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ABSTRACT: Green seeds are used as a grading factor in esti-
mating chlorophyll in canola and rapeseed in the Canadian and
U.S.A. grading systems. This work examines the effect that sam-
pling and perception have on the estimation of green seeds as
well as the effect that sampling has on the determination of
chlorophyll. Individual seed analysis indicated that in order to
be considered as green, seeds needed to contain between 200
and 400 mg/kg chlorophyll. Variation due to binomial sampling
played a predominant role in the error in determining the green
seed levels in canola. Sampling of large numbers of seeds, as in
the loading of export shipments, reduced the error. Binomial
sampling also contributed to the error in chlorophyll determi-
nation even with sample sizes as large as 500. Differences in
perception of green also were noted between individuals with
coefficients of variation as high as 50% at the 1% green seed
level. The combination of perception error and sampling error
may result in samples of 1,000 seeds drawn from a mass with
2% green seeds having green seed counts ranging from 0.96 to
3.04%, 19 times out of 20.
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Green seeds are the most predominant damage factor encoun-
tered when grading Canadian canola and rapeseed, probably
accounting for up to 90% of the damage encountered in most
years. Green seeds are considered damage factors in canola
because they are indicators of the chlorophyll content of the
overall sample (1). Chlorophyll is undesirable in canola be-
cause it is extracted with the oil, giving it a dark color which
is expensive to remove (2). Chlorophyll pigments remaining
in processed oils have been associated with increased oxida-
tive rancidity (3) and difficulties in hydrogenation (4).

The quantity of green seeds is estimated in canola by trans-
ferring 100 seeds to strips of masking tape using a plastic strip
sampling device containing 100 indentations each approxi-
mately the size of a single seed (5). The seeds are then crushed
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with a roller, exposing the internal meat of the seed. Seeds that
are distinctly green in color are counted as damaged. Maxi-
mum tolerances for green seeds are 2, 6, and 20% for grades
1, 2, and 3 Canada, respectively. Samples with more than 20%
green seeds do not qualify for statutory grades and are as-
sessed as Sample Account Damage (Green). The difference in
price for seed may be discounted as much as $10 to $15 per
ton for each of the statutory grades, and sample seed is often
discounted 50%. The tolerances have been set so that oil pre-
pared from the top grade of seed will have less chlorophyll
than the Canadian industry standard of 30 mg/kg in the oil (6).

Recognizing that there may be different interpretations of
green seed, the Official Grain Grading Guide (5) defines green
seeds as being “distinctly green.” Pale green or otherwise im-
mature seeds are taken into account in the evaluation of natural
color. This means that samples which have less than 2% dis-
tinctly green seeds but which have a large number of pale green
seeds can be downgraded on the basis of “poor natural color.”

Assessment of green seeds in the grading of canola is a sub-
jective process. Different people perceive color differently (7,8),
and there are likely to be individual differences in perception of
what is a green seed. For the purpose of providing uniform qual-
ity export shipments from a bulk handling system, the counting
of distinctly green canola seeds has worked well in most years
(Fig. 1) due mostly to the effect of the combining of large num-
bers of shipments from different areas of the country.

The actual relationship between distinctly green seeds and
chlorophyll in the seed has been shown to be relatively poor
(1) with correlation coefficients in the order of 0.7 for sam-
ples within the statutory grades. This paper explores some of
the sources of error both in green seed counting and in the es-
timation of chlorophyll. In particular, the effects of the bino-
mial nature of the sampling, the sample size, and the effects
of individual perception of what is a green seed are examined.

MATERIALS AND METHODS

Samples of canola used in this study were obtained from the
commercial Canadian crop through the Canadian Grain Com-
mission’s harvest surveys of canola (9). Samples were re-
ceived from Canadian producers, grain handling companies,
crushing plants, and from the Canadian Grain Commission’s
(CGC) Industry Services Division’s official cargo loading
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FIG. 1. Chlorophyll in Canadian export shipments of canola and rape-
seed.

samples. Chlorophyll was estimated by the American Oil
Chemists’ Society (AOCS) Official Method Ak2-93 (10) or
by analysis on a near infrared (NIR) spectrometer (11). These
methods have been shown to give equivalent results. Green
seed analysis was carried out as described by the CGC’s Offi-
cial Grain Grading Guide (5).

Analysis of the chlorophyll content of individual seeds
was carried out by placing individual seeds into test tubes (10
X 75 mm), adding 1 mL of a mixture of heptane/ethanol (3:1),
grinding with a Polytron homogenizer (Brinkmann Instru-
ments Canada Ltd., Mississauga, Ontario), equilibrating for 1
h with gentle shaking followed by centrifugation and deter-
mination of the optical density at 700, 665, and 630 nm using
a Spectronic 1001 (Spectronic Unicam, Rochester, NY) with
a tube holder. The amount of chlorophyll was estimated by
comparison with a standard curve made with pure chlorophyll
a (Fluka, Sigma-Aldrich Canada Ltd., Oakville, Ontario). The
method was subject to considerable error as the optical den-
sity readings were small for seeds with <50 mg/kg chloro-
phyll. Also, the small diameter of the test tube meant that
slight differences in the positioning of the tube in the spec-
trophotometer resulted in significant variations in the optical
density. The standard error of the method was estimated to be
about 10 mg/kg.

Statistical models. Binomial models were developed in
Microsoft Excel using formula from Reference 12. Logarith-
mic conversion allowed large numbers to be manipulated
within the restrictions of the program. Other statistical analy-
sis was carried out using procedures of SAS v6.12 for Win-
dows (The SAS Institute, Cary, NC).

RESULTS AND DISCUSSION

Effect of sampling error. The error of sampling for both green
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seed counting and for chlorophyll analysis is governed by the
binomial nature of the sample. Seeds assessed in the grading
of canola are either green or not green. This is a binomial type
of experiment. These experiments have the following general
properties: (i) There are n repeated trials (i.e., we will exam-
ine n seeds); (ii) each trial will result in a success or failure
(the seeds will be green or not green); (iii) the probability of
success remains constant from trial to trial. This is not strictly
true in canola grading since each seed is not returned to the
mass after assessment. CGC continuous sampling procedures
ensure that samples obtained from rail car unloads or cargo
loading are representative of the mass. Samples, laboratory
samples, and test samples are all prepared according to meth-
ods which ensure that the eventual sample is random and rep-
resentative. The ratio of experimental sample to the bulk is
small, however, and it is possible to assume that the probabil-
ity of success remains essentially constant. In addition, it is
possible that the evaluation of which seed is green will not be
consistent from inspector to inspector, or even for an individ-
ual inspector at different times; and (iv) the trials are inde-
pendent. Again, this is not strictly true since the seeds are not
returned to the bulk between assessments. However, the large
volume of the bulk compared to the sample size means that
the trials are essentially independent.

The binomial distribution states that the probability of
finding a given number of green seeds (x) in repeated trials
with sample sizes of n from a population where p is the pro-
portion of green seeds and g = 1 —p is

Pr(x;n, p) =(Z)pxq”x [1]

The mean value of x is u = np, and the variance of x is 6> =

npq. When the sample size is 500 seeds, as the minimum spec-
ified in the Grain Grading Guide for official CGC inspection,
on the average 10 green seeds would be found for a 2% green
seed count with a standard deviation of about +3.1 seeds. For
95% of the time, we would expect 4 to 16 seeds or 0.8 to 3.2%.

One of the features of the binomial distribution is the dis-
creteness of each cell. The distribution cannot be described as
a continuous curve as can the normal distribution. The bino-
mial distribution also is not symmetric but is skewed toward
zero when P < 0.5 (Fig. 2). Likely, much of the variation of
green seed counting in canola can be at least partially ex-
plained by the binomial type sampling employed. To verify
this, at two different times, different seed lots were carefully
subdivided into representative 100-g subsamples, using a
Boerner divider (Hoffman Manufacturing, Inc., Albany, OR)
and submitted to grain inspectors for an estimation of green
seeds by the official grading method. In 1986, the head of the
Grain Appeal Tribunal in Winnipeg analyzed twenty 100-g
subsamples prepared from each of two different samples. In
1993, a grain inspector in the CGC’s Vancouver office ana-
lyzed 32 different subsamples prepared from each of three dif-
ferent samples. In each case, the green seed count was from a
1,000-seed aliquot of each sample. The inspectors were not
told that the subsamples were from the same lot. A chi-squared
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FIG. 2. Probabilities for green seeds found in different-size samples
drawn from a bulk with 2% green seeds.

TABLE 1
Test for Goodness of Fit to the Binomial Distribution
for Canola Green Seed Counting

Sample?
Vi V2 V3 W1 W2

Number of trials
32 32 32 20 20

Green seeds

Mean 1.5 3.2 5.5 1.0 1.6
Min. 0.6 2.4 4.4 0.0 0.7
Max. 2.4 4.4 7.1 1.9 2.4
df 14 18 19 10 10
x2b 18.0 11.9 19.2 7.0 6.5
X205 23.685 28.869 30.144 18.307 18.307

2V refers to samples counted in Vancouver in 1993, with V1, V2, and V3
representing individual replicates, and W to samples counted in Winnipeg
in 1986, with W1 and W2 representing individual replicates.

bGoodness of fit test as described in Reference 12, pp. 252-256. x> =
Zf‘ﬂ [(0; - e,)/e] where xz is a value of the random variable X2, whose sam-
pling description is approximated very closely by the chi-square distribu-
tion. The symbols o; and e, represent the observed and expected frequen-
cies, respectively, for the ith cell. df, degrees of freedom.
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goodness of fit test showed that the distribution of results was
not significantly different from the binomial (Table 1).

The dependence of the variability of green seed counting
on the binomial distribution has some consequences for grad-
ing of canola. For counts from samples of 500 or 1,000 seeds,
the skew of the distribution is minimized. For smaller counts
(e.g., 100), however, there is a significant skew. Often, coun-
try elevator operators have been observed making grading as-
sessments on as few as 100 seeds. This practice may work in
favor of farmers making deliveries to country elevators as they
will meet the 2% or less green seed requirement with a greater
proportion of their deliveries than if a larger sample size were
used. In samples drawn from a bulk with 2% green seeds, 2%
or less would be found 67% of the time for 100 seed samples,
58% of the time for 500 seed samples, and 55% of the time for
1,000 seed samples (Fig. 2). In addition, the larger sample size
gives a much smaller standard deviation. The situation also
works for samples with true green seed values >2%. For ex-
ample, samples with 4% green in the bulk would be counted
as No. 1 Canada 23% of the time if the elevator operator
counted 100 seeds, <10% of the time if 500 seeds were sam-
pled, and <1% of the time if 1,000 seeds were sampled.

It is important that export shipments of canola be graded
accurately. The effects of the binomial nature of sampling are
reduced by the number of the samples analyzed during load-
ing (about 1 sample for each 1,000 tons). For example, for an
export cargo of 20,000 tons of seed, a total of about 20 sub-
samples each with 1,000 seeds counted from the continuous
sampling would be evaluated for green seeds. If this cargo
were found to contain 2% green seeds, then the 95% confi-
dence interval for the final estimate would be a range of 1.8
to 2.2% due to the effects of sampling alone.

Because green seeds contain much more chlorophyll than
nongreen seeds, the sampling distribution might be expected
to affect the precision of methods for the analysis of chloro-
phyll in canola samples by the AOCS method.

Analysis of 500 single canola seeds from a bulk sample
which was reported to contain 2% green seeds showed one
seed having 420 mg/kg chlorophyll and five seeds having be-
tween 250 and 270 mg/kg (Fig. 3). To be considered a green
seed, the seed would likely have to contain at least 200 mg/kg
of chlorophyll and more likely as much as 400 mg/kg.

By using the levels of 200 mg/kg (minimum) and 400
mg/kg (maximum), it is possible to calculate the contribution
of the binomial sampling of green seeds to the error in the
determination of chlorophyll by the AOCS method. While
the AOCS method specifies grinding of 50 g seed (ca. 15,000
seeds), it is more common to grind about 11.5 g seeds
(ca. 3,500 seeds), or in the case of the original method (13),
as little as 2 g (ca. 600 seeds). Even with a sample size of
50 g, the contribution of the binomial sampling to the error
of the chlorophyll analysis would be significant, falling
somewhere between 0.2 and 0.4 mg/kg at a 20 mg/kg level
(Table 2).

The overall effect of sample size was confirmed by re-
peated analysis of samples of different size drawn from the
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FIG. 3. Distribution of chlorophyll in a sample of 500 seeds from a lot
with 2% green seeds.

same seed lots. The standard deviation increased with de-
creasing sample size (Table 3) as would be expected from ef-
fect of binomial sampling.

Effect of perception error. One thousand seeds were drawn
from each of 12 samples of canola seed comprising three
samples each of No. 1 Canada, No. 2 Canada, No. 3 Canada,
and Sample Canola Account Damage. The green seed count
for each sample was estimated independently by six CGC
grain inspectors using the same set of strips crushed accord-
ing to the method described in the Grain Grading Guide. A
significant difference (analysis of variance) in the perception
of distinctly green seeds was noted among inspectors
(Table 4). Variance (Table 5) increased with the level of green
seeds. Possibly providing inspectors with a color chart or
crayon to assist in determining green seeds could reduce the
error in perception; however, this would not remove the error
due to the binomial nature of the sampling.

When the error due to perception between inspectors is
coupled with the variation due to the binomial nature of the

TABLE 2
Calculated Effect of Binomial Sampling on the Analysis of Chlorophyll
in Samples where Nongreen Seeds Have 20 mg/kg Chlorophyll

Chlorophyll (mg/kg)

Sample Calculated binomial effect
icd
Weight No. In a green on chlorophyll analysis
(® of seeds seed Min. Max. SD

50 15,000 200 23.19 24.01 0.206
400 26.73 28.47 0.434
11.5 3,500 200 22.75 24.45 0.426
400 25.80 29.40 0.899
2 600 200 21.54 25.66 1.029
400 23.26 31.94 2172
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TABLE 3
Effect of Sample Size on the Precision of Chlorophyll Determination
by the AOCS Method Ak 2-92 (ref. 10)

Chlorophyll (mg/kg)

Sample Weight (g) Mean? SD Min. Max.
A 1 19.3 2.6 13.8 23.2
A 2 20.5 3.4 17.0 31.8
A 10 20.8 0.4 20.2 21.9
A 50 20.2 0.6 18.9 21.7
B 1 36.8 3.7 31.0 45.4
B 2 36.9 2.5 33.2 41.2
B 10 37.4 1.3 35.7 39.4
B 50 38.9 0.9 37.2 40.7

“Based on 18 grinds followed by AOCS chlorophyll estimation at each level
of sampling.

sampling procedure, the total error in green seed becomes sig-
nificant. For example, binomial error for 1,000 seeds at 2%
green is +0.3% and the error due to perception, calculated
from the mean variance in Table 4, is about +0.42% for a total
error of +0.52% green. This means that 19 times out of 20
samples with true values of 2% would fall in the range of 0.96
to 3.04%, discounting the skew of the binomial distribution.
Even though the binomial sampling distribution also con-
tributes to the error in direct chlorophyll measurement, this
procedure still provides a more precise estimate of the chloro-
phyll level than distinctly green seed counts, and hence pro-

TABLE 4
Variability of Green Seed Estimates for Six Inspectors Assessing 1,000
Seed Subsamples Independently

Percentage distinctly green seeds

Chlorophyll
Grade (mg/kg) Mean?  Min.  Max. Range Variance
1CC 19 0.93 0.6 1.8 1.2 0.20
1CC 9 1.10 0.8 2.2 1.4 0.30
1CC 14 1.13 0.8 1.4 0.6 0.04
2CC 43 1.82 1.2 2.6 1.4 0.24
2CC 28 3.58 2.8 4.8 2 0.51
2CC 39 3.77 3.4 4.2 0.8 0.09
3CC 72 9.73 8.4 11 2.6 1.11
3CC 83 11.53 10.2 12.2 2 0.70
3CC 64 11.85 10.2 12.8 2.6 1.01
Sample 122 14.57 12.2 17.8 5.6 3.96
Sample 121 20.20 17.6 22 4.4 3.78
Sample 136 21.27 16.4 242 7.8 8.39
“Mean results over analyses by six inspectors.
TABLE 5
Analysis of Variance Table?
Source of variation SS df MS F P-value
Grades 3511.574 3 1170.525 1003.6  <0.0001
Samples within grades  185.218 8  23.1522  19.85 <0.0001
Inspectors 37.54 5 7.507 6.436 <0.0001
Error 64.15 55 1.166
Total 3798.48 71

4Expected range and SD for a single analysis based on binomial sampling
statistics.
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?Abbreviations: SS, sum of squares; MS, mean square. See Table 1 for other
abbreviation.
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vides a better estimate of the intrinsic value of the seed lots.
In addition, direct chlorophyll analysis, using whole seed NIR
analyzers, can be carried out much more rapidly than green
seed assessment. If chlorophyll analysis were adopted, how-
ever, it would still be necessary to estimate other factors such
as heated seeds by visual assessment of the crushed seeds (5)
unless an instrumental calibration for this characteristic can
also be developed.

An understanding of the effect of binomial sampling on
the assessment of green seeds in the grading process is im-
portant to the Canadian grain industry. Farmers and grain ele-
vator operators should understand the nature of sampling
where a difference of green seed between 1.9 and 2.1% may
mean the difference of $300 on a 20-ton delivery. It is also
important that the CGC inspectors and the Grain Industry un-
derstand the inherent variability due to both sampling and
perception, especially for setting tolerances where samples
are submitted for reinspection.

A more general conclusion from this study might be to
point out the importance of sampling from discrete sources
(such as seeds) when dealing with substances that are not uni-
formly distributed throughout the mass. Other examples such
as pesticide-treated seeds, the presence of fungal damage, the
presence of bin-heated seeds, the presence of admixture (es-
pecially inconspicuous admixture such as mustard in canola),
sprouted seeds, etc., will also be expected to give similar ef-
fects. These effects will occur on the error in the estimation
of the particular factor and may contribute to the estimation
of chemical factors associated with the substance in question.
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