IDENTIFICATION OF FEASIBLE GRADING SYSTEM IMPROVEMENTS
USING SYSTEMS ENGINEERING

F.E. Dowell, C. R. Mever, R. P. Konstance

ABSTRACT. Sysiems engineering was used to identify peanit grading system needs, establish requiremenis, and compare
proposed solutions that meet consensus specifications established by all indusiry segments, Previous artempis to change
the grading system were hindered by difficulty in getting all segments fo agree on proposed changes. The systems
engineering approach overcame this obstacle. Four proposed sysiems that will improve the current system while meeting
all indusiry requirements are at various stages of the rechrology rransfer process. The improvements included in these
proposed solutions are: (1) high moisture foreign material identification, (2) measuring moisture during sampling,
(3) measuring single kernel moisture, and (4} grading larger samples with an automated sample cleaning, shelling, sizing,
and data collection system. Each of these improvemenis help ensure that consumer demands for qualiry are mer withour
unfairly burdening any one segment of the peanut industry, Technology exisis to implement other solutions such as
objecrive damage detecrion, improved sampling, or aflatoxin measurement. However, resource or performance limitations

presently prevent their implementation. Keywords. Peanurs, Grading, Systems science, inspection.

omestic and foreign consumer demands for food

quality intensify as consumers focus on potential

quality problems, and as they expect an

increasingly wholesome and consistent food
supply. Peanuts are no exception, Particularly, potential
quality problems such as aflatoxin, foreign material. and
off-flavor, threaten both export and domestic markets.
Thus, quality measurement procedures must accurately
reflect true quality of the lot marketed so subsegquent
processing and handling results in only high quality
peanuts reaching consumers. Besides determining value.
quality measurements give the seller information on the
growing, harvesting, handling, and storage practices thar
lead to a specific quality level. The seller may use this
information to adjust any of these practices to improve
peanut quality for marketing subsequent lots. Quality
measurements give the buver information so subsequent
handling and processing results in peanut products that
meet or exceed consumers’ quality expecranons.

The current grading system for farmer-marketed or
farmers’ stock peanuts has remained essentially unchanged
since the 1960s. Requests to improve the system have
come from such peanut industry associations as: the
Mational Peanut Council, which includes farmer, sheller,
manufacturer, and regulatory representatives; the Federal-
State Inspection Service (FSIS), which oversees peanut

Article has besn reviewed and approved for publicaton by the Food
and Process Engineening inst. of ASAE.

Menbon of a rademark or proprictary product does not CORSGIULE 3
guarantes o wamanty of the product by the USDA-Agncultural Reszarch
Service and does not imply i approvil w the excliagion of ohér products
that may also be available.

The awhors are Floyd E. Dawell, ASAE Member Engineer,
Agricultural Engineer, USDA-ARS. National Peanut Research
Laboratory, Dawson, Ga.; Charles R. Meyer, Compuier Specialist.
USDA-ARS, Natonal Soil Erosion Laboratory, Purdue Universiry, West
Lafayeme. [nd.; and Richard P. Konstance. Chemncal Engimeer, USDA-
ARS, Eastem Regional Research Center, Philadelphia, Pa

srading; the Peanut Grading Working Group, which
includes representatives of all segments of the peanut
industry and provides direction and critique of grading
research; the Peanut Administrative Committee, which
administers the marketing agreement for peanuts; and the
Southeastern Peanut Association, which includes shellers
in the southeastern United States. Requested improvements
include: eliminate inspector subjectivity; reduce labor
required; reduce inspection costs; provide foreign matenal
piece count and identification by type; ensure the sample
accurately represents the load; provide a system of
premiums or penalties based on grade factors to encourage
proper practices such as growing, harvesting, siorage, etc.;
and measure levels of naturally occurring or applied
chemicals. All these changes are requested by the peanut
industry as part of their plan to address short and potential
long-term consumer concemns, while returning a fair profit
to all segments of the peanut industry. The cbjectives of
this article are to identify specific problems with the
farmers stock grading system as identified by the peanut
industry, prioritize the grading system figures of merit,
report industry requirements that proposed solutions must
meet. and report specific solutions to these problems.

THE CURRENT SYSTEM

Farmers' stock and shelled stock peanuts are inspected
under both federal and state supervision (USDA, 1990).
Approximately 600,000 lots of peanuts are inspected each
vear at about 500 locations throughout the peanut belt
which stretches from Arizona to Florida to Virginia. The
FSIS employs about 2,000 temporary inspectors to grade
these lots during the harvest season from August to
November, Equipment used in the inspection process, and
inspectors’ salaries are provided by the person buying the
peanuts. The grade quality factors are percentages of:
foreign material (FM), debris such as sticks and rocks;
loose shelled kerneis (L3K), kemnels shelled by harvesting
and handling before marketing; moisture content (MC);
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sound mature kemels (SMK), undamaged edible kemels:
sound splits (S8), edible kernels spiit in half during
shelling; damaged kernels (DK), kernels discolored by
freezing, insects, or molds like Aspergillus flavus; other
kernels (OK), small inedible kernels; hulls; extra large
kerneis {ELK), found only in Virginia-type peanuts: and
fancy pods, large pods from Virginia peanuts only.

The farmers’ stock grading process begins with
sampling 5 to 20 random locations within a 4540 kg (5 twn)
to 18 160 kg (20 ton) lot using a pneumatic sampler.
producing two 1.8-Kg (4-1b) sampies (fig. 1). One sample
is graded and the other held as a check. Both FM and LSK
are removed from the grade sample and a percentage of
each is determined by hand calculation. Penalties are
applied for FM more than 4%, and lots with more than
10.49% must be cleaned and resampied before marketing.
Penalties are about $1/% FM and cleaning costs are about
$£15/ton. The LSK receive oil stock price which is about
1/6th of edible stock price. Whole pods from the cleaned
sample are reduced to a 500 g subsample which is pre-
sized to improve shelling efficiency. After shelling, the
kernels are sized on a screen shaker and sampled for
moisure content. Moisture above 10.49% requires the lot
to be further dried and subsequently regraded.

In the sizer, the kernels are separated into three

fractions: kemels which ride a 6.4 mm (0,25 in.) % 19 mm

{0.75 in.) slotted screen (+16s), kemeils which fall through
the screen (—16s), and split kernels. The properton of each
category is hand calculated.

The —16s are not edible and receive the oil stock price.
The +16s and the splits are visually inspected to determine
the percent of discolored, or damaged. kernels. All kernels,
including LSK, are examined for visible A. flavus (VAF)
which is an indirect indication of aflatoxin (AT),
a suspected carcinogen. Detection of A. flavus on any
kemnel in the sample rejects the entire lot. The farmer has
the option of accepting oil stock price for this lot or
withholding it from market and using the peanuts for seed
or other nonfood purposes. Once grade, or percentage of
edible and inedible matenial, is determined and the peanuts
are purchased, the lot is placed in aerated storage and
subsequently shelled and processed into edible products or
crushed for oil, depending on grade. Lot value is calculated
from the grade percentages using a price chart. All SMK.
55, L5K. and OK add value 1o the lot: whereas excessive
MC, 558, FM, and DK result in penalties.

PrROBLEMS WITH THE CURRENT SYSTEM

Research and industry experience show errors
associated with the current peanut quality measurement
systern, as with any commeodity grading system, are due to
sampling, equipment, and human inaccuracies.
Inaccuracies can cause over- or underpayment to the seller,
improper segregation of the peanut lot, or inaccurate grade
information supplied to the buver. Dowell (1392),
Dickens et al. (1984), Davidson et al. (19%0), and Whitaker
{1991) reported coefficient of variadon (CV) values for all
grade factors. Some sampling error is caused by the
abrasive action of the pneumatic sampler shelling pods
during the sampling process (Dickens, 1964
Davidson et al., 1990). The kemnels from the shelled pods
are then classified as LSK and the hulls from the shelled
podds are classified as FM. Post sampling errors are from
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Figure I-Current farmers stock grading system.
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human and equipment inaccuracies which include sizing
kernels. measuring moisture {Dowell and Lamb, 19913,
determining damaged kerneis (Dowell, 1990), measuring
split kernel out-turns (Davidson et al., 1990), and
determining aflatoxin,

The current farmers” stock grading equipment requires
considerable additional hand cleaning and shelling from
the inspector. The feeding mechanism of the sample
cleaner loses some dirt during the cleaning process, biasing
the sample. Small pods fall through the sheller grate,
requiring hand shelling of these small pods. Consequently
some inspectors, especially when under tme pressure, may
select only large pods to be shelled. This reduces hand
shelling and sampie processing time but biases the sample.
Sereens for the kernel sizer can be out of tolerance and
shakers improperly set, causing inaccurate large and small
kemel counts. The current system requires inspectors hand
record and calculate grade factors. The allowable tolerance.
or amount of sample that can be lost, for sample
accountability is 5 g (0.01 1b), based on a 500 g (1.1 1b)
sample size. If this tolerance is not satisfied when adding
all fractions of the graded sample, regrading 15 required.
Due to time constraints, some inspectors may wse a slightly
larger sample size to ensure the tolerance is met if some of
the sample is lost. however, this results in an
overestimation of some grade factors.

Inability of the cument grading system [0 accurately
detect aflatoxin has been targeted by several industry
segments and documented by several researchers
(Dowell et al., 1992; Tsai et al., 1989; Davidson et al_,
1984; Dickens and Welty, 1969; Dickens and Satterwhite,
1971; National Peanut Council, 1989). These researchers
showed that the current YAF method is subjective and less
accurate than chemical testing. They showed 2 to 30% of
tested lots were incarrectly accepted while containing
aflatoxin, and 1 to 30% of tested lots were incorectly
rejected. A more accurate test for aflatoxin than the VAF
method is needed.

Although the technology exists to improve the grading
system, any proposed changes must meet specific industry
requirements including: cost. time, labor, and accuracy,
Perhaps the biggest obstacie (o implementing any proposed
change is the need for approval from all segments of the
industry, from farmers to manufacturers. Any segment can
veto a change if it might adversely affect that segment. For
this reason, a systems engineering approach (Wymore,
1993} was used to determine exactly what each industry
segment expected from the prading system and what each
segment was willing to pay or sacrifice for grading system
changes. Systems engineering is defined by Wymore
{1993) as the intellectual, academic, and professional
discipline, the principal concern of which is the
responsibility to ensure thar all requirements for a
bioware/hardware/software system are satisfied
throughout the life cycle of the system. Many past efforts
to change the grading system have failed pnmarily because
at least one industry segment did not have adequate input
into the proposed change and felt it would shoulder a
disproportionate cost for benefits received. This article
reports solutions which adhere to the requirements
established by all industry segments.
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GRADING SYSTEM REQUIREMENTS

Determining exactly what each industry segment
expects from the peanut grading system has been more
difficult than developing solutions. In general, industry
members agree that grading must accurately measure
quality with minimal cost and within the time constraints
dictated by marketng condifions. Considerable time was
spent interviewing representatives of all industry segments
to precisely define terms like “accurately™ and “minimal”,
and reduce needs to specific measurable and mutually
agreeable requirements. The performance (PERF),
utilization of resource (U/R), and tradeoff (T/O)
requirements developed to precisely quantify these terms
are presented below.

PERFORMANCE REQUIREMENTS

»  The proposed system should not be less accurate
than the existing system. The CV (Steele and
Torrie, 1930) will be used to compare accuracy.
The CV is the sample standard deviation divided
by its mean. More variation between samples
from the same lot produces a higher CV; smaller
sampling, human, and equipment errors produce a
smaller CV. For a proposed solution to be
acceptable, the CV should not increase for any
single grade factor or price/ton. Dowell (1992),
Dickens et al. (1984), Davidson et al. (1990), and
Whitaker (1991} all reported CVs of about 20, 20,
2, 2,25, 13, 43 and 2% for FM, LSK, SME+5S5,
SMEK, 55, OK. DK, and $/ton, respectively.

* The complete sample processing time of the
proposed sysiem should not be slower than the
present system. From cleaning to final certificate
gencration, the present system processes a sample
in about 20 min. However, when samples are
staged throughout the grading system, a sample is
completed about every 6 min (Mational Peanut
Council, 1990). The improved system must
complete a sample every 6 min or less o prevent
slowing down the harvesting and marketing
process,

*  The system must not decrease inspector safety.
Levels of 0.5 micron (0.2 % 1079 in.) dust particies
in grading rooms cannot exceed 90,000 particles
per minute {Dowell, 1989). About 41 grading
related injuries occur per year with the present
system, with an average claim of about 51,114. An
acceptable new system must have dust levels and
injury costs below these levels.

Uriization oF REsources REQUIREMENTS (U/R)

«  Resources required, such as money and personnel,
should not increase. The current equipment Costs
are: pneumartic sampler, $30,000; sample divider,
£2,000; sample cleaner. $1.500; pod presizer,
$1,250; sample sheller, $1,900; kernel sizer, $700;
kernel splitter, $2,250; moisture meter, $3,150;
scale, $1,200: and microscope, $525. Equipment
for a new system should not cost more than the
equipment it replaces.

+  The proposed system should not require more
maintenance than the present system. Main-
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tenance of the present equipment costs about
£1,000/year and requires about 20 h of service
per year.

* Depending on the state, the labor cost for
inspection is $4 to 5/sampie. The improved
system should not require more skill, higher lubor
cost, or more labor than the present system.
Currently there are about 500 buying points
emploving about 2,000 inspectors. Any proposed
system improvement should reduce the total
number of inspectors.

*  The proposed systemn should reduce the number of
procedures prone to inspector error. Presently,
inspectors hand record 24 numbers and hand
calculate 14 percentages per sample. Previous
research (National Peanut Couneil, 1988) showed
that 10 to 25% of all grade certificates (FV-93s)
have illegible dara, calculation errors, or missing
data, and 2 to 17% of these cause a change in
dollar value of the load.

*»  The proposed system should not reduce the supply
of edible peanuts through factors like segregating
too many lots, which removes peanuts from the
edible market. The percentage of each year’s crop
determined unfit for edible products (SEG 11T}
varied from 0.5% in 1982 10 9.12% in 1990 due 1o
environmental conditions.

‘Table 1. Weights for performance (FERF) and utillvation of
resources | LR Nigures of merit (FOMP™

PERFFOM Weizhrs
I. Provide Accurate Grade Information
1.l Measure sound malure kemels acisrately 0.08
1.2 Meazure aflmoxin sccursely 00
1.3 Measure damaged kemeils (DK} accurately
131 DK weighi by type
1301 freeze: fungal- DDOIE =27
1.3.1.2 inmect, cunng, concealed, oUher 00006 ¢a
132 Detect presence of DK
1321 freeze; fumgai G54 ea
1122 insect. curng, concealed, ocher Q0015 ea
13.3 Todal DK werght 0036
1.4 Measure foreign material (FM) accuramely
141 M pere comnd
L4 LD nut grass; whnson grass 00064 £a
14,12 sischs: rocks; gherking glass; com 0.000H4 ea
1.4.2 FM weight by iype
1421 din 00032
1422 sticks; rocks; pherkins: glass com O000HE ea
143 FM eonal weight 0008
14,4 Delsct presence of FM
L4l high moisnae FM (4 bypesk metal: ghss;
Ig. Foeks 00012 e
1442 nuigracs; whasoa pras: com: wood 00006 e
1443  sticks: smail rocks: dim: hay: leaves 0.00074 eq
1.5 Measure Loose Shelled Kemnel Accurateiy 004
1.6 Meztiare Moksture Consent {MC) Accuraely
161 MC average 0024
162 MC range 2012
1.63 MC zone 0004
1.7 Mexsure Sound Splits (55) Accurmiely ooz
1.8 Measure Pesticide Hevidue Accurntely
151 Lassn 0007
182 Temik 0005
1.3 Kylar voeal use by iype 0003 ea
1.8.4 Other .00z
1.9 Measure Orher Kemels (OB Hulls: Exira Largs Kersels;
Fancv Pods: Peasut Tvipe Accuraciv 0008 ea

TH0

TRADEOFF REQUIREMENTS

Tradeoff requirements objectively define how PERF
requirements of competing concepts will be traded off
against U/R requirements, if one sysiem scores berer in
PERF and the other scores better in U/R. In the peanut
grading system some of the PERF requirements are
mandatory; however, all of the U/R requirements can be
rraded off against each other. For example, a proposed
system which decreases inspector safety will not be
accepted, regardless of the benefits. However, equipment
costs, or other costs or resources, can increase provided
this increase is offset by something else like a decrease in
maintenance cost or an increase in value added to the
peanuts, The following tradeoff formula was used:

Tradeoff score = [ (PERF score + U/R score)
+ 2 (PERF score x U/R score) 1/ 4 (1)

This formula penalizes proposed solutions scoring
exceptionally well in one area but scoring poorly in others.
A score of 1 reflects an ideal system. Any real system will
score between O and 1.

Fi1GURES oF MERIT AND SCORING FunCTIONS

The figures of merit (FOM) for each PERF or U/R
requirement were prioritized by the peanut industry
resulting in the weights shown in table 1. The magnimde of
the weight for a FOM reflects the significance of that FOM
to the peanut industry. A score for an FOM is a measure of
how well each proposed solution performs for that FOM
and is calculated from a scoting function. A score of

‘Table 1 (condnwed). Welght for performance (PERF) and wtlllzation of
resgurces (U/R) MNgures of merit (FOMI®

PERFROM Weights
1. Determine Farmen' Suek Price Ascurmely 030
). Rewum Trailers Quickly A F)
4. Safety
4.1 Dust Levels, pa, inuries 00 e
4.1 No, Missed Days. Mo, Dr. Appoinimens 0015 ea
5. Insure Equipment is Reliable and Dependahle
5.1 How oieen is BEquipment Avaslable fu ]
52 How Rellable 13 Equipement
520 Avg. Tume Down oz
322 Mo, Times Sysiem Down: Main. Time 0.009 2
53 Maincinabillity oo
LR FOM
l. [ncrease Profils
1.1 Farmer's Profiis; Syalem Profis 03 ea
2. Maantain or Reduce Costs
2.1 Inspection Eq. Conta 0,04
2.2 Equipment Maim. Cosess Op. Costs 003 ez
3. User Friesdliness
11 Truim Time: Mo, Regrades; Cor, Times
Emry: Mio. Personnel 0.02 ea
4. Mmntain Peanut Supply 010
3 Labor Pool
51 Averzge Time Positions Yacast 0.0
52 Mo, of Vacascies: Men-howr spam filling vacancies 003 ea

¢ The magnaode of the weight of each FOM meflecs the mponasce of that FOM
s determuined by the peanut isdusey. The welghts log enher the PERF or LVR
FOM sumoo 0.0,

+ The weights are for each figere of meril hued.
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0 means a proposed solution contributed nothing to that
FOM, whereas a score of 1 means the proposed solution
did everything expected for that FOM. The scoring
function describes how the score changes for a given
change in the FOM. This method of evaluation allows
quantitative comparison of different proposed solutions and
an overail score to be computed. For example, the current
grading system SMK CV is 1.82% and. since the current
system is the benchmark, it receives a score of 0.5. If a
proposed system doubles sample size, research (Doweil,
1992) shows the CV reduces to 1.48%. Assuming a linear
relationship and a score of 1 when CV is 0, the proposed
system CV yields a score of 0.59. This score is multiplied
times the weight of 0.08, shown under item 1.1 in table 1,
and combined with other FOM scores within the PERF
FOM to yield a total PERF score. A total U/R score is
calculated similarly. Other scoring functions, such as sine
functions or normal distributions, can be used, but a
straight line relationship was assumed in most of this work.
The total PERF and U/R score is inserted in equation 1 to
give an overall score for the system. The following
example illustrates how equation | and the weights in
table 1 are used to compare two concepiual designs.
Assume one conceptual design is average in every respect,
and thus scores a 0.5 in every category, thus the PERF and
U/R score will be 0.5.

Equation 1 gives:
Tradeoff score = [(0.5 + 0.5) + 2 (0.5 x 0.51] / 4

= 0.375 (2)

Mow assume a conceptual design is proposed that
reduces the SMK CV from 1.82 to 1.48%, thus increasing
the CV score from 0.3 to 0.59. Assume, for this example,
everything else stays the same. The PERF score now
becomes:

PERF score = (0.08 x 0.59) + {0.32 < 0.3) + (0.6 x 0.5)

-0.5072 (3)
where
0.08 = weight at level 1.1 (SMK accuracy)
0.59 = score for improving the SMK CV
0,32 = summation of weights at levels 1.2 to 1.9 since
these FOM all score 0.5
0.6 =summarnon of weight at levels 2 to 5 since these
FOM all score 0.5

The U/R score remains 0.5 for this exampie. Equation 1 is
Now:

Tradeoff score = [(0.5072 + 0.5) = 2{0.5072 = 0.5)]/ 4

=0.3786 ()
Thus, this example of a system with a lower SMK CV
scores bemer than the average syseem. Of course, in reality,
this improved CV can probably not be realized without
affecting other FOMs such as cost and labor. This was
ignored in this example. A complete description of this
method of evaluating proposed solutions is given by
Wymore (1993),

Voo LHSETIT-713

SvsTEM TEST REQUIREMENTS

A test protocoi for field testing any proposed grading
system improvement was developed in conjunction with
USDA, AMS statisticians. Two prototypes must be tested
at the National Peanut Research Laboratory (NPRL) for
one harvest season. Fifty samples in the low, medium, and
high ranges of each quality factor affected by the proposed
change must be tested. The F5IS licensed inspectors wiil
conduct all tests. Additional years of testing may be
required if the vanadon berween crop years is determined
to be greater than variations found within crop years.
However, if regional weather patterns provide large
variations in crop quality, one years’ data will suffice.
Proposed changes may be approved for each peanut type
saparately. Accuracy tests must be conducted by collecting
multiple samples from one lot for CV measurements, The
remaining tests must be conducted by obtaining samples
from muitiple lots. In both cases, samples must be divided
inte four subsamples, two subsamples must be graded
using the existing system and the remaining twe
subsampies graded on each of the two prototypes.

PROPOSED SOLUTIONS

The PERF and U/R requirements established in the
previous section allow comparison of any proposed
improvements to the grading system. Brief descriptions of
some potental solutions follow. Table 2 lists the PERF,
U/R, and T/O FOM scores for each conceptual design.
Scores for each component and level are not given, but
general comments on strengths and weaknesses are made.

EXISTING SYSTEM

One solution is to use the existing grading system. The
T/O score (0.3354) of this system serves as a banchmark
that any proposed solution must exceed. The previous
discussions describe the weaknesses of the existing system
such as the inherent subjecrivity, excessive labor
requirements, and sampling errors. The existing system
strengths include its use of relatively unskilled workers,
low technology, and low cost equipment.

IMPROVED SAMPLING METHODS

The present pneumatic sampling procedure creates FM
and L3K and does not obtain FM larger than 7.6 cm (3 in.)

Table 1. Teade-all [T/OL, performasecs (FERF), and wtillzatios of resources (LK)
Agmres of mert {FOM) soores o varsous proposed pes ool gradisg §yibee
chsages iordered by T scomei

Conceprual FERF R TO
Dresign Sedre Seoe Score
l.  Imprivwed Samplong ArELE D50 OLYIES0E
1 Obpeuve Demage Detecnon L4208 QMo Q334eal]
Y, Measare Alstsain Q8409 Das9D0Ed 031513044
4, Existmg Sypiem 420 050 03354
i. Foreign Mawmal 1D 0435 050003635 033751688
6. Moistare Probe " s} x ] Q.898434T9 03384205
7. Simgle Kemel Modsoane 04258 bl d. VAT L
H.  Agbomaied Cleanme Shell=g, Sizsag:

Aurpeated Dara Colleerion: and lacrease

Sample Size Q47748 0502504 036493574
9. Desiges 3-8 Combnped asfnE  050000TES O ITIETAE
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diameter. Spout, instead of pneumatic, sampling removes
peanuts and FM from material flowing past the sampier
and collects more of this large FM, but requires that the
load be conveyed to a holding bin or to another trailer,
Other advantages, such as cleaning the lot during transfer.
can be incorporated into the spout sampling procedure.
Davidson et al. (1990) showed spout sampling increases
the sampling CV by about 5% for some grade factors, thus
the performance FOM scores decrease in comparison to the
present system (table 2) and do not compensate for the
improved identification of FM. The FM and LSK
percentages are closer to shelling plant outturns, but not
necessarily better correlated.

DaMAGE DETECTION

Present damage detection procedures require inspectors
to visibly examine kemels for damage. The proposed
solution incorporates sensors such as machine vision,
colorimeters or spectrophotometers into the inspection
process ({Dowell, 1990}, This reduces inspector subjectivity
but increases costs. However, sensor and computer costs
must decrease to make this an economically viable
solution.

AFLATOXIN TESTING

The current system identifies only A. flavies infected
kernels. A proposed solution is chemically testing all
samples using technology, like high performance liquid
chromatography or immunoassays, [0 fEMOYe inspector
bias and eliminate subjective indirect testing
(Davidson et al., 1984; Dowell et al., 1992; Tsai et al..
1989, National Peanut Council, 1990). However, skilled
labor requirements, health risks, and equipment costs all
increase, but aflatoxin levels in edible peanuts should
decrease. Despite advantages of chemical testing, benefits
do not outweigh costs. However, FDA may dictate.
regardless of cost, future implementation of aflatoxin
testing in response to consumer demand for lower levels of
carcinogens in edible peanuts.

ForeiGN MATERIAL IDENTIFICATION

The current system weighs the total FM present and
ranks the two most prevalent types of FM. A proposed
solution identifies particularly troublesome FM, such as
high moisture FM, and reports the respective amounts.
Identifying troublesome FM should reduce aflatoxin
formation in storage by improving aeration and reducing
high moisture concentrations, but will increase cleaning
costs in order to remove this identified FM. The PERF U/R
and T/O FOM increase slightly for this potential
improvement (table 2).

MoisTURE PROBE

Currently, about 10% of all grade samples are rejected
for sale because of excessive moisture. The proposed
solution which uses resonant frequency sensors (available
from Sensoriech Systems, Inc.) measures moismre content
as the load is probed, thus measuring moisture without
cleaning and shelling the sample. This causes only lots
with acceptable moismre 1o be graded and results in more
marketable wailers graded per day. Table 2 shows PERF
benerits outweigh the cost increase of this probe.

SINGLE KERNEL MOISTURE

This proposed solution measures individual kernel
moisture in addition w average load moisre. Individual
kernel moisture can be measured using sensors such as
those marketed by Shizuoka Seiki Company which
correlate kernel moisture to dielectric properties (Dowell
and Lamb, 1991). Loads with excessive single kemel
moisture are identified and dried further to reduce aflatoxin
problems in storage. The additional quality information
cained offsets the equipment cosis.

INCREASE SAMPLE SIZE; AUTOMATED
CLEANING, SHELLING, AND SIZING; AND
AUTOMATED DATA COLLECTION

Some proposed solutions dictate additional
improvements. For example, increasing sample size
requires higher-capacity equipment to handle larger
samples without slowing down grading. The percentage
calculations are currently based on 500 g (1.1 1b) of
cleaned pods and manual calculations can be done quickly.
A larper sample dictates automated data collection and
caleulations, This proposed solution processes a 1.8 Kg
{4 1b) sample from cleaning throvgh sizing in one step. All
pods from the 1.8 Kg (4 Ib) sample are shelled resulting in
a pod sample size increase of about 300%. The larger pod
sample size reduces sampling error, which is the largest
component of total grading error (Doweil, 1992). However,
more peanuts are destroyed by grading a larger sample. The
cleaning mechanism of this solution is more efficient than
the present cleaner, reducing hand cleaning. Small
unshelled pods are recirculated through different sheller
stages until all pods are shelled, reducing hand shelling.
The sizing mechanism reduces variation in measuring
kernel size. All data are collected on a computer interfaced
to the scales and the respective calculations are made.
Equipment and sample costs increase with this selution,
but errors and labor requirements decrease and offset any
cost increase.

COMBINED SYSTEM

Four proposed solutions resuited in scores exceeding the
present system (table 23, These four solutions are: foreign
material identification: moisture probe; single kernel
moisture; and automated cleaning shelling, sizing, data
collection, and increased sample size. If these solutions are
implemented together. the resulting scores offer the highest
PERF and T/O scores of any proposed solution. A
flowchart of these proposed solutions is shown in figure 2.

IMPLEMENTATION, SUPPORT, AND
FUTURE CHANGES

The evaluation of the proposed solutions served to focus
peanue grading research towards those areas scoring higher
than the current system. Following is a summary of

progress towards incorporating the four highest scoring
conceptual designs.

[MPLEMENTATION

Those proposed solutions with T/0 scores greater than
the existing systam are at various stages of the technology
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| Automatically Record Data

Figure I-Proposed farmers stock grading system.

transfer process. High moisture FM identfication was
implemented during the 1992 harvest scason. Several
moisture probes are being investigated and fieid tesung is
planned for the 1994 harvest season. The single kernel
moisture meter has been field tested for several vears and
final changes are being made on the commercial protorype.
Changes in the Marketing Agreement for peanuts are being
considered by the Peanut Administrative Commitiee 1o
require single kernel moisture be measured on all lots.

A commercial prototype of the automated data
collection system was developed through a cooperative
research and development agreement and the system was
approved by FSIS in 1993, This system is currently
marketed by an equipment manufacturer. A commercial
prototype of the automated sample cleaning, shelling, and
sizing system was field tested during the 1993 harvest
SERS0M.

MobrFicaTiONS, RETIREMENT, AND REPLACEMENT
Consumer and industry demands continually change as
preferences change and crises arise, thus on-going changes
to any proposad system may be requested. For example.
spout sampling, objective damage detection. and aflatoxin
measurement are not currently feasible solutions because
of resource or performance limitatons. However, changes
in technology or marketing requirements may make these

¥oL. I SETTT23

proposed solutions feasible in the future. Currently,
requests for grading systémn changes requinng research are
conveved to the Agricultural Research Service (ARS)
through regular meetings of the Peanut Grading Working
Group, or through appropriate administrative personnel.
The ARS will continue to respond to needs to modify,
retire, or replace the improved system as they anse. The
principles outlined in this article will be used to identify,
pricritize, and address any requesis.
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