OIL ADDED TO CONTROL GRAIN DUST

TABLE V
Baking Quality
Loaf - Baking
Sample volume Crumb Crumb absorption
coded {em?) Appearance structureDd colort (%)
1 825 ' 8.0 6.80 6.2 dy 62.0
2 820 © 7.8 7.0-0 6.5 dy 63,0
3 820 8.0 6.8-0 6.5 dv 63.0
4 ‘815 7.8 6.8-0 6.2 dv 63.0
5 820 7.8 4.8-0 62dy 62.0
6 830 7.8 6.8-0 6.5 dy 63.0
7 83s 7.8 6.8-0 6.2 dy 63,0
.8 820 8.0 6.8-0 6.2 dy 63.0

3Refer to Table I for the meaning of the sample code,

by = Open.
€d = Dull, ¥y = yellow.
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& The Relationship between Rapeseed Chlorophyill,
Rapeseed Oil Chlorophyll and Percentage Green Seeds!

J.K. DAUN, Grain Research Laboratory, Ganadian Grain Commission, Winnipeg,

Manitoba, Canada

ABSTRACT

Oiis with kigh levels of chrlarphyll have become 2 major problery in
the Canadian crushing induwiry. 1t was el possihle 1w compare
visually the color of samples of rapeseed oil from various crushing
planis In Western Canada with the nicke! sulfate standard used as
a teade standard. Comparison was easy using samples of oll prepared
from seed in the labaratary, The Jdifficuliy in cuomparison was
probably caused Ly conversion of greemcalored chloroplyll o
russet-colored pheophytin in the crushinyg process. An “apparen:
chtoronhvil" standard with a maximum ©f 20 ppm Cneawured by
AOCE Co 130 551 is recommended. The “percentage green seed”
count used je the Canadian grading system was found to correlate
peorly (r? 0 0.5) with the chlarophyll level in ihe seed or oil. A
maxinal «hlorophyll level of 12 ppm was found in he allowable in
the tap grade of sced, It is recommended that a rapid, accurate and
inexpensive procedure for chioraphvli measurcnent e Jeveloped
w supplement the grading sysrem.

"Conuibution No. 475 from the Grain Research Labaratary,
Canadizn Grain Comeission, 1404 - 303} Main Su., Wingipeg, Mani-
toba, Canada R3C 3G9,

INTRODUCTION

In the Canadian grain grading syvstem, gran samples are
assigned grades according o the number and type of dam-
aged <eeds and the amount and kind of adenxture found on
visual inspeciion. In the case of rapeseed ot canola, Jamage
factors include irtsture seeds, heated seeds, and frosted
and  otherwise weathered  seeds. Despite the relatively
stringent restrictiuns on the number of ddamaged seeds
allowed in the wap grades (Teble 1), about 90% af the rape
seed inspeeted annually arnves at sivipping poinis as No, 1
Canada Rapesced.

Canaola is a trademark of the Canola Counal of Carada
and refers o seed and products from vanenes of B napus
and B campesiris which are low i erucic acid and Zuen
sinolates. Although ahour 75% of Cenada’s rapesced pro-
ducrnion kas been converted te canola, there s noeffnrt
sepregare canola frem capeseed in export vhannels, Since
canola crushers use about two thirds of the seed produced
and the catrs over of rapeseed from previoas years is large,
vanoa does not regulariy appear in Canaduan export car-
goes. This study uses samples of both cannla and rapesced.
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TABLE |

Tolerance Maximum (%) for Grading Factors in Rapeseed (1)

Darniage

Admixtures of foreign material
: Distinedy Total Total Total
Grade = Heated green damage® Sclerontinia Ergot Stones conspicuous inconspicuoush
No. 1 Canada 01 2 3 1 a05 Q.05 1 5
No, 2 Canada 0.5 6 - 10 2 G035 0.05 1 5
No. 3 Canada 2 20 20 3 005 005 1 5

2Damage includes distinctly shrunken or shriveled seeds as from frost, discolored as from mold, completely
rimed, or excessively weathered, sprouted, distinetly green, ot heated. Broken seeds not assessed as dockage

which are otherwise sound are considered sound.

bIncludes common wild mustard and/or domestic brown or Oriental mustard seed,

[mmaturity, or greeness, 15 the major degrading facror in
Canadian rapesced. The presence of immature sceds 0 a
sample 13 assessed by examinimg a mmimum of five 100
seed crush serips.” The strips are prepared by transferring
IO seeds 1o the stcky side of a piece of masking tape using
4 special apphcator. The sweds are then crushed using a
roller. Greeness i assessed subjecuvely by the inspoctor
withourt the use of a color standard, :dthough the use of
official grade standard samples s encouraged. Only dis-
tinctly green seeds are classed as damaged although sceds
with 1 Light green tunge are considered as part of the nverall
color of the sample and samples wira large numbers of light
green seads are graded lower on the hasis of "poor natural
coturT (1),

The green color in immature rapeseed is caused by the
photosvnthetic pigment chioruphvll (2). Chlorophy!l has
hecame a major problem an the Caradian crushing industry
as it1s often extracted into the vil m such quanuties that it
is difficult o remove by convennenal bicaching processes
3). Besides gving a product with an undesirable color,
chlorophyll has been smplicated as a prooxidint in the
formazion of oxidative rancidity in oils (4),

The system just desenibed has bheen used successfully o
rade rapesesd snee the eary 19605, Recentdly, however,
rapeseed prucessors have been complaining that rapeseed
with low percentages ol green seed has been giving oils
which were extremely dark in color {5). In order to provide
initial background to the problem, this study was carnied
out tu esrablish the relarionship berween seed chlorophy!l
and ol color and ta examine the relationship beoween seed
and oii grading systems.

MATERIALS AND METHODS

Ramples of rupeseed were received from gran companies
throuagh the Grain Research Laboaratony's annual new-crop
survey Samiples of canola ail and seed were obtained from
Western Canaduan canola crashing plants,

Chlorophyll Determinations

Many  specrophotometric provedures which mieasere
chiorophyll actually medsure the group of compeands
which have ahsorption maxima rear 670 nm. These com
pounds nciude boch chlirophyis "7 and ChY and chen
respecine ;1hc's:[\.‘1_\' tns I this study, the term Tdapparent
citorephvl™ will be used where s possible that a mixiure
of ¢hloraphyls and pheophyzingis being measured,
Chlorophvll in seed samples was determined using the
s fTective spectrophotomesrie method of Daun (6), Chioro-
phvll in G samples was deternuired inwils sanples using
the AOCS Official Method Ce 134535 as modified by
RKeliv and Yaen (30 specirophotemelnn meascrenrents on
Ingnd semples, clading chlorophyl! analvses, were made

16 / JAOCS, vol, 59, no, 1 (January 1982}

on a Beckman Acta M VI spectrophotemeter equipped with
& 10-mm flow cell (4 mm path width).

Color comparisons were made using a Hellige Compura-
tor. Wrarten filters of various colors and strergths were
used to correvt background color

RESULTS AND DISCUSSION

The Canadian General Standards Beard (CGSB) specifica
tivn tor crude rapeseed oil {7) requires that the o color be
compared to that of a nickel sulfate solunon (Srandard A).
Using the Flellige color comparator and Wratten fers 1o
adpust fur the veliow coior af the vil, it was not possibic o
compare the volor of any of the wils from crushing piants
to the nickel sulfate standard (Table 1Ty Even nils wlhich
had extremely high devels of apparent chlorophyll, as
determmed by specrophotomerrie medserement, had a
colur less than than the mickel sulfate solution. Quality
vontrol personael st Western Canadian crushing plints
confirmed this situazion,

Samples of vil with a range of chlorophyli were prepared
by extracring fresh samples of rapeseed with o mixiure
of heprarne and ethanoel {9 1) (B). These samples exhuibited 4
wide range ot green color which were easy 10 compare
w:th the standard nickel selution using the Hellige compara
tr {Fable 11 (:ls contaming less than 25 ppm chlorophy!l
were found tu be less green than Standand A,

Exarnination of the absorprion spectra of the vl used @
the experimens qust described showed dhat laborstony
extracted nils had a3 majur absorpron maimum ar ahowr
665 nor whereas ols from crushing planis had a4 maximum

TABLFE Il

Comparisen of 0Ol Colors of Ll.boratol?' and Crushing Plant
Extracted Oils with CLSB Standard A for Green Color®

“Chlorophyll” Lighter than Darker than
Sample (ppm)b standard A standard A
Lab extrace 1 18 X
- 2 20 X
- 3 25 X
- 4 26 X
- 5 28 X
- 6 39 X
Crushing planc 1 15 X
-+ 2 13 X
- 3 23 X
- 4 27 X
s 5 37 X
-+ 6 42 X

30ils compared using a Hellige Comparator and a No. 12 (yellow)
Wratten gelatin filter.

bChlorophyll measurcd as in ref, 3,
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in the range 667 668 nm (Fig. 1). Furthermore, tredtment
of the laboratory-extracted oils wath aceric acid and heat
resulted in brown colored uvils with an increase in the
wavelength of absorptivn maximum and a decrease n
its intensity (measured a5 apparent chiorophvll [Table
(M]3, This shift to higher wavelengths and decreasing
absorpuvity suggests conversion of chlorophylls te pheo-
phyrins (9).

F.gure 2 shows that the anounr of chiorophyll extracted
into the oil coreiates well with the amount in the seed. If
3 vorrection i made for the lower absorpuvity  of pheo-
phyrin, ic can he seen that almos: all of the chlorophyvll in
the seed s extracted into the oil,

There is some controversy n the lizeratire whether the
apparent chiorophyll in ripeseed oil 18 in the form of
pheophynn or chiorophyil. karly work by Nenwiadomskr et
al. {27 ard bv Box and Buockenuogen (10) indicared thar
pacophytins predurinated n s from crushing plants,
Appelqvist (113 found that, for freshly extracted mils from
Swedish crushing plants, chlarophy’l predominated. He
suggested that results in the carier studies were due o
changes taking place in those oils, which had been stored
For long periads (up to 6 months) before andiyses, Samples
anaiyzed an this studv vared in age from a few davs to 2
weeks betore being analyzed. Except for the penod of
postal travel, the samples were stored i the dark ar 4 C o
minimize any changes, It would appear thas, of chlorophyll
is present in Canadian on! immediately after exiriciion, itis
rapidiy converted o pheophyan Also, pheophytin prob
ably nredominates in any oil which is bandled by a refineny.

It s probably the russet color of the pheophyting which
makes it impossible to establhish @ correspondence hetween
the CGSB Srandard Color A and the color of oils exzracted
from crushing plants, The adoption of 4 maximal amoeant
v apparent chlorepihyl (ur pheophynng as measured by
AQCS standard procedure or a moditication of this proce-
dure wuuld prabably solve his problert, Such a method has
been suggested by Kelly and Yuaen (3 The group of
compounds which have an aisarption maximum in the
range of 660070 nm vouid be refuerred taoas apparent
chlorephysl with the understanding that pheophyun, rather
than chliaraphyll, probably s being measured. A better
sounion wauld he 1o rreat all samples with 2cetie acid and
heas and report the results as pheophyun, A correcuon to
the factor used in the calewlation would thea be required,
An upper Emiz of 20 ppm pheophvan Cneasured by AOCS
Ce 13455 with ro change in factar) 1s probably suitable as
a replacement For Standard A

It 25 ppm chlorgphvll ropresents the upper imet fur top
grade cil hased on eomparisuns of sced extracrs with
Standard A, then the uppzr limir for chloropinv. i top
grade seed s onlv 10 pom Gillowing for 404 00l o the
seed 1 Allowing for the average ol content being somewha:
greaser than 0% and for the efiect of averaging ot small
fots, samplng and methadology error, the maxunal spper
Frmiz for chlorophvllin the seed should te ca. 12 ppm. In
Sweden, the mavmal alowabie value for seed chlorophyil
1Is 30 ppm o as measured in o the o by heplincfethano!
cetracton {(4) Assamng #% aill i the seed, this carres-
ponds 10 12 ppm chlorophy [Thin the seed.

I order to find out how the Caradizn Grading Svstent s
meeting thie proposed standard, sevieral sets of samples
of rapeseed with o wide tange in chlorophyll content by
Caradian Graie Commission Ispectors and e Inspectors
ram a Western Canadian Canoia crushing plant. The resulss
fraom these studies (Fig. 3. Table 1V) show thatif 12 ppmr s
the maximal level of chicranhyl aifowable, ther only ca
1.5% green seeds should be al'owed in the sample rather

thun 2% allowed ar preseat Furnthermore, the low correla

0.500[ LABORAIORY EXTRACIED CHL ‘\
\ i

ABSORBAMCE

560 Taln 440 480 ol
WAVELENGTH, nm

FIG. 1. Absorption spectra of oils extracred from seed in the Iabora-
tory. modi by treatinent with meetic acid, and an ol extracted
from =z Western Canadian crushing plant (ull dilueed 1:10 with
ccl,).

TABLETI

ChlorophyH and Pheophytin in Samples of il from Crushing Plants
and from Laboratory Exiractions

Chlorophyll in oil (ppm)2

: Laboratory
Crushing plant oil extracted oil
Sample Asis Treated As is Treated
1 5 5 7 4
2 12 12 16 i1
3 17 17 23 10
4 20 20 33 20
5 26 26 44 30
6 27 26 40 34
7 36 36 45 34
2 57 -1 64 41
AMeasured as in ref. 3,
» -
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FI1G, 2. Relationship hetween wed chlorophyll and oil chlorophyll
in samplcs exwacted at Westem Canadisn aushing plants, Sced
chiorophyll determimed by neflectance spectroscopy (6) and oil
chloruphyll by spectrophoromeuy (1),

tion {r%) indicates thar onlv vu 505 of tae changes in
chlorophvll cortent can be explaned by chinges in per-
\'l‘r‘.ngf_‘ green W(fil.

Burther examinaton of the data ¢Table V) indicates thar
1oone ser ot samples from an ares with a severe chlnzophyil
problem, 60 af the samples with ever 1% or less of green
seeds eaveeded the 12-ppm chlorophy il amin For samples
colectd trom throughout Western Canads, ca 30% with
T ar loss reen seed had grester than 12 ppm o chioraphyll,
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FIG. 3, Scater dnﬁum showing the relatonship between percentage

of green seeds wed chlorophyll in samples from the 1979 new
crop survey of Western Canadian canola/rapeseed,

TABLE IV

This sitwanion ohwiously s notr satsfactory for gouod
quality contral. One answer to the quality centrol portion
of this prublent is  adopt 3 procedure to measure the
\h]mupl'} Il content of samples of rapeseed. rather than the
percentage green seed. Such a procedure is used ar present
17 Sweden (4) and might be adopted in Canada for use at
canola crushing plants. General use of such a sywem in the
Canadiar grading svstem s unikely, however, since extrac
tion and spectrophutmetric rechnigues are o iime
vonsuming, expensive and harardous to he used at primuary
grading points or even at governmen: nspeciion offices,
Develepment of an instrumental procedure using 4 reflec
wance technique similar o the rapidly develop:ng near-
mfrared rechnology may eventually provide a satisfactony
answer to this problem,

(Quality cenzol is only part of the problemy. The moce
important problem s the large amount of Canadian canola/
rapeseed which fails to meer the standard. Rescarch is being
dune 1w relate agriculiural parameters 1o chleraphyl
content of the seced. Hopefully, this will result in improve
ments in agricultaral practice and less immaturity ir Can-
ada’s canuvla/rapeseed crop.

Relazionship between Percentage of Green Seeds and Chlorophyll Content of Samples of Rapeseed Collected

and Tested ar Different Times and Locations

Range Green seeds
No. of chil,.2 Green at 12 ppm Equation
Sample Inspectors samples {ppm} (%) Correlation chlil. (%) of lineb

1979 New crop survey Can. Grain Com. 56 1-28 04,5 0,61 1.2 Y=010X - 0.02
1980 New crop survey Can. Grain Com. 46 0-34 0.4-13 0.67 1.8 Y =0.18X — 0.37
1979-80 Crushing plant samples  Can. Grajn Com. 115 1-24 0-7.8 0.65 14 Y =0.12X — 0,06
1980 Farm samples Canola Crushing Plant 291 448 0-20 0.67 14 Y =0.20X - 1.00

aSeed chlorophyll measured as in ref. 6.

by = % green, X = chlorophyll.
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- TABLEV

Disribution of Percentage of Green Sceds and Chlorophyll
in Samples from New Crop Surveys and Crushing Plant Surveys

Samples

Green seeds Total no. Total samples > 12 ppm

Survey seeds of samples {%) chll, (%)
A 1 112 33 60
2 38 18 79
=2 ' 63 30 87
B 1 73 63 30
2 30 26 83
_ >2 12 10 92
C 1 59 77 34
2 10 13 20
»2 8 10 100
D 1 25 54 24
2 13 28 . 54
»>2 8 17 ) 75

A—Samples from a single crushing plant: fall 1980,

B—Samples from 7 Western Canadian crushing plants 1979-80.
C—1979 New crop survey.

D—1980 New crop survey,
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made chlorophyll analyses,
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