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Abstract High oleic peanuts have improved shelf life
vs. conventional peanuts. Purity (percentage of high oleic
peanuts within a lot) is critical to ingredient performance
and final lot value. Contamination can result from uni-
ntentional mix-ups at the breeder/seed level, improper pro-
duction handling, or due to physiologically immature high
oleic kernels. Therefore, industry groups have established
unofficial sampling plans to monitor purity. Assuming
equivalent measurement performance and simple random
sampling, increasing the sample size decreases variance
among replicated sample test results and increases the pre-
cision of estimated lot purity. A novel instrument (QSorter
Explorer by QualySense AG) using near-infrared reflec-
tance spectroscopy was evaluated for high speed (20 kernels
per second) high oleic purity measurements. The study
objectives were to assess instrument performance in:
(1) measuring oleic acid (%) in runner peanuts and
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(2) estimating the true high oleic purity of artificially mixed
peanut lots. Three grades (Jumbo, Medium, and No 1) of
US Runner mini-lots each at seven different contamination
levels (0, 5, 10, 20, 30, 50, and 100%) were prepared. Oleic
acid (%) of individual kernels was measured by scanning
replicated samples of 10, 50, 100, and 500 kernels using the
QSorter Explorer. The variance associated with each sample
size and lot contamination level on returned purity values is
discussed in the context of binomial sampling. Overall, the
demonstrated measurement performance and capacity of the
QSorter Explorer to process much larger sample sizes sug-
gest this instrument can better identify true high oleic peanut
lot purity vs. other currently available technologies.

Keywords NIRS - High oleic peanuts - Seed purity -
Sorting - Quality control - QSorter explorer
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Introduction

High oleic peanuts have increased levels of oleic acid and
correspondingly decreased levels of linoleic acid compared
to conventional oleic peanuts (Moore and Knauft, 1989).
This unique fatty acid composition of high oleic peanuts
confers improved post-roast resistance to oxidation com-
pared to conventional peanuts, with exact improvements
dependent on many factors, including the food matrix, spe-
cific fatty acid composition, and storage factors, among
others (Braddock et al., 1995; Davis et al.,, 2016; Reed
et al., 2002). Given these shelf life improvements, high
oleic peanuts often command a premium price in peanut
markets. High oleic peanuts are especially valued in
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finished products featuring single-kernel/multi-kernel for-
mats, including various confections, snack bars, and in-
shell ballpark style peanuts (Kline, 2016). These products
often contain individual kernels or clusters of kernels rela-
tively exposed to the atmosphere, which can lead to rapid
degradation in roasted peanut flavor and/or the onset of
stale/oxidized flavors. While advanced packaging solutions
or addition of synthetic antioxidants may extend shelf life
of conventional peanuts in these products, these solutions
bring increased costs, environmental concerns, and poten-
tial negative consumer perceptions. In contrast, high oleic
peanuts provide an excellent solution to deliver great tasty
and nutritious peanuts to consumers in these single kernel/
cluster formats with an expanded shelf life.

High oleic cultivars of peanut are produced through conven-
tional breeding, typically in tandem with molecular markers,
and the genetics and subsequent biochemical pathways for this
trait are well established (Chu et al., 2009; Jung 2000a, b;
Tonnis et al., 2020). As both conventional and high oleic pea-
nut cultivars are being developed, produced, handled, and
shelled, there is opportunity for mixing in the supply chain.
Additionally, the exact fatty acid composition of conventional
and high oleic peanuts is also dependent on the specific genet-
ics for a cultivar and subsequent seed physiological maturity
at harvest, which is largely impacted by agronomic practices
and growing environment (Davis et al., 2017; Dean
et al., 2020). Given these factors impacting the supply quality
and consistency for high oleic peanuts, procurement practices
around sampling and testing of potential high oleic lots have
evolved. Two measurements are important when specifying
and procuring high oleic peanuts: (1) average fatty acid com-
position measured by gas chromatography (GC), including the
ratio of oleic acid to linoleic acid and (2) high oleic purity, or
the frequency of kernels in the lot meeting minimum level of
oleic acid (%) to be considered high oleic (Kline, 2016). For
average fatty acid composition measurements, standard prac-
tice is to comminute 100+ grams of sample, express oil from
this ground sample, and measure the fatty acid composition of
the expressed oil by GC. The common minimum standard for
the ratio of oleic acid/linoleic acid (O/L ratio) for the milled
sample to be considered high oleic is a 9/1 (Knauft
et al., 2000); however, this ratio can commonly exceed 30/1,
and shelf life benefits are continuously observed with increas-
ing O/L ratios above 9.0 (Davis et al., 2016).

GC is the primary/reference method for determining fatty
acid composition; however, the method is relatively slow
(some hours to prepare samples and obtain results), expen-
sive, and requires a skilled chemist. In the case of purity,
where many measurements of individual kernels are
required, GC is typically cost and/or time prohibitive. More
rapid and less expensive secondary measurements to pre-
dict oleic acid (%) among individual kernels have evolved,
and these include modified electrophoresis techniques,
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refractive index, and near infrared (NIR), among others
(Chamberlin et al., 2014; Davis et al., 2013). Among these,
NIR-based methods are the most rapid, and for peanut
breeders, an added benefit with NIR is the method can be
nondestructive, meaning the seed can be subsequently
recovered for planting (Fox and Cruickshank, 2005;
Tillman et al., 2006). Despite the relative speed of single
kernel NIR based methods vs. traditional GC measure-
ments, these methods are still limited to practical sample
sizes of 10, 50, or 100 kernels when screening potential
high oleic lots in the commercial trade. As such, a common
purity specification might be 95%, which requires 95 ker-
nels from a random sample of 100 kernels must test high
oleic before certifying the bulk lot has acceptable purity
(Davis et al., 2017).

The practice of sampling a bulk lot, measuring the sam-
ple, and subsequently estimating the composition of the
bulk lot from the sample measurement is an important prac-
tice in agricultural markets. The statistical framework of
various sampling plans for agricultural commodities has
been well elucidated and described, for example, when esti-
mating the mycotoxin contamination in bulk lots including
peanuts, tree nuts, and corn (Whitaker, 2006). For a given
sampling plan, assuming equivalent measurement perfor-
mance, evaluation of larger sample sizes results in an
improved statistical estimate of the bulk lot’s true composi-
tion; however, these improved estimates come with
increased costs that must be balanced against the objectives
of the estimate (Whitaker, 2006). Single kernel NIR tech-
nologies, alone, or in tandem with single kernel imaging
technologies, for measuring, screening, and purifying vari-
ous commodities including soy, corn, wheat, rice, and pea-
nuts, among others, are becoming increasingly advanced
and relevant in modern agricultural systems (Agelet and
Hurburgh, 2014; ElMasry et al., 2019). For the current
study, a new instrument, the QSorter Explorer (QSE) was
evaluated for its potential to measure the oleic acid (%)
content of individual runner peanuts at 10-20 kernels s_l,
which can in turn be used to estimate high oleic purity of
bulk lots. Evaluation of variances among repeated samples
of different sizes is compared with the goal to improve the
statistical estimate of the bulk lot’s true purity.

Materials and Methods

QSorter Explorer

The QSE is a commercial high-speed single-kernel mea-
surement and sorting instrument for analyzing various agri-

cultural products (Armstrong et al., 2017; Rupenyan
et al., 2016), including peanut. A high-speed vacuum belt
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delivers individual kernels in a fixed position first to a cam-
era for three-dimensional imaging, second for near-infrared
reflectance spectroscopy (NIRS) measurement, and third
these data are processed by a computer according to pre-
determined algorithms, and kernels are pneumatically
sorted into one of three bins. For the current study, the
emphasis is on NIRS measurements of oleic acid (%); how-
ever, the QSE can also measure and sort peanuts for mois-
ture content, visually defective kernels, size, and foreign
material. Peanuts were measured at a belt speed of 25 ker-
nels per second, with actual pickup rates between 10 and
20 kernels per second. For the NIRS measurements, kernels
were illuminated with a tungsten-halogen light source, and
light was delivered to the kernels and to the spectrometer
by means of optical fibers. The spectrometer was a
NIRQuest512 (Ocean Optics, Dunedin, FL, USA) that uses
a high-stability, 512-element Hamamatsu InGaAs-array
detector with a two-stage thermoelectric cooler and low-
noise electronics. The absorbances of the peanut spectra
were calculated with the white and dark reference spectra
acquired before the peanut spectra to match the behavior of
the sorting operations. Spectra were acquired in the range
of 900 nm-1700 nm, with 12 ms integration time. The
QSE rejects spectra with compromised spectral quality.
This occurs as the peanuts’ orientations on the vacuum belt
will randomly vary, and depending on the orientation, the
peanuts can be out of focus for the spectrometer, causing
the spectrometer to primarily acquire the background (blue
belt) instead. This causes the spectral intensity to drop, and
the predictions can be wrong. Therefore, all raw spectra
with intensities below a predefined threshold are automati-
cally rejected and the peanuts are sent to Bin 1 where they
can be reprocessed if the operator chooses.

NIRS Model Calibration

A variety of conventional, mid, and high oleic peanuts were
sourced. All peanuts were runners of US origin from the
2017-2019 crop years sourced from the commercial trade,
except some limited mid-oleic Spanish peanuts that were a
gift from a peanut breeder. Mid-oleic peanuts are kernels
that have an oleic acid value between the range of conven-
tional and high oleic peanut varieties. Oleic acid (%) values
for the mid-oleics used in this study ranged from 56% to
72% oleic acid. In addition to different crop years, runner
peanuts were also sourced to include different grades
(sizes), growing regions, and/or different production regions
within growing locations to include robust chemical diver-
sity. Individual peanuts were analyzed in single kernel mode
with repetitions to collect spectral data, and kernels were
collected in labeled vials after data collection. Reference
oleic acid (%) data were collected on kernels after NIRS
spectra acquisition. Spectral data were correlated with
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respective GC reference values to develop a model for
predicting oleic acid (%). A total of 699 kernels are included
in the calibration model.

NIRS Validation

To validate NIRS predictions of oleic acid (%), a set of
151 kernels were sourced from different crop years (2018
and 2019), market types (runner and Spanish), and various
grades from the United States (Table 1). These validation
samples were independent of the original calibration sam-
ples. Individual peanuts were analyzed in single kernel
mode with repetitions to collect spectral data. Three repeti-
tions of spectra for each peanut were acquired to assess
repeatability. White and dark reference spectra were
acquired at regular intervals (after every 10 peanuts were
acquired successfully with 3 repetitions), with 100 replicates
of the white and dark reference spectra. The spectra were
processed offline to predict the oleic acid (%) of the peanuts
and then compared to GC reference data to describe instru-
ment performance. A total of 453 spectra were collected
and 40 spectra were rejected as they were below the accept-
able spectral intensity threshold at delivery, leaving
413 spectra that were used to assess the performance of the
oleic acid (%) model.

Reference Oleic Acid Measurements

After processing the individual kernels in the QSE, the
reference oleic acid content of the individual kernels was
measured by GC. The samples were prepared for GC by
base-catalyzed transesterification, converting extracted pea-
nut oil to fatty acid methyl esters (FAME). Individual

Table 1 One hundred and fifty-one kernels selected for the validation
data set

Oil chemistry Crop year Market type Grade N
Conventional 2018 Runners Medium 19
2019 Jumbo 18
2019 Medium 20
2019 No 1 10
High 2018 Runners Jumbo 9
2018 Medium 9
2018 No 1 10
2019 Jumbo 17
2019 Medium 20
Mid 2018 Spanish NA 19

Kernels were selected to cover a range of oil chemistry, crop year,
market type, and grade. After the QSorter Explorer predictions were
collected, all individual kernels were analyzed by gas
chromatography—the primary method for determining oleic acid (%).
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kernels were placed in glass vials and macerated in the
presence of 2 mL of hexanes. The resulting suspension was
shaken with 1 mL of methanolic potassium hydroxide and
allowed to separate. A portion of the clear hexane layer
was placed into a GC vial and diluted with hexanes for GC
analysis of the FAME. A Hewlett Packard HP 6890 series
GC system with split injection was used to analyze fatty
methyl esters. The GC was equipped with a microbore capil-
lary column (Restek Famewax; 30 m X 0.25 mm X 0.25 pm)
and helium as the carrier gas (1.5 mL min~"). The oven pro-
gram included the following temperatures: 180 °C (0.5 min
hold), 10° min~" ramp to 190 °C (1 min hold), 10° min~"
ramp to 240 °C (8 min hold), until elution of all FAME was
complete.

Preparation and Sampling of Mini-Lots

Twenty-one mini-lots of 2019 SE runners were created by
gently (to minimize split formation) and thoroughly mixing
by mass (4200 g total) conventional and high oleic peanuts
to achieve seven contamination levels identified as O, 5,
10, 20, 30, 50, and 100% contamination of high oleic pea-
nuts with conventional peanuts for each of three separate
grades: Jumbo, Medium, and No 1. For each of the 21 mini-
lots (three grades and seven contamination levels), eight
samples of 500 g were selected from each of the 21 mini-
lots and the oleic acid in each peanut was measured by the
QSE sorter. For the first replication, only the 0 and 100%
contamination mini-lots were specifically processed, to con-
firm that these mini-lots were in fact primarily composed of
high oleic and conventional oleic peanuts, respectively.
After confirming this, the remaining mini-lots were selected
at random to complete the first replication. For the
remaining seven sample replications, the mini-lots (seven
contamination levels and three grades) were sampled in ran-
dom order. After completing a replication, the QSE was
cleaned with compressed air and the mirrors for the digital
imaging system were wiped with optic paper to clean any
dust since peanuts tend to release some degree of debris
when processed. Oleic acid (%) measurements for individ-
ual kernels for the various samples were automatically tran-
scribed by internal software to *.pre files, which were
further analyzed as described next.

Data Analysis

The QSE outputs comma-separated values files that were
aggregated and categorized in MS Excel. IMP (Cary, NC,
USA) and SAS (Cary, NC, USA) were used for data tabu-
lation, visualization, and statistical analyses. For some
small fraction of kernels, two kernels (double) can be ran-
domly picked up on the vacuum belt. In this scenario, the
QSE vision algorithm recognizes these as a “double” and
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the kernels are categorized accordingly by the internal soft-
ware. In addition to “doubles,” spectral outliers are also cat-
egorized by the QSE software. For the current analyses,
doubles and spectral outliers were excluded. Kernel oleic
acid measurements were categorized according to grade
(Jumbo, Medium, or No 1), contamination level (0, 5,
10, 20, 30, 50, and 100%), and replication (A-H). After all
sample measurements, each mini-lot was subdivided into
various sample sizes, namely 10, 50, 100, or 500 kernel
counts to study the effect of sample size on variance among
samples of a given size and on measurements of oleic acid
purity. As every mini-lot, regardless of grade or contamina-
tion level, had at least 5000 kernel measurements,
500, 100, 50, and 10 replications of 10, 50, 100, or 500 ker-
nel counts, respectively, were randomly sampled without
replacement using the SURVEYSELECT procedure of
SAS (SAS, 2019).

Results and Discussion

GC oleic acid (%) reference measurements for the 151 vali-
dation kernels are provided in Fig. 1. The reference line at
74% oleic acid is the industry-accepted cutoff, above which
a peanut is considered high oleic (Knauft et al., 2000). Con-
ventional peanuts (blue bars in Fig. 1) have oleic acid (%)
values from ~46% to 69%, whereas high oleic kernels
(green bars in Fig. 1) range from ~75% to 83% of oleic
acid. These values agree well with previous reports on sin-
gle kernel GC values (Tillman et al., 2006). There is a clear
separation from ~69% to 75% oleic acid between the two
populations: conventional and high oleic peanuts (Fig. 1,
top panel). Note that five kernels received as high oleic for
this validation exercise were identified by the QSE and later
determined via GC to actually be conventional oleic,
i.e., they were contaminants, and are excluded in Fig. 1.
In the bottom panel, mid oleic Spanish kernels (red bars in
Fig. 1) were also included. Mid-oleic peanuts can result in
early crosses of breeder seed to generate high oleic peanuts,
but mid-oleic peanuts are not commonly expected in the
commercial trade; nonetheless, these were included to
understand the performance of the current oleic NIRS
model for the QSE. The addition of the mid-oleic peanuts,
which would be considered conventional oleic if encoun-
tered in the commercial trade, narrows the natural gap in
oleic acid values between conventional and high oleic pea-
nut populations (Fig. 1 bottom panel).

NIRS QSE predictions of oleic acid (%) when plotted
against reference data show a positive, linear (R* = 0.78)
association (Fig. 2). Performance statistics for these NIRS
validation measurements were calculated (Table 2). A root
mean squared error of prediction (RMSEP) of 6.33%
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Fig. 1 Reference oleic acid (%) data for high oleic, mid oleic, and conventional kernels used for validation with the five high oleic contaminants
removed. Line at 74% oleic acid is the industry-accepted standard, above which a kernel is classified as high oleic

suggests NIRS predictions should be within 12.66% (2 SD)
of the reference data 95% of the time. The population of
predicted NIRS oleic acid (%) values for conventional oleic
(bottom panel) and high oleic (middle panel) kernels is
compared with GC reference values (top panel) in Fig. 3.
Excluding kernels between 65% and 74% oleic acid, which
represented 2% of kernels in the validation set and are
largely the uncommon mid oleic peanuts, error rates for
various oleic acid (%) thresholds, above which a kernel is
classified as high oleic, are provided (Fig. 4). The binary
classification error for both conventional and high oleic
peanuts is minimized at about 3% (Fig. 4) at a threshold of
66.5% oleic acid. This reference value is provided in Fig. 3,
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where misclassification in predictions for high oleic kernels
is to the left of this line (middle panel) and conventional
oleic misclassifications are to the right of this line (bottom
panel). By increasing this threshold, it is possible to
increase specificity, or the confidence that peanuts above
this threshold are truly highly oleic; however, the sensitiv-
ity, or true positive rate, will decrease, that is, more high
oleic peanuts will be falsely classified as conventional. For
example, by moving the threshold up from 66.5% to
74.0%, which is the industry-accepted standard for GC ref-
erence data, essentially no conventional peanuts would be
falsely classified as high oleic; however, about 12% of true
high oleic kernels would be falsely -classified as

WILEY AOCS&



J Am Oil Chem Soc

100
Y =-0.7708 + 1.013*X

RMSE: 6.35

R%0.783
90

80

70

60

Predicted oleic acid (%) - Qsorter

50

40 DR

45 50 55 60 65

* Conventional
° * Mid

T * High
2 — Prediction

70 75 80 85

Reference oleic asid (%) - GC

Fig. 2 QSorter predictions of oleic acid vs. reference values of oleic acid (%) measured by gas chromatography

Table 2 Performance statistics for near-infrared reflectance spectros-
copy oleic acid (%)

Statistic Result (%)

Standard error of 6.34; 95% confidence interval: [5.70, 7.14]
prediction

Root mean squared 6.33; 95% confidence interval: [5.77, 7.08]
error of prediction

Bias 0.11; 95% confidence interval: [—0.91, 1.13]

4.75; 95% confidence interval: [4.38, 5.20]

0.78; 95% confidence interval: [0.71, 0.84]

Repeatability error

Coefficient of
determination (R?)

conventional (Fig. 4). When physically sorting peanuts,
users can adjust this threshold for greater specificity or sen-
sitivity depending on the end goal with the sorted peanuts.
For example, a breeder may want very high specificity after
sorting, i.e., a very pure set of high oleic peanuts, but this
will come at some cost of sensitivity/yield, i.e., some of the
true high oleic peanuts (belonging to the lower parts of the
high-oleic content range) will be incorrectly classified as
conventional oleic. For the current study, a threshold of
66.5% oleic acid on the QSE was used to classify peanuts
as conventional or high oleic.

The repeatability error was estimated to be 4.75%. Com-
pared to the RMSEDP, this indicates that most of the error
comes either from variation in the oleic acid in different
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parts of the peanut or from variation in the spectra. The
strongest contributor to this noise is the background signal.
The peanuts will have a different orientation when scanned
by the spectrometer, which means that different amounts of
the background will be in view. This variation in the back-
ground contributes to the repeatability error. Since the
repeatability error is a significant part of the RMSEP, pass-
ing peanuts multiple times will improve the predictions.
NIRS predicted oleic acid (%) values for all grades at the
different contamination levels are provided in Fig. 5.
Jumbo, Medium, and No 1 data are purple, red, and blue,
respectively. These colors were selected to best differenti-
ate the grades; however, the exact values of these histo-
grams are less important than considering the overall trends
that can be observed for each grade. Additionally, the
threshold value of 66.5% oleic acid, above which these
oleic acid predictions were classified as high oleic, is pro-
vided for reference (Fig. 5). The overall responses of each
grade with changing contamination were similar, resulting
in a blend of colors (Fig. 5). When considering the 0% con-
tamination mini-lots, which correspond to high oleic pea-
nuts as received, normal distributions are observed for all
grades (Fig. 5) averaging 78-82% oleic acid depending on
the exact grade (Table 3). For the 100% contamination
mini-lots, which correspond to 100% conventional oleic
peanuts as received, normal distributions are again
observed for all grades (Fig. 5), averaging 57-59% of oleic
acid depending on the grade (Table 3). As the
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Fig. 3 Gas chromatography reference values (top) and near-infrared reflectance spectroscopy predictions for high oleic (middle) and conventional
(bottom) peanuts

contamination level of conventional peanuts increased from The overall oleic acid data observed in Fig. 5 reflect the
0% to 50%, bimodal distributions emerge for all  calculated average oleic acid (%) values for the different
grades (Fig. 5). contamination rates and grades presented in Table 3.
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Regarding kernel counts in Table 3, it is noted that equiva-
lent masses of the three grades were analyzed, meaning
kernel counts are proportionally elevated for the smaller No
1 peanuts, vs. the Mediums, followed by lowest counts for
the largest grade analyzed, Jumbo (Table 3). It is also noted
for the 0% and 100% contamination mini-lots, which corre-
spond to expected 100% pure high oleic and 100% pure
conventional oleic as received, the counts for these samples
were slightly different within a grade (Table 3). For exam-
ple, the 0% contamination Jumbos had 5284 kernels,
whereas the 100% contamination Jumbos had 5098 kernels

Classification error for oleic acid using 65% and 74% reference

——Low oleic
——High oleic

30

25

10

Classification error (%)

70 75
Threshold

60 65

Fig. 4 Error rate for classifying peanuts as conventional or high oleic
for the QSorter near-infrared reflectance spectroscopy model when
excluding reference values between 65% and 74%

(Table 3), demonstrating the high oleic kernels were
slightly smaller for these Jumbo mini-lots. In the case of
Mediums and No s, the conventional kernels were slightly
smaller given the counts at equivalent masses (Table 3). As
such, when comparing contamination levels, which were
prepared by mass, these differences in count-based purities
should be recognized.

Average purity, or the average frequency of peanuts
exceeding the defined threshold of oleic acid (%) to be clas-
sified as high oleic, is provided in Table 3 for the three
grades and the seven different contamination levels. As the
contamination increased within a mini-lot, average purity
decreased for all grades. Furthermore, at equivalent con-
tamination levels, Jumbo peanuts tended to have higher
purity values compared with Mediums and No 1s. All other
factors being equivalent, larger peanuts tend to be more
physiologically mature, and as peanuts mature, oleic acid
(%) tends to increase (Davis et al., 2017; Dean et al., 2020;
Wang et al., 2018). The differences in average oleic acid
content (%) and average purity among grades could be, at
least partially, attributed to differing maturities. Addition-
ally, the current NIRS model is seemingly less accurate in
classifying purity for smaller grades, for example, No 1s, as
these kernels will tend to have oleic acid (%) values closer
to the threshold due to their inherent immaturity. In the cur-
rent validation set, when only considering No 1 kernels,
approximately 9% of the prediction values for validated
high oleic kernels were incorrectly classified, whereas only
3% and 2% of validated high oleic Mediums and Jumbos,
respectively, were misclassified. Given this, the purity of

Oleic acid [%]

Contamination

250

200

150

Kernel count (N)

100

50

20

Grade

Il Jumbo
| Medium
No 1

30 50 100

Oleic acid [%]

Fig. 5 Oleic acid (%) histograms of seven mini-lots for each of three grades
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Table 3 Number of kernels analyzed by the QSorter Explorer, average oleic acid, and purity by grade and contamination

Grade Contamination N Average oleic acid (%) Purity
Jumbo 0 5284 81.7 94.2
Jumbo 5 5291 81.0 91.2
Jumbo 10 5295 79.6 86.6
Jumbo 20 5290 77.2 78.0
Jumbo 30 5262 75.5 70.8
Jumbo 50 5261 70.7 537
Jumbo 100 5098 59.0 10.4
Medium 0 6485 79.6 92.4
Medium 5 6399 78.6 89.0
Medium 10 6362 719 85.1
Medium 20 6434 75.2 75.9
Medium 30 6547 73.4 68.5
Medium 50 6557 69.2 51.7
Medium 100 6613 58.0 9.6
No 1 0 8498 78.0 90.4
No 1 5 8446 77.0 86.4
No 1 10 8495 759 81.5
No 1 20 8518 73.5 73.6
No 1 30 8559 71.8 66.0
No 1 50 8650 67.0 48.2
No 1 100 8636 57.3 10.1

the 0% contamination of No 1 peanuts summarized in
Table 3 could be interpreted as 99.4% pure, or 90.4% ret-
urned purity +9% expected measurement error. While a rel-
atively minor portion of the commercial trade, adding more
No 1 kernels to the model should improve its performance
for this grade, and this will be done in the future.

When considering contamination in high oleic lots, there
can be immature high oleic kernels that do not meet the
minimum threshold of oleic acid, but from a genetic per-
spective they are in fact high oleic. However, from an
ingredient perspective, these kernels will not provide equiv-
alent shelf life performance vs. true high oleics (Davis
et al., 2016). Additionally, there can be contaminants that
are clearly conventional oleic given their oleic acid (%)
measurements. While beyond the scope of the current
paper, in the future, the industry might consider three clas-
sifications: (1) true contaminants, (2) physiological imma-
ture contaminants, and (3) true high oleics. The QSE could
be used to make these classifications. As larger data sets
are collected with the QSE technology (or equivalent), the
expected optimal purity one might expect given the indeter-
minate nature of the peanut crop could be better understood
and ideal purity targets refined accordingly.

Repeated purity measurements for 10, 50, 100, and
500 kernels samples for each of the mini-lots are provided
in Fig. 6. As expected and already discussed, as the con-
tamination rate increased for a given mini-lot, the overall
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purity decreased. Furthermore, regardless of the mini-lot
and its contamination level, as the sample size was
increased, the variation (as measured by the variance) in
repeated measurements of sample purity decreased. For
example, when considering the mini-lot with 20% contami-
nation, which was determined to have an overall purity of
75.9%, returned purity sample values for 10 kernel samples
ranged from 30% to 100% purity. In comparison, 100 kernel
samples for the 20% contamination mini-lot ranged from
about 85% to 66% purity, while the 500 kernel samples
ranged from 79% to 73%. As sample size increases, the var-
iance among the replicated average sample purity
decreases. As a result, larger sample sizes improved the
estimate of the true high oleic purity for a given lot being
evaluated. While 10-100 kernel purity checks are currently
common, with the QSE, it is possible to sample 500 plus
kernels within less than a minute to better understand true
lot purity. Although not the focus of the current manuscript,
the QSE also predicts moisture for the single kernels in
addition to measuring size and visual defects, which can be
useful in determining other aspects of peanut quality.

The statistical variances for repeated sample purity
measurements at different sample sizes for the different
mini-lots and grades were calculated. As purity is a binary
classification (oleic acid is more or less than the 66.5%
threshold), these variance data were also compared to theo-
retical binomial variances calculated across a range of purity
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values (Fig. 7). The theoretical binomial variances show a
parabolic rise, peaking at 50% purity. Maximum variance
observed for experimental observations was at 50% contam-
ination regardless of the grade, contamination level, and
sample size evaluated. Overall, experimental variances
decrease as the sample size increases, and the magnitudes
observed agree quite well with theoretical values predicted
by Binomial theory (Fig. 7). As a result, the theoretical sam-
pling variance of the number of high-oleic kernels, X, when
drawing samples of size n from populations with purity
0 < p < 1 is given by equation (1) when X is modeled as a
binomial random variable:

Var(X/n) =p*(1-p)/n (1)

The observed agreement between empirical and theo-
retical variances suggests that the binomial distribution
can be used to construct/calculate/develop operating char-
acteristic curves. These curves can be used to quantify/
assess the effect of sample size on misclassification risk
associated with sampling plants to estimate high oleic
purity in bulk lots. The binomial distribution has been
used to successfully model sampling plans in other agri-
cultural commodities, for example, genetically modified
seeds in conventional seed lots (Whitaker et al., 2001).

Summary

The performance of the QSE to predict oleic acid (%) for
runner peanuts at 20 kernels s~ was measured and summa-
rized including predicted error rates of misclassification at
different oleic acid (%) thresholds. The QSE was then used
to measure purity (frequency of true high oleic kernels in a
lot) for repeated samples of a given size for various mini-
lots of different grades of runner peanuts prepared to have
a range of contamination (non-high oleic peanuts). The
impact of sample size on the precision among repeated
sample purity estimates for various mini-lot contamination
levels was demonstrated and variances for repeated sample
purity measurements were calculated. Purity data were well
described by the binomial distribution, which can be used
to evaluate the performance (risk of misclassifying lots) of
more advanced sampling plans for determining the purity
of potential high oleic peanut lots, including the develop-
ment of operating characteristic curves. Given the unprece-
dented single kernel NIRS speeds of the QSE, the
instrument will allow buyers/sellers of high oleic peanuts to
use much larger sample sizes than currently accessible, to
provide a more precise estimate of the true purity of peanut
lots being traded in the high oleic market.
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