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ABSTRACT

Chuality assurance programs have plaved a significant role a1 re
hahilitating and maintaining the importance of rapeseed and i
products, In Furope, the processing of indigenous and Canadian
rapeseed ensures uniforrn plant wiilization throughout the year
which in itself coneriliutes o improving qualicy. [rdigenous rape
seed B predominantly  of the high-yielding winrer type, The
European on mills have learned tao adapt to differences in low erueic
acid seed characrerstive Juring processing, The influence of Jif
lerent condivioring ard precxpeiling parameters on e charac-
teristics of expelier and extraction il is especially receiving atten-
ton, Sulfur compounds, phosphatide content, color arnd analyticnd
uxidation values are important criteria for the required refining
wechnigues, which can range from classical metheds to physical
refining, andd the gualiny of the fully refined product, While low
vruvic acid rapeseed oil can generally Y regarded as ar aleemnative
o soyabean oll, ceystallization behavior of hardened provhucis can
Jdiffer <ignificantdy, which appears to be a furction of fatty add
compmition. Progress is alse being made in upgrading rmeal quality,
especially for application in pouitry feed, by developing cueluvars
with gucosinolate levels below 1% Such new varieties might also
contribute to reducing the probiem: of fishy cgg ta:nt observed wich
soime breeds of layers. Decreased mmen degradability of rapeseed
meal by reaiment with formaldehyde may further improve fexi-
hility of use. Various establisied and potential qualicy ateeibutes for
rapeseed, meal and oil are reviewed,

INTRODUCTION

Tuble 1 shows regional and el world production of
rapeseed, exprewed as oil. Rapeseed oil now amouats o
ca. 15% of worid producton of vegetable oils and fars.

[n Western Euzope and Canada, victually 2!l the rapeseed
uil produced is of the Tow crucic acid type. Indeed, 1t was
this reduction of erucic acid  a physiologically suspect fatty
acid maweny which helped o restore the image of rapeseed.

FEC and Canadian regulations supulate a maximal conten:
of 5% erucic acid in vils intended o0 be used for edible
purposes, and only rapeseed mecting s specification s
chgible for EEC subsidy,

Tradinonally, most Furupean countrics grow winter
varenes. Canadian rapeseed 15 of the summer wype (B
rapus and B campeseres to almost equai parts) because of
the prevailing climatic conditions. Sweden and Denmark
occupy an intermediate position, in that they grow both
winter and summer varieties,

European oil mills now process both indigenous and
Canadian rapeseed throughout the wvear. The resulting
continuity in rapeseed handling ind processing has, in itself,
ne: only conributed 1o product improvement but also has
increased know-how on dealing efficiently with varianions
(h .':lp(‘S\‘cd \'hufﬂcl(‘.rl‘llf'\.

Apart from smaller expenmental parcels, double zero
varieties are not yet on-strearm in Furape and there is as yet
little practical expericnce i kurope on the processing of
Canadin double zero varieties such as Tower (B napus),
Regent (8, wapus), Altex (B mapns) and Candle (8. cam-
pesins),

Typical compositivnal characteristics of rapeseed are
shown in Table 11, The yield peracre, shown in Table s
significantly igher for winter shin for cummer varictics.
Inctial yvield differences in favor of traditional, high erucic
rapeseed vanictes have been largely overcome.

The world marker price of rapeseed oif ciosely folluws
that ol suybean wii. the price difference tn 1979 averaged

va hfl 50 (Tahle 1V).

PROCESSING OF RAPESEED (1)

Rapeseed is normudly processed via the classical rauie of

The symposium contribution “Recent Advances in the Analysis of Glucosinolates,” by 0. Olsen and H. Sérenson, was published in the Sep-

tember 1981 issue of JAGCS.
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- TABLEI

Production of Rapeseed (in terms of oily 1,000 t)

1971/72 1972773 1973774 1975/76  1976/77 1977/78 1978/79

Ger. Fed. Rep. 91 100 90 80 59 1072 1322
Netherlands 13 18 16 15 14 12 9
France 266 288 260 210 224 1682 2493
UK 4 . 5 12 24 44 564 572
Denmark 20 20 29 52 32 2B 44
Total EEC 394 431 4057 it 405 _ 373 491
Sweden 58 114 117 114 98 542 1374
Czechoslovakia 490 43 47 52 44 48 68
Hungary 28 21 30 24 24 26 44
Poland 238 270 216 290 392 280 280
Ger, Dem. Rep. 78 94 96 146 128 126 12§
Total Europe 892 202 951 1.038 1,142 991 1.148
Canada 862 520 483 699 334 710b 1.390b
China 420 480 480 540 520 480 602
India 373 741 600 700 624 720 647
Pakistan 122 115 113 94
Total world 3.002 2.838 2.728 3.222 2.836 3.143 4.074

{Conversion factor: 1,000 t seed = 400 t cil.}

A .ow etucic acid varieties.

BLargely double-zero varietics,

TABLE II TABLE IV

Average Rapeseed Characreristics

Market Prices-1979 (hilft)

Qil content 39-45%

Protein ~ 24%

Moisture 9%

Harvest time July-August

Yield 2.000-3.000 kg/ha

{35.7-46.4 bushels/acre}?

2ssuming 1 bushel rapeseed = 22,68 kg,

TABLE III

Average Rapeseed Yields: Sweden, 1975-19772

Average yield 0il content in

(kgha) dry marter (%)
. napus .
Winter rape 2,850 45.2
Summect rape 1.750 43.5
B. campestris
Winter turnip rape 2.240 44.8
Sumimer turnip rape 1610 41.6

G, Olsson, 5th Int. Rapesced Conference, Malmd, Sweden,
June 12-16, 1978,

cooking the flaked seed at ca. 90 C, followed by expelling
about two-thirds of the oil and extracting the remainder
from the expeller cake with hexane (Table V),

Direct extraction of comminuted rapeseed requires less
capital investment but more cnergy, and tends to lead to
higher residual fat levels in the meal with subsequent loss
in yield of the higher priced oil.

A new general development is that of expelling withourt
prior cooking or flaking; this process is claimed to lead o a
better oil. It may be, however, that for rapeseed at tempera-
tures between 30 and 50 C instead of 80-90 C, enzvmat-
ically induced oxidation, hydrolysis and glucosinolate
decomposition will actually lead to an impaired oil extrac-
tion (2). The temperature and moisturé profile during seed
drying and cooking prior to cxpelling and extraction influ-

2/ JAQLCS, vol. 59, na. 1 {January 1982}

Crude soybean oil Crude rapeseed oil

Jan. 1.210 1,180
Feb, 1.220 1.1a0
March 1.330 1.270
April 1,350 1,300
May 1,310 1.270
June 1.300 1.260
July 1.350 1.290
Aug. 1.320 1.270
Sept. 1.330 1.290
Qct, i.31¢ 1.270
Nav, 1.270 1.230
Dec. 1.260 1.220
Average 1.300 1.250
TABLE V

Flow Diagram of Rapeseed Processing

Seed storage

Seed cleaning

Preconditioning
Flaking

Cooking

Expelling - Expeller Oil
Breaking and possibly also flaking of expeller cake
Hexane extraction = Exrraction oil
Desolventizing / toasting

Drying / cooling —+ Meal

ences the quality of both expeller and extraction oil. Table
¥1 demonstrates the effect of temperature in the range of
70-90 C on crude oil properties. On the whole, and looking
at the combined expeller and extraction oil, flake condi- .
tioning at 90 C rather than 70 C rends to give a better oil.
Moisture content of the seed material has an influence
on the concentration of the phospholipids in the oil (3). In



RAPESEED QUALITY ATTRIBUTES

TABLE V1

Infleence of Conditioning Rapesecd Flakes (0.25-0.35 mm; ca. 7.5% moisutre) at Different
Temperatures on the Characteristics of Expeller and Extraction Oils

Expeller oil3 Extraction oil?
Flake conditioning temp (C) 70 80 Q0 70 BO 20
Free fatty acids (%} 0,72 0.76 0,77 2.8 3.1 2.0
1% : ’

E;jnm 1 em )

(characteristic of state of oxidation) 2.2 2.0 1.9 31 30 2.5
Pheophytin {ppm) B 22 26 29 35 30 34
Lecithin in terms of phosphorus {ppm) 319 315 288 750 540 joo
Nonhydratable phosphorus 303 296 245 335 4935 149
Lovibond color (1", red/blue) 3.1/1.2 3112 3.211.4 42723 4.6/2.3 4.8/2.8
Sulfur (ppm) 2.0 3.8 3.1 14,2 8.5 87

AFxpelling was done on production scale; the expeller cake was extracted in the lzboratory with hexane at

60 C,

bHydration at v 70 C with ~v 2% water for "v § min.

addition, Swedish work has provided some evidence that
during seed heating i the presenee of moisture, a considee-

able portion of phosphatidy lchoane i< hvdrolyzed to
phosphatidic aeid (4) which s less vasy o remove by
degumming,

Seed from different angins can show deviations from
this vverzl! processing piciuze but, in gereral, these cen e
balanced out by, eg., skiliful variauon of seed Jdrving,
remperatare 2nd meisture adjusiment during processing. It
is sad that the new Canadian double-zero varienes such as
Candle are relatively brittle and the corresponding seed dis-
integravon gives rise to prohlems during rolling and extrae-
ton. Whetker chere would indeed be similar difficuzics i
European oil muls in adapring o these seed varicucs
remzing to he seen.

Table VI shows some rapesced specilications, the
general validiey of whick we endorse, 1o:s obviously very
.'I"."IPI'I'I'.I"'. i rcducc e arondence ot immmalure K‘Cli oJa
nurimuam because chlorophvii/pheaphy tia will migrate into
the oil and catayze not enly exidinive dererinrannn but
abso lead to oil losses dunnyg refiming. Damaged seed and
dockage lead o increased oxidaton and free fary acid
(FIEAY content. and Rence, also impair gualiny and vield.

TABLE ¥1I

Various Rapesced Specifications

CRUDE OiL SPECIFICATIONS

Crude oil characreristics can be converieatly divided o
(1) farty acid composition, () oxidadon characteristics,
and te) refining vield criteria.

Fatty Acid Composition

Tahie VI shuws the average fattv acid composiiions of
suvhean, sunflower seed and rapeseed ol The averagc
she flife of the tully refined oils decreases in the order
sunflower, soy and rape, 0 which the dfcrence between
sov and rape is small.

There :ppears o be o+ hase correlator between lino-
leaie acid content and she &life. In ather words, tae shelf-
life of fully refined rapeseed ail should e mproved i the
Hirvlenic acid content oouid e educed. In andony o
clectively hardened rapeseed and sovhean mils, one would
expecr 1 sigmificant improvement upon lowering lirolenic
acid content 1o 23,

Breeding worx i this direetion apparent’y has little
chance of seeeess, although mutanes with levels as low a8
3.6% linolenic acid have been reported {53 The successiul
breeding of rapeseed with o high lindieic and a low linuienic

Sweden Grade I Grade II Unacceptable
App earance/smetl Subjective assessment
Purity (%) 90-100 20-100 0
Moisture (%) max, 8 max, & > 8
Chlorophyll (ppm) max, 30 max. 70 > 70
FFA (%) max. 1 max. 3 > 3

: (cf. JAOCS, Aug. 1973)

Canada Grade I Grade Il Grade 111
Damaged seeds (%) max, 3 max, 10 max, 20
Hested damaged seeds max, 0,1 max. (2 max. 0.5
Min, weight (Ib/bushel} 52 50 48
Conspicuous seed (%) max. 1.0 max. 1.5 max. 2.0
Moisture {%) max, 10.5 max, 10,5 max, 10,5
Stones (%) max, 0.035 max, 0,05 max, (.05

(Canada Grain Act, 1962)

Germany (“Sinola”-Standard)

Qil content

Erucic acid {%} max. 2.0

Moisture (%) max. 9.0

Foreign matter {%) max. 4.0
(< 1,5 mm and > 3.0 mm)

Seed-damaged negative

ELEC Standard

JAOCS, vol, 59, no_ 1 (January 1982}/ 3
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TABLE VIII
Average Fatry Acid Compositions

Sunflower

High erucic - Low erucic Soyabean

Fatty acid acid rapeseed oil acid rapeseed oil oil ail
Cie 3-4 3-4 7-10 49
C, trace trace - trace
Cis -2 1-2 3-5 3-6
Cu 11-24 ca, 60 22-31 14-35
CoF 1520 ca. 20 49-53 50-75
Cs | &10 2-13 6-10 trace
C,, trace trace trace trace
C, I ca. 10 2-3 trace trace
C,,; trace trace - trace
C,, I 44-52 <35 — -
C,, trace - trace trace

acid level appears 1o depend on the exisience of separarte
desaturase systems for the conversion of vleic to linoteic
and linoleic o linolemic acid.

Occasionally, it has been claimed that the shelf lite or
oudative stability of oil from summer varieties is generally
lower than that of oil from winter varicties, but we could
not substanriate this. In particular, no relitionship appears
to be between oxadanve stabiliey and linolenic aeid contenr
in the 8-13% range. Whether differences in the sterol
content of rapeseed oils could explain these vanations in
stabilicy s heing examined (6).

Oxidation Characteristics (7}

The state of oxidation of a crude oil determines the best
shelf-life that can be achicved after refining. If the state of
unidarion is above a cerrain imit, the probability of atrain-
ing sausfacrory shelf-life drops significancly. For soybean
and sunflower seed ails, the ultravioler (UV) absorprion at
232 nm, the anisidine value, the torox value tie., 2 x
perovide value = 1 x anisidine value), and the concentra-
ton of uxidized farty acids are uscful cnteria for the state
of vxidation.

These dara are usually interrelated so rthar 11 normally
suffices to decermine just one of them, Little information
exists on the practical application of these data to rapeseed
oil, so thar limits are as yet tentanve,

The condition of the rapeseed itself largely determines
the state of oxidation of the crude vii, provided crude oil
processing and handling 15 done in such a way that access
of oxygen at elevated temperatures is kepr to 2 mimmum.

Refining Yield Criteria

Refining vield 15 primaniy governed by mwisture, paricu:
late impuarities, FFA, phosphatide content, chlurophvli ind
sufur content--all for a given process of refining.

Crude rapeseed ol normudlly is no: deshimed and hence
contaims ap to 500 ppm phosphorus. [t s advisable to
reduce (hy deshming} the phosphatide content before lye
neutraazatien in order o mimmuze neutral oib losses The
phosphatides “precipiate”™ about an equal proportion of
neutral o during neutralization, The bulk of these phos
phandes i< saponified and loce as effluent Rapeseed uil that
15 10 be physicdly refined should not contain more han
ca. Ju ppm phosphorus. These low levels, however, cannot
be obtained using the current deshiming techniques.

The market for rapesced leaith:n s hmated. This 5 in
part due o the darker color and the somewhat infernior
raste it comparison tosasa iecithn, The mited work done
in the direction of finding <peaific ourlers has indicated
no basie difference in sttmbutes between lecithins obtamed
from bigh or low erucic acid and double-zero varieties,

4 / JAOCS, vol, 59 no. 1 {January 1882}

The dark color onginates mainly trom chlorophyll and
carotenoid pigments, most of which are concentrared n
the seed coats; this does imply better lecithin quality from
varicties like Candle.

Chlorophyll 1s removed during the bleaching stage with
corresponding lusses of idsorbed oil. It s thus impuraant,
quite apart from the prooxidative effect, to aim for a
minimal chlorophyll content: this 1s not a funcuon of seed
processing, but of excluding immature sced as much as
possible.

The oil-soiuble sulfur derivatives remaining in  che
filtered crude o1l comprise at least 14 differene compounds
(8.9). Up 0 now, we have not been able to esiablish a
simple relationship between glucosinolate content in the
seed and concentrauon of sulfur compounds in the oil (9.
These studies do not, however, include newer rapeseed
varietues such as the Danish Line containing only ca. 0.3%
total plucosinulate instead of the ca. 1% encourtered In
conventional double-zeru varicties such as Tower 2nd
Candle.

Residual traces below ca. 5 ppm sulfur in the fully
refined oil do nut appear to be detrimenral to ail qualiry.
Sulfur compounds can, however, be detrimental during
refining, 1 that they can impair the desired course of
hydrogenation, Since oil-soluble sulfur compounds are not
necessariiy removed o a significant exienr by desliming
(10), newtralization andsor bleaching (9,11) (Tabie X)),
their concentration :n the crude oil preferably should nog
cxceed 30-50 ppm, expressed as sulfur (12). We prefer o
determine sulfur either by cumbustion or by reduction
en nicke! at 180 €; the Granatelli method tends o give
lower values, Table X summarizes some quality cniera
and limzts that have been proposed,

Refined Qil Specifications

Rapceseed ou is, in principle, refined by the samie methads
as those used for sovhear ol The higher FFA cunten:
permits the use of stronger Ive. A higher ncidence of
pheophytin contammanon means nigher bleaching earth
consumption,

Physical refining is theuretically possible, provided the
crinde ofl s of good guality.

Table XI summarizes some premium raffnate spec:fica-
dions thas have been proposed in Germany Rapeseed vl 55 2
real aliermative to sovbean ol Earlier fears that low erucic
acid rapeseed oil would be inferior o high erucic rapesecd
ol i respect to shelf-life and Tiving performance proved
insubstaniial. Regarding turbidiey ar refrigeratur or even
ambient emperatures, an erncic acid contemt beow 5%
scermns o be an adeguate safeguard Fur complese hquidity
ac these cmperarures,
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TABLE IX

Influence of Refining on the Characteristics of a Typical Rapeseed Oil
Ciz & 2.5% (Unimills Thorl 1977, Production)

Free fatry acids Lovibond color Pheophytin
Product (%) (yellow/red/blue) (ppm) Suifur {ppm) E,,,b

Crude, deslimed : )

ail 2.4 30/5.0/4.0 (1) 22 (26)2 12 {19, 2.1
Neuntralized oil 0,09 30/4,0/2,3 (1"} 18 (19 94  (16) 2.2
Neutralized and

bleached oil 0.09 30/6.2/0.7 (5 1/4"") 1 (0,02} 7.7 (11) 2.1
Deodorized oi ©0.07 117114 (51/4") . < 002 {(0.02) 1.8 (L9 29

2The sulfur and pheophytin values in parentheses are for another batch of rapeseed oil.
PE,,. = ultravioler absorption at 232 nm of a 1% solution in 2 1-em cell.

TABLE X
Crude 0il Quality Attributes

Canada?
: (erudefcmde,
Unilever Sweden degummed}
FFA (%) max, 2b max, 1.3 max. 1,0
Moisture and impurities (%) max, ¢,59 - max. 0,5/0.3
Erucic acid (%) Max. 5b - max, 5
lodine value (Wijs) 110-126 — —
Sapeonification value 180-125 - . -
Color (1" Lovibond cell) max. 40y/4r/2b - -
Lecithin (expressed as ca. 500 200-300 . -imax, 200
phosphorus) {ppm) {nondeslimed) {deslimed)
Flashpoint min, 300 F {150 C} - min, 150 C
Sulfur (ppm} max, 50 - —
Anisidine value - max. 2.5 -
Peroxide value (meq/kg) - max. 1.4 -
Oxidation value (2 X POV + AV) - max, 6.0 -
E,,,nm 1 em max, 3.0 - -
FefCu (ppm) - max. 2.0/0.5 -
Chlorophyll (ppm) max. 30 max. 20 -

Neutral ol yield (%) - - min, 98.0/98.5

ANational Standard of Canada/Canadian specifications board.
bGuaranteed conditions.

Rapeseed Meal Attributes

Full Rexibility of rapeseed meal usage i« primarnly limned
hy the presence of glucosinolates in the seed. The so called
Canola meals represent 2 major advance (Table XIB), ver
even these meals are noi complerely sausfacione (15).
Glucosinoiare content plays 3 minor rose in compoetund

TAEBLE XI

Refined Rapesced Qil: Quality Attributes

“Sinola”/Germany (24}

Erucic acid content (%) max. 5.0 feeds For . e . ine develons here i

Admixture wich other oils (%) max, 2.0 Irllg ecds tor ruminanzs. An |ntcrcsnpg [} Llop.l}cnl .lt'rt. ;ﬁ
Material volatile at 105 C (%) max. 0.2 the concept of “'protected proten.” e, protein which is
Chll?rophyl] (ppm) negative ased more efficiently in the intesunal sract in terms of milk
Fc,‘llouudrt(fsl?:t}oc nmc"‘g’;tiie product:on by having been made more resistant 1o cumen

Jdegradation by treatment wuh formaldebvde (16) or
simiar reagents, Products based on “protected” suybean
and rapesced mea! are already being marketed in Europe.
Since the degree of §-5 cross Linkage appears to influence
degradation by rumen protease, changes in amino acid com-

Taste stability min, 8 weeks

Hardened rapeseed oil can, however, pose probiems,
Presumahly because of the high oleie acid conient, hydro-
genated rapesced oils with meiting points between ca. 30
and 45 € end to erystalize recatively dowly . Subsequent
post erystallization s accompanied by the formation of
large, coarse crystals and by the Janger ot corresponding
texture defeces. The major changes :n physical properties
oceur when the erucie acid content in the original oil drops
below 10% (13). Must ot ihese defects can be overcome by
choosing su:table hydrogenation condiuons (14) and by
limiting the concentration of rapesced hardstock compo-
nens i margarine and <hortening blends.

position of rapeseed by breeding might be of mrerest n
this area (17).

Glucosinoiares and sheir decompusition products pose a
tar biguer problem with pouiry and pig feeds. Differenccs
in acceprability by growing pigs could, for instance, e
related to the conient of oxazolidinethione (18) (Scheme
). Furopean compeunders tend 1o limit incorpoeration into
pig and poultry feeds to ca. 5% Even with Canola meas,
chicken morrality razes can sl cause concern. Qbviousiy,
certain urdesirabie factars, possibly tannins {19) primarilv
corcentrated in the seed coat or specitic glucosinaiate
degradation produces such as alkyl nitriles ¢15) (Scheme 1)

JAQOCS, vol, 58 no, 1 {January 1982}/ 5
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" TABLE XII

Recommended Usage Levels (%) for Canadian
Rapeseed Meal (Canolz)?

Chickens

Starter, grower 20
Layer, breeder 10
Turkeys

Starter, grower 20
Breeder 10
Pigs

Starter, grower, finisher 10
Cattle

Calves 20
Dairy cows 10
Beef 10

aThe name Cancla signifies low enucic acid oil and rapeseed meal
containing max. 2 mg or 18 ymol of glucesinolate, expressed as
- 3-butenvlisothiocyanate/g dry, oil-free meal,

R § - CiHqi0
\CH'CHE'C/ 611_5
R M- 080,0K
Glucosinotates
Myrosinase, moisture, temperature
R Soiac
CH - CHy- NHye| R-CZ7 ucose
R Ak St - |+ KHSO,
Amines 5

\ <N
CH2 = CH - CHOH-CHy-C =N
Cyanp-epithfealkanes
ifR'; CH,=CH -
or R*: OH

RY ~ N
R_/CH—CHZ—N=C=5 I/CH—CH2~C-N I/CH-CHE—S-CEN
Nitriles
and Sulphur

fsothiocyanates Thiocyanates

J’if R"orR' = 0H

R, !
: CI;LO/C=S

{¢f Appelquist, Rapeseed, Elsevier, 1972; also
P. George and B. Toregard, Malrms, 1978)

Oxazolidinethiones

SCHEME 1. Decomposition of glucosinalares in rapewed during
processing tsimplified scheme).

are st'l presen Apart from chermical treatiieni of rapeseed
meal (1), rewer cultivars such as the Damish spring vaner
line (B nupus) with only ca. 5 gmol total glucosinolates/g
seed i comparion te ca 21 gmol in Tower  are of special
nterest, Conventiomal osacolidinethijore and sothioova
rate analyses are not necessarily reliable measures of !
gucosinolate content. Conventionai analysis, for instance,
does nut cover snalhn (4 hydroavbheneylgiueasinnlsie)-
presumably g precursor of free thioevaniate wns and this

6 / JAOCS, vol. 59, no, 1 {January 1982}

might explain relatvely disappomnting results of poulin
fecdimg rials with, e Tower and Erglu meals. Thus,
improved methads of anaysis of glucosimolate decompaosi
don products (20,21) should be of further Lelp in screening
rew repesced strains and rovel meal products.

Simapine, a5 3 precursur of tamezhyiamine, kas been
associated with the development of a fishy tam: in brown
exggs. Recent work 10 Norwich, Englard, has indiczted that
the mhibivon of normas hepatic trimethy lumine-nxidase
acuvity anay be mediawed viu the thvroid 122). This implies
thar reduved progoitrn i rapeseed and meal will also kelp
to reduce the incidence o brown ege tannng.

Another possibuity to apgrade rapeseed meal is to debull
the seed (23), decreasing the crude Fher content from .
12% to ca. 0% The composizivn of expenmertal hull fric
uons is very similar to that of grain, bur unhixely te demard
grain prices because of appearance alone, Moreover, <epara
ron of hulls from meais e g, with impaco dehuiers ander
factory scale coadiions 15 not ver sufficiently clean. For
this reason, there must be 3 demand for novel rapesecd
vanezies with 4 large gram size and thin, ligh: colored halls
which carn, :n addivor, be cleanly separated from the
meats A further poental advantage of light-colered seed
codats 1s that seed chloronhyll pigments can bxe readily per
ceived, thus reducing any tendeney for producers to hanves:
tny early
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