Sample Size Effects on Measuring Grade and Dollar Value of Farmers' Stock Peanuts!
F. E. Dowell®

ABRSTRACT

Multiple samples of two sizes from 40 trailers of farmers stock
peanuts were fnapected to detarmine sample size effects on
measuring grade factors and dollar value. Grade factors and dollar
vilue were measured uging the current sumple size (1X) and ina
sample double the eurrent size (3X). The 2X sample variances for
dotermining sound mature kemels, sound splits, other kernels,
durnaged kernels, foreign material, loose shelled kemnels, and load
vitlue wene significantly Jower than the 1X sample variances in only
8 or less ::-% the 40 trailers. Average dollar values indicate
measurement errors enused by equipment and human errors when
elesning samples, determining kernel size, and determining
durnaged kernels may be increasing as sample size increnses, At
least 24% of the total error can be attributed to equipment and
human eror, The grade factors with the smullest pereentage of
total error attributable to equipment and human error will benefit
most by inercasing sample size. Thus, dollar value, soued matiane
kemnel, foreign material and damaged kemel measurements will
benefit most by increasing sample size; whereas, loose shelled
kemnels, sound split and ather kermel measurements will benefit
most by improving equipment and procedures,

Kev Wards: Peanuts, sample size, grading, guality.

The Federal State Inspection Service (FSIS) inspects
samples from lots of farmers’ stock peanuts to determine
e factors and dollar value. Grade factors are determined
v measuring the percentage of edible kemels, inedible
kernels, split kemels, foreign material, and moisture. Accu-
rate measurement of these grade factors insures the seller
receives a fair price for his product and insures the buyer
pays a fair price and has accurate information about the
qualityof the product. The buyver will use this prade informa-
tion Lo insure proper segregation, storage, angrlzz:romsalng of
the peanuts. Inaccurate evaluation of grade factors and
subsequent over or under estimate of the load value can
result from sampling errors or measurement errors made by
equipment or by inspectors. Accurate evaluation of grade
factors is paramount to insure only good quality peanuts
reach the market place. The U. 5. peanut industry has
requested that the grading system be examined to deter-
mine il the system needs to be modified or updated to
improve the precision and accuracy of measuring grade
factors {3).

The grading procedure begins with obtaining a sample of
at least 1500 g from a load of peanuts using a pneumatic
sampler (Fig, 1). This sample consists of foreign muterial
(FM), loose shelled peanut kernels {LSK}, and peanut pods.
LSK are kernels shelled from pods during the harvesting,
handling, and sampling process and are mostly of poor
guality. The FM :mg L5K are removed by a sample cleaner
and by hand and the percentage (weight hasis) of FM and
LSK determined. Five hundred grams of pods from the
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cleaned sample are then sized to increase shelling efficiency
and then shelled to determine the percentage of undamaged
or sound mature kernels (SMK), sound split kernels (S8),
damaged kermels (DK), small other kernels (OK), and mois-
ture (MC). Shelling, kernel sizing, and splitting equipment
is used to assist the inspector in the grade measurement
process. All LSK, OK, and DK are inspected for the pres-
ence of a toxdn producing mold, Aspergillus flacus. The
inspectors are furnished color charts and trained to identify
damaged kernels. The damage detection procedures in-
clude splitting and examining each kernel in the sample,
except for the OK (8),
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Fig. 1. Peanut grade sample inspection process.

The value of the load is determined from the prade factors
measured in the inspected sumple. Depending on the cur-
rent market price, quots ranner type SMK and 5§58 receive
about $1.00 per kg \E]lil!-e OK and LSK are worth about $0.15
per kg. Financial penalties are assessed for excessive DK,
FM. 88, and the presence of A flacus. Penalties range from
$3.40 to $10.00 per percent per 908 kg of DK over 1%, from
$1.00 to $2.00 per percent per 908 kg of FM over 4%, and
from $0.80 to $1.00 per pereent per 908 kg of §S over 4%. If
A flavus is detected, the load is devalued by about 75% (107,
Thus, small errars in meusuring each grade factor can result
in substantial differences in the value of the load.

Pennv et al. (5) studied the effect of redicting peanut
grade factors and value using 100 g and 1000 g samples,
Approximately 360 tons of runner and 100 tons of Sp'.mish
farmers” stock peanuts were tested from erop vear (CY)
1853. A reduction in the variability between samples as
sample size increased illustrated the improvement in grad-
ing accuruey associated with larger samples. However, the
actual increase in accuracy was not as large as theoretical
predictions. Error associated with visually assessing damage
in the large samples was identified as one of the main reasons
more significant differences between sample sizes were not
seen. Although a reduction in variability was shown as
sumple size increased, little quantitative data was reported
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and the inspection procedures were somewhat different
than those used currently.

Whitaker et al. {12) determined the coetficient of vari-
ation averaged across 20 lots of minner farmers” stock pea-
nuts from CY 1982. Sixteen samples of approximately 1800
g each were removed from each lot. The coefficients of
variation averaged across all lots were 21.1, 15.7, 2.6, 21.2,
14.0, 55.3, and 2.4% for % FM, % LSK, % SMK, % SS, %
OK, % DK, and quota price per ton, respectively, Davidson
et al. (2) determined the variability between 3 replicated
1800 g samples removed from each of 14 loads of CY 19588
runner farmers’ stock peanuts. The coefficients of variation
averaged across all lots were 25.0, 288, 2.2 231, 10.8, and
45.1% for % FM, % LSK, % SMEK, % 55, % OK, and % DK,
respectively.

The total variability (V) reported by previons researchers
includes sampling variance (V) und measurement variance
(V_), thus V =V + V_ V occurs since it is not practical to
inspect the entire load and a sample must be obtained and
inspected. V_ occurs when inspectors or equipment meas-
ure each grade factor (4). Reducing V. or V_ will reduce the
total variability. Increasing the sample size will reduce V by
a proportional amount. assuming the guality factors are
uniformly distributed throughout the load (8), However,
increasing sample size should reduce V, but V, may in-
crease due to the larger sample that must be handled and
inspected. Thus, if sample size is increased, V will change in
proportion to the change in V_and V.V can be reduced by
eliminating or reducing inspector subjectivity and equip-
ment variahility.

Inereasing sample size is the one component of error that
can affect al?qualil factors, Whitaker (11) showed sampling
errors were much larger than subsam ling or analysis emmors
when testing for aflutoxdn in peanuts, Thus, increasing sample
size may significantly increase the accuracy of measuring
other quality factors. Sample size effects on total error
should be investigated first to see if further reductions in
human or equipment errors are warranted.

The previous work by Davidson et al. (2) and Whitaker et
al. (12}, in which only one sample size was nsed, could he
used to predict the improvement in grading accuracy by
increasing sample size if all or a significant amount of error
was due to sampling. However, the research by Penny et al.
(5) shows that human and equipment errors should not he
ignored. Thus, the objective of this research was to measure
the effect of doubling the current sample size on the variabil-
ity of determining grade factors and Jj}][nr vitlue of farmers’
stock peannuts,

Materials and Methods

Forty leads of farmers” stock pranuts weighing 3500 te 4500 ki wore
collected during the CY 1580 harvest season, Each load was riffle divided
using n farmers’ stock divider to obtadn approdmotedy 000 kg of frmers”
stock peanuts (Fig. 2.} The 900 kg was repetedly nffle divided untl 84,
2200 g and 64, 4500 g samples were oblagned, Ten of the 2200 g samples
were cleaned and divided into 5060 gand 100K g [;u;:-d sa,mplu.s and praded
to determine the & SMK, 55, DK, OK, and MC. Tes of the 2200 2 and 10
of the 4300 ¢ samples were used to determine the perentage of FM and
L5K. The remaining samples and oll keenels feom the grade samples were
used to determine the variability associated with testing for aflatoxin as part
of a separte study. The varability assoelnted with determining the
presence of A flaeus kemels was not determined since the related soudy
[or detecting levels of aflatoxin is undereay, ’

The quota loan value for the current s.'ample size: | 1X) was caloulated by
assigning a 2200 g FM anc LSK sumple to a 500 g eleaned sample and
calculating the value for 908 kg (1 ton) of farmers” stock peannuts, Thisisthe

T E TouDg
Forwai Sompimy
i miey Gradend

Fig. 2. Flow chart of tests to measure the eifect of doubling sample
size on Lhe wocuracy of grading peanuts. Forty 3500-4500 kg
lnads were sampled.

sarnple siee currently wsed in the:nnpﬂ:ﬂnn process, The qmta]m vitlupe
for double the current sample size (2X0 wis caleulated by wssigming a 4300
g F M and LSK sample to a 1000 gclnmd.umple and r:.ﬂcululnp;[he vilue
for 908 kg (1 ton) of farmers” stock peanuts. Thus the quota luan vulue
vuriability between 10-1X and 10-2X urnl:-les;wa.sdﬂemlned, SAS (B was
nsed o test whether the quality fctor and Joan value means and vanianees
between the X and 2X sample sizes for each traller were significantly
different using procedures defined by Steele and Tormie (7] Whitaker e
ull-!l. {12} demonstrated that the varianeces can be pd'edll:te:! using hdnomial
thenry.

Too F515 licensed inspectors and siv aides graded all sa.mplﬂ.
Approsimately 20 of the trailers were graded by inspectors alternately
g.ra.dmg IX and 2X samples, The remalning trailers were inspected by
grading all 1X samples and then grading all ZX samples. The inspector aides
determined only FM and LSK while the inspectors performed the remaining
grading process. The twao inspectors exchanged jobs periodically and the
aitles exchanged jubs with other sides perodically and were routinely
maonitored hy FSIS area supervisors. Inspectors and aides set their own
pue, and thus extry time was allmwved as needod when inspeeting the 2%
samples.

Results and Discussion
Mean and Total Varinnee Results

Table 1 shows the mean and total variance for all grade
factors and dollar value per 508 kg for each of the 40 lots.
Few of the 2X variances were sigﬂiﬁcanﬂy lower statistically
than the 1X variances indicating that increasing sample size
does nat nctr:s;ar'tl:,f increase the precision associated with
measuring quality tactors and load value. This implies that
the measurement error is sizeable, pa.rﬂcularl:r Or S(ImE
grude factors. The dollar value per 908 kg is a measiire of all
quality factors and the varability of dollar valne should
deerease as sample size inereases. Only 3 of the 2X dollar
value variances from the 40 trailers were significantly lower
thanthe 1X variances {Table 2). Thus a significant advantage
of doubling sample size for the purpose of improving the
prediction of load value was not realized for most trailers. In
addition, the dollarvalue of the 2X sample size for 11 trailers
was significantly higher than the 1X sumple indicating that
equipment or human errorinflated the load value derived by
the 2X sample. The 2X average for all trailers was $4.51
higher then the 1X sample.

Approximately 98% of the load value is determined by the
percentage of SMK in the sample. Thus, for the purposes of
determining value, accurate measurement of the amount of
SMK is more important than for the other quality factors,
This is reinforced by noting that in 10 of the 11 instances
when the value measured using the 2X sample was
significantly higher the 1X sample value, the percentage of
SMKinthe 2X samplewassignificantly higher thanin the 1X
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Table 1. Effect of sample size on grade factor percentage means (x) and total variznces {V,} for 10 samples from each of forty farmers stock
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sample. In all, 18 of the SMK 2X sample means were
significantly higher than the 1X means while only 3 of the 2X
sample variances were significantly lower than the 1X
variances.

The higher SMK means in the 2X samples indicate that
either the screen sizer is overloaded und not allowing some
small kernels in the 2X samples to fall through the screen, or
that all of the DK are not removed from the 2X samples.
Possible improper sizing is supported by the fact that ten of
the 2X sample OK means were significantly lower than the

Table 2. Number of current size (1X) grade sample quality

factor means (x) and total variances (V) that are significantly
different from quality factors calculated from a sumple twice
the size (2X). C tions were madeon 10 samples from each
of 40 trailers,
iIx x I u K v, in v,
sigalf ., sigrif. sigmif_ migqnif.
Guality highas lowar highsr ledar
factar than 1X = ©Ehan &% 2 than 1IX ¥, than 1X W,
EBpand maturn kernals |[ENE) 8 i 1 3
Sgund splica [55) ] ] -] ]
dther Ressmala (O} 3 g F &
Damsdad kernels [DEF L a7 1 1
Forelqn matarial [FM) E 4 o 3
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1K samples sise 4500 g for 70 ard LAN and 10060 9 of pods for semaluning feetors.

1Xsample meansand, in all cases, the significantly lower OK
means occurred when the 2X sample SMK means were
significantly higher. Improper sizing may be caused by the
larger sample overloading the screen and not allowing all
small kernels to fall through the slotted screen. Possible
improper damage removal is supported by noting that nine
of the 2Xsample DK means were significantly lower than the
1X meanswhen the 2Xsample SMK means were significantly
higher indicating that a smaller percentage of DK were
removed from the larger sample size. In all, 17 DK 2X
sample means were si%ril‘icantly lower than the smaller
sample DK means indicating that the inspectors were
probably not inspecting the 2X sample size as well as the 1X

%u:';_lF!u.

1e ZX sample appeared to not have been cleaned as well
as the 1X sample since 13 LSK means and 8 FM means were
significantly higher in the 2X sample than in the 1X sample.
Hand picking is required to assist the sample cleaner in
removing pa(i from the FM and LSK and the size of the 2X
sample may not have allowed the sample
cleaned.

These results indicate that measurement error may be a
sipnificant portion of the total error. Thus, further
investigation into the relative amounts of measurement and
sumpling errors are warranted.

Measurement and Sampling Variance Results

An estimate of the measurement and sampling variance
can be obtained by assuming that measurement error is
constant for both sample sizes and byassuming that sampling

ter be properly
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variance is cut in half when the sample size is doubled. The
total error, or varance, associated with sampling and
measuringeach sample size can be expressed by the equations

Var = Vi * Vo o
Vi = "'r;.zx +V o (2)

where total error (V)), sampling error (V), and
measurement error (Y I}I are estimated from the respective
sample variances. Only V, was measured in this study:
however, if V_ is assumed to be constant for the 1X and 2X
sample size, an estimate of V,_and V., for each sample size can
beobtained. Shmeduuhlhlgsmnpiesizeredutesﬂ'!esa.mpling
error in half, the sampling variances ure related by the
equation:

Vo =2" Vi (3)
If measurement errors are assumed ko be constant then:
i'?m.nt; = Vm.i‘i (4)

Substituting equations 3 and 4 into equations 1 und 2
results in

V!_l! - Fl,ﬂ = 1"'-,,;;-; {3}

The comparison of sample means discussed in the previons
section i::tﬁuutud that ¥V may not be constant for both
sample sizes; however, assuming Vox=V allows some
estimate of ¥V_ and V, to be o]:ntalnéﬁ. Tagﬁ,l{il shows the
variance estimates using these assumptions. V_ was least for
damaged kernels with W errar
attributed to measurement error and 2X sumple
sizes, respectively. V, was greatest for LSK with 122% and
110% of the total error attributable to the measurement
error for the 1X and 2X sample size, respectively. hltho-ugh
the values above LK% are not realistic, given the assumptions
made, they do indicate that the LSK'V_ s large.

The variances in Table 1 appear to be a function of the
mean, thus V, can also be caleulated by regressing the
variance against the mean and comparing predicted values
from the 1X and 2X regression equations. A binomial
distribution (1) was fit to each sample size and the regression
coefficients and coefficient of determination (R*) are listed
in Table 4. The regression was restricted to pass through the
origin and this inflates the R* value. Table 5 shows the
caleulated variances when the average grade values are used
in the regression equations. All measurement errors were at
least 309 of the total error with LSK measurement errors
being the largest.

Table 3. Total (V,}, measurement (V_}, and sampling (V) variance
estimates From the avernge variances from 40 loads of farmers
stock peanuts. V_ was assumed equal for the current sample
gize (1X) and for double the sample size (2X),
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Table 4. Begression ecefficients and coefficients of determination
(R*) for a hinomial distribution used to cstimate variances
from sample means.
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Table 5. Total (V) variance estimates predicted from a binomial
digtribution using the average grade (x} from 40 trailers.
Measurement error (V) and sampling error (Vs) were
ealculated by assuming V_ was equal for the current (1X)
sample size and for double the sample size (2X).
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The grade factor with the smallest percentage of total
error attributable to measurement error will benefit most by
increasing sample size. Thus dollar value, SMK, FM, and
DK measurements will benefit most whereas LSK, 55, and
OK measurements \%ﬂ]hEIleﬁtleuslifsamPle sizeisin !

When examining individual trailers, doubling the current
sample size resulted in significantly lower SMEK, 55, OK,
DK, FM, LSK, and the dollar value variances in the 2X
samplesind, 8,6.3, 3. L, and 3 of the 40 trailers, respectively,
Significantly higher load values calculated from the 2X
sumples were seen in 11 of the trailers and reflect significantly
higher SMK and LSK percentages in 18 and 13 of the
trailers, respectively. Significantly lower OK and DK
percentages in the 2X samples from 10and 17 of the trailers,
respectively, contributed to the |1i§ller SMK values. V_ for
dollarvalue, SMEK, M, and DK had the smallest component
of V, whereas V_ for LSK, SS. and OK had the ]i:ljrgest
component of V. However, estimates of V_and V, indicate
that V_ accounts for at least 24% of V. Thus, improving
equipment and procedures will be more effective in
inereasing the precision of measuring LSK, 55, and OK and
increasing sample size would be more effective in increasing
the precision of measuring dollar value, SMK, FM, and DK
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