o1l dg treated with relotively strong lye, end the soep-
stoek or "foots" 1s recovered in a s0lid or semisolid form
from the coocled oil., This methed has the advantege of
being repid snd conveniont and produces o concontrated soaps

sbock.

In thic method tho soapestock

Refininz by the yeb mebthod.
is washed to tho boltom of the refining kettle with com-
siderablo guantities of wader, and rocovered in the form of
& fluid sclution. Coconud oll is usually rofined by the

wet method

The object of bleaching is to remove coloring matos

rials which are relatively unaffected by refining. This
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treotmont usually consists of bringing the oll into econ~
tact with o s014d adsorbent hoaving an affinity for the
coloring moteriels, Bleaching is normally carried out
after refining end prior to hydrogenation or decdarization.
The moat important eldsorbent used in bleaching faﬁé and
cils is bleaching sarth or elay. Besides bl@aching cley,
the only efsorbent widely used in odible oil indugtmy is
charecoal or carbon. Carben is very effective in rvenoving
the "ploom" caused by traces of mineral oil in vegetable
oils (3)s

Dunmire (8) purificd coconut oil by vacuum treatmont
with & 80lid adsorbent, Thoe mixture is hosted in & renge
of syproximately 150 to 300°F, 4 vacuum of 27 to 30 inchos
of merecury is used, The sdeorbent which may be bone black,
charcoal, Fuller's Zarth,; carbon black, or the like. The
0l treated by this methed has better color and lover ash
content .

Gellay (11) investiseted Canadion bentonites as re-
fining end bleaching agents for coconut o0il, Lovw silicon
dloxide to sluminum oxide ratio and a hizh porcentege of
sombinod water ere the outstending chargeteristices of mofe
ern bentonitos.

Decdorization is e process which i@.uaeﬁ %o ronove
the émbaﬁan@eg giving rise to odors and flavors,. Saluay

(31) stoted that certein Metones, notebly mothyl nonyl
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ketone, ore the cempoundc reoponsible Tor tostes and odors
in cosonut oil, Bailey (3) mentioncd "tho flaver and olor
romcoval s obsporved to genovally p&raliel free fatby acid
removal in oils¥. It is probable thet the vapor pressurcs
end moleculawr wéi@h@g of the odorifercus substonces sre the
same os those of the common fatty ecids of 12 to 18 carbon
e;&wmé ¢

The steem declorization methed is tho most common
methed used in the edible fob industry. According o
Beiley (3), verious mebtheds othor them decdorization have
been proposcd for renderinsz edible olls odorless and taste-
loss, but none, as far as he is avers, have oveyr found

copmercisl applicaticn,

Boneldsity of Oilo and Fate. Atmospheric oxidation
of oils may be divided into two gharply differentiated
phenomenena, nemely oxidation accompenied by polymerizebion
vhich oceurs in highly uwsaturated cils such os tung o1l
and oxidaticn in legs unsaturated oils such as cottonseed
0il, coconut oil, eto,, which leads to the development of

rencidivy. According to Bailey (3), distinctive end
unplessant cldors and flavors form as rencidity dovelops.

The development ©f rancidivy is a surfece phononenon
involving only & small portion of the oil, ot mere them

0.1 porcent of the fat may actually decompose to form the
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volatile, low moleculer vei~ i compounds respoagible for
rencid flavor snd odor {3).

The initiasl step in the oxidation of & fot i3 the
sddition of onyzen at or near the double bond of a fotty
acid chiein to form unsteble compounds vwhich oroe generally

declgneted as peroxides (3, 19).

H o H H H
-c=C-t0 -C-cC-
0-0

Fermer and co~workers (&) have deronstrated thot in
the e¢see of unconjumated Labtiy aclids oxidized ot ordimary
temperaturs, the initial oxidetion producits conglist of
hydroperexidos, which are formed by the addition of oxygen
at o carbon ajom sdjecent to the double bond, and leave the

letber intoct.

H H H H H H H H
) [ ' t ) | t 1
-¢c-c¢c=C-¢c~ +0, — Cc-C=cCc-C-
H H 0-OH '

Atherton end Hilditch (2) ¢oncluded thet the formae
tion of hydroperoxides predominates at lovwer temperatures,
but that thoro is 1ittle formablon of these compounds ab
highor temporetures, lhatever their struclture, the perex-
ides, etc., are bul intermediate end trensitory products in
the goneral course of oxidation.

The typlcal sharp tasteo and the unpleasent cdor of
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moyre ropidly than olci¢ acid unter the same conditions,
walle the indrceduction of o hydroxyl zroup lateo the oleile
acld chaein to form ricinoleic aeld resulte in o great o«
crorse in susceptibility to oxidation, beczuse the hydroxs
¥1 group roterds oxidation (15).

Fatty aclds in the froe form are gencrolly inelinod
to oxildize more ree@ily than when combined as glygérid@@
(3). Certainly the develépment of o moderate amount of
free fetty acids In a sample docs not affect ite stability
o any lorge degree.

Two pericds in the oxidation of fat eare wsually
discernibles

1, %he initicl poricd or induction poricd,

In this peried,; rolotively slow oxidaebion
of the fat tekes plese ot & wore or less

wniforn rate.

0
-

The second pericd,

After the Tirst poriod, oxidatiocn ¢f the

fat procecds st o greably acceolerated rato,

fat _end edl, Up to the presont time, there ore verious
metheds which have been developed for determining the rone
cidity of fats ond oils. Roncid clors end flovors may bo

tested crganolepticelly, or rencidity mey be determinocd by
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chewical mothodsz, The Kreden ccelor test, orizinally Go-
serdibed in 1902, has been wsed for many yosrs bto detect
oxidotive rancidity, slthough & positive Erels test in the
Q?uﬂé ¢1l may be due, not to decomposition products in the
0il, but to svbstencos derived frem the ceod from which:
the oil was obtained (8), The Freis color test is dus to
the pregence of epihydrin aldohyde, @éggﬁgﬁ - Gﬂﬁg aad
unlegs this aldehyds ig present the product will not give
8 positive Krels tests Iea (19) stabes thaot the limit of
sensitivity of this test is at o comcentrabion of one pard
of aldehydo in gbout four wmililon ports of oil.

The Schiff test is & quelitotive tost for aldehydes.
The guantitative methods of Issoglio and farr (18) depend
upon the presence of low molecular welght, stocomsvolatile
eldohydos, wh@%eag that of Sehibated (33) is for nldohydes
of hizh molecular welght. The bisulfite mothod of Lea (19)
is adaptad portieculerly for the ostimetlion of aldchydes qf
mediun molecalay weight. OF the chemilcel mebhods for do-
termining the development of roncidity tho lcdometrie methe
o 4s the most sensitive, The peroxides formed in the fab
or ©il ere iatormediste smd transitory products. They are
highly reective, and quickly decoapose or combine with one
enother in & verliety of poorly understood reactiong, to
gicld the compounds a@thally responsible for rencid flavors

md cdors. They ere ectimated throuzh thelir ebility to
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liverate leodine from potessium lcdide in glacial acotie
acid solution. The peroxide valuo of a fat or o0il is
meagured ss millimoles of oxygen or milli-equivalents of
oxygen per 1000 grame of fat or oils As Watts (38) points
out ; the former wnit is preferred,

Grant and Lips (13) have reviewed the chemical
methods aveilable for the measurement of the development
of rencidity and have tabulated the correlation coeffi-
cients for these chemical tests and the organoleptic tesd,
Lerd wee ueed as the subsirete in thesec latber cvaluations,
Lundberg (23) also hes compiled an excelleat roview of
"methods used in measuring rencidity and stability", as
é@li a8 & review of the h@ﬁ&bilizaﬁiom of foate by ﬁ@&n& of

antioxidents”,
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IIY, LEXPERIMENTAL STUDY

The crude coconub

0il wag received from Melaye in tin containers, The oil
was sbored in the original com@aineés at 34°F. Anglyses
ﬁ@?“fr@@ fatty acids, lecdine V&l&ég saponification numnber,
molgture content, and apecific gravity were completed on
the crude coconut 0il. Detaliled resultes are tabulated in
the next cheptor.

The free fatity ecids were determined according to .
the official method of the American 011 Chemists' Soci@ty'“
(30), In all these tidtrations for free fotty aocids,
0,1860 normal sodium hydroxide scolution was used, Fop
cocontub oll, free fatty eclds are calculated as porcend
lauric acid, v

The icdine value 1ls the number of grams of iodine
absorbed by 100 grans of the oil. In these titrations for
iodine value, 25 ml, of the standsrd iedine solution were
equivalent to 26,87 mls of 0,1091 normal godium thiosul-
fate solution.,

The seponificetion number is defined as the number
of milligrens of potassium hydroxide required to saponify
one gram of the crvde coconut oil. Alcoholic potassium
hydroxide (normality 0.5706) was used in the saponificatic
reaction, and the excess was bsek titrated with 0.4135

normal hydrochloric ecid solution.
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Deterpinaticns for the icdine valus; saponification
nunber, moisture content, and the specific grevity were
carried out according to the metheds of analysis of the

Aseociation of Officisl Agricultural Chemists (1),

Boroxide Velue, A modification of the original
methoed developed by Iza (19) was used for dotermining the
peroxide values of goconut oil. The gemple was analyzed
in the followingkmannerﬁ

1, The sample wee weolghod (1.000 grem plus or
minus 0,05 gram) inbo an smbor gless tost tube,

| 2y One grem of powdered potascium icdide was
added . “

3, 20 ml, of & 2311 mixbure by volume of glaciel
acetlic acid and carbon tetrechloride were added.

4, The test tube conteining the above mixture was
placed immediately in boiling waﬁ@r end heated exactly one
minute, Pr@ﬁauti@né should be taken to avold foaming over
the top of the tést tuﬁ@. |

5. Thén the mixbure in the tube was peured into a
125 ml, Erlenmeyor flask and the tube was washed out with
30 ml, of distilled waber.

6. The froe icdine was titrated with 0,02 normal
sodium thiosulfete solution until nesr the end-point.

T Then two ml, of sterch soluticn were add@é and
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the titration was conbinued until the end-point (colerless
golution) was afteined,

From the deta the peroxide value wasg celculated
both as millimoles and milliequivalents of oxygen per 1000

grams of the oll, These values ere tabulated in Table V.

Surification Frocedures
1, Refininzg, The prineipal object of refining is
the removel of the impurities in addition to the free '
fobty ecids,s The impurities present in a2ll natural oils
may bel

&+ Relatively coarse suspended matter, including
nucilage (vegetable or smimal tissue), albuninous mabier,
and resinous bodies. |

b. Ezecccdingly fine suspensions of colloidally
dispersed matter.

ce Natural coloring matters.

G, Free fatty acids preoduced by hydrolysis from the
natural oil,

2. Seai-volatile compounds digsolved in the fat,
These produce in it en undesirable choracteristic cdor and
taste,

In coconut 0il, the most important impurity is Lree
ottty acide.

For years the well-known refining kettle or batsh

method was ugsed to mix in the alkeli solution with erude



20

0il, agltete, heat, and separate it into the two-phege oll
and soapstock condition. Then the lattor would settle
freely and compactly so as to ovoid entrainment of the
neubtral oil, The most effective and hitherto almost unie-
versally used agent for accomplishing this action wes :
sodium hydroxide, This resgent is & strong base and is
very offective Lfor vigorous action on these impurities,
Howvever, 1t abttacks neutral 031, Usually an excess of
sedium hydroxide solution must be employed in order %o
obtain a complete removal of the lmpuritlies, including en
adecquate percentege of the color bedies, The excess is
sometines responsible for the loss of somg of the neutral
2il., In addition to the losg of neoutral o0il through the-
direct decomposition by the scdium hydroxide, therc is &
loge of noubral oil ocoasioned by the oceslusicn, entrain-
mont , and the entrapment of the noutral 0il in the forme-
tlon of soapstock snd the subsequent removal of soapstock
from the refined oil (24),

iIn recent yeers, Mabtitikow (24) has investigeted o
new moethod of refining o0ils with non-saponifying alkalies.
This is the seo~called Claytom Process, In this process,
& neutralizing agent which dogs nol combine with neutrsl
0l is used. Sodium carbonate (ecalled sods ash by the
trade) is an alkall answering this purpose. Sodium care

bonate hes wo advantages over sodium hydroxides
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8« Ib is choaper thon scdium hydroxi@é.

b. It does not abteck neutrel oll.

Howover , the reagent has many dravwbecks!

) a. It noutralizes the free fatty acids with &
gudden relesse of carbon dioxide which slows the rate of
gettling of the soapstock and inereases the volume,

Be It abbacks the ceoloring substances insuffli-
clontly.

e, It forams emulsions readily Quring the incrossew
in«volume stoge.

In 1942 the new Clayton Proccss was perfected
aufficiontly %o be uped commsyelally for the romoval of
the impuritics from crude oilsg, This precess profuced
aeutral oil with & lovw rofining loss, The principles of
the Clayton Process ere dehydration of the oil and soap=-
gbeck under high vacuus and then rehydraeticn with soda
ath reagent to facilitate removing the soapsteck from
neutralized oil (24},

Aeeording to Fash (9), the hitherto unexplainable
results obtained in the refining of vegeteble oils are
understandeble from the following thoeoretical conceplss

&, The color particles and cclloidal substancen
present in erude oils are in colloidsl suspension by
reason of positive electrical charges.

b. 7The scap formed in the refining procéss is
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negatively chorged: These negative charges neutralize
the positivo charges on the color particles and colloldal
substances in suspensica in the oil, As a resuld of this
acvion, fleceulaticn of these lumpuritiscs tekes place in
the soapstoci,

cs Unhon these positive charges ere noutralized,
the electrically neutrel color particles and colloidal
pubstances ore soluble in the oil. The solubllity rete
end the absoclute caount dissolving ere dependent upen the
pl,; temperature, reaction time, and degree of -agitation

Refining of the coconut 0il was corried oud expori=-
mentally in thoe following mauncrs A quantity of soda osh
(1,37 for this oil) which iz equivalont to twlce the free
fotty celd content of the crude oil is dissolved in 10 ml,
of, belling waber ond transferred to & 600 ml. boaker. 400
grems of oll, proeviously heatsd to 8@9@,, are poured
cantiocusly inte the carbonste solution with continuous
agitation,: The rate of gddition is govermed by the wolume
of cerbeon dioxide liberated during the noutralization pro=
cesss A consient opeed electric stirrer is useful for
egltations Hoeot may be epplled cautiously during the eddie
tion of the oil until the temperature rosches 100%C., the
gzitaticn being continued for 20 minutes ond then stopped.,

In this process, the water is removed by evaporation, and
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the soap thus formed it relatively dry and rises to the top
of the oil im a thick layer. %The oil uves filtered by
vacuun through o Vhatmen filter peper {Yusber two)s The
refining loss wee ¢aleulated, In addition, the free feidy
acid content of the refined oll wes determined. IThis in~

formation is tebuleted in Tedle VI,

2, Bleasching., Orude fats and oils contain meny
kinds of ¢oloring substences in c¢olloidel disporsion ond
in true solutiom: Colloidal substances are removed usue-
elly during alkell refining: Tho dissolved pigmontso ave
not particularly objectionebls, but the consumer profers
e fat or oil with e light ¢olor. Thorefore, a sulteble
process for the decolorisation of the oil must be applied,,
The combination of e¢olor ené picments ere difforent for
cash fat and oil depending to a lerge extont upon the
character and quality of the orisginal oll-besring maberial,
In general, red and yellow colors are due mainly %o various
corotenoid pigments such as cercbenes and xemthophylls and
to their iscmers, a8 well ag to their docomposition prode
uets‘(35)@ Thegeo codblors can be removed by bleaching eloys
end ectivated carbonm. Tho blecching clays were grouped
into three general classos (37)s

é. Aeid~-gotivated clays

. Noutrel Zerth

e, Haterisl high in silica content,
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Feor coconut oil, the yellow piguenits cen readily
be removed by Fuller's Earth, while the red pigmonts con
be romoved with & small percentege of sebivated carbon
(35).

In the edible ell industry it hes boen found thal
activeted carbons will coxrrect off-flavored oils and
"oarthy " flevor imparted by Fuller's Berth. It hoas boen
found tﬁaﬁ activated carbon will remove completely tho
lagd traces of soop Lrom oilas, At the came time, the
free fatity ecids in the oll are reduced econsiderebly.

Pactors which influcnce the asction of an ectivated
serbon are tempereture, time ol sontast, cpeed of aglia=-
tion, pH of the solution, and degree of decolorization of
the oil,

| Fectors whlch influence the choice of a bleaching
clay include oil rotentlion velue, filtraticn character
isties,; testes Laperted %o the oll,and coat, In additiony
the effoct of the @l@y on the reduction of the free fabty
acid content in the o4l ig en importent consideration.

In bleesching the 01l five d4ifforent treatments were
applieds

&+ Two parts of Neorite plus four perts of Fuller's
Eorth.

b. 5Six parts of Fuller's Earth.
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¢. One part of Worlte plus five parts of Fuller's
Barthe

ds Six parts of Fuller's Zarth (0.1 ml. of 0,18
Hy90y sddad ), |

es Tuo parts of Norite and three parts of Fuller's
Barth, |
These amounts were used for cech 100 parts of the oil,

Blesching was cerried ocut in those various treabe
ments by the stendard procedure (30). After flltering,
the transaission of each treated samﬁlap ag woll ae thét
of the crude oil, was measured in o Lumetron st 450 wm.,
ond tho results are showm graphieally in Mgure I,

Deodorizabion, Odorless and tasteless fobs end oils

arc demended@ moye highly on the amarket thonm those with a
decilded cdor or flaver, After refining end blea@himg,
coconud o0il stiil 3@@&?@3 a decided flavor eand sder to
foods cooked with this oils Hence it 1is ne@@agary o
doodorize this oil for @&iﬁl@ PUrpOSEE 4

The basie¢ principle of aeo&orizétiom progoss is
pimple, consisting esseuticlly of the removal by frag-
tlenel distilletion of the minute smounts of the clor~
iferocus substences from the oil with the minimum of injury

$0o the oil ltself. The cdoriferous substonces to he
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FIGURE |

PERCENT TRANSMISSION OF BLEACHED

OlIL ( WAVE LENGTH 450 M)
F = CRUDE COCONUT OIL
100
90
70
50
30
10
C E F
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romoved are zencrally considercd o be ketonca and elde-
hydes. The presence of methyl nonyl ketone hes been iden-
tificd as & constituent of cccenut olil and pelam 0il (35,
530

Lo & rule this procecs is carried cut after the
free Lottty acids have beon removed and ofter sny necessary
bleacuing cction heos boen porformed, The oil is heated in
g cloged iron or sludinum vessel 1o a temporsture of aboub
160-220°C, by weons of high-pressure stcan in cleged colls,
The deodorizatiom reaction is run undey reduccd pressure
(48 mm,. ), end stoan is passed throush colils ab the boltom
of the vesscel. So cescabtlslly, the methed depends on
sbeam digtillation at & high temporature and under reduced
proggure o reacve the volatile substances. In the leboraw
tory thisc was dome in pgr@i @lase eguipuwent. The resulis
for the bleaching sod the decdorizebtion are gsupmoarized in

Pable VII.



IV, RISULTS OF THE ANALYSIS AND PURIFPICATION

The detailed resulie on the snalysis of erude ¢oco=

nut oil are suvamerized in Teble 1V,

TABLE IV
ANALYSIS OF CRUDE CCOONUT OIL
SLEht or Uil WL, or Stemdsrd . pereems
Aepemg)  Solubtion Uged Free Potby Acifs
T+3476 1.30 0.65
8,0128 1,50 0.62
94050 1.65 0,65
10,0597 1.80 065
50,2630 9,00 0.65

Icdine Value

0.:3764 1,80 6.70
04774 24,12 6,70

. e . . _ Sapcggg%ggﬁidﬂ'
& 4591 17.92 253
5.1314% 8,89 252

541987 8.61 251




Wm‘yw 'wew A

5&&590
6,9121 0.122
Telight of Samplo  VWeight Of Weter  Gpecifie gravi%y
gﬁgﬂ? Ca %MEB{QG g% 37
82,5757 34,69@9 0.9142

+

From calculstions, the specific gravisy ot 2590,
wag doterained os 0,9285 end 0.9232, vespectively. The

sverage velue at 25°C, is 0,9288

The peroxide valups for crude and refined cogonub

01l are summarized in Teble V.
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TABLE ¥
PEROKIDE VALULS FOR COGOWUT OIL

of the wciﬁﬂt mofmﬂl illmmcles Hilli-
0Ll in @rwma Thiocsulfate oquivalents
et LSolution et
Crude 1.0130 0.05 045 140
1.027%0 0,05 05 1.0
Refined and 11,0314 0,17 1,65 5.3
Bleaghed _ _
lolOlg Qol 106 302
Refincd, 1,0043 o] 3 0
Bleached ,
and 11,1120 e} 0

Deodorized

the refining lossoz and the free fatty acld econtent

of the refined oil are tobuleted in Table VI,



TABLE VI

REFINING OF COCONYT OIL

33

fe Weisht or e v cent
@ruﬁe @ﬂl Rofininb Loss
400 387.5 340
475 460, 3.0
800 485, 3.0
Wolsnt of T, of Scendsrd Borcont.
Refined Sodium Hydroxide Free Fatty
LA Solubig dold
50,1728 1.25 0.09
50,2100 1.25 0.09

502344

1,3

009

The summary of the dato on the vecuum deodorization

progedures for the refined and bleached coconut 0il is

tabulated in Tadble VII.
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TABLE VIX
DECDCRIZATION CF COCONUT O1L

i b s e

: h i@mpgm&ﬁum@ % S
Trea$ment ©mlnuias) Remotion
{90 Page 28) SRR

) 120 60 Wo eolor change
Coconut odoy yemains

b 120 €0 Slight color chenge
Coconut odor remaing

3 120 60 No color chenge
Coconut cdor yremeins

a i20 60 Coloy changes o yellow
Goconut odor remaing

@ 120 . 60 No color change
Goconut cdor remainsg

o 120 a 20 Mo color change
No scocconut odor

b 120 20 8light coloer chonge
8light coconut edor

G 120 - No color chenge
8light coconut cdor

d 120 20 Golor changes to brown
Slight coconut cdoy

@ 120 20 Ho eoloxr chenge
o coconut cdoy

o3 140 60 Ho color change
No coconut edor

B i40 60 Golor chenges %o brown

: Ho coconut cdor
6 140 60 Slight ¢olor chenge

Ho coconut odop



TABLE VII (continued)
DEODORIZATION OF COGONUT OIL

Troatnent %g. (minutes ) Reaction
(Beo Poge 28 s _
& 140 60 Golor chemges ¢o brown

No coconut cdor

® 140 60 S1light color change
No coconut odop

2 160 60 GColor changes %0 brown
Ko coconut cdor

b 160 60 Color changes to broum
No coconut odor

L] 160 60 Color chongea to brown
¥o coconuy cdor

a 160 60 Color changes to brown
Ho coconut odor

e 160 60 Color chenges 1o brown
Yo eoconut odor




V. BSTABILIZATION OF GCCONUT OIL

In general, the Schasl oven test is a simple and
widely used mothod for determining the stability of fets
emd ollss There are several reasons why this test is to-
day cne of the most widely used methods for evalwating the
stability of oils end fats and for products conteining oils
or fate (28).

2s The methed is simple.

e It roguires & minimum of equipment.

¢. Tho teedb cen be confucted with a reasoncble
deogree of succoss by peraons having little or no techniecal
Kaowledge .

d. ‘Mo result is exprossod simply as “days" ro-
quired to become "rencid". | '

@. %he t@ét provides a means of compariug the
"sholf 1ife" of fote and oile,
= The Schesal oven test was the methold used in these
exporiments to determine the stability of crude and re~
fined coconut oil. In the test, 50 grams of the o0ll wereg
placed in beskers of 250 ml, capecity. The beakers wers
then covered with watch glasses and placed on the shelf of
an air oven. %The temporature of the oven was regulatod ab
63°G. Tho samplos wér@ smelled deily, in the morﬁing, fopr

roncid ocdor; and l.,1 mle of both rofined end cruds oil were
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taken dally by o gradusted one ml, pipette Loy the deters
mination of tho peroxide value, The stebility of both re-
fined and crude coconut oll is shown grephically in Figure
2 The refined 01l used in these %esis was the 011 which
was bloached by trestment "o (seo page 25) and then deo-
cdorized under vacuum at léo@c. for one and one~half hours,

The role of antioxidants in the stebilization of
fats is ¢0 inhibit boemporarily oxidative reaction. A re+
morkeble charactoristic of anﬁiéxidants is their gread
effoctiveness Iln low concentration in the fats and olls,
Sbove amIOpt&mum congontretion they ere inclined to act as
pro-oxidents (3, lég 23),

Antloxidonts wore used in these oxporiments o
gbabilize refined coconubt ¢il., Wot all antioxidents pog~
sees tho seme stabilizing propertics in coconut oil, A
sar@@ming tost was used to choose thoze antioxidants which
wereo most effective in stabilizing coconut oil.

In theme tests, the propor antioxidant in the de=
sired concentration was dissolved in 100 grans of the
processed oll, Th@n 20 ml. of somple weore tranclferred 40
& 50 mls beaker, coveored wiﬁh a wabteh gleass, and placed in
the alr oven (Temperature 63°9¢.).

Every morning thc odor of each sample was chocked.

Lt the Tirst oign of ony choage in odor, the poroxide value
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FIGURE 2

30

25

O——REFINED COCONUT OiL
¢——CRUDE COCONUT OIL

PEROXIDE VALUE

SCHAAL OVEN TEST FOR CRUDE
AND REFINED COCONUT OIL

TIME IN DAYS

20

9¢
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of the sample was determined, Ag soon &8 & seaple showed
dofinite signe of rancidity im -the organcleptiec testing,
it weo sampled right avay, snd the peroxife value was deter-
nined. It was noted that under theso conditions the perw
oxide value had abtained or exceeded 29, The effeetives
neps of different antioxidente 'in this screening test ere
supmerized in Table VIIIs It should be noted that the pro«
tection faé@or is the ratlio of the keeping time of the
semple with entioxident edded to the keeping time of the
contbrol (23%)., Conditions such as size end surfece area.of
the scmuplo must be carcfully controlled 1f relieble resulés
ere $0 bo obbained.  Theso and other factors arc stressed by

Bvbank end Zould (7).,
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WLBLT VIYX
THE EFFECTIVEVZSES OF DIFFLERERY ANTIORNIDANTS
FOR REPINED COCONUT OIL

@g g’\rts @i’ Goconm% Oi; N ;y | _ ,
0,005 NDGA U 31 2.8
0,01 06 16 20 3,2
0.005 HD3A ond 0.005 Citric Acid 15 31 3.0
0.005 NDBA end 0,01 Citric Aeid 18 30 3.6
001 WG4 and 0.005 Citric 4cid 30 32 6.0
0.0 NDGA and C,01 Citric Acid 30 31 6,0
0,005 HD3A end 0.005 HyPO) 26 32 5.6
0.005 NDGA emd 0.01 HgPOy 24 30 5.8
0,01 WEGA end 0,005 HgPO, 30 29 6.0
0,01 WDZA cnd 0,01 HgRO, | 56 53 T2
Rofined oil {control) 5 33 1,0
Orude coconud 01l 1l B4 -

0.01 Citric aeid 21 34 4,5
0.01 HgPOy 25 32 540
0.01 Citric acid end 0,01 HzPO 36 32 7.2
0,01 Sscorbyl Palmitveles 20 32 4.0

0.01 Ascorbyl Palmiteteos and
0.0 NDOA . 30 30 6,0

0.01 Dropylene Glycol 22 30 445
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PABLE VIXII (conbinued )
THE EFFECTIVENESS OF DIFFERENT ANTIOKXIDANTS
FOR REFINED COCONUT OIL

0.05 Propylene Glycol 22 29 4,5
0,005 Hydroguinome ond _

0,005 Propylene Glycol 21 29 4,2
0,005 Hydroguinene Over 40 - -
0,01 Hydroquinone Over 40 - -
0,005 G4 Oyer A0 - -
0,01 G-4 Over 40 - -
0.05 Tocopherol ‘ Over 40 - -
0,01 Tocopherol Over 40 - -
0,005 Gallic Acid Cver 40 - -
0,01 Gallic Acid Crer 40 - -
0,005 Gum Guaisac Over 40 - -
0.01 Gum Guaiac Over 40 - -
BV, = Poroxide vaiue,  B.F., = Protective Factor

Tae best five antioxidants ef measured by stability
units in tho sereening test (See Table VIII) were used in
this experiment to determine the stability of refined ccco-
nut 011. The procedurs as outlined on Page 34 was followed,
The results are summarized in Table IX, It should be noted
that G-4 is e commercisl antioxident conteining a mixture of

propyl gallate, phospholipids, cornm o0il, end citric acid,



40

PABLE I
THE EFFECTIVENESS OF FIVE SELSCTED ANTIOKXIDANTS

0.005 Gallic Acid 50 31 . 8.3

0:01 Gallic Acid - - -
04005 G=d 55 32 9.3
0.01 G=4 65 30 10.8
0,01 Gum Gueiec 49 '30 | 8.1
0.1 Gum Gualec 52 33 8,6
0,005 Hydroguinene 52 30 8.6
0.01 Hydroguinone - - -

0.005 Tocophorel 49 35 8,1
0.0l Tocopherol 51 33 8.5

Control Sample é 0 1,0
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vI. DISCUSBSION

The average loss of crude coconut oll after doacidi-
ficetion by secda esh was three percent, and the free fLadly
acid contont was reduged from the originel 0.65 p@rc@n%'%o'
0,09 percent .

Mixtures of Norite and Fuller's Earth have been
uscd to bleach the cocomut oil. The poreentage trenge
mission (450 mu.) after different troaiments was measured
in the Iumetron (Se¢ Figure 1). A white oll was developed
when 100 perts of the coconul 0il were bleached with two,
parts of Nérit@ and three perts of Fuller's Earth., Norite
hes the power to remove off-flavors from coconut oil and
aloo will remove “earthy" flavor imparted by the Fuller's
Darth.

Vecuum doodorizetion (48 mm.) for 90 minutes ab
120%C. produced an edible oil with good colors

The 3chaal oven test waes used in these experiments
for Getermining the stability of coconut oil ab 6300‘ A
temperature lower than 6306. would be proeferable for the
gtudy of the development of rancidity, since it would
approach more closely normal storage conditicns for ¢oco-
nut oil in Malaya (ebout 40°C.).

Date in Figure 2 and Table VIII ghowed that the
orgenoleptic test for rancidity beceme positivo when the

peroxide value exceeded twenty-nine, In addition, date in



this game table brought into sherp focus thet not all
entioxidants ere suilable for the prevontion of rencidity
developneont in coccnut oil, Nordihydrogualecetic acid
with four phenoclic groups per molecule hes the ability in
low concentrations to merkedly inhibit the autoxidation of
fats and oils (10, 22), However, in these tests NDEA is

2 poor stabllizer for coconut oils

Hydroguinone exhibited goocd protective acbion in
these experimenta, Because of its supposed toxiecity, it
has not boen used in edible fats or oils, However, it is
usually used for purposes of comparison in studies of
other antioxidants (23).

Gun gualec was the first entioxident to be approved
for use in lard by the Meat Inspection Division of the
Bureay of Animal Industry in 1940 (4). In this test, gum
gueiac wes added to the decdorized coconut 0il by mesns of
an ascetic acid solution., Then the acetic acld was removed
by vacuum evaporation at 80°C, According to0 ILundberg,; gum
gualae was more effective in enimal fats then in vegetable
oils (23)., In this test, the oil turned slightly brown
when it beecame rencid,

Gallic seid is a powerful phenolic sntioxidaniy in
itself, It 1is & highly eoffective inhibitor of rancidity
development in both animal and wvegetable oil (23, 26). In

these oxperiments it waes an excellent antioxident for
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cosonuy 0il. Although gallic acid is inoxpensive and
effective, its use has not been approved,; presunably bee
ceuse 1t hes not been ghown t0 be non-toxnie.

Pocopherols are important and universelly distribu«
ted antioxidents in neturel fats and oils (3, &) It hes
long been recognized that, due to the presence of minute
ancunte of these substances capable of powerfully inhib-
iting oxidetion, natural fate end oile are much MoOre rew-
sistant 4o deteriorstion than processed fats and olls, In
these teats & tocopherol concentrate behaved as a Lairly
good amtloxidant for the ¢osonul 0il, Concentrations of
elther 0,00% percent or 0,01 percent have almost tho some
offectiveness.,

Decrepsing the size of the sample or incroasing the
gurface asrea oxuposed markedly increases the rate of onids-
¢ienn (7)., Dats obtained from Tables VIII and IX showed
that 20 ml, of o3l placed in & 5C¢ ml, beaker became rencid
sooney then 58 ml, of oil (50 greams) placed in & 250 mi,
beskor under the same conditions. Thus, in the oxildation
studien, standardization of Lthe size of sample and cone
tainer was importent if comparable resulis were to be

pseoured .,



VIi. BUILRY

@wé perte of Norite and three parts of Fuller's
Barth produce eoxcollent results in the bl@aéhimg of eruvde
coconul oll,

Docdorization of the bleachod cosoaut oil at 12090,
for 90 minutes under veecuum (48 mw.) was found to be most
pabisfactory,

The Seh&él teat conducted at 63°C, wes found to be
a2 satisfectory mebthod for determining the stablility @f
coconub ©0il under thepe accelerated conditions.

The orgenoleptiec tast for raméﬁdity becane positive
wh@ﬁ the ?@r@x&de number 6@ the coconut oll exceeds Lwenity=
nine, '

In the Schoal test the size of the sample and the
gize of ccntainor muet be considered Lor reliasble resulis.

Géllic acid, G-4, gum gualac, hydroguinone, and &
tocopherol coacentrate are good antioxidents for coconud

oil,
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