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1o ties paner aitentiom fo directes! ahmost solely
Lo hie purery toecbaiond o wepect o of vegetable ol l4eed pro-
Coraine. AN Lot oomal Gl e Lo coasndor the wore Aignd ficant
product ion varrabian ang the necesnory controls Lhat are
avai'able to opimize cae cfficiemy of the various unit
operations 1nvejved,

A practice: rotiet tlen a theoretical approach has
been adopicu.  Thi« doow net amcen that the basic engineering
and chemical principies ha e been neglected. Oun the contrary
we have sought to apnly such fundamentals wherever possible.
In a word, w: adopted the woerking manual vatber than the text-
book concept. It 45 our modest hope that the practical oper-
ator wilj 1ind this sketchy survey helpful in his day to day
work as well as reference material,

Acknow) =dgmant is made of the help derived from
the various contributors to the 17th annual summer program
- Symposium on Processing and Quality Gontrol of Fats and
Oils - conducted by The american 0il Chemists' Soclety, August-
September, 196b. ?Particuiar thanks is due to Mr. Robert D.
Good of Blaw-Knox Company, Pittsburgh, Pennsylvania, and Mr.
R,P. Hutchins, The French 0il #ili Machinery Company, Piqua,
Jhio.




Raw Materials: Handling and Contreol

The handling and control of the rew materials tor the nilseed in-
dustry can be primarily characterized by the short harvest season, by the necess-
ity to move them into protected storage in minimum time, and by the required care
before they can be procersed. But they can be treated and stored successfully
with minimal deterioration long enough to allow the processing industry to oper-
ate throughout the year.

Soybeans, cottonseed, flax, rapeseed, sunflower and other seeds
are subject to damage due to biological actions which are accelerated by high
moisture content, foreign material, physical damage and such adverse climatic
conditions as frost or rain before or during harvest,

The purpose of the storage units, cleaners an: dryers used by oil
mill operators is to minimize further damage and to reduce the effects of damage
occurring prior to receipt. The various types of machinery, equipment and stor-
age units and their operation is discussed.

It is possible to design and build equipment and storage units
which will theoretically handle almost any situation but the capital investment
would be so large that carrying cherges would prevent a profit in the market
place. Accordingly, the oilseed processor must combine ingenuity and resource-
fulness with hard work to provide a solution to the problems of each season in
an fadustry where no season is the repeat of a previous ona.

Receipt at Oi] Mills

Trucks account for the most numerous individual shipments of seeds
received at the typical oil mill. The receiving operation consists of taking
samples of the grain, deciding which individual storage unit shall receive each
load, conveying it to that unit, deciding whether the load is to be cleaned
on-stream before storage, deci-ding whether to dry the load of grain on-stream,
weighing the truck twice (gross and tare), and unloading the truck rapidly and
completely.

Cleaning

All seeds should be cleaned free of trash, hulls, sand, etc., by
selection of the type of cleaner and screen gsize to remove course and fine
material. The screens have to be sized to suit the seed being processed. Re-
moval of sand will reduce equipment maintenance and weed seed removal improves
oil quality. A marginal improvement achievement will be increased capacity and
preparation for the next stage. Decause of the linters, it is much more diffi-
cult and troublesome to clean cottonseed so that cleaning equipment is not used
nearly so much in cottonseed mills,




Drying

The dryin;, ¢ sveds foxr <torage prolongs the storage life of
the <eads. The "critical" rnoisture content of seelds is that at which seeds
ere in equilibrium with aiv of a 757 Relative Humidity at 759F. Cottonseed
stores well up to L1 Hy0, between 117 and 14% uncertain behaviour, and above
14% sceds wil! deteriocite.

Pryiop fo usually acuieved by the movement of large alr volumes
of abcut 100,000 c. f.an, o that seed temperatures do not nced to rise too high.
A temperaiure range should be 110YF to 14097 and be cooled before storage +10°F
above ambient air., Ait tempecature up to 190°F through the dryer is required.
Damaged seed must always be processed fivsc., It appears that the alr surround-
ing grain has a detfnite effect on the storage of sovbeans as it cools on
rising through the beans. Moisiure can condense on the beai.- causing the sur-
face moisture to raise te 19% und thus permit mould growth,

Storage

Raw muterial storapge represents onme of the largest capital in-
vestments in an cil mill, Storage should be designed to permit segregation of
grain by good and poor quality, control of moistv:e level and control of temp-
erature, Ample use of cooling fans, temperature recorders for seed in bins and
conveying tacilities for ''turning over' the seed should be made to prevent
deterioration due to local overheating amd high moisture.

Threc general types of storage are most used: multiple silos,
large steel tanks, nd scad hous=a,

The nultiple-silo tyve storage, commonly called an elevator, is
undoubtedly the most convenient and most satisfactory from the standpoint of
case of operation, since 1t uses gravity to empty the contents completely. It
is also most expensive in terms of cavital investment,

Large vertical cylindrical steel tanks with flat bottoms and
conical roofs are uscd for long term storage of ollseeds. They may be built
in many sizes to suit the {individual plants' requirements with a capital ia-
vestment substantially below the silo or «levator type.

The seed hcouec is most commonly used in the cottonseed industry
but is also used for soybeans, flax, and safflover. It offers low capital in-
vestment for large storage requitements.

Jomparative Costz of Storage - 1,000,000 bushels
(without foundations, conve ors or other equipment)
Elovater 35¢ per bushel
Sieel tanka 15¢ per bushel

Sced house 13¢ per bushel




Storage Temperature Obscrvation

The prime danger to oilseed: in sterage is heating with a con-
sequent loss in profits because of product degradation and wore difficult pro-
cessing in the will.

The simplest devices for tunperature sensing consist of closed-
end pipes which arve driven into a mass of seeds with a series of thermometers
arranged on 2 stiff cable and inserted ivnto the plpes. These are ailowed to
come to equilibrium temperature.

A better, but more custly system, consists of thermo couples
placed in pipes or cables and fnstallaed in the bin, tank, or house before
filling. Sensing poi:ts should be located at about 10 foot spacings. Temp-
eratures should be recorded at least at weekly intervals.

CHAPTER J1

Processing Control of Crude 0il Production from Oilseeds

The greatest quality advances in milling practice in the last 20
years involve improvements in receiving, drying storing and cleaning of oile
seeds. Probably the greatest change has been in the metter of drying.

In discussing process control. it ia necessary to treat the oil-
seeds separately uince specific process requiremecats to preserve quality for
one are sometimes unimportant and even produce the reverse effect on another
seed,

it {8 also necessary to treat the mechanical screw press operation

and the solvent extraction operation separately. Although there are many common
quality problems, there are many more differences.

Continuous Mechanical! Screw Press Process - Cottonsead

After passing over an aspirator type cleaner, the seed then goes
through linters. 1t is then hulled by cutting the suved in bar hullers, and the
meats are separated from the hulls in & series of sered separating machines.

The cottonseed meats containing 107% to 15% hulls are then passed
through crushing rolis., This is an inportant process in controlling quality of
the oil for most oilseeds. The crushing rolls serve to flatten the meats fato
flakes and also to rupture 2 good number of the oil cells, Even more important,
they put the meats into a form that perwits them to be uniformly treated with
heat and the moisture which is so necessary to preserve oil quality. Oil mills
using screw presses have made sensaticnal reductions in refining losses by




improviug the rolijug of tho medi: betoro cooking.  JU se aecessary o waintain
crushing rolls In goud conditim Lo got good yictds ol 0il. Whole meats O¥ geeds
that by-pass the iolls make it impossible to give the neede the uniform cooking
aad pressiag roguired for good yrelds or wood quality.

The meats should be passed immediarely to a cooker, which is either
a vertical stack unit or & horizontal cooker. In the stack cooker the top kettle
moisture of 13 - 147 avd 00 por 20 minutes is usatly beneticial for a fow
refining loss and light revined cotour, but many mills cannot maintain tonnage
or yields it they fumidity to that leve) The eolution for better oil quality
{s more cooker capacity. fEven higher molstures, up to 1y -~ 16%, will lower
yeiining loss, but there ix eome evidence that ylelds ot crude oil ave reduced
by excessively high meoisture, above any loss caused by higher di scharge moisture.
A discharge moisture of about 47 is required for Low 0il in cake, which may be
lower still for some oilseeds, such as resame seeds or copra.

When seeds arc prepressad to produce cake containiog 10 - 14%
oll, suitable for solvecnt axtraction, the molsfure is valsed to 7 - 9% The
whole cooking is usually icss sevare. The presses are speaeded up and the cones
are opened wide,

Fach kettle temperakuro can be controlled but most operators
think that the top kettlie temperature and the discharge temperature are most im-
pe- tant.

For cottonseed, a top kettle temperature of 190°F is considered
best for ensurlng a zood quaiity cil. lowet temperatures can be tolerated by
good quality geed. Yery high ocid seed may require a top kettle temperature of
200 - 210°F tn obtain the lowest vefiaing loss possible with damaged seed.

A dischwirge toemperature ot 240 - 260°F i usual tor cottongeed.
The best temperature must be fourd and maintained withit plus or minue 5 F.
Other oilseads require a cipilar tischap,e temperatureé.

The cooked meats pass through the screw press which produces ex-
tractec cake containinz & residual oil content of about 4%, The cake is ground
and ccoled then stored in bing unti il a protain analysis can be obtained after
which the ground meal 1¢ blended with the proper amount of hulls to adjust the
protein to 417.

The crude oil is passed through a settling tank, in which the large
meal particles or {hobts ave allewed to settle and collect by drag conveyors
pasced over wedse Jire. The sctticd oil is then filtered usually through plate
and frame proasses, although more sophisticated enclosed leaf filtecs are becon.. "%
more common., The filter press cieanings, together with the foots from the
settliing tanks are re-cyveled unifoonly back intc the meats stream to the presses.
The finished oil should be ~ooled irmedisiely because darkening will take place
{f the oil is allowed to remain hot Cor ~ny extended period of time, particularly
if Lt is Lo contacl with meats or fuots,




One of the most important consideraticens from a quality staondpoint
is to have a continuous and rapid flow of material from ane piece of equipment
to another. No collection vf overflow materia! can be allowed to accumulate,
After the flakers pass through the crushing rolls, deterioration takes place
rapidly, particularly if the material ir high in moisture or of poor quality.
After the meats are rolled, they present a relatively large surface which permits
oxidation or hydrolysis or a combination of processes to take place, resulting in
darkening of the oil and an increase in free fatty acids which in turn cause
high refining loss.

Uniformity is the key to successful operation, particularly a
uniform feed or tonnage control.

Solvent Extraction - Soybeans

In discussing the solvent-extraction process for oilseeds, refer-
ence will be made chiefly to soybeans as they lend themselves ideally to this
method of processing. The other oilseeds high in oil, such as flax, peanuts,
sunflowerseed, sesamesecd, rapeseed, copra, elc., are all prepressed befores ex-
traction. Cotonseed can be direct extracted as are soybeans,

Cracking

The clean beans are cracked by multiple passes through corzrugated
cutting rolls, which reduce the beanz to quarters and eighths with s sinteus
of fines. Good cracking will produce 6% on 6 mesh, 65 - 70% on 10 mesh, 5 - 12%
on 20 mesh and 0 - 3% through 20 mesh. ’

Bulling

There has been a great damand in recent years for high-protein, low
fibre soybean meal, which is particulariy valuable in feeds for chickens. Mamy
soybean plants in North /merica have therefore installed equipment following the
cracking rolls, in order to separate the hulls from the bean meats and produce
meal of less than 3% crude fibre content. Hull analyze about 33% crude fibre.
Since hull-free soybeans themselves will contain nearly 2.5% fibre, few traceos
of hulls can be tolerated in low-fibre meal. This has been called High Protein
and frequently 50% Protein Meal because this was the original way in which it was
warketed. Since the protein level depends on the enviromment during the growing
reason and since in recent years commercial low-fibre will not reach 50% proteis,
trading rules now permit the trading of so-called 50% protein meal with payment

made on a sliding scale, based on actual protein. The limit for fibre, however,
is fixed at 3.0%. :

There are a number of systems for removing hul.s - therefore, oaly
a general outline will be given.

The cracked beans and hulls are screened and any uncracked beans
together with large hulls are re-cycled to the cracking rolls., At the same time,
fine meats and hulls are screened out because fine meats and hulls cannot be
separated without losing tno much oil-containing material. The remsinder of the




cracked Lesa stoca £, Lhen deav L aeegrated te Fate oary substantially all the
el b ono ether with o sredl vumhor ol mediwe sized meat . This mixture of meats
and hulls containiag Apcut S07 maate by weight is then passed through a secon-
dary system which wil) civher be o specilic gravity table or a reel or hull
neatern. then b - 77 o1t veight of the original beans can be removed as hulls,
ind the cil content of the bulls ap be werd betweeun | and 2%

o

I order to locsen the huiis from the meats, most plants dry the
soybeans botore they arc stered.  An attempt is made to temper the beans in
Storate for at least % days buisre provesting, In some plants the cracked beans
and hulle wre subiected to ativilion in order to break loose any hull particles
trom the cracked heans.,  The huljs are usvatly put through vertical-type coolers
Yo toant thew and reduce ureast activity wo that hulls can be used in selected
types of rmixed feed,

Cond: tiuning

The cracked beans with the iulls, or hull-free if the hulls have
been srparated, are sent to the conditioner, which is a stack-type cooler with
autowatic external levej control cates  whicl maintain the cracked bean level
in cach tettle at ail times, ru premote uoiicrm conditioning., A bean condit-
ioner for a 300 ton per doy soybean copacity will be about 8 ft. in diameter
and have 6 vertical kettles with stean jackered bortoms. In many larger capacity
plants a Totary steam-tube deyer {o used tustead of the vertical stack con~
ditioner. Thi. ‘s a horivontal revolving drum about 8 ft, in diameter and from
30 - 60 {t, ‘ong containing bundles of steam tubes which provide a larger heating
surface. The cracked beans are picked up with piows and dropped over the tubes
as the drur revojives,

Fer small capacity placts, sream jacketed paddle~type conveyors
are sometimes usced as . conditioner, A1l of thesa types are used te heat the
bean: in a 15 - 30 migute evele Lo akout 1059 at o moisture of 10 « 117,
Cottonsecd meats are conditiones ro about 150°F to presarve oil quality.

Flaking

After covaitioning, the cracaed besns are flaked, Flaking rolls
are rugged rmachines wilh a parr of smooth rolls with adjustments to produce flake
thickness from about ,008 to -2 fnches in most operations. The flakes will be

Introduced into the exiractor at a tempevature of around 140°F and a moisture of
around 107,

LGorespaet to qualiiy consider; { n3, 1t is even more important
in roe solvent-extract ion procosy than {or Pressing to have no overflow piles of
meats or tlakes.  Mip moisture flakes w1l deterlorate rapidiy and produce a
POl quality Gil. Both cottonsees and FOVDouns nre vuinerable to ofl damage Lf
tiokes are allowed 1o acoomul it e iooovertiow piles.  Innumerable cases of
"uvexpiained” prodie i on GL poor ol Is vl reenlt of a breakdown somewhere in
the plant, ducing which i oL, mos v ndtieed [akes were stacxked on the floor,
dfter these pile. oV waterial o cleaned up, o troub’ e stooter is hard pressed
to tind the cavse of Yad o' i Ceverar shiagonts,




Extraction

The flakes are conveyed in enclosed, mass-flow type conveyors to che
extractor and fed through a plug seal conveyor to the percolation-type Basket ex-
tractor. This is the most popular type in operation in North America. Few of the
immersion type units are being operated but these only in small capacities and in
locations remote from the large scale operators.

Solvent extracticn in most plants takes place at about 120 - 130°F.
Soybeans are usually extracted in 25 - 45 minutes. Cottonseed flakes require
40 - 60 minutes. One important quality consideration for cottonseed involves the
deterioration of miscella with time. Cotonseed oil must be reclaimed from
miscella quickly hy evaporation or refining to prevent serious oil damage. This
problem is not found with soybeans or with any other oilseeds.

The flakes are reduced to an oil content of about 12 or less in
most commercial operations and thc extracted flakes containing around 35% solvent

are conveyed through a vapour-tight mass flow conveyor to the flake desolventiging
and toasting equipment.

t -t X

The single vertical desolventizer-toaster unit can handle up to
1500 tons per day. The unit is made up of vertical stack kettles of 6 - 8 ft.
in diemeter and have steam- jacketed trays and sometimes steam- jacketod side
walls. Por large capacities, the top kettle 1s expanded into a large dome 8 - 12
ft. in diemeter and 6 - 10 ft. high. Creat quantities of sparge steam are in-
troduced into this top kettle for soybeans which provides a large cross-sectional
area for the hexane vapours to be zathered and led through pipes to the conden-
sing equipment. In the combination desolventizer-toaster urease activity is re-
duced to a value of under .1 by the starlard analytical tests set up by the
American 011 Chemists Society.

The vapours from the desolventizer are scrubbed with liquid solvent
or hot water in a2 vapour scrubber. The meal discharged from desolventizers may
vary in moisture from 10 - 20% but must be dried and cooled to around 10X if 1t
is to be stored or to 12%% if it is to be sacked or shipped directly in bulk.

An important quality :onsideration for soybeans only is the high
humidification of extracted meal to produce optimum nutrition. High nutrition
is obtained for soybean meal at the expense of the liberal use of steam. Thare
are meny steam-saving devices in the extraction area but care must be takem or
soymsal quality will suffer.

For cottonseed an entirely different treatment is ceiled for to
preserve the best meal quality. Almost no sparge steam ahould be used - oaly the
dry heat from the desolventizer-toaster jackets. Use of sparge steam for cotton-
seed darkens meal aud lowers protein solubility.

After desolventizing, extracted meal must be cooled in order to

stop the toasting process. The cooled meal is screened and loaded out in sacks
or bulk.




Solvent Recovery

Low temperature miscella evaporation has been a natural result of
efforts at steem saving. Dual evaporation does achieve steam economy. Vapours
from the desvlventizer which contain some steam as well as hexane are fed into
the shell of a heat exchanger or first stage evaporator. The full miscella from
the extractor contaioing "0 - 307 oil is pumped through the tubes of this unit
and a vacuum is applied to the first-stage condenser.

The hexane vapoure from the desolventizer on the outside of the
heat exchanger tube condense under atmospheric pressure and yield thelir heat to
evaporate the greater amount of sclvent iu the full miscella under about a 1/3
atmospheric pressure which is generally designated as about 16 inches of mercury
vacuuw. The miscella will usually discharge from this first-stage evaporator
at about 65% oil, but chis can be increused considerably if cold water is avail-
able. 1In most plants, large-capacity cooling towers provide the cooling water
which can be supplied only at temperatures cf 30 - 85°F during most of the year.

11e second-stage evaporator umit is operaied either at atmosphere
or under vacuum and steam iz u.ed in the steam chest outside the tubes. The
miscella concentration is increaced to about 90% at which stage it is pumped
or flashed into the final uil stripper, which is usually operated under about
20 - 22 inches of mer ury vacium, Most of the final oil stripper units are diac
and donut type design which have the advantage of being very clean. The disc
and donut design has largely replaced the clder, packed columns which were al-
most universally used many years ago,

It i3 possible te recover oil with such & system without exceeding
200°F. This is a most important constderation tor cottonseed oil., Im soybean
operation it can be benefic.al to 'ecithin colour. The cooling of cottonseed
to about 100°F as quickly as possible is es.ential. It does not appear to be
necessary to cool soybean oili at all.

Process Control of Solvaent Extraction

The solvent extraction area vquipment is usually under the control
of one operator. This is true even for tennages as high as 1500 tons per day.
Sometimes he las a helper., The preparation and meal-grinding equipment also has
one operator in attendance; a helper {s required for the larger plants, parti-
cularly if hull remova: equipment is being operated to produce high-protein meal.

Instrumentation coneists of tremperature recorders, a few temperature
and level controllers and n great number of temperature, pressure, level and flow
indicators. ‘lhere are some amueters that show mctor loads, and a comprehensive
electrical inter-lock system. Yet the plauts operate uniformly and economically
with almost no operator attenrion., Careful engineering makes this possible. The
secret is to set and maintain a constant flow of material. All equipment and
conveyors must be of extra-hcavy censtruction with adequate power and capacity.




True autouation would be difficult and expensive (and possibly
impossible) to achieve. Even more sophisticated instruments than the gimple
ones in use are difficult to justify. The one operator is there and has very

little to do when the plant is runaiug. His judgment is naeded many times, how-
ever, to make the proper adjustment.

The great problems for more automatic controls are involved in the
long and variable time lags between cause and effect in *hese plants. An ad-
Justment in solvent rate mey take three hours to bring to complete equilibrium
in the evaporation system and the effect may be disrupted by a small change in
wmaterial rate by flake moisture or by some other variable. Yet the plants
achieve their own equilibria if an operator does not try to adjust for the small

variations. Instruments with the kind of judgment which is needed have not
yst been invented.

Yet increased instrumentation is desirable, even automation where-
ever it can be useful. Progress is gradually made by attacking one small area

At a time. It appears, however, that a single operator will be required for tha
forasesabls future.

CHAPTER T1I

Refining of Of1s

Refining refers in this case specifically to the treatment of the
crude olls with alkeline solutions. These are most commonly water solutions of
sodium Hydroxide and Sodium Carbrnate.

The treatment involves both chemical and physical reactions. The
acidity of the oil, expressed as free fatty acids (F.7.A.) is reduced to a low
level. Phosphatides and colloida) substances are precipitated. Pigments react
with the alkalf and are rendered insoluble in the oil. Soap, formed from the
F.F.A., is admixed with these other precipitates and varying amounts of neutral

oil will be entrained. Together these form the "soap stock” which is removed
from the bulk of the neutral oil.

The neutral oil lost fn the scap stock will vary in quantity with
the type of oil and the method of refining which is employed. A low neutral oil
loss is indicative of correct refining procedure.

Two refining systems are in use: batch and continuous - centrifugal.
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The greater poirtion of crude oils are now refined by tiie con-
tinuous - centrifugal svstem, since for most olls, neutral oll losses are lower
than by the batch process.

With oils where neutral oil losses are equivalent with either pro-
cess, the batch offers advantage in lower mechanical nperating costs.

Too, th: batch process is more adaptable to processing smaller lots
of crude oils, e.g. a single car cf special oil. Too much deiay would be
vccasioned in such cases tn change over with this continuous sy stem,

lefining by Batch Process

Twe general methods are used in the batch process. They are
termed "straight refine" and "water refine". The termin: ‘ogy is not too descrip-
tive but is generally so used in the {ndustry.

In the first case a solution of sodium hydroxide, commonly termed
"caustic" is used alone in the primary trestment. With the second, water {s
first dispersed in the oil, followed by caustic. Too, with a water refine a
higher temperature i{s used.

S8odium carbonate '"soda ash" is not used in batch refining. The
carbon dioxide which would be released with this alkali would float the soap

stock in the oil and make separation very difficult., 1In addition, soda ash has
little effect on the pigments in crude oils.

The crude oil, pumped from storage or tank car to the refining
kettle, iz allowed to stand several hours to rermit release of occluded air.

When the 0il 1s to be treated by the straight refine method, bring
the oil to a temperature of 70 - 80°F. With the water refine method the temper-

ature may bhe raised to a higher point, 140 - 1506°F. A higher temperature permits
a faster release of afr.

Whenever heat is applied agitation should be on to prevent local-
ized over-heating but no agitation is used during the air release period.

Straight Refine

After settling sgitation is again started and the caustic added to
the oil.

The amount and the strength of caustic will vary with the kind and
quality of the crude vil., For the majority of crudes 14° Be' caustic is satis-

{actory. Occasionally 16” Be' wiii be required as with some grades of cottonseed
oil.

Whenever a change is made in crude oil supply, labcratory refines
are advizable to indicate a causrtic preference,

The F.F.A. is run prior tu any treatment and secrves as the initial
guide for the amount or caustic to be used.
Iy




The following table i

used o tatculate the caustic percentages.

Caustic Be'

14° 16° 20°
Equivalent of 1.527, 1.31% 1.00%
1.0% P,F.A,
Excess of 0,102 1.077, 0.922 0.71%

actual NaOH

The primary value of the caustic is neutralizing the F.F.A,
Accordingly, the first calculation is determined from this. For exarple: ths
oil to be refined is a crude cottonseed oil with a F. F.A, of 1.3%. Using 14
Be' caustic the neutralization equivalent 1s 1.3 x 1.52 = 1,98%. This will re-

duce the F.F.A, to a theoretical zero. (Actually retined oils always show some
F.F.A., usually not lower than 0.03%).

Straight Refine

Practical experience has shown the necessity of using an excess of
caustic i.e, above the neutralizing value. The excess is required to reduce the
colour of the oil and it also conditions the body of the soap, which 1is formed

from the P.7.A,, making 1t less viscous and therefore more readily removed at the
final stage.

The excess caustic to be ..dded is govurned by the crude oil quality.

Arbitrary figures, expressed as percentage of actual NaOH are em-
ployed. These are then calculsted from the caustic solution of different concen-
trations, (See above table)

As a general rule, 0,27 excess NeOH is sultable.

1f, however, with the propnsed cottonseed 0il the crude is very dazk
and contains considerable impuritics, an excess cf 0.3% would be advisable. This
then forms a further quantity of caustic = 1,07 x 3 » 3,21% This latter figure
added to the above neutralization equivalent of 1,981 gives a total caustic treat-

ment of 5.19%. With a 60,000 1b. batch the caustic requirement would be 3114 1bs.
of 14° Be'.

Usually a very dark oil is associated with a high F,F.A. in the
crude state. Caustic employed in such a case may prove of value at higher concea-
trations, 18° or 20°. Laboratory tests in such cases are required. Attention
must be given to the condition of the soap stock in using higher Be' caustics to
assure that they melt sufficlent for run-off.




Any crude cottonseed oil is very <usceptible to colour damage by
overheating. An overheated ¢/s oil will be ome set in col wr to the point where
no amount of caustic or bleaching will predurce a light oil. Too much attention
cannot be given to car unloading and storoge temperatures. Cottonseed oil rescts
most readily to heat damage but tne same control is required for all crude oils
for optimum culour resu.ts.

There i5 no hard and fast rule that may be given for the excess
caustic to be employed in straight refining. The condition of the crude, the
type of soapstock formed, and colour requircments all i-fluence the treatment.
But there is little value in using above (.37 exceas cn any oil, Further iu-
creases result in excessive losses. If the refined oil colour is too high, a sub-
sequent caustic wash (see below) is more advisable than trying to effect full
colour removal at one time.

Agitation i3 continucus from the start of caustic addition until
the oll is fully refined.

With the temperatura still at 70 - SOOF draw samples of the mix, in
a glass jar, every few minutes and examine its condition.

At first the oil wil. be murky with the soapstock in a colloidal
state. After continued stirring the soapstock will draw together as small flakes
suspended in the :learer oil. When these flakes reach the size of a pin head the
temperature is raised rapidly by admitting st:ear to the heating coils.

The stock from some oils i{s slow in reaching this -primary coal-
escent stsge. 1if, after 15 to 20 minutes stirring, following the ceustic ad=
dition, no visible "break" develops raise the temperature through 10 to 20
degress slowly. The higher temperature will usually {nitiate a break.

Contact of the oll with the siock in a colloidal state does have a
beneficial effect on colour but once the stock breaks to a definitely visible size
further stirring at the low temperature offers no v.ilue.

As the temperatu.. rises the stock particles increase in size and
density. Bottle samples, taken at frequent intervals, are checked to note the
spead and completeness with which the stock settles from the oil. The particles
of stock may be examined on a clean spatula,

With 8 good refine the stock should settle rapidly and completely.
It should be semi-fluid and strecak on the spatula blade when touched.

When this stage is reached steam is cut from the heating coils.
After several minutes to allow the coil and oil temperatures to equalize,agitation
is stopped and the batch alloved to settle.

Experience has shown the final temperature to range from 130 - 150°F.

When the optimum break {s developed never continue agitation, Mur-
ther agitation may result in breaking the stock into smaller size and result in
a poor settle,
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Too, it 19 better to err on the high side than the low for cut-off
temperature. A sgoapstock, not sufficiently melted, entrains neutral oil.

After settling one hour, give the batch a "still wash" by spraying
hot water through the nozzle above the oil. Use only several hundred 1bs. of water.
is washes down any floating stcck.

Continue the settling for at least two more hours., The longer the
gsettling period, the better the separation but consideration must be given to tha
danger of the stock cooling end setting in the cone. Without full removal of the
sospstock emilsions masy be expected in subsequent washings.

If the cones are steam jacketed a touch of heat can "alip" aqy
cooled stock adhering to the side.

The soapstock, after settling time, is removed through the large
bottom valve of the kettle with a smaller valve in line to control the flow.

When the soapstock is almost fully ramoved oil stresks will show,
The flow is then throttled down to permit the more viscous sospstock to fully
settle out.

It iy sometimes advisable with very viscoua sospstock to close the
valve, give the agitation a part turn on the paidles to dislodge amy stock on
the side and allow to settle a few minutes before removing the last portion,

With the soapstock all removed and if the oil meets colowr re-
quirements three water washes are given the oil {in the following mamner -

(1) A "still wash" using hot water through the top sprays, amounting
to about 5% of the oil., No agitation is used. After seversl
hours run off the wash water,

(2) Add ca 10% of hot water, using agitation and raising the temp-
eratures to 165°F. Stir for 10 minutes and then allow to settle
two or three hours. Remove wash water.

(3) Repeat the (2) wvash adding 0.01% phosphoric acid. Remove wash
water in two to three hours.

When wuhigg is complete "dry” the oil by agitating ami reteing
temperature to about 240°F. This will remove any residual water.

Caustic Wash

Sowme refined oils may be too dark in colour for specific uaes, end
will not lighten enough in the bleaching process.

A further treatment, after soapstock removal, with a weak caustic
will "soften” an oil permitting improved bleach colours.
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Althougii the preacest o'fect of tie additionai "caustic wash" s
observed on refined oiis, stored over severs. months, considerable improvement may
be noted from a caustic wash directly following the nrimary refine. The obser-
vation, common to the oil industry, that better colours are obtained by storing a
dark refined oil and later caustic wasbing thaon by caustic washing immediately
following the primary refine, would indicate « mild oxidation occuring during
storage. Laboraiory test: and several plant runs ewploying hydrogen peroxide
would indicate oxidat:on at least plays a part,

Refined oil, prior to caustic washing, was agitated with 0,05% of
30 vol. peroxida for 3 rinutes and a teaperature of 140°F. The oil was then
caustic washed and compared with another portion 3o treated but without peroxide.
A definite lower cotour results down threugh the bleaching stage with the peroxida
oil., This ie but a wuggestion for :rial runs and {s not part of the normal re-
fining procedure.

To the refined oil. free of scvapstock and after the »till waahb is
added 10% of hot water, sgitation being un, avd the temperature raised to 165°F,
Caustic equivalent to 0,57 - 2,00 of 20° Be'. is added and the whole agitated for
10 minutes and aiter scttling seversl hours the wash layer is removed and the oil
vashed as previocusly outlined in the primary refine.

The amount of caustic required in tha caustic wash is dependent on
tha degree of colour remov il required and may be determined by some laboratory rums.

Water Refining

This method is used on crude oils of relatively low F,F.A, and where
colour 1s not a protlem. In principle it is similar to the caustic vash except
more caustic is required.

The caustic percentoge is calculated as outlined in the straight
refine; 0,17 to 0,27 excess, with 0,27 being most usually added.

The vil, after settling tor dcaerat{on, is brought to 165°P. with agi-
tation and addition of 107 water. lhe calculated weight of caustic is added.
Agitatien is continved for {lve minutes and then stopped.

The soapstock [crmed in the water refine does not breaz into large
stze. 1t vemairs as mimite dronlets, distinctly visible, however, on a spatula
blade. Because of the relativelv high propertion of water the soapstock is quise
fluid,

A sample bottle of the mix is drawn just prior to the stop of agie
tation and held in a warm pilece for examimation of seltling. Separation should be
distinct but the otl 'ayer wiil be cloudy. This is due to traces of socap and
moisture,

Seipe 0i'h, o watar refining, vill shew a thin layer of light colour,
between scapitock and ol'.  This is a water and oil enulsinn usually characteristic
of crudes with a hich lecithia coutent. An incompletely degummed soyabean oil is
particularly trouvbicsane in chi- maneer,
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The enulsion layer must be removed with the soapstock and re-
presents an extra oil loss,

Settling time may be judged by the manner in which the sample be-
haves. It is preferable to illcw at least 3 - 4 hours. A longer time is not
attended by any danger of the stock setting up as can occur with a straight refine.
However, even a liquid stock will gal 1f allowed to cool to a low temperature. Ex-
perience has shown lower losses may be expected by settling coconut and palm kernel
oils over night. Liquid stocks of these oile require quite a low temperature to gel.

As with the straight refine a 1ight spray wash is given the refined
oil after an hour of settling.

When the scapstock has been removed the refined oil is washed three
times, again as described for the straight refine,

The preferentisl use of straight or water refining for a particular
oil has been based on practical experience. Some oils may be refined either way
and satisfactory separations made. Overall cil losses are usually superior with
one or the other,

Coconut and palm kernel oils demonstrate this very definitely.
These oils, 1if straight refined, separare a soapstock heavily entrained with neu-
tral oil. Losses arec many times the F,EA. of the ccude ofl.

Water refines on the:e same oils give a liquid soapstock, with very
littiz neutral oil entrainwent and subsequent losses close to the original F.F.A.

With a good quality crude coconut oil overall losses may show lower
than the F,F.A, of the crude. Thi: pacadox {5 explainad by the F,k.A, of coconut
oil being largely lauric and the F.F.A, being usually expressed as oleic, an acid
of higher molecular weight.

Cottonseed oil exhibits opposite conditions to the two above oils.
A straight refine will prove superior in the loss figure and particularly in the
lighter colour of the refined oil.

In the following listed oils, the first two, coconut and palm kernsl,
are invariably water refined. It has been customary to water refine the remaining
oils if the P.F.A, does not excrned 2.0%. Recent experience has changed procedurss
on several oils, detafils of which follow the 1ist.

Coconut 011l

Palm kernel Oli
Sunflower seed 0il
Rapeseed 0Oil

Corn 01l

Marine Otls

Lards

Tallows

Soyabean 011




Probiems have occured with 1 .peseed o1l and soyabean oils due to
rain damage to the seed and immaturity due to cold seasons. Soyabean oils arz
usually degummed at the extraction plant with lecithin residues down to 0.1%.

011 extracted from wet or frozen seed has proven difficult to degum with resulting
so-called degummed oils showing Jecithin contents of 0.3% to 2.5%. In addition
some soyabean oils have monoglyceride contents as high as 3%.

Some rapeseed oils are also showing lecithin at 1,5% and mono’s
above 1%,

These abnormal oils do not refine well with a water refine. Lleci-
thins and mono's are not removed fully by the primary refine and cause emulsions
at water washing. Phosphoric acid has been used to advantage for some time on
all rapcseed and soyabcan oils.

Pre-treatment of these oils by agitating the crudes with 0.1% acid
prior to dry refining them has proven satisfactory in removing the mono's and
lecithins to low levels with subsequent ready water washing.

A fast test to determipe if such crude oils are high in emulsion
causing agents may be done by shaking equal quentities of oil and water in a
stoppered flask and ohserving the fnterface after settling 30 minutes. A little
experience with various oils permits a rough estimate to be made.

Occasionally otls of a very high F,F.A. will be encountered. With
such oils it 1s better to double refine, i.e. use sufficient caustic to remove
only about one-half the F.F A.,, then re-refine with a second charge of caustic.

Laboratory retines are always advisable on high acid « -ude oils prior
tc nlent processing,

In many cases with P.F.A, higher than 2%, with the other oils listed,
a water refine is atill preferablc. Again, if a high contamination accompanies the
high acid a straight refine may be of advantage., Pre-tests in the laboratory are
the aiwswer.

Crude Cottonsced o1l is always straight refined.

Batch refining of crude pa!m oil is carried out on the straight
refine although it is sometimes of advantage to add a small amount of water when
the break develops. Crude paim vils are higher in F,F.A. than the usual run of

other crude oils and refiniug losses are high., Wherever possible, palm oil should
be run through the continuous systen,

Crude Cora oil should alwsyr be laboratory refined prior to plant
refining. On low acid and relatively c¢l:an oil the water refine is usually the

better. Quite often crude corn cil!s ave high In lecithin and "Waxy" materials and
give better results by stratght refiniug,
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The furegolug covers the geunvral procedurc of baceh refining. A
plent may ditfer 1n detai! as a _eselt of variation in equipment design and the
individual operatocr's opinion of correct procedure.

Art still plays a major role in batch refining.

Continuous Refining of Edible Oils

In contrast to the batch refining process, where separation of the
reflned oll and soapstock is accomplished by gravity separation with long periods
of settling time, the continucus system employs high speed centrifuges to bring
about the separation rapidly and comtinuously.

With these machines separation times are reduced by increas'ng the
“Gs". Usually toc, less neuiral oil is entrained with reduction in losses.

Unlike batch refining where various methods are required for different
oils, the centrifugal system {: more or less "set".

The mechanical equipwent, put in motion, follows a pattern which
does not, and cannot, be varied.

Variables that can be controlled are only temperature, voluwe of ofl
flow a1d alkali amounts.

The plant consists of sets of centrifuges, in duplicates, giving & |
capacity of 10,000 1bs, per hour. ’

The primaries separata the soap stock; the seconduries parmit o
second treat with alkali for further colour reduction, and the water wash centri.
fuges clarify the oil of residual soap.

Prior to the centrifuges, mechanical mixers distribute the alkalis
in the oil. Following the water washers the oil is freed of moisture in a vacuum
drier.

With the exception of low lecithin soyabean oils, the crudes cre rua
through the three stages. Requiring a small alkali treat, the soya may be satis-

factorily run through the sacondaries and water washers only, by-passing the prim-
arfes.

Too, with the exception of cottonseed oil, oils given the full system
are not always treated with caustic i{n the secondarfes. Cotton requires a second
treat for colour reduction but the colours of most other ofls do not respond to this.
In the latter cases the bottom flush only is used, acting as ¢ primary washer. It

has proven of advantage to use caustic on the second stage with some dark, high gum,
rapeseed oils,

As in the batch system no hard and fast vules can he set for the
treatment in the continuous systems. Too, we havc no laboratory equipment to
duplicate plant conditions and experimenting is required to be done ca full scale
production. Fortunately, the centrifugal action is so high that even poorly sep-

arating stocks are removed to a suificient degree to permit adjustments in the
treat for optimum condltions in the coutinued runm.




Eooratte b et or . Rt sy roem ta he mraee wich canatic bl lowed b
sode ash soduties s cenalioon and woerghl the stock, The mix then enters the
centriftage «v<tém,

Ui

With wiy. of Hipk!t colour the cansiie treat is held slightly above
tie FoE,A. ventraly cation conivadtant,  With dark oils, which respond In colour re-
duction to excess caustic, thie may e used ot 10D to 2007 above nev..alization.
Crude oils high 1o gue and “botiors' of siarage tanks require additional caustic.

The wod. ash vonditions the soupstock and the wmount ennloyed is
baod en the appearince of the <tock.  Thiec should be only Liquid enough to flow
rteadily and show vro free oil when a saall arount is rubbed dry in the palm of the
hand,

§
i
)
H

£ canatic 13 employed con the secondaries the amount is determined
be the colour reduction, 27 of 20° is wsuatly adeguate,

Water wash temperature is held at ]SOOF. Rapeseed oil, always, and 7
soyabean oil, whenever bigh ia lecithin, are treated in the fecd tasks with 0.1%
phosphoric aecid 785% Foou Grade) {or 30 minutes with coatinual agitation prior to
refining. This haz been found to produce relined oil bearing only traces of resi-
dual lecithin.

; Wich tow lecithin :cynbean oils, 0,10 - 4,15%, we have found 1.% of
? . . f 1
207 ceustic adequate, cmpicying ouly he secoudars and water wash ceulri fuges.

Samples, everv two hours of rotinea oil, are analysed for colour,
F.i' A, , and residual soap. The luiter —ust show a maximum ot 30 p.p.m.

Each biteh of crode ot 1¢ checked for F.F.A. IF there is a change
in shipment j*' i aavisable to exanine he crude vi's for excess yuws and lecithin,

?leaching

Bleacling or mi caroied oul for several reasons, .
4
(L) To obtain the Jiphtest color possible.
(2Y  To remove traices of scaps preseat foom the alkali refining
proces . whicl von afiect bhydvoperarion by waling 1t erratic, %
voa-seloctive an dijficnin o eoovteol, :

(3) To remvie tracen of vicie’ from avdrogenated oils.  Nickel
witl c<ataly se undeslranle reacilons in the deodorization
step wineh eveate code sirasie flavedr ang coior Lo the
fint sned prodoct,

Blec bine o poeraliy carcted ot 10 ope-ion kel ties equipped with
stear coits ond ool anitaor o, e it e heated o 200 - 2409 gud i/a - 1/27%

acitvated boeuchine cla, b Lidas Al e, deperding ca the of!, This s then
Cecirentaced dhroashoa P ter weere sarples 2re taver every few minutes jor color
aendfe o Re et When e s iz o] specttroat Lon e oner , the oil is imenediately

j‘
i
%
1
i
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diver.ed to storage or further proceusiag.

It 1s advantageous at thi; temperature tu fluush the bleachiog as
quickly as possible, as the oil will oxidize on recirculation and eventuaslly dar-
ken rather than become lighter in color. Once this happens, there is no point in
adding more clay an heating further. A better course of action is to blend with
a lighter batch of the same oil.

Hydrogenat{ion

Usually, this process 1s carried out dead-end style in a batch con-
verter,

Nickel catalyst is used, of the common cormercial type, consisting
of 25% nickcl on & carrier such as Kieselguhr.

Converters are pressure vessels equipped with turbine-type agitation,
gas inlet, vacuum, heating and cooling coils and auxiliarv slurry tanks for adding
catalysts.,

The oil is introduced and heated by steam as high as possible. Heat
of reaction ir relied on to raise the tewmperature higher, 1f this is necessary.

Some oil 1a pumped to the slurry tank and, after having the catalyst
added and dissolved, is pumped back to the converter. A second, more usual, method
is simply to place the converter under vacuur and suck the dry catalyst into the
batch through a pipe on the side of the vessel.

Usuzlly, the operator will have a small refractometer nearby for
control purposes. Occasionally, he will check a refractive index and when he sees
that the batch is nearly finished, will tak: samples more frequently and take them
to the laboratory for a more accurate -heck, This may be {odine value, solid fat
index, Wiley Melting Point, or, simply a more accurate refractometer.

Most common hydrogenation fractions are controlled on the bgsis ot
current experience. The ultimate control i: usually solid fat index, at several
temperatures, but this test is somewhat lengthy for control purposes. Howeve:,
this can quite accurately be correlated to faster tests such as refractive index
or {odine value, provided the raw material and catalyst-temperature-pressure con-
ditions are the same. Therefore, the first batch from 2 particvlar run of oil
will be checked out and controlled very carefully by the longer, more accurate
methods. Succeeding batches can usually be controlled sufficiently accurately
by refractive index or iodine value.

Once the hydrogenation has reached its end-point, bleaching clay is

added to the converter then the oil is cooled to 180°F and filtered, then sent to
storage.

For good, conglstent hydrogenation results on a run of oil, a light
bleach should be carried out beforehand. If this it not possible, addition of
50 1bs. of bleaching clay to a 20,000 1bs. batch of oil in the converter before
hydrogenatinn will have the same effect.




Selectivity caw be varied by changiug the amount of catalyst and
VATy iig temperature gnd pressure conditions, “Temperature and hydrogen pressure
can be varied feom 256°F and S0 psig f+ o verv non-selective reaction to 450 F
and 5 psig for a veory selective reaction.

Winterization

This i perfurmed on salad 0ils in order to preserve c¢old temp-
erature ciarity and emuision stability in the case of those oils used for salad
dressings,

Basically, the process consists of chilling oils in brine-cooled
tanks to 4U°F over ¢ sufficient time to seed out solids or "stearine' as it is
usvallv called, theu removing these solids by filtering.

Uperation of this process {s an art rather than a science and it takes
8 skilled man with a practised eye 10 most cases to determine the best time to fil-

ter; that 14, that time when cold test specification can be met yet not enough
stearine is seeded out to ceuse excessive lovses.

O011s such az cottenseed ard touch-hydrogenated soybean oil, which
form a truwe stearine, must be cocled, stage-wise, over a period of two days {n
order to properly seed out stearine. In the case of sunilower and corn oils where

dne is removing waxes only, a quick chill over the period of a fow hours is
usually eunough,

Daodorization

This is usually carried out either of two ways: batch or semi-

continuous, 1In the case of some vperation: where unly one oil is handled and feed
does not change, continunrus equiprent can be used.

Feedstock is usually at least reiined and bleached oil. If hydro-
genated oil is being fed to the Process, care must be taken that no nickel is
present; otherwlise, oll will darken in the deodorizer.

The o1l i+ hented by the use of "Dowtherm" heating medium to deodor-
izing temperature, usually 475 - 525°F, Lauric aclid oils are usually deodorited

at 425°F or else there is a danger that the lighter glycerides will be stripped off
with the fatty acids,

The »i! is held under & vacuum of about 3 e Hg. absolute pressure
throughout this process,

When cooled, the oil L5 pumped through # polishing filter then to
storage rcady for shipping,

L
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CHAPTER iv

QUALITY CONTROL: I7S FUNCTION AND IMPACT ON THE PRODUCTION PROCESS

Introduction

Many years ago, before the advent of our modern industrialized en-
viromment, the Western Man' food fat requirements were very simple. The North
American pioneer housewi fe satisfied her requirements by rendering animal fats in
4 pot ou the kitchen stove. A rroduct hardly much more sophisticated served the
commercial needs of the day quite adequately.

However, modern industrial concerns, which are’ the ma jor users of
finished fat and oi1 products, no longer accept such crude ingredients for their pro-
ducts. 1In general, these companies issue long lists of chemical and physical speci-
fications for waterials which they use and have the necessary laboratory facilities

and techniques available for checking out each 1ot to ensure that it meets their
rigid standards.

The modern housewi fe has also upgraded her standards. When she buys
a shortening product for use in her kitchen, it must be a pleasing color, odorless,
and of the proper consistency for her use, Margarine, in order to be sold, must
resemble butter as closely as possibdle, Cooking 0ils must be a pleasing golden
yellow color and odorless. Any variation in physical and organoleptic propurties
from one week to the next will lead her to believe that there is something wrong
with the product and she may purchase another brand.

It can be seen, therefore, that producers of fat and oil products must
have proper laboratory techniques, facilt {es and personnel available at all times in
order to produce products that meet customer requircments and in crder to hold their
share of the market in this highly competitive business.

Laboratory control ln the oilseed and edible oil industries have other
benefits as well. Properly organized and operated, the laboratory can increase re-
turns to the Processor, both by detecting deficiencies in performances of equipment
and enabling upgrading of same and operating personnel.

An obvious example of this is in the solvent extraction process itself.
By ruaning a regular spot check on residual fats in the spent meal, the laboratory
is often the place where a problem with flaking rolls or solvent pumping can be first
detected and, by immediate feed back, corrected {n a minimum of time. It can also be

the place where darkening of oils can indicate to operators that they are bleaching
for too long a period of time.

_g;lggtzation of a Quality Control Laboratory

In organizing the staff for a quality control laboratory, careful
consideration must be given to the lines of authority and responsibility., Onme
danger to be .voided is to make absolutely sure that the technical personnel res-
ponsible for laboratory operations does not attempt to work separately from pro-
duction personnel, Too often the cupuasis in the laboratery 1is exclusively directed




to technical excellence., This, of course, s lwportant but sl.ould not be con-
sidered an end in {t.olf hut virher & hi€dus Lo d4n end, namely the efficient pro-
duction of products of the highe: quality possible.

If the responsibility }ines for fjuality control and production merge
at too low a level, say tie Plant Superintendent, then a situation may arise where
compromise on qualit; in the interest of product ion volume or performance could
very easily occur. In order to prevent thi«, the responsibility for Quality Control
should be regarded as a scparate function amd reperting should be made to the Exec-
utive level of manajement.

Arotner point to watch is the Ltendency of the technical staff to
confine its interests solely to technical! matters in a very narrow sense. By
bringing them responsibly into direct contact with top management this will emcour-
age a market and management ovientation rather than a purely technical one. It will
also serve to broaden and deepen their understanding of the total operation as {ir
relates quality control to production, markctiag, finance, etc,

The Control Laboratory should be an excellent base from which to
operate an "on-the- job" training program in the areas of management and marketing.
Commercial staff trained in such a manner would be superiorly equipped to handle

their particular functions. v the same token, technical personnel would benefit
immeasurably by exposure to some formal commercial training,

The technical or prufessional qualifications for the staffing of a
Quality Control Laboratory will vary with the complexity of the operations and if any
Research and Development is to be included. If the quality control function is sim-
ply defined in terms of supplying a scervice to the operating personnel who must assume
ultimate responsibility for quality producticn in a continuous pxrocess, then obvicusly
production supervisory personnel should hav some technical training. If this is in
fact the case, ther Technical Institute graduates who have an appreciation of the
variations which affect the chemical and physical properties of the finished products
and thus a sound technical basis for deci sion-making are to be preferred over staff
with no technical background. Further, it would be the responsibility of the person
in charge of the Laboratory to see that the persons {nvolved in processing should be
trained and made aware of quality rontral They should Le wade fuliy famiiiax with
the different steps of the process such as sampling, testing, and reporting procedures
established by the quality control department.

The degree of professional skill and experiunce required by the Control
Laboratory personnel will be determined to some exteut by the technical competence

of the production staff. For a modest Laboratory in a small to medium-sized vegetable
oil processing operation the staff wmight be something like this.

Chief Chemist:

A University graduate in Chemistry or Chemical Engineering
with some experience in food techknology, analytical chemistry
and sanitation.

cont'd ., . .




His responsibilities will tacude, in addition to the
admiristvation of the quality control function, -
planning and training, cuv-ordinating and supervision of
Lthe staft ‘technicians), periorming phystcel, chemical
and organoleptic tests and controls on all ingredients

at various stages of the production process to ensure that
the highest standards o quality are met.

Technicians:
Not necessarily University trafned but with a solid
background in practi-al laboratory techniques. We have

had considerable success in this area with Technical
Institute graduates.

Qualicy Control of Finished Products

Definition: Quality control of finished products can be defined as the establishing

of quality standards for finished products and the process of ensuring
that these standarde are met,

Bstnblinhing of Qgﬂlitx Standards

There are two classes of customers for products frum this industry:
domestic and industrial.

Standards for industrial customers are established by providing their
supplier with a list of the specifications they require. These have usually been
established by testing which has been carried out by the customer.

In order te be successful eon the retail market, a refiner must deter-
mine what type of product is acceptable and pleasing to an average housewife. In
order to do this, he must relate organoleptic and performance characteristics to
various physical and chemical tests which can be pexformed easily and quickly in the
laboratory. For example, lovibond color can be related to whiteness of the solid

shortening, peroxide value to taste and oxidative stability and performance in baking
to solid fat index and melting point,

Maiucenance of ggalitz Standards

In order to maintain established standards on finished products, re-
lated standards must be established for each step of processing. For example, if
a color is abnormally dark after an oil is bleached, then one cannot expect a normal
color after winter pressing and deodorizing. It is very important to detect this
type of problem early, so that it can be rectified before the product reaches the
packaging stage and wust be rejected,

In continuous types of processing, the time factor is vitally import-
ant., Take for example the extraction of soybeans and essume that mesl {s worth 5
cents per pound and the oil 12 cents per pound., If an upset in processing occurs

so that residual o0il in the meal is .27 rather than & nomm of 0.7%, each hour of
delay can mean a loss of $20.00 for the processor extracting 500 tons per day.
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In this exaaple, two things :re apparent. The first is that continuous
coverage by laborat-ry personnel is advantageous in order to minimize losses of this
type. The second i- that a quick analysis will save money for the processor. There
are quick methods available to cneck residual fats which take betweén 30 minutes and
one hour; the advantage over the traditional six-hour Soxhlet method for control
purposes is obvious,

An Example: Rapeseed Processing

The following analyses and checks are suggested as a quality control
system for a rapeseed processing operation, including refining, bleaching ard deod-
orizing for end use as a salad or cuoking oil.

Raw Material Receipts

In normal price structure, full price is paid for top grade seed, with
discounts for the lower grudes. Hence, cach incoming shipment must be sampled and
the grade determined on such criteria as percent moisture, percent foreign material,
percent green and damaged seed.

Care must be taken to secure a representative sample. Here, an auto-
matic continuous sampling device is best; however, failing this, samples taken et
a mumber of points with a sampling probe and mixed are usually acceptahle.

Also, on incoming seed shipments, care must be taken to detsct ex-
cessively high moistures. 1n these caeses, material should be processed ismediately
in order to prevent localized heating and fires in storage.

An organized program of oil and protein analyses on samples will help
the processor forecast oll and meal yields ad therefore, an expected return on his
iavestment.

ting-

Rapeseed must be quickly heated and dried at this point in order to
inactivate wyrosinase and other harmiul faclors present in the seed. Usually, 6%
exit moisture and 180°F exit temperaturc are the accepted values.

Here, spot checks shouid be carried out often in order to ensure that
these values are being met; otherwise, sulphur compounds vill be extracted with the
oil snd make hydrogenation very erratic and difficult. Here, a moisture meter, such
as a "Steinlite”, is of tremendous value as it gives results {n several minutes.

Preprossing
Rapeseed, after being crushed in a flaking mill, is cooked and pre-

pressed to 15 - 187 cil. An analysis for oil content should be performed on the cake
from time to time in order to check the performance of the prepressing equipment.

Cranulating

The press cake is then broken up by a hammer mill or similar piece
of equipment,
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At this point, occasicnal screen tests should be carried out in order
that the operator may keep an eye on the amount of fines entering the extractor. 1If
this is too high, suitable ad justments should be made in previous stages.

Extraction

Here, of course, the main concern is residual fat anglyses. Please
rafer to Maintenance of Quality Standards section.

Distillation and Solvent Recovery

An occasional check should be made on the product oil to determine

whether any solvent is Present. 1f so, then the oil should be collected and re-run
through the solveat removal pProcess,

Here, A.0.C.S., Flash Point, closed cup method, 1s usually employed.
This wust be watched very closely during planat start-up,

Each shipment of incoming solvent should be checked for boiling
range and restdue upon arrival, Proper control of these parameters will ensure that
solvent 18 completely removed from oil under normal operating conditions.

Degumiog

Occasional checks must be made to ensure that the proper amount of
water is added in order to hydrate the gums. The stream of ofl and water entering
the centrifuge should regularly be checked for moisture and ad justments made; other-
vise, excessively high refining losses will be incurred.

Crude, Degummed Nl for Storage

Degumned oil should be dried and stored at a8 moisture content of 0.1%
max., and normally 0.05%. This point should be checked regularly and kept in line,

othervise gums will hydrate and settie in the tank, crcating a losés awd ciesning
problen.

inin

In refining, F,F.A, (Free Fatty Acid) on crude oil is normally checked
in order to determine the proper amount of alkali necessary for refining.

F.7.A. should be checked on the refined cll in order to determine

whether the standard of 0.05% max. has been met. Soap content and color are usually
checked as well on each batch,

Bleaching

Colors should be read every few minutes as the bleaching is progressing.
Once the color standard has been met, the operator should be advised IMMEDIATELY in
order that the process can be stopped before the oil is unduly oxidized.




Deodorizing

Daodorizer fued stock should be checked regularvly tor F,F,A, and color
so that any problems which arise can easily be traced.

e,

Deodorized oil is checked regularly for F,F.A,, color and flavour.
F.F.A. should be approximaicly 0.05% and flavour shouid be completely bland if the
deodorization has been performed properly.

Any batch which does not meet gtandards should be re-deodorized.

Finished meal is vsually analysed for moisture, protein, oil and fiber.

Protein and fiber analyses on outgoing rapeseed meal are for information
only, as these are dependent on analysas of the seed being processed, Moisture, on
the other hand, is more important, as it can be controiled by drying or water
addition to give a desired yield.

Screen tests should al<o be performed on the meal in order to check the
performance and condition of grinding equipment,

]
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