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ABSTRACT
Individual peanut seed may develop a fruity

fermented (FF) off-flavor if exposed to elevated
temperatures after digging. Typically, high mois-
ture, immature peanuts exposed to temperatures
above 35uC either in the windrow or during
artificial curing may develop the FF off-flavor.
Because of the uncertainty associated with sam-
pling and FF measurement, it is difficult to obtain
a precise estimate of the true FF intensity within
a bulk lot. The objectives of this study were to
determine the variability associated with the
sampling and measurement steps of the test
procedure used to measure FF intensity in a bulk
lot and to describe the FF distribution among
replicated sample test results taken from the same
lot. Twenty test samples of 250 g each were
randomly taken from 20 medium grade lots of
runner-type peanuts identified by commercial
testing as having FF intensities ranging from 0.0
(no FF off flavor) to 4.0. Each test sample was
prepared according to published guidelines and
the FF intensity of each sample was measured by 8
members of a highly trained descriptive sensory
panel. The total variability associated with the FF
test procedure was partitioned into sampling and
measurement variances for each lot. Each vari-
ance was a function of the FF intensity. Using the
standard commercial FF test procedure (300 g
sample and averaging the score of 5 panel
members), the measurement and sampling var-
iances accounted for 31.4% and 68.6% of the total
error, respectively. The FF distribution among
replicated sample test results tended to be
positively skewed and could be described by the
compound gamma distribution. The best use of
resources to reduce the total variability of the FF
test procedure would be to increase sample size to
reduce variability of the sampling step.
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Individual peanut seed can develop an objec-
tionable off-flavor if exposed to certain environ-
mental conditions. Typically, high moisture, im-
mature peanuts exposed to temperatures above
35uC will produce a fruity-fermented (FF) off-
flavor (Sanders et al., 1989a,b; Sanders et al., 1990).
The intensity of FF off-flavor appears to be
directly proportional to temperature, immaturity,
and kernel moisture content (Whitaker and Dick-
ens, 1964). High temperature exposure can occur in
the windrow when peanuts are exposed to direct
radiation from the sun or during curing when
artificial heat is added to the drying air. When
peanuts are exposed to these conditions, the
assumption can be made that within each bulk lot
of shelled peanuts, there exists a FF distribution
among individual peanuts. Probably, a large per-
centage of peanuts in a bulk lot have no measurable
FF off-flavor intensity and the remaining small
percentage of peanuts have varying intensities of
the FF off-flavor. If all peanuts in a lot were
subjected to the same temperature, then the FF
distribution among individual peanuts may be
closely related to the maturity distribution among
individual peanuts in the lot (Sanders, 1990;
Sanders and Bett, 1995).

Currently, the peanut industry estimates the
mean level of the FF attribute among all peanuts in
a bulk lot by taking a 300 g sample of peanuts from
the bulk lot. The test sample is roasted, blanched,
and ground into a paste, a subsample of paste is
removed from the comminuted test sample, and
each member of a trained flavor panel scores the
FF intensity. Each panel member is highly trained
and experienced in evaluating peanut flavor as
described by the peanut flavor lexicon (Johnsen et
al., 1988; Sanders, et al., 1989b). Each panel
member evaluates the intensity of the peanut flavor
descriptors using standard, published sensory
analysis procedures. All panel member scores are
averaged and the average score is the best estimate
of the true FF off-flavor intensity among all
peanuts in the lot.

Customers who buy U.S. peanuts may specify in
their purchase contract that the peanuts must have
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an average FF intensity below some threshold
(Greene et al., 2006a; personal communication J.
Leek and Associates, 2006). Occasionally, separate
samples taken from the same lot by the seller and
buyer will not agree when scored by their respective
trained flavor panels. If a customer receives a lot
that tests greater than a specified threshold, an
economic hardship is created for both the buyer
and seller of the lot. The lack of agreement in the
FF off-flavor score is probably due to the un-
certainty associated with the test procedure used by
the seller and buyer of the peanuts to measure the
FF intensity of peanuts in the bulk lot.

The test procedure used to estimate the FF
intensity in a bulk lot consists of sampling, sample
preparation, and measurement steps. Each step
contributes to the overall uncertainty associated
with the test procedure. Because of the uncertainty
of the FF test procedure, it is not possible to
determine with 100% certainty the true average FF
intensity among all peanuts in the bulk lot by
measuring the average FF intensity of peanuts in
a sample taken from the lot.

Because of the uncertainty associated with
sampling, sample preparation, and measurement
steps, lots can be misclassified by a sampling plan.
There is some chance that good lots (true FF
intensity is below a defined tolerance) will test bad
by the sampling plan (seller’s risk) and some chance
that bad lots (true average FF intensity is above
a defined tolerance) will test good (buyer’s risk) by
the sampling plan. The performance (number of
lots miss-classified or the buyer’s and seller’s risks)
of a specific sampling plan can be predicted if the
variability associated with sampling and measure-
ment steps of the test procedure can be determined
and if the FF distribution among replicated sample
test results can be described.

The objectives of this study were to: (1) measure
the total variability associated with the test pro-
cedure used to measure the FF intensity in peanuts,
(2) partition the total variability associated with the
FF test procedure into sampling, sample prepara-
tion, and measurement variance components, (3)
measure the FF distribution among replicated
samples taken from a bulk lot, and (4) demonstrate
how to make best use of resources to reduce the
uncertainty of the FF test procedure.

Materials and Methods
Theoretical Considerations

It was assumed that the total variability, (s2
t)

associated with the test procedure to estimate the
FF intensity of peanuts in a bulk lot is the sum of

the sampling (s2
s), sample preparation (s2

sp), and
measurement (s2

m) variances (Whitaker et al.,
1974).

s2
t ~ s2

s zs2
sp zs2

m ð1Þ

Sampling error occurs because the FF distribu-
tion among individual peanuts causes differences
among replicated sample test results taken from the
same lot. Once a sample is prepared (roasted,
blanched, and ground), the FF intensity may differ
among replicated subsamples of paste taken from
the same comminuted sample (sample preparation
error). Finally, evaluation of the FF intensity may
differ among individual sensory panel members
when tasting peanuts from the same sample
(measurement error). It was assumed that the
sample preparation error is negligible (s2

sp 5 0)
since all peanuts in the sample are ground into
a homogenous paste and the FF intensity will not
differ among replicated subsamples taken from the
same comminuted test sample.
Experimental design

To measure the sampling and measurement
variability and the FF distribution among sample
test results, a balanced nested design was developed
(Figure 1). Twenty bulk lots of medium runner
type peanuts were identified by commercial testing
as having FF off-flavor intensity ranging from 0.0
(no FF off flavor) to 4.0. A 5 kg bulk sample was
removed from each identified lot. Using a riffle
divider, 20 samples of 250 g each were removed
from the 5 kg bulk sample. Using standard in-
dustry procedures (Greene, J.L. et al. 2006b), each
250 g sample was roasted, blanched, and ground
into a paste. Each member of a highly trained
descriptive sensory panel rated the FF intensity in
a subsample taken from the ground 250 kg sample.
Depending on the availability of panel members,
each ground sample was usually rated by the same
8 panel members. All panelists used the Spec-
trumTM method to evaluate the intensity of all
terms in the peanut lexicon (Johnson et al., 1988;
Sanders et al., 1989b). Approximately 2032038 or
3200 FF scores, identified by panel member,
sample number, and lot number, were recorded in
the database for statistical analysis.
Statistical Analysis

Using Proc Mixed in SAS, an estimate of the
total, sampling, and measurement variances was
determined for each lot. The average FF intensity
among the 160 FF off-flavor scores (8 panel
member scores per sample time 20 samples per
lot) was also determined for each lot. The 20
sampling and measurement variance estimates were
plotted versus the average FF intensity for each lot
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to determine if each variance component was
a function of the FF intensity.
Observed distribution

An observed FF distribution among the 20
sample test results for was constructed for each lot.
A total of 20 observed distributions, one for each
lot, were constructed. The observed cumulative FF
distribution for a given lot was constructed by
ranking the 20-FF sample test results from high to
low. The highest FF value was assigned a cumula-
tive probability of 1.0. The next to highest FF value
was assigned a cumulative probability of 1.0 – 1/20
or 0.95. The cumulative probability associated with
each smaller FF value was reduced by 1/20 or 0.05.
The cumulative probability associated with the
smallest FF value was assigned a probability of 1/
20 or 0.05.
Theoretical distribution

Four theoretical distributions, normal, lognor-
mal, negative binomial, and compound gamma
were chosen as possible models to simulate the
observed FF distribution among the 20 sample test

results taken from a lot (Giesbrecht and Whitaker,
1998). These four theoretical distributions were
chosen to give a broad descriptive range of
distributional shapes from symmetrical (normal)
to highly skewed (negative binomial) distributional
shapes. Each theoretical distribution was compared
to each observed FF distribution for a total of 80
comparisons.
Parameter Estimation Methods

The predicted FF distribution among sample
test results was calculated from a theoretical
distribution using distribution parameters comput-
ed from the mean and variance among the 20-FF
sample test results. Parameters of the four theoret-
ical distributions were estimated using the method
of moments (Giesbrecht and Whitaker, 1998). The
method of moments provides a direct and un-
complicated method of estimating the parameters
of each theoretical distribution. Parameters of each
theoretical distribution are estimated directly from
the measured mean, I, and variance, S2

t, among the
20-FF sample test results associated with each lot

Fig. 1. Nested experimental design used to determine the measurement and sampling error associated with using 250 g samples and 8 trained flavor panel
members used to rate the FF intensity of samples.
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(Giesbrecht and Whitaker, 1998; Whitaker et al.,
1972).
Goodness of Fit

The Power Divergence (PD) test statistic, which
is a conservative modification of the Chi Square
GOF test, was selected as the criterion to evaluate
the goodness of fit (GOF) between the theoretical
and observed distributions (Read and Cressie,
1988). For a given lot, the range among the 20
sample test results is divided into 10 intervals of
equal width and the number of sample test results
that fell into each interval was counted. The
expected number of sample test results in each
interval is 2 (20 sample test results divided by 10
intervals). The PD statistics were calculated using
Equation 1 and compares the observed number of
sample test results in each interval to the expected
number or 2.

PD~
2

c(cz1)

X8

i~1

observedið Þ observedi

expectedi

� �c

{1

� �
ð1Þ

where i is the interval number from 1 to 10 and c is

a coefficient equal to 2/3. Giesbrecht and Whitaker

(1998) recommended the use of PD statistics (Equation
1) with c 5 2/3 due to its reasonable power against

a broad range of alternatives. If c51, Equation 1 would

become the Chi Square GOF test. The test statistics

were converted to a GOF probability where the lower

the GOF probability, the better the fit. The fit between

the theoretical and observed distributions was consid-

ered acceptable if the test statistic did not exceed the

95% critical value.

Results
The FF intensity for each sample and for each

lot is shown in Table 1. The FF intensity associated
with each sample in Table 1 is the average of all
eight-panel member scores. For each lot, sample
intensities are ranked from low to high to more
easily view the range among sample test results
within each lot. The best estimate of the true FF
intensity of a lot is the average of the 160 FF scores
(20 samples 3 8 panel scores per sample). The
average FF intensity among the 20 lots varied from
0.2 to 2.1.
Variance

Using Proc Mixed in SAS, the mean FF
intensity, total variance, sampling variance, and
measurement variance for each lot is shown in
Table 2. A full log plot (sometimes called a log-log
plot) of the measurement variance, sampling
variance, and total variance versus the average
FF intensity (Table 2) is shown in Figures 2, 3, and

4, respectively. The functional relationship between
variance (s2) and FF intensity (I) was determined
using a linear regression analysis on the log values.
The regression results are also shown in each figure
along with the measured variances. The regression
equations for measurement, sampling, and total
variances as a function of the FF intensity are
shown in Equations 2, 3, and 4, respectively.

s2
m ~ 0:546 I0:366 ð2Þ

s2
s ~ 0:163 I1:179 ð3Þ

s2
t ~ 0:746I0:515 ð4Þ

Unfortunately, the range in FF intensity among
the 20 lots was not as wide as hoped. There was
a clumping of mean and variance point in
Figures 2, 3, and 4 and as a result the slope of
the regression equations (slope in the log scale is
the exponent on the I term in equations 2, 3, and 4)
was determined with only 3 to 4 points. The
attempt to sample peanut lots over a wide range of
FF scores proved to be very difficult.

The measurement, sampling, and total variances
can be predicted from Equations 2, 3, and 4,
respectively, for a given FF intensity, I. For
example, when measuring a lot with a true FF
intensity (I) of 2.0, the measurement and sampling
variances among individual panel members and
among 250 g test samples are 0.704 and 0.369,
respectively. The total variance of 1.073 was
determined by adding the measurement and
sampling variances together instead of using
Equation 4. At a FF intensity of 2.0, measurement
error accounts for 65.6% (0.704/1.073) of the total
error and sampling error accounts for 34.4%
(0.369/1.073) of the total error.
Reducing uncertainty

The measurement variance in Equation 2
reflects the variability among individual panel
member scores and is specific to the particular
sensory panel members used in this study. The
measurement variance can be reduced by averaging
the scores of 2 or more panel members. Equation 2
can be modified to predict the measurement
variance associated with averaging any number of
panel members (np).

s2
m ~ 1=npð Þ0:546 I0:366 ð5Þ

Because the uncertainty associated with other
sensory panels was not determined, the measure-
ment variance in Equations 2 and 5 may be more
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or less than the uncertainty associated with other
sensory panels. However, highly trained sensory
panels that use the SpectrumTM method should
have similar levels of uncertainty.

The sampling variance in Equation 3 is specific
to a 250 g sample size. Increasing the size of the test
sample taken from the lot can reduce the sampling
variance. Equation 3 can be modified to reflect the

Table 1. Average fruity fermented intensity among all panel members by lot and sample. Sample test results reflect 250 g samples and

average intensity among 8 sensory panel members. Each panel member rated FF intensity to one decimal place. Blank cell indicates

missing data.

Lot

Sample

Mean Median1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

2816 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.14 0.14 0.14 0.14 0.19 0.19 0.29 0.31 0.43 0.44 0.54 0.57 0.83 0.22 0.14

1075 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.13 0.14 0.17 0.20 0.29 0.38 0.46 0.57 0.63 0.64 0.71 0.75 0.86 0.30 0.18

1086 0.00 0.14 0.17 0.20 0.21 0.26 0.29 0.57 0.62 0.64 0.65 0.66 0.71 0.93 0.96 1.00 1.06 1.21 1.33 0.61 0.64

1093 0.00 0.19 0.25 0.29 0.36 0.44 0.57 0.63 0.74 0.75 0.81 0.92 0.93 0.94 0.95 1.06 1.48 1.50 1.71 2.00 0.83 0.78

1022 0.21 0.21 0.25 0.38 0.50 0.63 0.63 0.75 0.79 0.79 0.92 0.94 0.97 1.04 1.04 1.16 1.50 1.54 1.63 1.91 0.89 0.85

6363 0.21 0.25 0.38 0.44 0.50 0.63 0.67 0.75 0.84 0.87 1.05 1.07 1.26 1.28 1.55 1.60 1.60 1.66 1.67 1.68 1.00 0.96

1035 0.31 0.40 0.50 0.64 0.65 0.67 0.69 0.75 0.75 0.79 0.86 0.92 1.22 1.25 1.44 1.49 1.69 1.70 1.70 1.96 1.02 0.82

2821 0.00 0.14 0.29 0.31 0.43 0.50 0.50 0.75 0.93 1.00 1.00 1.13 1.15 1.43 1.44 1.50 2.00 2.03 2.26 2.38 1.06 1.00

1036 0.25 0.33 0.50 0.58 0.64 0.64 0.67 0.75 0.75 0.83 1.00 1.00 1.21 1.29 1.48 1.49 1.76 1.87 1.97 2.23 1.06 0.92

1087 0.00 0.13 0.14 0.17 0.25 0.29 0.45 0.57 0.73 0.96 1.16 1.23 1.25 1.79 1.95 1.97 1.98 2.19 2.20 2.29 1.08 1.06

1034 0.17 0.30 0.79 0.83 0.88 0.91 0.93 0.98 1.00 1.19 1.19 1.22 1.23 1.29 1.30 1.50 1.50 1.58 1.71 1.75 1.11 1.19

1020 0.17 0.19 0.40 0.67 0.69 0.70 0.75 0.79 0.91 0.92 1.08 1.48 1.50 1.53 1.53 1.70 1.83 1.83 1.97 2.03 1.13 1.00

1066 0.43 0.57 0.57 0.67 0.67 0.83 0.87 0.90 1.00 1.07 1.18 1.21 1.29 1.34 1.35 1.43 1.56 1.69 2.10 2.56 1.16 1.12

1041 0.00 0.00 0.59 0.64 0.79 0.86 0.97 1.00 1.06 1.06 1.30 1.38 1.47 1.54 1.54 1.71 1.75 2.05 2.06 2.29 1.20 1.18

1065 0.14 0.19 0.20 0.25 0.83 0.93 1.00 1.03 1.13 1.29 1.30 1.31 1.42 1.56 1.71 1.75 2.10 2.39 2.49 2.81 1.29 1.29

1063 0.50 0.75 0.83 0.83 0.93 1.00 1.00 1.04 1.10 1.22 1.44 1.50 1.65 1.70 1.75 1.94 2.21 2.23 2.44 2.47 1.43 1.33

1067 0.44 0.50 0.53 0.60 1.30 1.31 1.34 1.50 1.59 1.63 1.78 1.78 1.83 1.83 1.88 1.90 2.05 2.17 2.47 2.50 1.55 1.70

1064 1.13 1.17 1.20 1.20 1.25 1.38 1.38 1.40 1.43 1.50 1.63 1.65 1.67 1.80 2.00 2.08 2.30 2.30 2.35 2.42 1.66 1.57

1039 1.42 1.55 1.88 1.88 1.92 1.95 2.00 2.00 2.04 2.06 2.06 2.06 2.08 2.27 2.31 2.33 2.43 2.43 2.69 2.79 2.11 2.06

1040 0.90 1.25 1.43 1.66 1.75 1.96 2.08 2.14 2.17 2.17 2.30 2.35 2.37 2.44 2.46 2.47 2.58 2.60 2.75 2.80 2.13 2.23

Fig. 2. Observed and predicted measurement variance among individual flavor panel members. Each point represents a lot.
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sampling variance associated with any sample size
ns in grams.

s2
s ~ 250=nsð Þ0:163 I1:179 ð6Þ

The total variance associated with a FF test
procedure that averages np panel member scores
when using a test sample of size ns is obtained by
adding Equations 5 and 6.

s2
t ~ 250=nsð Þ 0:163 I1:179 z 1=npð Þ 0:546 I0:366 ð7Þ

As an example, the uncertainty associated with
the FF test procedure used by the peanut industry
to estimate the intensity of the FF off-flavor in
a bulk lot can be estimated using Equation 7. The
peanut industry currently uses a 300 g sample and
averages the scores of 5 panel members. The
measurement, sampling, and total variances asso-
ciated with the current industry FF test procedure
(np55 panel members and ns5300 g) when testing
a lot with a true FF intensity of 2.0 is estimated
from Equations 5, 6, and 7 to be 0.141, 0.308, and
0.449, respectively. The coefficient of variation
(CV) associated with measurement, sampling, and
total variances are 18.8, 27.7, and 33.5%, re-
spectively. For this example, measurement error
accounted for 31.4% (0.141/0.449) of the total error
and sampling accounted for 68.6% (0.308/0.449) of
the total error. The measurement CV of 18.8%

would appear to a reasonable level of uncertainty
when comparing the ability of human taste buds to
highly precise analytical equipment such as high
performance liquid chromatography, which has
levels of uncertainty of about 5 to 10% (Whitaker
et al., 1974).

In addition, the total variance of 0.449 can be
used to predict the range of sample test result one
would expect when sampling a lot with a FF
intensity of 2.0 using the standard peanut industry
FF test procedure (ns5300 g and np5average of 5
panelists). Assuming a normal distribution and
95% confidence limits, the FF intensity among
samples would range from [2.0 +/2 (1.96 (sqrt
(0.449))] or range from [2.0 +/2 1.31] or range from
0.69 to 3.31. The major source of uncertainty
associated with the peanut industry FF test pro-
cedure is associated with the 300 g sample size
(68.6% of the total uncertainty). Further reduction
in the uncertainty associated with the industry FF
test procedure can be achieved by increasing
sample size above 300 g. For example, the mea-
surement, sampling, and total variances associated
with the FF test procedure that quantified the FF
intensity in a 600 g sample by averaging 5 panel
member scores are 0.141, 0.154, and 0.295, re-
spectively (For I 5 2.0 in Equation 7). For this
example, the measurement and sampling uncer-
tainty are about the same magnitude.

Fig. 3. Observed and predicted sample variance among 250 g test samples. Each point represents a lot.
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Distribution among sample score
In the above example that predicted the range

among sample test results when sampling a lot with
a FF intensity of 2.0 and using the standard
industry FF test procedure (ns5300 g and np55
panelists), the FF distribution among sample test
results was assumed to be normally distributed.
However, as reported by Greene et al. (2006b), the
FF distribution among the 20-sample test results
for a single panel member appears to be skewed,
especially for lots with low FF intensity values. The
median is less than the mean for 15 of the 20 lots
(Table 1) indicating that the distribution among
the test results is positively skewed and not
symmetrical such as the normal distribution.

Using FF intensity scores associated with one
panel member (identified as panel member A), an
observed cumulative FF distribution among the 20
sample test results was constructed for each lot
(reflecting the uncertainty associated with Equation
7 where ns 5 250 g and np 51 panel member). The
20 observed FF distributions were each compared
to the normal, lognormal, negative binomial, and
compound gamma theoretical distributions (Gies-
brecht and Whitaker, 1998). Using the method of
moments, the mean and variance values computed
from panel member A’s FF scores for each lot were
used to calculate parameters for each of the four

Fig. 4. Observed and predicted total variance associated with the test procedure used to score FF intensity when using 250 g test samples and among
individual flavor panel members. Each point represents a lot.

Table 2. Uncertainty associated with the test procedure to

estimate fruity fermented score of peanuts. Sample variance

reflects a 250 g sample size and measurement variance

reflects variability among individual flavor panel members.

Lot Mean

Variance Component

Sample Measurement Total

2816 0.22 0.0129 0.2600 0.2729

1075 0.30 0.0376 0.3454 0.3830

1086 0.61 0.0881 0.4402 0.5283

1093 0.83 0.1935 0.6522 0.8457

1022 0.89 0.1581 0.5837 0.7418

6363 1.00 0.1762 0.5541 0.7303

1035 1.02 0.1447 0.7113 0.8560

2821 1.06 0.4227 0.6133 1.0360

1036 1.06 0.2414 0.6185 0.8600

1087 1.08 0.5957 0.5551 1.1508

1034 1.11 0.0744 0.5963 0.6707

1020 1.13 0.2848 0.4167 0.7015

1066 1.16 0.1373 0.7148 0.8520

1041 1.20 0.2897 0.6272 0.9168

1065 1.29 0.4959 0.6535 1.1493

1063 1.43 0.2656 0.5999 0.8655

1067 1.55 0.2804 0.4877 0.7682

1064 1.66 0.1044 0.4715 0.5760

1039 2.11 0.0164 0.6573 0.6737

1040 2.13 0.1118 0.7913 0.9031

All Lots 1.14 0.2066 0.5675 0.7741
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theoretical distributions (Read and Cressie, 1988).
A suitable fit occurred when the probability
associated with the fit statistic was 0.95 or less.
Goodness of fit tests (Table 3) indicated that the
compound gamma provided the highest number of

suitable fits to each of the 20 FF distributions. An
example of the observed and theoretical distribu-
tions for lot 2821 is shown in Figure 5.

The distribution among sample test results can
be predicted for specified sample size (ns) and use

Fig. 5. Cumulative observed (solid line) and predicted (dashed line) FF distributions (CDF) among FF intensity values for panelist A from lot 2821. The
predicted cumulative FF distribution was calculated using the compound gamma distribution with mean and variance parameters shown in Table 3 for
lot 2821.

Table 3. Goodness of fit summary when comparing the compound gamma (alpha=7.0), negative binomial, normal and 2-parameter

lognormal distributions to the observed FF distribution among sample scores for panel member A.

Lot N Mean FF Variance

Compound Gamma Negative Binomial Normal 2 Parameter LogNormal

Pd Statistic Prob Pd Statistic Prob Pd Statistic Prob Pd Statistic Prob

2816 20 0.15 0.2275 0.00 0.00 10.06 0.81 23.25 1.00 23.25 1.00

1075 20 0.28 0.3369 0.00 0.00 30.83 1.00 16.93 0.98 21.16 1.00

1086 20 0.45 0.5725 1.01 0.01 70.43 1.00 22.50 1.00 30.82 1.00

1022 20 0.60 0.9400 4.78 0.31 64.06 1.00 21.70 1.00 21.70 1.00

1034 20 0.73 0.4619 30.36 1.00 49.21 1.00 35.78 1.00 38.12 1.00

1093 20 0.85 0.9275 3.35 0.15 43.92 1.00 18.52 0.99 33.30 1.00

1020 20 0.93 0.7569 12.31 0.91 37.07 1.00 17.72 0.99 34.60 1.00

1035 20 0.93 0.7069 12.52 0.92 41.93 1.00 17.94 0.99 34.60 1.00

6363 20 1.15 0.9275 23.38 1.00 31.70 1.00 23.38 1.00 34.04 1.00

1036 20 1.25 1.2375 7.27 0.60 26.60 1.00 11.61 0.89 32.50 1.00

1066 20 1.28 0.8619 14.27 0.95 26.32 1.00 23.63 1.00 49.83 1.00

1063 20 1.33 1.1819 13.62 0.94 21.94 1.00 13.62 0.94 32.61 1.00

1065 20 1.33 1.7819 4.36 0.26 26.27 1.00 12.83 0.92 31.81 1.00

2821 20 1.38 1.3719 7.59 0.63 19.26 0.99 10.94 0.86 34.04 1.00

1041 20 1.43 1.0319 14.79 0.96 20.93 1.00 20.93 1.00 40.49 1.00

1064 20 1.50 0.8000 27.15 1.00 27.15 1.00 27.15 1.00 37.07 1.00

1067 20 1.55 1.0475 16.85 0.98 16.85 0.98 16.85 0.98 35.39 1.00

1087 20 1.58 1.6569 12.83 0.92 31.70 1.00 12.83 0.92 35.71 1.00

1039 20 2.35 0.6025 25.05 1.00 25.05 1.00 25.05 1.00 25.05 1.00

1040 20 2.58 0.9819 16.18 0.98 15.51 0.97 16.18 0.98 36.36 1.00

Total Acceptable Fits (prob ,5 0.95) 13 1 5 0
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of a specified number of panel members (np) using
variance Equation 7 and the compound gamma
distribution. In future studies, a model will be
developed using the compound gamma distribution
and variance Equation 7 to predict the probability
of accepting a lot with a given FF intensity using
a given FF test procedure.

Summary and Conclusions
This study indicated that the measurement,

sampling, and total variances associated with the
standard industry test procedure (300 g sample and
average of 5 panels member scores) used to score
a bulk lot with a true FF score of 2.0 were
predicted to be 0.141, 0.308, and 0.449, respective-
ly. For this example, measurement error accounted
for 31.4% (0.141/0.449) of the total error and
sampling accounted for 68.6% (0.308/0.449) of the
total error. Since there is a different cost associated
with reducing sampling and measurement uncer-
tainty, the best use of resources to reduce the total
variability associated with estimating the true FF
off-flavor of a bulk lot may be to increase sample
size. The variance and distributional information
among sample test results will be used to develop
a model to predict the performance of FF sampling
plans for peanuts. With the evaluation model, the
effect of sample size and the number of panels
member used to evaluate the FF intensity in
a sample on the chances of accepting bad lots
(buyer’s risk) and the chances of rejecting good lots
(seller’s risk) can be determined. Sampling plan
design parameters such as sample size and number
of panel members used to evaluate the FF intensity
in bulk peanut lots can be investigated so that

sampling plans developed for the peanut industry
will not exceed specified risk levels.
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