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I
Peanut Variety Improvement in the U.S.A.

W. K. Baileyi

During the past 15 years, changes in varicties of peanuts grown in the
United States have been extensive. Of the 10 classified varieties described in
U. S. Department of Agriculture Farmers’ Rulletin No. 2003 issued in 1954,
only three are now grown to an appreciable extenl and acrcage of these is
decreasing rapidly.

The first organized elforts at variety improvement were selections from
commercial seedstocks, which began some 15 years after the turn of the century
and are continuing loday. Purposcinl peanut variely improvement through
controlled crosses began in Tlorida in the late 1920’s, in Georgia a few years
luter, in North Carolina in the middle 194(0°s, in Texas in the early 1950’s, in
Virginia later in the 1950°s, in Oklahoma in the middle 1960°s, and in Alabama
in 1968, irradiation breeding began in North Carolina in 1949,

As a direct result of these programs, 24 improved varieties have been
released Lo peanut growers during the past 28 years. Of these improved
varieties, 12 were zelections [rom commercial stocks, two were selections
from peanuls inlroduced from foreign countries, nine were from controlled
crosses, and one was developed by irradiation. An estimated 90 to 95 percent
of pcanuts now planted in the United States is improved varictics,

Variety Improvement Procedures

During the early vears improved variclics were line selectiona from
commercial stocks. As short a time as three Lo {ive years ago, selections from
commercial stocks or inlroductions made up about half of the acreage of the
improved varietics grown. ln Lhe future, variety improvement will come
mereasingly {rom conlrolled crosses among cultivated peanuts. Eventually
crosses between cultivaled peanuls and certain of the wild species of Arachis
might be a basis {or varicly improvement, but appreciable impact of varielies
developed [rom interspecilic crosses appears unlikely at the grower level for
anolher 20 years or longer.

The use of irradiation, chemicals and other mutagens in peanut variety
improvement is receiving increasing allenlion in this country and abroad. North
Carolina has made an exiensive efforl during the past 19 years to cxplore the

10ilseed and Industrial Crops Research Branch, Crops Research Division, Agricultural
Resaarch Service, U. S. Department of Agriculture, Baltsville, Md.



potential of frradiation for such a purpose. Irradiation breeding has yet to make
an appreciahle’impact at the grower level in the United States. However, peanut
breeders have a con Hnuing intense interest in the potential usefulness of
irradiation and other mutagens in peanut variety irmprovement.

Long Term Nature of Breeding

Peanut variety improvement by crossing different types aud varietiesis a
longtime undertaking. The cultivated peanut is a tetraploid with 40 somatic
chromosomes. The inheritance of many of the characters of economie
importance is complex, and up to eight generations are required following a
crosa before selections from progenies of crosses achieve an acceptable degree of
genetic stability. Usaally 12 to 15 years may elapse after a successful cross is
made before an improved variety developed therefrom begins to make an
impact at the grower level.

Twelve to 13 years will be the minimurm time involved even if the breeder
happens to choose the right lines 1o use in his crossing program the first time
around. So little is known of the nature of the inheritance of economically
important characters that hreeders have Little logical basis for choosing varieties
to use in developing an improved variety with predetermined characteristics.

We are investigating the possibility of utilizing the favorable winter
environment of the tropics Lo grow an extra generation of peanut breeding lines
each year and thereby shorlen the ime between the making of a cross and the
release of a new variety to growers. By growing an extra generation a year in ail
but the final stages of a breeding programn, we should be able to reduce by three
or four years the time required for the development and release to growers of an
improved peanut variety.

Attributes Sought in Improved Varieties

Among the principal attributes sought in improved varieties are higher
yield potential; uniform maturity of secd; resistance Lo insects, diseases and
toxin-producing molds; resistance to visible and concealed damage of
microbiological origin; adaplation to mechanical harvesting; superior flavor,
texture, and keeping quality; improved shclling and processing quality;
enhanced nutritional value; and greater consumer appeal. Consumer acecptance
is of critical importance, and high yield potential is not far behind.

Germ Plasm for Variety Improvement

Only a few varicties of peanuts were in commercial production in the
United States 33 to 40 years ago when intensive breeding began. Breeders soon
sought peanuis from foreign countries to supplement local stocks for use in
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their breeding programs. An estimated 75 to 80 percent of peanuts now
grown in the United States have been derived wholly or in part from peanuts
introduced from foreign countries, and this proportion will probably increase
in the future.

New peanuts are being sought wherever the crop is grown the world
over. More than 3,000 accessions of cultivated peanuts have been introduced,
with some 2400 coming in during the past 10 vears. In addition, several
hundred accessions of wild species of Arachis have been obtained, largely
from South America. Thiz widely diverse introduced germ plasm has recently
been augmented by 255 new accessions of cultivated peanuts, and 117 new
accessions of wild species of Arachis, coliected in South America by two
Crops Research Division scientists on a trip that ended in June 1968. New
germ plasm will continue to be sought wherever publications and personal
contacts indicate the existence of materials that might be of interest and
value to cur peanut research secientists, in their efforts to develop improved
varieties of peanuts.

In additiou, our peanut breeders have an estimated 2,000 breeding lines in
various stages of development, and North Carolina has a collection of more than
15,000 genetic stocks derived largely from irradiation research. Thus, our
breeders collectively have access to more than 20,000 different lines of
cultivated peanuts and several hundred accessions of wild species of Arachis for
use in their breeding and genetic research.

Frus trations in Vartety Improvemnient

Thus lar one of the most frustrating experiences of peaniul hrecders in this
country has been their lailure to find, in our cultivated peanut germ plasm, any
appreciable resistance or tolerance to major insect pests or diseases that could be
used in the development ol improved varieties with resistance to these pests.
This is in sharp contrast what we [ind with most of our other important crop
plants.

Insects and diseases, including nematodes, cause losses in peanuts
estimated at more Lthan 30 percent of our production. With such an
opportunily for improvement, sizeable chunks of cur cultivated peanut germ
plasm are now being systematically screened for immunity, resistance, or
tolerance to such pesls as Cercospora leafspots, peanut rusl, peanut mottle
virns, peanut stunti virus, nematodes, southern corn rootworm, thrps, lesser
cornstalk borer, leaf rugging inscels, and certain stored-products insects.

Certain wild species of Arachis have been reported to be immune or highly
resistant to such pests as Cercospora lealspols, pcanut rosetie, peanut rust,
northern rootknot nematode, spider miles, and possibly peanut stunt virus.
Unlortunately these resistant wild specics cannol be crossed successfully with
cultivated peanuts. Intensive rescarch is underway in North Carolina and
elsewhere to correct this situation so Lhat valuable genes ean be transferred from
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wild species Lo cultivated peanuts and incorporated into desirable commercial

varicties,

Another frustraling experienee for breceders has been their inability to
develop, by conlrolled crossing, improved varielies ol Spanish peanuts that have
ayield potential higher than thal of Spanish Lypes thal jusl “happen” or develop
by natural selection. Starr is our only Spanish varicly developed by conlrolled
crossing that equals or slightly surpasses Argentine in yield in certain of our
producing arcas. Argentine is a selection from a Spamish peannt that was
introduced from Argentina. Certain new selections of Argentine that are now in
final slages ol evaluation have a yield potential substantially higher than Lhal of
Argentine now being gcrown,

The reasons for lack of progress in Spanish peanuts improvement by
controlled croseing are unknown. Most of our improved varieties of Virginia
type peanuts that have been developed [rom controlled crosses have Spanish
peanuts in their ancestry. Many ol the characteristics of Spanish peanuts are
recessive in Lheir inherilance. Pethaps our breeders have not vet worked with
larges enough segregatiug populations to have had a reasonable opportunity te
lind a Spanish type with superior attrihutes,

Evaluation of New Peanuts

A serious limiling faclor in peanul variely improvement and evaluation is
the lack of objective procedures for identifying and measuring such highly
subjective qualitics as the flavor, texture and aroma ol roasted peanuls and
peanul producls. A crilical necd exisls for Lhe development of objeclive
maeasures Of peanul quabily that can be used wilth confidence by individual
research scientists. In addilion we urgently need a peanut quality cvaluation
facility to which breeders could submit small samples ol their most promising
advanced breeding lines [or evalualion ol their shelling, blanching and
processing properlies. Al such a laboratory Lhe work should be so conducted
Lthal the most elfective known procedures ol quality evaluation would be
applied in such a manner that all segments ol the induztry. from grower Lo
end-product manu lacturer, would have Lull conlidenee in resulls thereol. Sach a
lacility and service would make it possible [or us Lo identily advanced breeding
lines wilh zuperior or inferior shelling and processing quality in the early stages
ol their agronomic evaluation rather than near or lollowing possible release to
growers, thereby greatly increasing the elficiency of peanut variely
improvement programs and increasing industry-wide conlidence in such
programs.

Contribution of fmproved Varieties to Grower Income
For more than two decades prior Lo the 1940°s Lhe averape yield per acre
of peanuts in Lhe United States varied litlle. By the late 1940 average vield
began to increase, and in 1967 was nearly 2.8 times the average vield in 1917,
4



This increase is not the result of a striking lircuklhrough in researsh,
Nor is it a result of highly [avorable weather conditions throughout the vatire
peanul bell every year. The yield merease can be attribuled lurgely to more
widespread use by growers ol higher-yielding varieties and improved
production practives.

| estimate thal 20 to 23 percent of this increase in vield per acee can be
attributed to use ol higher-yielding varivtics, At present prices and level of
production this increase in vield atlributed lo improved varielies has an
annual on-farm value of 360 Lo 575 million. Present prospects indicate thal
within the next three to five years growers wil have about a 10 percent
higher yield potential than the most productive varieties of each market type
available loduy. Through developments such us Lhuse, peanut breeders are
making a major contribulion to increasing the efficiency  of pranut
production, and thereby enhanecing the epportunity tor the crop Lo become
more competilive in the market place.

Peanul variely improvement in the Uniled Slates is a joint undertaking
ol the Agricultural Research Servive of the UL S, Department of Agricuture,
Lhe Ageicullural Experiment Stations of the peincipal peanul-producing
Sates. amt the peanul indugtny. The participation ol the Agricullural
Rescarch Serviee in this work is in rlose cooperalion with the Stale
Agricultural Experiment Stations,
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A Technique Using Isotope Dilution
For Quantitation of Flavorful Carbonyls in Roasted Peanuts

W. Y, Cobbl

SUMMARY

Radioactively-labeled (14C) flavor compounds are added to an aqueous
slarry of peanut product prior to reduced-pressure distillation. The example
used is benzaldehyde, which has previously been shown in the carbonyl
fraction of roasted peanut volatiles. The carbonyl is converted to its
corresponding 2, 4 dinitrophenylhydrazone, and separaled from other
material present by thin-layer chromatography. Recovercd material is
quantitated with the use of ultraviolet spectroscopy. The native aldehyde is
calculated with isotope monitoring data, via isotope dilution. This method is
adaptable to flavor compounds of sufficient volatility to be recovercd under 3
mm Hg and 65°C, and which are stable or can be converted to stable form for
purification. The patential for quantitation of several components during an
experiment is briefly discussed.

INTRODUCTION

Chemical characterization of food flavors has necessitated the
development of microtechniques for isolation and purification. Such
analytical tools as gas chromatography and mass spectrometry have proven to
be excellent devices for separating and identifying the isolated flavor mixtures
(Teranishi et al., 1963; Mason et al., 1967; Gianturco et al., 1966, Self et al.,
[963) have shown, however, that the volatile aroma components of a number
of foods exhibit similar gualitative composition. These workers stated that
differences in (lavor of certain [oods mav rest more on the relative
quantitalive patlern of the chemical components than on the qualitative
presence of one ur more unique components. Such an analogy might be
drawn for the [lavor differences among roasted peanuts, chocolate, and
coffee, Carbonyls and substituted pyrazines have been demonstrated in the
Ravor isolates of all three products (Mason et al., 1966: 1967; Rizzi, [967:
Bovd et al.. 1965: Giantureco, 1960), vel it is quite evident each has its own
unique flavor and aroma properties.

TDepartment of Food Science, North Carolina State University, Raleigh, M. G, 27607.



The object of the present research was to develop a technique for
quanlitation of [lavor components in peanut products. lsotope dilution
seemed a likely lool, as variations in physical conditions of fractional
distillation, extraction and chromatography of flavor compounds as well as
the degradation or interaction of components during isolation, could he
accounted for in ope step. Benzaldehyde, a Mavorful carbonyl found in
roasted peanuts (Mason et al., 1967) was Llaken as the example. This
compound would be difficult 1o quantitate under most circumstances due to
its relative instability.

EXPERIMENTAL PROCEDURE

Reagents

All solvents were reagent grade. Those utilized for dilution of labeled
aldehyde, carhonyl analysis, or extraction of hydrazones were rendered
carbonyl-free by relluxing with 2,4 dinitrophenylbydrazine and
trichloroacetic acid, followed by distillation.

2 A dinitrophenylhydrazine reagenl (2,4 DNP-HC1) was prepared by
dissolving 5 X 10-3 moles hydrazine per liter of 2N TIC1.

Unlabeled benzuldehyde, UB, was vacuam distilled, sealed under
nilrogen, and stored overnighi in the dark at 0°C. Gasliquid chromatography

(GLC) indicated a purity exceeding 99%.

Labeled benzaldehyde (carbonyl 14C, spec. act. 21.4 we/mg) was
abtained [rom INnclear Chicago Radiochemical Division. The chemical purily
by GLC was 99%. Radiochemical purity of the aldehyde semicarbazone was
100%. Upon removal [rom the shipping vial the isolope was mixed with
freshly-distilled UB and Lhe mixture waz redistilled. Two hundred microliler
quantitics were sealed under dry nilrogen in single service vials. The vials were
wrapped in aluminum foil and stored in the dark al 0° C until nse. Specific
activity ol the stored labeled aldehyde, 1B | ranged from 1-2 X0 dpm/mg,
the linal activity being delermined by the quantity of UB in which the
isolope was mixed prior to distillation,

Apparatus

Magnesium Lhindayer chromalographic plales were prepared according
to the procedure of Schwarlz (privale communicealion. 1007). liaker
magnesium  oxide (“Suilable for chromalographic use”), analylical grade
Celite and water (7:3:50, w/w/v) were slurdied, spread onlo 200 N 20 em
plates in 500 @ layers, and allowed Lo stand for two days al room temperature
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prior to use. Silica gel PF plates were prepared in 375 H layers immediately
prior to use and dried at 100 C for one hour. Samples were applied to
preparative thin-layer chromatograms with a TLC Sample Streaker from
Applied Science Laboratories.

Radioactive monitoring was accomplished with a Packard Model 3002
Tri-Carb Liquid Scintillalion Spectrometer equipped with automatic external
standardization. The seintillation medium was prepared by dissolving 4.0 g
2,5 diphenyloxazole (PPO) and 0.05 g 1,4-bis-2-(5-phenyloxazolyl}-benzene
(POPOP) in 500 ml toluene. Ten milliliters of this solution were mixed with
an additiona! 10 m! of toluene containing the hydrazone to be monitored.
The isolated derivative was usnally counted for 100-min intervals, which
allowed conipilation of sufficient counts to have a statistical counting error of
less than 1.5%. When free aldehyde was monitored prior to distillation,
sufficient toluene was added to the solution to be counted to make a 10 mi
volume. Phosphor was then added, and the sample was eounted.

A Cary Model 15 ultraviolet-visible spectrophotometer was used for
measurement of adsorption spectra,

USDA-approved plastic food color guides for peanut butter were
obtained from Magnuson Engineers, Inc., San Jose, California.

Procedure

A flow diagrem of the procedure is giver in Figure 1. Commercial
peanut butter or freshly-roasted extra large Virginia-type peanuts ground to
the consistency of peanut butter were used in the experiments. The color
grade of cach blend was determined prior to distillation by visual comparison
to the color guides. The peanut product was slurried-with distilled water in a
biendor, 500 g product plus two to one water per change. Quantities of
peanut butter used ranged from six kg in early experiments to as little as 1.5
kg in the last experiments. The peanut slurry was added to a twenty to one
reservoir carbov, A slight positive flow of nitrogen was maintained in the
carboy during the subsequent holding period.

A weighed quantity (100 mg % 0.5) of labeled benzaldehyde was made
to 100 ml volume with ethanol. Three to five ml of the thoroughly-mixed
solution were added to the reservoir carboy. An identical volume was
pipetted into each of three serew-cap vials for radioaetive monitoring. One ml
of the aldehyde solution was diluted to 50 ml wilh benzene, and the carbonyl
content was determined on three aliquots employing the procedure of Henick
et al, (1953). Concentrations of isotope were determined from a standard
eurve prepared simultaneoualy, using freshly distilled UB. Specific activity of

a
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the isotope was determined from the scintillation and quantitative carbonyl
data. Aun increase in specific activity of isotope in excess of 5% of previous
sainples from the same lot was taken as evidence of oxidation, and the results
were invalidated.

Following addition of the isotope 1o the carboy, the contents were
stirred for 15 minutes, to insure complete dispersion of IB.

The slurry was fractionally distilled in a cyclonic evaporation apparatus
adapted from Lindsay et al. (1965) and Bartholomew (1959). A sketch of the 11
apparatus js shown in Figure 2.
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This apparatus was maintained at 1-7 mm Hg pressure during the
distillations, with 5 psi steam pressure at the inlet of the heat exchanger, The
distillate trapping system included two wet ice traps for the aqueous
distillate. followed by severa) traps containing dry ice-ethanol or liguid
nitrogen. The latler traps were placed in the trgin as a means ol protecting the
pump from aquevus vapors, as only the distillate from the {irst wet ice trap
was employed in further experimentation. The distilling chamber was
designed to hold approximately three to one of slumy per charge.
Temperature of the slurry rapidiy rose to 60-65°C, at which poeint the charge
was allowed to evele until reduced 1o about balf its origina} volume. The
residual liguid from each spent charge was drained into a waste flask atlached
to the systemn. Three to four to one of distillate conld easily be obtained from
an origimal ten to one of slurry.

The agueous distillate obtained was combined with an equivalent
quantity of the 2,4 DNP-HC] reagent. This mixture was stirred for 72 hours,
at which time 2,4 pentanedione was added to react with excess hydrazine
reagent. The solution was then filtered. The lemon-colored [ilirate was
extracted several times with 0.1 volumes of chloroform. Thr precipitate was
extracted from the filter paper m a Soxhlet extraclor using chloroform. The
combined extracts were then evaporated to dryness.

The hydrazone mixture was thereafter submitted to preparative
thinayer chromatography. Initial scparalions were made on magnesium
oxide plates developed in hexane-CHCI 3 (85:35). The benzaldehyde area was
removed [rom the plate into waler, released from the adsorbent with 1IN
HC1, and extracted into chloroform. Chromatography on silica gel plates
with a system of CC14:CHC13 (17:3) followed. The upper end of cach plate
was left exposed to the atmosphere in the manner of Libbey et al. (1964)
such that there was continuous long term movement ol solvent aeross the
plate. Six to seven hours developmenl offered a sufficient separation to
recover the benzaldehyde band easily from the plate. The adsorbenl was
subsequently mixed with CHC13-MeOIl (5:1) and liltered through sintercd
glass. Solvent was removed nnder vacuum, then the derivative wax made to
volume with CHC13. The adsorption spectrum from 350400 mu was
obtained to assure purity, then the adsorbance at the vizible maximum (375
mu) was obtained. Similarly, a sample of the solution was evaporated to
dryness in a counting vial, The residue was dissolved in ten ml of toluence,
phospher solution was added, and the solution was monitored for
radio-aetivity.

Concentration of aldehyde recovercd was calculated (rom the formula

(Day et al., 1960):
A x MW x 103

Mg aldehyde =
g alaenyde € x Dilution Factor




where A = adsorbance

MW = molecular weight (1.06 x 102 for Lenzaldehyde)
€ = molar adsorplivity index

Native benzaldehyde in the product was calculated from the formula
(Aronoff, 1956):
M* (5% .8
My :#2
Se

where M* = mg isotope added to system prior to distillation
* = gpecific activily of isotope

S = specific activity of isolated aldehyde

Control distillations with distilled water were conducted by adding
known quantities of both IB and UB to 10 1 distilled H20, and proceeding
through the entire isolation procedure. Control experiments with the roasted
peanut system were divided into two parts. In the first part only IB was
added to the system prior to distillation. In the second part known quantities
of IB and UB were added prior to distillation. Tsolation and quantitation of
the aldehyde in both systems was then performed. The recovery of added
aldehyde was determined by the difference between part one and part two.

RESULTS AND DISCUSSION

Lsolation of flavor compounds from natural systems by such technignes
as low temperature vacuum distillation (Lindsay et al.,, 1965), steam
distillation (Tharp and Patton. 1960), solvent extraction {Patton, 1961;
Arnold ¢t al., 1966), and headspace analysis (Bassett et al.. 1962) involves
disadvantages for quanlitation such as poor yields, alterations in natural ratios
of flayor components, artifact production and possible reaclion of
componenls during isolation. The value ol isolope dilution lies in the fact
that onee a known quantity of pure isotope is added to a system, native und
labeled compound can be expected to behave similarly. In the present system,
it is assumed thut the fineness of particle size overcomes the factor of
entrapment of nalive aldchyde in micelles. The llavor molecutes are of such
size that any isolope effeets in reactions during isolation would be minimal.
As indicated by Aronoff (1956): 1t will be noted that quaniitative isolation
of M (labeled additive) is not necessary, but thal purified M is mandatory.
Indeed. M need not be isolated in weighable quantily if an indircct method of
obtaining the mass, e.g. spectropholonietry, may be used”. Precaulions were

13



thus taken to kecp benzaldehyde as free as possible from the effects of
oxygen and light, Rapid weighing, mixing under nitrogen, and immediate
pipetting were practiced. Variation in the specific activity within lots of
Lenzaldehyde was found to exceed 5% in only one instance.

The benzaldehyde band on silica gel plates was quite discrete and this
material indicated 7 max - 375 myt. Jones et al. (1955) reported:  max = 378
my, € = 2,83 x 104, Authentic benzaldehyde 2, 4 DNP hydrazone prepared in
this laboratory and recrystallized to constant melting point (238-39° C) was
found to have: 7 max - 376 mit, € = 2.99 x 104, Calculations were made on
the basis of the latter data.

Table 1 lists the results obtained from studies on efficiency of the
method. The distilled water control experiment yielded 106.7% recovery of
UB. The critical necessity of immediately following one another in adding [B
and UB to the system was reflected in a single experiment. In this experiment
UR was added approximately 20} min, prior to the isotope. Recovery of the
uniabeled compound was less than 25%, indicating that although the system
was under nitrogen pressure, dissolved oxygen and/or trace metals were acting
o rapidly oxidize the dilule solution of aldehyde. It is not known whether
the situation would be as crilical in the peanut slurry.

Data on recovery of added UB in the control peanut system (C-2b) was
dependent on the accuracy of quantitation of native aldehyde in the product
{C-2a). Any error in quantitation of native aldehyde would subscquently he
rellected in the calculation of recovery of unlabeled compound, in addition
Lo any normal expenimental error in Lhe (-2 distillation. In view of this, the
rccovery of 103.5% is considercd quite acceptable. Recoveries of greater than
100% on both distilled water and peanut control systems, however, lead to
speculation that in spite of all precautions some aldehyde oxidation is
occurring prior to monitoring of frec carbonyl. This can be seen in the fact
thal although the number of radicactive disintegrations would not decrease,
less than a theoretical amounl of {rce aldehyde would be found in the
carbonyl analysis. In calculaling specific activity, therefore, the resalt would

be high.

Table 2 indicates some preliminary results obtained on quantitation of
native lenzaldehyde from Lthe peanul products. The concentration of native
benzaldchyde may be related to the extent of roast. The USDA color grade of
the praducti indicates the approximale heal trcalmenl given the peanuts;
however, the Lime ol storage alter processing ol the commercial peanut hutter
was unknown, 0 cannot be taken inlo accounl in this work. The effect of
roasting conditions on concentralion ol several aldehydes of flayor
significance is under further investigation.

14



Table 1. Efficiency of Recovery of Benzaldehyde {14CHO} in Control Systems

ADDED AECOVERED
ALDEHYDE ALDEHYDE
USDA color IB UB Spec. Act, Wt. Mative UB Aecovered
Experimant Sample Grade No. {mg) {mg.) (dpm./mg.) {ma} Spec. Act. ({mg./kg)? ue img.)
C-1 Distilled Water - 3.17 3.1B 15,254 0.07 T, 362 - 3.39
C-2a Commercial Pea- 2 4.94 - 16,728 0.95 11,499 1.53
nut Butter
C-2a Commercial Pea- 2 5.65 6.39 15,311 2.19 5,380 1.53b 5.58

nut butter

3150 expressed as paris per million

Pvalue taken from C-2a

% Recoveraed
ue

106.7%

103.5%



With the complexities of food systems, one faces much difficulty in
quantitation of flavor components. The method described herein seems
readily adaptable to such situations. As described for carbonyls in peanuts,
the method could be used for quantitation of several components
simultaneously. The resolution of mixtures with the thin-layer
chromatographic method is indicated for this. The method should also be
adaptable to other components of roasted peanuts or other food systems,
providing methods for purification and quantitation are available,

The multitude of volatile components isolated from roasted peanuts
makes the task of guantitative flavor analysis an unenviable one; vet it is
possible in many instances to select componnds on the basis of their aroma
properties. By careful selection it may be possible to apply quantitative
procedures in such a manner as to elucidate the innermost mysteries of
peanut flavor chemistry.

Table 2. Native Benzaldehyde in Peanut Products

Sample USDA Conc. Aldehyde
Grade No. (mglkg)
Freshly Roasted 4 3.08
Freshly Roasted 3 1.26
Commercial Peanut Butter 34 0.09
Commercial Peanut Butter 34 2,09
Commercial Peanut Butter 2 1.53

16
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Effects Of Windrow Orientation On Pearut Drying Rate
And Equipment To Invert The Plants

George B. Dukel/?

Introduction

Freshly dug Virginia peanuts contain approximately 50 to 5 percent
moisture. Combining is normally delayed 4 to 8 days after digging to allow
the peanuts to cure and dry to about 25 to 35 percent moisture. Peanuts are
then combined and placed in bins or wagons and artificially dried to 8 to 10
percent moisture.

A faster and more uniform method of drying peanuts in the field after
digging and before combining iz desired. Commercial peanut diggers leave the
plants in different positions in the windrow. Some peanuts are exposed but
off the ground, some are exposed and in contact with the ground, and some
are underneath the windrow.

Drying of peanuts in the windrow is not uniform because peanuls
underneath the windrow dry slower and contain more moisture than those
exposed and off the ground. Peanuts under the windrow may mold during
damp or rainy weather. Harvesting losses may be increased, when the peannts
are lifted from the ground by the combine, if weather has damaged and
weakened the stem connecting the peanut to the plant.

Review of Background Information

In 1964 Dickens and Pattee of North Carolina recorded moisture
content of peanuts from random and inverted windrows. Peanuts were dug on
five different dates from October 21 through October 30. Average moisture
content after 4 days was 33 percent from random windrows and 26 percent
from inverted windrows; after 8 days, 27 percent and 17 percent,
respectively. In 1967 Butler, Pearman, and Williams of Georgia reported that
peanuts dry faster and more uniformly from inverted windrows.

Field studies by the USDA machinery project at Holland, Virginia,

comparing moisture content of random-windrowed Virginia type mmner

1Agricultural Engineer, Agricultural Engineering Research Division, Agricultural
Research Service, U, 8§, Department of Agriculture, located at Holland, Virginia.

2The author wishes to express appreciation to C. Y, Kramer, Virginia Polyvechnic
Institute, Blacksburg, Virginia, for performing stawisrical analyses of data.
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peanurs with that of peannis from inverted windrows, were started in 1959.
All windrows were inverted by hand because no commercial inverting
equipment was availahle. After 12 days in the windrow, random-windrowed
peanuts contained 26 percent moisture and inverted peanuts L5 percent
moisture.

In 1960 after 6 days m the windrow, random-windrowed peanuts
contained 29 percent moisture and inverted 21 percent moaistnre. Following
these preliminary observations, a more detailed experiment was conducted in
1962 and 1966.

In 1962 peanut moisture samples were taken over an 8-day period from
four types of windrows-random, inverted, non-inverted (peanuts in contact
with the soil), and vines clipped with a rotary mower prior to digging. Peanuts
for moisture content determination were picked from three replications at
9:00 AM., 1:00 P.M. and 5:00 P.M. The average daily moisture content of
peanuts from the four types of windrows is shown in Figure 1. On a
day-to-day hasis peanuts from the inverted windrows contained less moisture
than those from either of the other three windrows. Statistical analysis,
however, did not show significant differences in moisture content within any
one day or from a day-to-day basis.

In 1966 the moisture of peanuts from uon-inverted windrows, in which
all peanuts were in contact with the soil and undemeath the windrow, was
compared with moisture of peanuts from inverted windrows. Moisture
samples were picked daily at 8:00 AM. and 2:00 P.M. over an 8:day period
from four replications. The average daily moisture conteut of peanuts from
the two types of windrows is shown in Figure 2. Peanuts in the inverted
windrow contained less moisture than those from the non-inverted windrow,
on a day-to-day basis. Statistical data showed a significant difference in the
moisture content between the two methods.

EQUIPMENT TO INVERT PLANTS

In the Southeast, several commercial peanut equipment manufacturers
have constructed experimental diggers to invert plants, In Virginia, one
company experimented with a digger-inverter in 1966 and sold several
machines in the area in 1967. Expcrimental equipment to invert peanut
plants is under construction at each of USDA’s agricultural engineering
research projects at Tifton, Georgia and Holland, Virginia,

The project at Holland constracted its first experimental digger-inverter
m 1967. The base unit is similar to standard commercial two-row diggers and
20
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consists of a three-point hitch, a two-piece digger blade assembly, an inclined
slatted conveyor, and a windrowing attachment. A coulter is installed ahead
of and between the two digger blades to cut the entangled vines between the
two rows. Tines attached to the cross conveyor bars are shorter than those on
commercial diggers to facilitate the release of plants from the discharge end
of the conveyor. The conveyor, from center of lower shaft to center of upper
shaft, is longer than commercial diggers by about 10 to 12 inches. The longer
conveyor lifts the plants higher from the ground and provides additional
clearance, from the point of plant discharge to the ground, for incorporating
an experimental plant inverting attachment. :

The USDA inverting attachment consists of the following components:
(1) A 9-inch diameter roller, 28 inches long. The roller is centrally located
crosswise of the digger approximately 13 inches below and 4 inches to the
rear of the upper conveyor shaft. (2) Two belt conveyors, each 17 inches
wide, installed over 8-nch pitch diameter sprockets spaced 52 inches on
centers. One conveyor is installed on each side of the digger. The drive
sprockets are installed on the same shaft supporting the 9 x 28 inch
cross-mounted roller. The driven sprockets are installed higher from the
ground than the drive sprockets, and the top side of the conveyor belt
operates at an inclined angle of approximately 10°. (3) Two plywood
deflector boards, each 10 inches wide x 51 inches long, are installed on edge
and diagonally across each conveyor belt.

Operation of the two-row digger and inverting attachment is as follows:
the slatted conveyor lifts the peanut plants from the gronnd, moves them
upward and rearward, and discharges the plants from each row onto each belt
conveyor. As the plants are moving rearward, they are deflected from the belt
conveyor toward the center of the digger. The plants fall from the belt
conveyor in an edgewise position, and an estimated 95 percent of the plants
are completely inverted in falling to the ground.

Test Procedure

The experimental USDA digger-inverter described above was included
in a continung cxperiment of random-windrow type diggers to evaluate
recovery yield, losses, and amount of soil left in the plants. One test was
conducted at the Tidewater Research Station on September 26.

Four random-windrow type diggers were inclnded in the test: (1)
USDA with an inclined slatted conveyor and so)l separationattachmentl @) a

1The soil sparation attachment consisted of four shatt astamblies of elliptical wheels
installed crasswise of the digger slightly balow and at the rear of the discharge end of the
slatted conveyor, Elliptical wheels are made of 1/4 inch thick plywood and spaced 3-1/2
inches on each shaft. Minor and major axes of each wheel are 8 and 12 inches,
raspectively.
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commercial unit with star-shaped wheels2, and (3) two commercial units with
inclined slatted couveyors. All units were equipped with digger blades,
three-point hitches and windrowing attachments.

A second digger test was conducted about 6 miles from the station on
October 13 and included two random-windrow type diggers and three diggers
that invert plants. Randomwindrow diggers included the USDA unit
described above and a commercial digger with standard type conveyor. The
three types of digger-inverters were : (1) the same USDA digger-inverter
used in the test on September 26, (2) an experimental digger-inverter from
Tifton, Georgia, and (3) an experimental commercially designed peanut
digger-inverter.

Test procedure for each digger consisted of selecting at random four
replicated plots that were dug with each machine. Each plot consisted of two
rows, 36 inches apart, 7.26 feet long (.001 acre). The following plot data
were obtained: soil moisture, yield of peanuts on the plants (picked from
the vines by hand), amount of peanuts left in the soil {obtained by sifting soil
through 2 x 2 mech hardware cloth), and amount of soil in the plants
(obtained by hand shaking the plants to separate adhering soil). All tabular
results are the averages from four replicated plots.

Results

Each of the three types of peanut digger-inverters gave fairly good
results operating the first year wuder Virginia conditions in Virginia runner
type peanuts.

The USDA digger-inverter performed best operating in well-drained
loamy sand soils, as did the others. The planis contained small quantities of
soil and were completely and uniformly inverted. Too much soil remained in
the plants and they were not completely inverted when thia digger operated
in less well-drained, finer-textured soils.

Type of equipment used and test results for September 26 and October
13 are shown in Tables 1 and 2, respectively.

Data from the first test (Table 1) show that recovery yield with the
USDA inverter was not significantly different from that with two commercial
random-windrow diggers, but was lower than that with a third commercial
random-windrow digger. Digging’ losses from the USDA inverter were
significantly less than from two commercial diggers, but were more than from
a third commercial digger. The amount of soil left in the vines was not
significantly different from that left by two commercial diggers, but was

27This commercial digger was equipped with three shaft lies installad cre ise of
the digger and rearward of the digger blade assembly. On each shaft were star-shaped
wheels, 13 inchas in diameter, spaced 3-1/2 inches apart,
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dgnificantly less than that from one of the commercial diggers and
significantly more than that from USDA digger with elliptical wheels.

Analysis of data from the second test (Tahle 2) did not show any
significant differences among diggers in recovery field, digging losses, or
amount of soil in the vines.

Discussion

Inverting peanut plants may offer several advantages over the random
windrow. For example, the pods are exposed for belter drying, pods should
be less subject to molding, and harvesting losses may be reduced. Inverted
windrows should be relatively free of excess soil. If the inverted windrow
contains an excesgive quantity of soil, reshaking may be necessary. From field
observation, it is believed that reshaking inverted windrows to remove excess
soil is less effective than reshaking random windrows; also the inverted plants
are left in a random position. Considerable progress has been made in
developing equipment to invert the plants. A peanut digger is desired that will
completely invert the plants, free of excess soil, when operating in either dry
or wet soil,

SUMMARY

Peannis inverted when dug contained less mowsture on a day-to-day
hasis than those from random windrows. For example, in 1962 - after 4 days -
random, 2% percent; inverted, 19 percent; after 6 days - random, 20 percent;
inverted, 13 percent; after 8 days - random, 16 percent; inverted, 10 percent.

In 1966 moisture of peanuls in contact with the soil was compared
with moisture of peanuts from inverted windrows. The results were: after 4
days - peanuts in contact with the soil, 39 percent; from inverted windrows,
32 percent; after 6 days - 27 and 21 percent; and after § days - 29 and 16
percent, respectively.

Peannt equipment manufacturers and USDA machinery projects at
Tifton, Georgia, and Holland, Virgimia, are developing and experimenting
with peanut diggers to ‘invert plants. Several diggers to invert plants were sold
in Virginia in 1967 by one manufacturer.

The USDA machinery project at Holland constructed and tested its first
experimental peanut digger-inverter in 1967. Essential construction features
of the inverting attachment consist ol a center eross-mounted 9-inch diameter
roller, 28 inches long, two side conveyors, and two plant-defllecting boards.
Under limited testing with Virginia runnes-type peanuts, an estimated 95
percent of the plants were inverted with this equipment.



Table 1. Peanut digger tests, Holland, Virginia, 9/26/67.

Soil Recovery Digger
Make moisture yield loss Soil
percentage IBIA biA /A
USDA w/ eMiptical .
wheels 114 2814 a 587 be 2092 ¢
Commercial A 12.0 3238b 283 d 26,530 a
Commerciat B 128 2512a 723 a 9375 b
Commercial G 11.7 25604 696 ab 5,066 be
USDA inverter {Va.} 1.5 2,763 a 564 ¢ 8500 b
Average 1.8 2,777 570 10,512

*Means followed by “‘a’" are significantly different frem those not having *a”; those
followed by "'b" are significantly different from those not having "b”, etc. at the 0.05%
level.

Table 2. Peanut digger tests, Holland, Virginia, 10/13/67.

Soil Recovery Digger

Make moisture yield loss Soil
percentage biA IbiA ibiA

USDA w/elliptical
wheels 6.5 2557 508 1.161
Commercial A 75 2,651 115 7,760
Exp. inverter (Ga.} 7.6 2,612 914 5,748
Commercial inverter 75 2,764 780 2,088
USDA inverter (Va.} 6.7 2612 803 4,602
Average 74 2,639 714 4271
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Two random-windrow diggers and three experimental digger-inverters
were tested in runner peanuts in Virginia in 1967. The equipment was
operated in well-drained Joamy sand soils. Recovery yield, pod losses
associated with digging, and amount of soil left in the vines were not found to
be significantly ditferent for any of the diggers operating in this test.
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IV
Problems for Pcanul Research — Present and Future
R. W. Howelll

A few years ago Lhere appearcd an essay entilled “Rescarch is a Sacred
Cow.” The implication was clear thal “research™ is a magic word. No wrong
could be done under ils guise. That cra has passed. Nowadays, hard questions
are asked about the importance, relevance, and need for research, and perhaps
for agricultural research most of all. So it is limely that we discuss Problems
{or Peanut Research. What arc the present trends? Can we recognize the
problems - technical and otherwise - facing the peanut fudustry and peanut
researchers? (an we evaluate them? 1f so, can we quantily their values lo
growers, processors, the economy, and society?

For several years we have been doing longrange planning of agricultural
restarch, resalting from a request by the Senale Appropsiations Committee in
1905 for an inventory of current research in agriculture and for a long-range
sindy of foture needs. The report, A National Program ol Research for
Agriculture.” commonly relerred Lo as the “Long-Range Study (LRS),” was
prepared by state and [ederal adminjstralors and submilled in 1966, 1L
delined 10 goals of agricultural rescarch as listed i Table L.

These goals were defined or subdivided further in the report, but not to
the pomt of specific problems in a commodity such as peanuts. Rather, the
report recommended the appointment of lask forces of informed 1echnical
prople to make more detailed studies of the status and need of research.
There will be 34 of these task lorces, 17 dealing with commodities such as
peanuls and 17 with resources such as waler or food safety. Most of the 1ask
forces have been appoinied and some have completed their work. The task
force on peanuts was appoiuted in  March of this year. [ts
composition—members from state and federal institutions and advisors from
industry -is shown in Table 2.

The 10 gouls were defined further inlo 92 rescacch problem areas

(RI'A). Those ol special inlerest or celevance to peanuts are shown in Table 3.

Peanitt Task Force

Table 3 also identifies the RPAs assizned to the Peanul Task Force. RPA
702, dealing with my cotoxing. was not included in the Peanut TF assignment.

1Chief, Olisged and Industrial Crops HResearch Eranch, Crops Research Division,
Agriculiural Research Secvice, U, 5. Department of Agriculture, Beltsville, Maryland.
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The mycotoxin problem,without specific reference to peannts, was assigned
to the Food Safety TF. The members of the Pecannt TF, however, consider
the myecotoxin problem in peanuis to be of such significance that a statement
reflecting our concern will probably be included in the Peanut TF report.

The Peanut TE has held two meetings and has its report in a
preliminary draft stage. The TF has studied current research and future needs
for peanuts carefully. 1 believe it will develop a good evaluation of peanut
rescarch. The current inventory of peanut research and proposed future areas
of emphasis give some indication of past and future trends in peanut research.
The inventory is shown in Table 4.

We have no inventory of industrial research on peanuts, but recognize
that it iz substantial. The LRS estimated industrial expenditures in all
agricultural research 1o be 55.4% of the national iotal, or considerably more
than state and federal expenditures combined.

Table 4 shows the major emphases in peanut research. lncreased
concern [or mycoloxins has been a major krend in recent years. Mycotoxin
work huas been characterized by the finest cooperation and dialogue among
industry, state, and federal groups. There have been no significant mycotoxin
incidents. We have learned a lot about Lhe chemistry of mycoloxins, the
occarrence of toxigenic fungl, the circumstances favoring infection and
toxigenesis, and how to recognize and eliminate contaminated kernels. We
know how to live with the myxotoxin threat in the United States. Tt
continues to be a major concern, but not so imminent or frightening as a few
yedrs agﬂ.

Spectre of Mycotoxins

But if we consider the food requirements of a hungry world, the speclre
ol mycotoxins dominaics any plans or hopes lor 4 major role for peanuls. We
have here the anomaly of a marvelously nuiritions and delicious
commodity-a pound of which supplies more than a man’s daily culorie
requiremenl and rmore than twice his protein need — which is notl highly
regarded as a food in many countrics. Peanut butter deserves ample credit (or
majntaining the health ol young Amcricans during their years of {inicky
eating habits. Possibly the low estate of peanuls in Lthe hungry parts of the
world--euphemistically called the less developed countries—-has a sound hasis.
Who is to say that tabeos against peanuts are not due to mycoloxins? Much
of the progress [rom our research on mycotoxins will be difficult to upply n
the hungry natious. What is needed is prevention, or immnpity, or a device
that will insure food safety in a society where sanitation may be primitive.



Table 1. Goals of Agricultural Research

1. Resource conservation and use 8. Expand exports and assist developing
2. Protection of forests, cropsand  countries

livestock 7. Consumer health, nutrition, and well-
3. Productiaon efficiency being
4, Product development and 8. Haise level of rural living

quality 9. Community services and environment
5. Marketing efficiency 10. Basic research

Table 2. Peanut Task Force

UsDA
R. W. Howell, Crops Research Div., ARS, Co-Chairman

W. K. Bailey, Crops Research Div., ARS

J. L. Butler, Agricultural Engineering Div., ARS

L. A. Goldblatt, Southern Utilization Div., ARS

R. 5. Hutchison, Transportation & Facilities Div., ARS
M. M. Rayman, Coop. States Research Service

SAES

L. E. Hawkins, Southern Regional Directar, Co-Chairman

M. H. Bass, Entomology Dept., V.P.1., Research Division

C. R. Jacksan, Resident Director, Ga., AES

B. C. Langley, Supt. West Cross Timbers Expt. 5ta., Tex., AES
Max Hinds, Staff Secretary

Industry Advisors
L. Atkins, Standard Brands, Inc,

J. W. Greene, Southeastern Peanut Asso.
S. C. Reagan, Southeastern Peanut Shellers Asso.
J. S. Sugg, North Carolina Peanut Growers Assa,



The continuing international concern about mycotoxins is indicated by
a conference on toxic microorganisms, being sponsored by the Joint
U.S.-Japan Cooperative on Development and Utilization of Natural Resources
in Hawaii next October, and by a paper Dr. K. H. Garren presented at the
International Phytopathology Congress in London in July.

So muck for mycotoxins. There are other challenges to peanut
researchers, especially in the United States.

I have shown you a summary of current research efforts on peanuts.
What can we expect in the future? The LRS estimated the needs and available
agricultural research manpower through 1977. Subsequently, the available
manpower has heen allotted to various commeodities or resources. The
projection as it relates to peanuts is shown in Table 5.

Specific Problem Areas

Au increase of 49 scientific manyears (SMY) is projected. The Peanut
TF isdeveloping a number of specific problemn areas which will reguire
attention in the next decade. These can be grouped broadly into Protection,
Production, Utilization, and Marketing. ANl of these categories have in
common the objective of improving the competitive position of peanuts. This
may be achieved, for example, by lowering production costs, increasing the
efficiency of marketing, aud developing new or improved products which will
penetrate new segments of the market.

But, how to do this? How much can he saved or gained by snccess in a
given piece of research? We arc mot accustomed to being asked snch
questions. But we must seek to answer them, because our research is
justifiable to society only if it pursues desirable objectives and if the results
are worth the cost to society.

It is easy to make superficial estimates of the value of some research.
For example, losses in peanuts due to insects are estimated as about 313
million per year, including the cost of control measures. Losses due to
diseases have been estimated as high as 25 percent of the crop value, and
those due to weeds as about $50 milkion. These figures are estimates, maybe
guesses. It is doubtful that losses from insects and diseases could be recovered
in our present economy, even if the pests were eradicated. The cost of control
measures might be reduced, but since there is a surplus of marketable
peanuts, an increase in production due to eradication of pests would
probably either lower the unit price or increase the cost of the government
support program. Nevertheless, the figures represent a tangible potential value
for research in these areas. Research on insects in peanuts, for example, could
be worth up to $13 million a year or about $10 per acre, but no more, if the

a0



207
208
209
307
308
309
406

Tahle 3. Research Problem Areas of | nterest to Peanuts

RPA
Insect control

Disease control

Weed control
Production efficiency
Mechanization
Systems analysis

Improved consumer
acceptability

New and improved nonfood
products

*Not assigned to Peanut Task Forca

RPA
407

products

408 Market guality

501 Grades and standards
604 Marketing efficiency
601* Expand foreign markets
701* Avoid pesticide residues

702* Mycotozin

New and improved nonfood

Table 4. Peanut Research - 1967 Inventory {Total Scientific Manyears:88.2}

RPA SMY! RpPA SMY?
207 Insecis 5.7 406 New food products 149
208 Diseases 11.4 407 New nonfood products 4.1
209 Weeds 28 408 Market quality 7.0
307 Production efficiency 13.0 501 Grades and standards 05
308 Mechanization 6.5 504 Marketing efficiency 4.6
309 Systems analysis 0.1 702 Mycotoxins 165
405 Consumer acceptability 1.1

Igcientific manyears in USDA and SAES.

Table 5. Projected Peanut Research Manpower

RPA 207 208 209 307 308 309 405 406 407 408 501 504 Totals
1967 6 11 3 13 6 o 1 15 a4 7 1 5 2
Syears 6 16 7 16 6 2 1 21 3 7 1 3 8B
10 years 8 20 9 28 7 2 3 27 k] L] 1 a 1
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estimates are correct. Actually, our task force membems have been
conservative in estimating the value of research and have recognized that
research in the next few years will not eliminate all losses due to insects,
diseases, and weeds

It is much harder to estimate the value of research on production
efficiency or on improved quality. What are the components of production
costs? How much progress in production efficiency can we expect from the
research resources which will be available during the next decade? We cannot
even puess intelligently unless we know what is limiting efficiency, what
components of production cost can be most successfully attacked with
research, and the value of success in such research. Increases in yield per acre
are commonly cited as a very effective means of lowering unit costs of
production. Many costs are nearly constant, it is said, so higher yield permits
one to spread the per acre cost over more production units. To one who views
economic problems and theory through a layman’s eyes, this generalization
seems a bit too simple. I believe a significant component of cost is land rental
or interest on investment. Presumably this is related to land value and in turn
to productivity. Will this component of cost remain constant if there is an
increase in yield level? Similar questions occur with respect to the use of
better seed, more expensive mechanization, and systems analysis. These are
accepted as means of increasing efficiency, mainly by contributing to higher
yields and therefore to lower unit cost. We have an urgent need for thorough
studies of these and other components of cost, with special attention to
opportunities to achieve tangible reductions in net costs of prodnction.

Federal Acquisition Program

Various arrangements now provide that the federal government will
acquire supplies of peanuts unsuitable or not needed for the edible trade.
Most of you are familiar with the report on the peanut program recently
issned by the General Accounting Office. The GAQ estimated the 1966 cost
to the government mn administering the peanut program as $48 million. The
cost of moving the government’s stocks of peanuts into alternate uses is not
always considered in equations leading to estimates of prodnction value or
the benefits to be derived from research.

We need Lo get production costs down o that peanuts can pain larger
pegments of the edible market and move more freely and profitably into
other markets, specifically, the vegetable oil and meal markets. This will be
no small achievement. The vegetable oil and meal market iz not in the most
vigorous condition. Soybean oil, which larpely sets the market level, has
recently been below 8 cents per pound. Oils which ¢command a premium over
soybean oil are higher. But the recent increase in supply of Ruasian sunflower
oil in world markets has greatly intensified competition, and Russian
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sunflower oil has been priced below zoyhean ofl in Rotterdam. The situation
is smilar with respect to meal. Urea and fish meal provide competition which
is effectively preventing large gains in volume or advances in price. Can
improvements in production efficiency reduce production costs of peanuts
enough for them to be profitably competitive in the general oil market?

Is all of this reason for discouragement or for: abandoning efforts to
make improvements? Of course not. But it is only realistic to evaluete our
problems, capabilities, and alternatives as thoroughly as possible, then to plan
the use of our resources, including research resources, to get the best return.

Reaching Solutions

A key is recognition of the problem. It has not been one of our
strenghts. I do not single out peanuts specifically, as I see this weakness in
myself and in all of the groups with which I am associated. But peanuts are
no exception. Not the inability to name problems. We are very good at that.
Most of us can quickly produce a long list of problems, all urgent. But we are
not very good at the analysis of problems including the value of a solution.
We tend to think in terms of problems rather than solutions: ““Leaf spot is a
serious disease problem, costing X% of the value of the crop.” It is hard to
determine the reliability of the “X% extimate, to conceive of the specific
questions which must be answered to find a solution, how to find answers ko
the questions, what to do when the questions are answered, and, finally, how
much more the crop would be worth if leaf spot were controlled than it is
worth now.

We must be very crtical of research proposal: to insure that our
research resources are effectively used. There is widespread belief that these
resources are not being used effectively now. I would like to quote from
Jacques Barzun, former provost and dean of {aculties at Columbia University.

“Judging from what is being studied, it is clear that as a civilization we
no longer kuow how to do anything. We can meet no situation without
stopping work and studying. Nothing can be done today as it once was done.
So we repeatedly analyze the familiar and suspend action.”

We hope to see an increase of about 50 people in peanut research in the
United States during the next decade. In the protection and production area
an increase of 37 is projected. The assignments given these people must be
relevant to the needs of our industry and society. They must be sufficiently
defined to assure relevance, but not so narrow or specific as to deprive us of
the maximum creativity of the individual scientist. Some of us are concerned
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with unnecessary duplication of effort. With more people, there may be more
cause for concern. If the projected manpower level iz attained, there will be
an average of nearly 10 percent protection and production research people
for every state where peanuts occupy significant acreage.

I do not worry about duplication. We have and must maintain good
communications—-between industry and public agencies, between state and
federal administrators, aud most of all between individual scientists. The
thing that concerns me most is that onr research will be good. We are
pursuing the unknown. if we do it imaginatively and energetically, there will
be no duplication.

The task of analyzing problems, deseribed above, is oue for
administrators and sponsors of research but not for them alone. This is
especially a task for each individual scientist. His usefulness as a scientist, the
contribution he will make to mankind in the only career he will ever have,
depend squarely on how carcfully he analyzes the problems facing him. These
analytical questions are also being asked increasingly by legislators and
taxpayers. Choices must be maile between the use of national resources for
research and for other purposes. As an agricultural administrator, | want Lhe
problems of agriculture to be effectly analyzed and presented. But as a citizen
and taxpayer, | want the choices to be right.
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Yield Increases Create Pressure
to Adjust Peanut Quota Policy

J. Paxton Marshall and Russell C. Schools1

A distinelive characteristic of American agriculture js its capacity to
accelerate the rate of output per acre. Peanuts provide a prime example.
During the decade of the 1930’, the highest average yield per acre for any
year was 801 pounds, produced in 1937. Through the 1940°s the highest
average yield per acre was 861 pounds, achieved in 1941. The maximum
average yield per acre during the 1950%s was 1,197 pounds, produced in 1958.
This 20-year, 400 pound, gain has been more than matched in the seven years
1960 through 1967. By 1967, the average yield per acre was 1,735 pounds.

The rise in yields has, of course, been influenced Lo some extent by the
quota program. Passed in 1940, the quota program lirst reached the national
minimum allotment of 1,610,000 acres in 1957. The result is that allotments
have not heen reduced since 1957, Bul the aceelerating rise in output per acre
exceeds consumplion, with the result that the presenl support program has
difficulties.

The Difficulties

Two major economic difficulties exist with the program. On the farm
side the difficulty is price and s corollary, income. On the Commodity
Credit Corporation side the difficnlty is rising program cost. In 1961, 825,000
tons were produced and 705,000 tons were consumed. The support level was
85.0% of parity, and the price was $22] per ton. By 1967, the output was
1,236,000 tons and consumption approached 885,000 tons. Price was 75.2%
of pacity in 1967 or $227 per ton. Thus, between 1961 and 1967 the price
(nationally) per ton of farmer stock peanuts moved upward by only $6 per
ton. CCC costs moved from $12.1 million in 1961 to about $45 million by
1967. Bolh farmer price and CCC cost were directly affected by accelerating
yvields. .

The Choice
When peanut producers petitioned the Secretary of Agricultare to grant
a price increase on the 1968 crop, the above data were reviewed. The choices
that the Sceretary suggested to producers were to develop a new program to

TExtension Specialist, Public Policy and Extension Agent, Farm Managament,
respectivaly, Extension Division, Virginia Polytechnic Ynstitute, July 1968,
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correct the existing situation at the farm level as well as the CCC level, or to
continue with 75% parity level for the 1968 crop as stipuluted in the
legislation. Three crileria were set forth for uny new program: (1) that farm
income be maintained or increased. (2) Lhal government costs be stabilized or
reduced, and (3) that adequate supplies be provided for consumers at fair
prices.

The choices of the peanut growers were clear: attempt to do somelhing
about changing the program or continue under the present program. A series
of meetings was called, and the three production areas sent representatives.
They studied 17 program proposals.l The 17 proposals included acreage
programs 4, diversion programs—3. poundage programs—4, and certificate
programs—6. From this study emerged a certificate program that has been
proposed and submitted 1o the Congress (H. R. 18213 and S. R. 3711). It is
anticipated that a law may be cnacted in time to require, as stipulated in the
bill, the price of the 1968 peanut crop to be 8% of parity.

The Proposed Program

Some things might be said about what the proposed program does not
do. It does not remove the 1.0 million acre minimum allotment from the law,
and it does not affect the producer’s option to produce 1{¥% of his allotment
at the minimum support level of 75% of parity.

The key Lo the program is the “recommended percentage™. This is based
on an cstimale of the quantity of peanuts needed for domestic edible and
commercial seed use, plus a reserve, for adequate supply. Over the years the
term adequate supply has been interpreted to mean enough for needs plus
about 20% of above needs. The estimated adequate supply is divided by
estimated production, and the result obtained is the recommended
percentage. The recommended percentage and the value of all certificates
would be announced under the proposed program not later than February 15
of each year.

The recommended percentage may nol be less than 85% of allotmenl in
the first ycar. For cach 2 per cent that the recommended percentage is below
1.6 million acres, the support level would move up by 1% of parity. The
program operales Lhrough Lhis huilt-in pricing mechanism Lo raise Lhe returns
to peanut growers al all levels of yield. Producers that harvest 100% of Lheir
allotted acreage would receive the minimum suppori, which would equal the

1), Paxton Marshail, “Sevenisen Proposed Peanut Programs Studied by Grower
Representatives: & Review" ({(Department of Agricitural Econemics, Extension

Divisian, Virginia Polytechnic Institute, Blacksburg, Virginia) June 1968, Mimeo.
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maximum loan of 75% of parity, and no certificates would be issued to them.
A range of support level options will exist belween any maximum supporl
and 75% of parity. Certificates would be issued for the option selected, on
the basiz of actual production from harvested acreage, which, of course, is Lo
equal the planted to harvest acreage. Wilthin the support level range,
producers may cxercise their option 1o reccive a lower value certilicate on a
higher proportion of the harvested acreage. This may be the oplimum choice
for many producers. Fach grower will have to decide ubout his own
allotment, Those growers that cxercise their option to produce al the 85%
level would receive support at 82.5% of parity.

In any year after the first year of the program the recommended
percentage could not be set more than 5% below that of the previous year.
The program may he adniinistered to permit adjusiments in the support
oplion arca in any year. When fully implemented in [our or more years, Lhe
program would require a maximum price of 90% ol parity for peanuts at the
minimum recommended percentlage, which is 70%.

Shellers would be required lo pay the equivalent of 5% of parity for
certificates the first year, The value of the certificate in any succeeding year
would be gl least 5% and eould be increased for any year by an amount not
to exceed %. Since shellers could not be passed more than 1% of the parity
price ol peanuis in any year after the first, the maximum cost of certificates
would nol exceed 8% at Lhe end of four years. Shellers would not purchase
cerlilicales for an amount in excess of 15% of parity. A minimum of Il years
will be required to transfer the cost of the program il the maximum of %
annually is passed Lo sheller certificates.

The proposed program authorizes extra certificates to be issued at the
higher price level for any type ol pranut that may be or is estimated Lo be in
short supply in any harvest year. These extea cerlificates for type would have
the maximum value ol cerlifieates issued in that year, All extra certificates Lo
increase peanuls by type would be {inanced through the program and nol by
the sheller.

Crop disaster certilicates will be available for peanul growers. No crop
insurance is presently available on peanuts in some areas. lo any year in which
the grower’s intended-to-harvest acrcage produces less than 40% of the
projecled yield he will receive a certificate in an amouni equal to the
difference between the quantity actually harvested and the projected
quantity to harvesl on the allotted acreage. The value of the crop disaster
certificates will not exeeed the maximum difference between the loan price

and the support level selected by the grower.
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Shellers are interested in the proposed progeam from, among other
things. the standpoint of tonnage that will be produced. The program
proposed will stabilize the tonnage produced and may at some point reduve
that tonnage below the 1967 level Ly about ID0.000 tons. This eouid mean
that minimum production may be about 1.} million tons. If this estimate is
correct shellers will continue to utilize their equipment at near to present
levels, and should anticipate a minimum of actual curtailment under the
proposed program. The distribution of the curtailment cannot be determined
in advance.

Impact on Consumer

Manufacturers encouraged “gradualism™ in translerring the cost to the
consumer. Thus, the proposed legislation contains a provision for passing a
maximum of 1% ol parity annually to the consumer by raising the value of
the certificate. How consumers will react to a price rise remains an unknown
{actor. On at leasl one occasion, however, price moved up $26 per Lon in one
vear, 1461, without a decline in consumption. But many factors affeet
demand, and it cannot be predicied with cerlaintly thal the consumption of
peanuts will continue 10 expand under the proposed program at the present
rate of 3.6% annually--about 3 times the 1.2% increase in population.

An analysis of the proposed programt shows that under il, larm incorme
will be increased or maintained while government cosls will be stabilized or
reduced. Estimates of farm neb income mdicale that nel income can expand
in the lirs 3 years under the proposed program by 20%, and that government
costs will be less in cvery year than under the present program. Cost of
peanuts will move up for consumers, but it should be recognized that during
the 1950% producers paid 90% of a fair price. ie. 1008 of parily, lor
peanuts. While consumer income has heen expanding, peanul prices have
actuully been declining relative to consumer income and Lo other factors.

The proposed program increases the number of areas where prodacers
can bargain. These convern purticularly the recommended percentage and the
transfer ol program costs Lo the consumers. With the price increase buaill into
the program, it is conceivable (hal growers may actually witempl to negoliate
a reduction in the recommended percentage. The opporlunily also exists Lo
negotiale transferring program costs Lo the consumer. This parl will bring the
manulacturers inlo the negotiation and will serve to lransfer any crilicism
aboul rising government costs to manufacturers and consumers.

More opportunities for decision-making are made available Lo the
producers than would be available in conventional acreage cul, diversion or
poundage programs. The opportunity areas include (a) the suppuort level
options, (b) the support option, (¢) the harvesting option range. {d) the

.



option to use allotted acreage in other uses, and (e) an option to limit income
source to market place.

Without a doubt, the major factor in determining the longevity of the
proposed program, if it is enacted into law, will be the rate of increase in
yield. If yield per acre continues to increase at a rate such as that of the last 8
years, another adjustment in the peanut quota program will be needed. The
result could very well be a program based on poundage.
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Research on Peanut Qnality

Ralph S. Matlock1, 2

Has the quality of peanuts improved since the first National Peanut
Research Conference (February 2122, 1957) 11 years and 5 months ago,
where the entire conference consisted of papers dealing with the relation of
various phases of the industry to quality of raw peanuts for specific end uses?
Currently we know more about those attributes of peanuts that make for
suitability to specific end uses. However, it probably can still be said that
quality is a much used, pootly understood term.

Emery, Perry, Golumbic (1966) and Sexton (1963) reported on 19
quality factors for which objective standardized methods of measurement
have heen or should be developed (Table 1). Four out of these 19 quality
factors had no available method of measurement listed and it may be that the
other methods listed need to be improved and standardized.

It is difficult to find raw peanuts that vary within narrow limits in
flavor and composition. We plan to discuss examples of flavor difference
caugsed by certain environmental and/or genetic conditions. Some of the
difficilties we still face, in spite of the progress made, are that many guality
factors are still ill-defined, the tools for measuring them are not known or
developed, and perhaps we expect to get the highest quality for numerous
end use products from the same bag of peanuts.

In order to evaluate the desirable characterstics imvolved in flavor,
odor, appearance and texture, semsory tests are used. These tests are
snbjective in nature and difficult to use.

There have been many attempts to describe flavor in terms of chemieal
properties. K. T. Holley suggested that an oil-protein ratio of 2:1 indicates
good quality. Ratios outside these limits indicate low quality. Avera is
confident that peanut butter made with Spanish peanuts of a high iodine
number (approaching 1040) is more subject to oxidative deterioration than
peanut butter from peanuts with lower iodine numbers. The relationship

tDepartment of Agronomy, Oklahoma Swrte University.

2author acknowledges ﬁnancial assistance from Corn Products Company; USDA, ARS,
Southern Utillzation and Davelopment Laboratory and Qklahoma Pesanut Commission
and the Cragartment of Blo=Chemistry, Oklahoma State University, for oil and fetry acid
data, Journal Mo, 1824,
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found between jodine numbers and CLER scores (flavor) in the Skippy
Research and Quality Control Laboratory was evident from samples
submitted from the 1966 and 1967 grown crop (Tables 2 and 3).

In Table 2 the only sample that received a high organoleptic rating at
the Skippy Research and Quality Control Laboratory was the sample of P-6,
that had an iodine number of 90, compared to 101 for the other 4 samples.
The mean CLER scores for the 5 entries were not significantly different in
the Oklahoma Agricultural Experiment Station Laboratory.

Four samples from each of two ldcations in 1967 had higher
organoleptic ratings in our laboratory than in the Skippy Research and
Quality Control Laboratory (Table 3). All iodine numbers were above 100.
Note the ratio of oleic: Linoleic was lowest for the P-6 sample (Table 2) in
1966, while the low ratio in 1967 (Table 3) did not have a comparably high
CLER score. Better agreement among laboratories will be achieved with the
development of more precise techniques and standardization.

Let us consider some of the evidence conceming hereditary and
environmental influences on fatty acids and flavor. Crawford and Hilditch, in
1950, reported that variations in the proportions of oleic and linoleic
glycerides in peanut oil are due to climatic conditions and soil type.

They reported:
Oleic Linoleic Ratio
W. Africa 60% 20% 3.00
Natal Common 4% 35% 1.14
Valencia 40% 35% 1.14

Higgins, Holley and Pickeit in 1941 reported considerable variability
among 24 hybrid selections with respect to percentages of aleic and linoleic
glycerides,

The following safflower data illustrate that it is possible to genetically
change the fatty acid distribution of plents. Knowles and Puckman (1965)
reported that a gene was found in a safflower introduction (UC57-147) from
India that would change the proportions of oleic to linoleic acid in the oil of
safflower when the introduction was crossed with US 10 and backcrossed
twice to US 10.

Cultivar  Palmitic  Stearic Qleic  Linoleic Ol Todine No.
Us 10 6.6 18 135 78.1 36 145
uc 1 53 1.2 78.3 152 K} 90



Tabte 1. Peanut Quality Factors for Which Objective, Standardized Methods
of Measurement Should be Derived

Quality Factor

-

11.

12,

13
14,
15
16.
17.

18.

19.

Meturity

Resistance 10 mold
growth

. Color

Shape

Density

. Concealed demage

Milling quality
Blanchability

Karnel hardnass

. Texture of kernel

Tendency for radicle
breakage

Pod thickness

Pod fragility

Mald Count

Aflatoxin content
Infestation

Skin Slippage Tendency

Flavor

Chemical constituents

Typed
S

ISorS

1ISorsS

Faw or
Roasred

Raw or
Roastad

5
Feaw or
Foasved

5
Raw or
Foasted

5
Raw or
RBoastad

83 = Shelled peanuts; IS = Peanut in the shell.

Available Methods Indicated

Spectrophotometric evaluation of
expressed oil, sugar content, un-
saturation of oil.

None

Usa* of color **chips’ similar to
thase used by the USDA for
peanut butter,

Use of slotted screens with
relatively small samples.

Beckman air pynometar, count per
pound, sand displacement,
fluctuation.

Federal—State Grading Procedure

Lab shaller

Lab blancher, hand blanching
Penetrometer

Nong

None

Micrometar or microscope
measurement

Impact tester
Direct count
Chromatographic method
Drirect Count

Nona

Flavor panel evalustion of
ground or roasted peanuts,

Maisture — Oven, moisturae meter,
distitlation. Oil — Total, iodine value,
fatty acid contant, fatty acid
composition, rancidity potential,
Tocopheral coatent, Pratein — Total
Yitamin,
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It was found that the fatty acid characteristics of eleic and linoleic were
determined by one factor pair. The recessive gene (ol) contributed to low
oleic and high kinoleic and the dominant gene (OL) to high oleic and low
linoleic acid. Tables 4 and 5 illustrate the differences in certain peanut germ
plasm with respect to fatty acid distribution.

In peanuts there is also evidence that this can be accomplished
genetically. Genetic differences in flavor and texture have been reported
among the various market types. Hereditary differences within a market type
may also exist though we know the environment x genetic interaction van be
great. Four entries of Spanish peanuts did appear to differ organoleptically
when grown in the rame enviroument and tested by the same organoleptic
panel (Tahle 6). It may be of interest to discuss their characteristics.

P-606 (P1 268674), introduced from N. Rhodesia, is a Spanish type with
sparse to moderate branching that was rated poor organoleptically.
P-529 (PI 261988), introduced from Paraguay, is a Spanish type with small
seeds that received a poor organoleptic rating.

P-824 (P1 247375), introdnced from S. Africa, is a Spanish type with medium
seed that reccived a good organoleptic rating.

P-678 (PI 268761) introduced from N. Rhodesia, is a Spanish type with
medium  fine branching that received a good organoleptic
rating.

Table 2. Resulis for Peanut Samples from Variety Tests near Stratford, 1966

Okla. Alamedzs Cler1  Jodine Light 0il  Olecic:Linoleic
P-No, Index CP OAES No. absorption (DWB) Ratio
at 450 mu
2 225 48 65 101 0.055 55.6 1.30
6 226 74 66 90 0.040 53.6 124
74 227 50 63 101 0.083 53.1 1.30
112 228 50 68 101 0.061 535 1.28
548 229 62 65 101 0.054 634 1.33
Mean 57 65
LSD.g5 12
C.V. (%) — 22

1¢ P = Corn Praducts, Skippy Rasearch and Quality Contral
Labaratory
DAES = Oklahoms Agricultural Experiment Station
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Okla.
P-No,

74

112

Mean

Table 3. Results for Peanut Samples from Variety Tests near Perkins and Ft. Cobb, 1967.

Pearkins

QOAES

63

64

67

67

65

CP

60

47

514

214]

CLER
Ft. Cobb
OAES CP
83 47
79 57
87 52
=13 b4
B3 53

Perkins

49.8

50.6

60.6

51.1

b0.S

Qil

Ft. Cobb

51.4

50.6

50.6

51.6

51.0

lodine Na.
Perkins Ft. Cohb
100.3 100.8
100.2 101.6
100.5 1026
100.8 103.0
100.6 102.0

Q:L HAatio
Perkins Ft. Cobh
1.20 1.13
1.08 1.20
1.14 1.18
1.18 1.12
1.14 1.16



Table 4. Characteristics of Certain Peanut Germ Plasm, 1966.

Oklg. PNo. _______ p151 Pg p.295 P.928
Cultivar ——— Krinkle  Starr P.I 295662 Early Runner
Origin ————————— Mutant Sp.x P Venezuela
Type -—~——————— Spanish  Spanish Spanish Runner
gms/100 seed 35 40 43 55
Qil Content (%) 525 50.6 523 52.3
Fatty Acid Dist. {%):
Palmitic 105 15.1 115 938
Stearic 15 24 20 0.9
Oleic 21.4 £0.6 427 48.0
Linoleic 378 36.1 3H.2 3B
Eicosenoic 05 0.4 05 0.6
Arachidic 19 1.7 1.3 1.4
Behenic 35 24 39 20
Lignocernic 28 1.2 3.0 1.5
0:L Ratio 1.30 1.12 1.21 1.34

Table 5. Cil Content and Fatty Acid Distribution by Type.

Spanish Valencia Bunch Runner
No. Tests 52 13 14 11
Qil % 50.4 50.3 480 48.8
Palmitic % 15.6 12.9 12.7 1.2
Stearic % 24 24 241 1.8
Oleic % 40.4 39.7 46.0 47.7
Linoleic % 35.6 37.0 328 323
Eicosendic % 06- 0.7 0.9 1.0
Arachidic % 1.6 2.0 1.4 1.6
Behenic % 24 29 23 25
l.ignoceric % 1.3 28 2.1 2.1
0:L Ratio 1.13 1.07 1.40 1.48
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Table &. Good—and Poor—Flavored Peanuts.

Roasted Butter
Mean Mean
Oklg, P I CLER Roast Mean
P-No, No. Scorel Score? Preference’
606 268674 222 1.7 5.4
520 261988 48.3 1.7 4.2
Std. Argentine 69.1 17 2.2
824 247375 60.8 1.6 3.2
678 268761 67.2 1.6 24
LSD g5 11.2 N.S. 1.0
C.V.(%} 225 0.7 3038

1Above 60 = good flavor
21 = Good, 2 = Excellent, 3 = Undar, 4 = Over
3 ow value = High flaver prefarence

Evidently, there are many environmental factors that eontribute to
flavor.

Differences in the distribution and amount of moisture available during
critical growth periods may cause the same variety to vary with respect to the
flavor of roasted peanuts and peanut butter samples. The flavor of the roasted
peanuts as measured by CLER scores was lowest for Starr, Argentine, Dixie
Spanish and Spantex for the tests of non-irrigated plantings near Stratford
and Ft. Cobb (Table 7). The rainfall was 4 to 6 inches less from May through
October at Stratford and Ft. Cobb than for the other locations in 1965.

We can illustrate the influence of another type of environmental factor
on flavor, dealimg with peanuts from a boron-deficient soil {Table 8).

Peanut butter samples made for a standard a check and 4 fertilizer
treatments from a boron-deficient soil (Teller fsl) near MeAlester,
Oklahoma, were evaluated organoleptically (Table 8). The internal kemel
damage ranged from 1.6 to 20.7 percent. The peanut plots receiving 20-80-80
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and 40-80-40 had kernels averaging about 19 percent internal damage
compared with 10.5 percent for the untreated check. Peanuts from the plots
receiving 20-80-40 plus boron (0.8 1bs/A) or gypsum (1000 lbs/A) had 1.6
and 5.0 percent internal damage, respectively. The panel members rated the
peanat butter samples made of peanuts from the boron-and gypsum-treated
plots saperior to the 0-0-0, 20-80-80 and 40-80-40 treated plots. This was the
first indication in our laboratory that flavor was influenced by fertilizer
treatments.

Effects of Curing Treatment

Dickens and Khalsa (1966) reporied that peanuts cured iu inverted
windrows appeared to receive less mechanical dumage and possess higher
quality than plants cured in a random-oriented windrow. Data were obtained
from four tests during 1964 and 1965 at three loczhions in Oklahoma (Table
9). The mean yield, grade, seed size and preference rank ol peanut butter
made from samples cured in the inverted and random-oriented windrows did
not differ significantly in the four tests.

Many workers have reported the detrimental effects of fast and
high-temperature curing on milling and organoleptic qualities (Beasley and
Dickens, 1963; Cecil, 1963; Dickens and Khalsa, 1966). Data obtained to
illnstrate the inflluence that curing treatment may have on the flavor of the
roasted peanuts are shown in Table 10,

Peanuts were cured in the windrow and under controlled conditions at
90, 105 and 120°F. both in 1964 and 1965. The most noticeable changes
were the increased percentage of splits and flavor changes of the roasled
peanuts associated with curing treatments. In 1964 the average CLEL score
for the 240 samples evaluated showed the 90 and 105°F. curing treatments
received the best scores by panel members (Table 10). The windrow-cured
treatment was next and the peanuts cured at 120°F. were rated last. In 1963
the flavor at the time the peanuts went into storage was best for the
windrow-cured ireatment. Flavor scores were less desirable as the curing
temperature increased (Table 10). Conditions for windrow-curing were good
in 1965 while in 1964 cloudy, rainy weather occurred while the peanuts were
curing in the windrow.

This does not necessanly mean that we should avoid artificial curing.
Other workers have shown that peanuts can be articially cured without
impairing [avor. The problem resalts from inadequate curing facilities when
needed, inudequate controls and high moisture content. With proper euring,
we should see an improvement in the flavor of the peanuls that we eat and
the quality of seed that we plant as well az a reduction in mold development.
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Table 7. CLER Scores for Roasted Peanuts Grown in 1965, by variety.1

Location

Perkins

Stratford

Ft. Cobb {Irrig.}

Ft. Cobb {Non-lrrig.}

Mangum

Mean

Starr

736

55.0

76.2

52.1

744

66.3

Argentine

764

bl.b

77.2

66.7

743

69.2

THigh scores are desired for roasted peanuts.

Dixie Spanish
780
66.6
771
63.1

722

714

Spantex
738
b8.8
63.3
59.3

55.3

629

Table 8. Mean Preference, Percentage of Peanut Butter, Peanut Fertilizer
Study near McAlester, Oklahoma, 1965,

Pearut
Butter
Numbers

88,94
89, 9b
91,97

90, 96

92,98

a3, 99

Fertilizer
Treatment

IbsfA

0-0-C
20-80-80
40-80-40

20-80-40 +
Boron 0.8

20-80-40 +

Standard

N-P205-K20

Mean Kernel

Pref. Damage

Rank (%}
4.2 105
43 19.0
41 20.7
3.0 1.6
33 5.0
2.3 0.0

%

Peagnui
Butier

87.8

84.4

881

85.7

88.4

86.7

Gmsf
100
Seed

394
405
a1.7

1.3

40.0

38.5

A0



Tabls 9. Mean Yield, Grade, Seed Size and Organoleptic Data for Peanuts
from Inverted and Random—Oriented Windrow, 1964-1965.

Orientation Mean Totdl Other GMS Peanut Bulter

in Windrow Yield SMK Kernels 100 Pref. Rank
Ibs/A % %

Imverted 1694 688 5.0 37.7 32

Random 1815 68.4 5.2 38.2 32

LSD.05 N.S. N.S. N.S. N.S. N.S.

C.V. (%) 116 23 13.1 30 15

Table 10. Flavor of Roasted Peanuts.

Curing Mean CLER Scores™*
Treatment 1964 1965
Windrow h1.8 646
90°F. 85.2 498
105°F. 51.7 36.7
120°F. 39. 237

*100 - {§ x number scored 1) - (4 x number scored 2} - {3 x number scored 3} - (0 x
number scorad 4}, 1 = Bad off flavor; 2 = Low level off flavor: 3 = Low level flavor; 4 =
Good peanut flavor,

Peanut quality research at several laboratories shows that immaturity
results in reduced quality for most end uses (Sharon, 1963; Holley and
Young, 1963). The progress made iu finding a simple, aceurate test for
maturity has been encouraging. Three varieties were classified into mature
and immature groups on the basis of the pigmentation of the mterior
pericarp. The mature and imimature kernels of each variety were processed
into peanut butter by roasting, blanching, splitting, removing germs, picking,
salting and grinding. The peanut butter samples were exposed to a panel to
determine the odor, flavor and preference tank in relation to a known and
coded standard (Table 11). The oil content and fatty acid distribution were
determined by a former member of this fesearch team, M. E. Mason.
=0



Brietly, the results were:

(1) Odor did not differ markedly except that more of the small,
immature peanut samples were rated inferior to the standard by
the panel members,

(2) The flavor and preference rank was best (as indicated by the
lower score) for the mature followed by the large immature and
small immatures.

(3) The oil content of the mature kernels was 4.4 percent higher than
that of the large immatures and 13.6 percent higher than that of
the small immatures. .

{4) Oleic showed a sharp decline and linoleic showed an increase with
immaturity.

Pang (1967) used the Friedman two-way analysis of variance by ranks
and the Wilcoxon matched-pairs signed-rank test for analyzing the scores and
ranks to study the influence of maturity and time of harvest on peanut butter
quality (Table 12 and Figure 1).

The results were as follows:

(1) Flavor scores and preference ranks were less desirable for
immatare large and small peanuts. Mature and intermediate
peanuts generally did uot differ significantly.

(2) Flavor score was most favorable at 138-152 days after planting
for Argentine variety, Perkins, 1965 (Figore 1).

Young, Mason and Matlock (1967) showed a notable decrease in
arginine as the peanut matures. Methods to standardize the procedure for
determining maturity are being studied. They include:

(1) Quantitative analysis of arginine by the Sakaguchi reaction.

(2) A visible separation based on pericarp, seedcoat color and thick-

ness, and size of seed.

Tahle II—Summary of Organcleptic Evaluations and Mean Qil content Fatty
Acid Distributions of Mature and Immature Argentine, Dixie Spanish and Starr
Peanuts,

Organoleptic
Superior Equal Inferior
o to to
Standard Standard Standard % Gms/

Pref. Peanut 100
Classification Odor Flavor Odor Flavor Odor Flavor Rank Butter Seed

0 i 30 33 70 60 3.8 847 401
I} [} 40 0 60 100 5.6 80.9 21.5
Immature® .. ] 0 10 0 90 100 7.1 77.6 13.3

=t |



1.l FLAVOR SCORE

T T U -1 T 3 T 1 il

96 103 110 117 124 131 138 145 152

DAYS FROM PLANTING TO HARVEST

Figure 1. The Mean Flavor Scores of Peanut Butter for Nine Harvest Dates
Averaged Qver the Maturity Classes for Argentine Peanuts, Perkins, 1965.
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Table 12. Flavor score and Preference Rank of Peanut Butter, 1965.

Flavor Seore Preference Rank
Perkings Stratford Perkins Stratford

Mature 2.09 273 228 3.37
Intermediate 2.79 2.65 3.06 3568
Immature 3.14 3.55 e ¥-7 4,58
Immature2 3.86 4.62
Sid. 1.39 1.29 1.44 1.75

X2r 562 22.4% 568.4" 26.4%

1= Excellent; 2 = Good; 3 = Low; 4 = Off; 1 = Highest; b = Lowest,

THeld on 16/64 X 3/4 inch
Through 15/64 X 3/4 inch

(3) A quantitative measure of 2 yellow pigment in the oil, that is
found to be associated with immaturity.

(4) Determining of peptide content’s relation to both maturity and
flavor.

SUMMARY

The important objective of the peanut industry is to offer the customer
peanuls in the form of peanut butier or in any form, even forms not yet
thought of. to give him tasty. appcaling. nuiritious, and wholesome peanut
products. The whole industry must make the peanut a more gratifying food
for prople Lo eat. [t must smell good, fook good, laste good and be good.

Today, shellers and end-users do not need Lo ask what varieties do you
have, how, when and where these peanuts are harvested and cured or are they
mature. Enough information is available for those who have sincere desires to
improve the quality for a specific end use to say, “This is the X varety, it was
dug with X amount of maturity, the peanuts were cured too fast or they were
cured at high temperatures or vital dyes show these peanuts were frozen or
exposed to severe mechanical injury at X stage of handling.” 53



When we can repeatedly isolate factors and stages causing a particular
off-flavor, we are in a more favorable position to eliminate those under our
control.
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VIl
Operating An Effective Extension Peanut Program

J. Frank McGilil

Let me begin with the Georgia peanut crop value and its relationship to
other crops in the state.

Since peanuts account for 23.4% of Georgia’s crop income, it is logical
that peanuts should receive heavy emphasis in the University of Georgia’s
research, teaching and Extension divisions - the 3-legged stool of the College
of Agriculture.

Peanut research in Georgia (including state and federal) presently is
done by 9.1 men in the following fields: agronomy, 3.0; engineering, 2.2;
pathology, 2.1; entomology, 1.8.

The ahove lsting does not include effort in food technology nor
economic studies of peanuts.

By contrast, current Extension effort in Georgia on peanuts consists of
work hy 3.4 professional men, as follows:

Georgia’s Crop Value — 1967

T.Peanuts . . . . . . . . ... ... -+ . ... 8112 Million
2. Tobacco . . . . . . . L L0 o a0 e 99 Miilion
3.Corm . . . . . ... e e e e e e e e 98 Million
4. Cotton . . . . . . .. L. e o e e e 33 Million
B.Soybeans . . . . . . . . . . 0 0o o0 o0 e 32 Million

*23.4% of Georgia's crop income

1Extension Agronomist, Paanuts; Georgia Coastal Plain Expariment Station, Tifton, Ga.
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%Time Devoted

Discipline To Peanuts
J. Frank McGil Agronomy 100%
L. E. Samples Engineering 100%
James Miller Agronomy - Weed Control 20%
John French Entomology 50%
Sam Thompson Pathology 50.%
Harvey Lowery Agronomy - Seed 20%

Of the 3.4 men listed above, 3.0 are located at the Coastal Plain
Experiment Station at Tifton, Ga., in the heart of Georgia’s 528,000 acres of
peanuts. Better than 90% of this peanut acreage is located within a 100 mile
radius of this station.

The County Agent is the key to the success or failure of vur peanut
program. [Realizing this, we as subject matter specialisls are primarily
concerned with training the Counly Agent lo give him the essential tools to
provide local leadership for the Georgia Extension Peanul Progrum in each
county in Georgia where peanuts are grown commerciaily. The Extension
Specialist serves as the connccting hink between research and the County
Agent. and subsequently the 15,000 Georgia peanul growers - our ullimate
goal. It is mainly this link (the Extension Specialists) that ! would like to
center my remarks upon today.

The following stulemenl is aimost loo clemenlary, yeb in all of the
many uclivitis of an Exlension program ils imporlance may sometimes be
taken [or granied. |Lis simply this - the [orerunner of any eflcetive Extension
program is « dynamic und aggressive research program. The suceess of ovne
depends in large measure on the other. If our Extension peanul program in
Geergia has atlained any-degree ol success up to Lhis poinl, Lhe aggressive
research eflorl on peanuts js the “bedrock™ of Lhis success. The close-knit
reciprocal working relationships that exisls belween Extension and rescareh
in Georga can also be lifted up as an effective ingredient in our mutual #Horl
to serve Georgia peanut growers.

In a nutshell, the role of the Extension Specialist is to “weigh™ and
make “accurate”, practical application of new research [indings. Having the
facts, important as they are, is not encugh. We must be an effective
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communicator and salesman of practical ideas through the County Agents to
Georgia peanut growers.

Grower Clinics

Each vear during January, Febmary, and March, subject matter
specialists in Agronomy, Engineering, Pathology and Entomology assist
County Agents with 38 county and area-wide grower clinics. Here the stage is
set for the peanut crop year ahead. Average attendance has been 52 growers
per clinic, or a total of 1976 growers. This represents more than 109 of the
state’s peanut growers. We have had little or no difficulty selling our peanut
growers on sound information at these clinics. If ‘the, practice being
recomimended is backed up by good research information, 10% of the peanut
growers will put it into practice. From there it’s only a matter of time of
short duration until the practice is in widespread use by Georgia peanut
growers. Harvesting clinics, under the leadership of Extension Engineer L. E.
Samples, are also held with County Agents in a similar fashion across the
Georgia peanut belt, with particular emphasis on mechanization and peanut
quality.

Bulletins apd circulars serve as resource material in our Extension
Peanut Program. They are revised every 3 years. Naturally, during this period,
information relatiug to certain rapidly changing practices becomes obsolete.
To bridge this “gap™, judicious use 1s made of mimeographed peanut releases,
These peanut releases contain the most complete and up-to-date information
on specific practices relating to peanut production. County Agents have made
excellent use of this tool by requesting additional copies to be placed among
key leaders across each peanut county.

Very himited use is made of circular letters, due to their present
over-use among County Agents. However, limited use is made of them to
communicate with agents relative to belt-wide peanut problems, whereas the
releases are used to disseminate most subject matter recommendations.

One of the most umque tools, and one which has received favorable
comments from County Agents, is the information summary entitled “Peanut
Pointers for 1968”. This is developed for County Agents’ nse only and is
made available on January 1 of each year. It contains any preliminary
information, news of research underway and even some peanut philosophy.
Agents have indicated this tool has served as an excellent guide to their
county peanut program activities.

Field Tests

Demonstrations and field tests probably make up our most significant
contribution to agents in the field, These tests may or may not be replicated.
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Where replication is involved, our research counterparts generally take part in
such tests at least to a limited extent. Assistance to County Agents in the
field also consists of “trouble shooting” on problems which may range from
chemical damage to seedling diseases to Lightning damage. It is also the
function of the Extension subject matter specialist to filter back any unusual
field problems to the research counterpart. A recent example of such a
problem is the presence of Cylindricladium root rot now definitely identified
in 5 Georgia peanut counties,

Evaluation is an essential part of our peanut program. An annual survey
is conducted among County Agents to determine what percentage of the
growers is using certain recommended practices. This survey is summarized
annually on a statewide basis and used as resource material by County Agents
in their county peanut program planning boards.

In 1962, a special emphasis program, The Golden Peanut Program, was
initiated in selected counties. Since then this program, which includes an
intensified approach to peanut subject matter, making use of all mass media,
has been conducted in all cornmercial peanut counties m Georgia. This year, 4
1-bour in-depth training sessions will be held in each of a group of selected
counties. For these classes, County Agents will enlist a limited number of
growers interested in studying peanut genetics and other basie principles of
peanut production.

Since 1963, Extension Peanut Specialists in Georgia have provided
county agents with “AA" service- ALWAYS AVAILABLE. This means day or
night, in office or out of office. This has been made possible by the vee of
2-way mobile ratio units that keep us in constant touch with the office. These
units will receive messages within a 100 mile radius of headquarters and will
send or receive within a 5O mile radius. More than 200 long distance calls
have been relayed from headquarters to mobile units within the last 90 days.

Georgia peanut growers are becoming fewer and better informed
large-scale business operators. The 1959 census histed 22,773 Georgia peanut
growers, whereas by 1964 the total had dropped to 15,965. In the 1964
census 7,236 Georgia farmers were listed as having completed 14 years of
college. A total was not available for the peanut area only.

The trend in research and Extension will be to answer an increasing
demand for more specific information o solve specific problems -
prescription treatments will take precedence over general recommendations.
Both Extension and rescarch will need to gear their programs to this trend if
the challenge iz to be met.
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Change is sometimes slow and painful but this is the end produce of our
efforts—a change that will bring about a bettér yield of higher-quality peanuts
of the type and variety suitable for market demand.

Georgia growers have achieved a very impressive record of gains during
recent years, as illustrated in yield figures listed below.

1962 - - - - - - 1130 1964- - - - - - 1670 1966 - - - - 1680
1963 . . . . .. 1630 1865. . . . . - 1810 1967 . . . 2040

Nonetheless, there is still plenty of room for improvement, both in
yield and quality.



60

Fad sl

Page Intentionally Blank



VIII

Variety Blends: A Consideration In Peanut Oil Improvement

A. J. Norden and D. H. Blockl
ABSTRACT

An experiment was conducted to determine the feusibility of blending
sefected peanutl varieties to produce oil of a specific chemical composition
and tu study the cffect on vield and market value. Two peanut vurieties
(highly humozygous breeding lines) were grown alone and in a 1:] blend at
Gainesville, Florida in 1966, The varieties were similar in oil percentage, plant
growth habit, and maturity, but differed in size of pods and sced, amount of
the various unsaturated and saturated fatty acids. and yield potential.

Less than 2% variation was obtained in the oil content of the seed from
the two varicties grown alons and in a blend. The unsaturation level of the oil
from the blend {lodine Valae = 95). however, was significantly below that of
the higher line (1.V, = 98) and significantly above that of the lower line (1.V.
= B89). Similarly significant relationships were obtained for percentages of
oleic and linoleie acid. The blend gave no adventage in yield when compared
with the mean yield of the two varieties grown alone, but had 72% fancy
pods and 35% extra large kemnels compared with 54% and 31% for the
smaller-seeded line, and 83% and 404 for the larger seeded line.

Insofar as chemical composition of peanut oil is concerned. it appears
that selected lines or varieties may be blended at planting Lo render peanut oil
with gqualities desired for specific purposes. The results also indicate that
blends eould be used to obtain market acceptability of varieties that, because
of certain physical charactenistics, are marginal or unacceptable when grown
alone. More information is needed relative to the physical problems involyed
in handling and processing blends before their value for commercial
production is established.

INTRODUCTION

Manufacturers of peanut products have developed rigid chemical
standards for the peanuts they utilize. Up to now they have been relatively
safe in considering the peanut oil composition from the various market types
as constant entities, Fore, et al. {1953) reported the average linoleic acid

1 associata Agronomist and Research Technologist respectively, Agronomy Department,
University of Florida, Gainesville, Flarida.
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content of the oils of Spanish, Virginia, and Runner type peanuts to be 34.2,
20.6 and 22.0%, respectively. Jorand and Gillier (1964) differentiated the
Virginia and Spanish types of peanut varieties into groups on the basis of
their component fatty acids. A correlation exists between the linoleic acid
content and the development of rancidity. Runner peanuts contain less
linoleic acid und have a correspondingly higher order of stability. Crawford
and Hilditch (1950} surveyed the range of varjation in the component acids
of peanut oils and found that linolei¢ acid content varied from 20% to 38%
and that oleic acid content varied from 60% to 39%. They recommended that
growers plant only varieties with low linoleic content when producing
peanuts for oil.

The classifymg of peanut varieties inle types has resulted m some
problems m recent years because peanut varieties derived from crosses
between market types do not necessarily conform in chemical composition to
the parental varieties. It is possible to obtain from a cross of Spanish x
Virginia types, for example, a Virginia type variety that has oil with a
chemical composition similar to that commonly found in Spanish peanuts.
Such a line, although it may be superior m many ways, would not be
acceptable to peanut-product mannfacturers who expect a prescribed oil
quality when they purchase Virginia type peanuts. One of the varieties used
in this study {(F410-2) is an example of this type of line.

Numerous experiments have heen conducted comparing the yield of
both cereal and non-cereal crop varietics grown alone and in various blends.
The theoretical advantage of growing varietal blends is the fact that
heterogeneity provides a broad adaptation base. and research has generally
shown that the consistency of yield performance of pure line populations
over years or in different environments was less stable than for blends, In the
case of legumes, Allard (1961) reported this to be true for lima heans, Probst
(1957) reported the same for soybeans, and Emery (1906) reported it for
peanuts.

Shaalon, leyne and Lofgren (1966} discuss a blend of two “pare lines™
of winler wheat that has been success{ully grown in Kunsas under the name
of Rodco. [n this blend the two wheat lines complimented each other in a
number of ways including the chemical characleristics of the gluten. No
reporis were found in the literature, however, on the use of varietal blends for
oil improvement.

The objectives of this experiment were to study the effects of blending
selected peanut varietics on oil quality and on the yield and market value of
the peanuts.

EXPERIMENTAL MATERIALS AND PROCEDURE

The peanul varicties selected for this study were highly homozygous
breeding lines Lhat had been widely tested in Flonda and in regional
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experimental plantings. The variety designated in this paper 2s “A” is known
experimentally as F 416-2 and vareity “B” has been tested under the number
F 393-7. Both of these varjeties are agronomically desirable and high-yielding.
The varieties are similar in plant growth characteristics (both are alternate
branching and prostrate), in maturity, and in oil content. The vaneties
complement each other in fatty acid composition of the oil and in the size of
pods and seed. Variety “A” has pods and seed that are marginal in size
between the designated market classes of Virginia and Runner types; and the
oil hes an iodine value of 98 to 100, which is higher than that normally found
in Virginia peanuts. Variety “B” has larger pods and seeds that more
adequately qualify for the premium prices paid for Virginia type peanuts: and
the oil, in relation to that of other peanut vavieties, is highly saturated with
an iodine value of 86 to 89.

The crop was grown at Gainesville, Florida in accordance with
Experiment Station recommendations. The experimental plots were
replicated four times in a raudomized block design. The seed was
hand-planted May 3, 1966 six inches apart in the row. For the 1:1 blend
alternate seed of each variety was planted. The peanuts were irrigated to
insure uniform emergence and excelleut stands were obtained in all plots.
Rainfall was normal and at no time during the season was moisture stress
evident.

Peanut yield samples consisting of the center row in each plot were dug
by machine on September 1, 1966 and cured in stacks for six weeks prior to
picking with a carding-type machine. Two samples from each replication were
graded according to procedures of the U. 8, Grading Service (1965). The
value per net tou was computed on the basis of prices for peanuts established
in August, 1966 by the Oils and Peanut Policy Staff, USDA Agricultural
Stabilization and Conservation Service.

The oil content of the seed was determined by extraction with hexane,
and fatty acid analyses were conducted following the procedure of Craig and
Murty (1959). lodine values were calculated directly from the fatty acid
analyses, assuming complete esterification.

RESULTS AND DISCUSSION

Effect on Oil Quality

The mean effect of blending peanut varieties on composition of the oil
is given in Table 1. Although the varieties differed by only ¥:% in total oil
content, they differed significantly in the composition of the oil. The oil of
variety B was significautly more saturated, having an iodine value of 89, than
the oil of variety A, with an iodine value of 98. The saturation level of the oil
produced by the blend was intermediate, being significantly higher and
significantly lower than that of the respective varieties grown alone.
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Table 1. Effect of growing a blend of peanut varieties on the fatty acid
compasition of the oil. {Data represent the mean of 4 replications).

Variety Min. diff.
Measurement A A+B B for sign.
{1:1 blend) {.05 level)
Percent Oil 50.9 49.9 45.4 N.S.
iadine Value 98 95 89 2
Fatty Acids (%)
Oleic 42.7 505 59.6 5.6
Linoleic 315 255 17.9 3.4
Palmitic 1.0 87 7.0 -
Stearic 29 29 3.6

TMinimum differences for significance ware calculated by Duncan’'s {1955) method.
{NS=not statistically significant;— = not analyzad statistically).

Qil composition is an important quality of peanuts. Peanut processors
are aware of the fact that two varieties of peanuts may have the same amount
of damage, minor defects and other official grade criteria, yet have markedly
different properties when used in making peanut products. The major fatty
acid components of peanut oil are mono-unsaturated oleic and di-unsaturated
linoleic. Althongh the varieties in this study are both classified, botanically, as
Virginia types, the fatty acid composition of variety A (43% oleic and 32%
linoleic), more nearly resembles the composition of cil from commercial
varieties of Spanish peanuts. The linoleic acid content in the blend was 6%
lower than for variety A and 8% higher than for variety B. A similar
significant but inverse relationship was obtained for the percentage of oleic
acid. ’

The oil from vanety A is prone to develop rancidity more rapidly than
the oil from variety B or presumably from the blend. When oil samples were
exposed to acclerated rancidity tests in 1963, variety A was rancid in 14 days,
while variety B required 23 days to become rancid. Florigiant, by
ecomparizon, with an iodine value of 94, was rancid in 17 days.2

2R, B. French {unpublished 1963 data), Biochemist, Food Science Department,
University of Florida.
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Experimental evidence indicates that the fatty acid composition of the
oil is determined largelv by the genotype of the seed and to a much lesser
degrec by the environment. The results of this study indicate that. insofar as
chemical composition of the oil is concerned, selected peanut lines or
varieties may be blended to render peanut oil with qualities desired for
specific purposes.

Effect on Yield and Grade Components

The mean effect of blending peanut varieties on yield, grade
components, and on market value is given in Table 2. The blend gave no
advantage in yield when compared with the mean yield of. the two varieties

Table 2. Effect of blending peanut varieties on yield, grade components and
market value, (Data represent the mean of 4 replications).

Variety Min. diff.1
Measurement A A+B B for sign.
(1:1 blend) (.05 level)
Yield, Ibs./acre (SMK) 2192 2260 2530 273 lbs.
Grade Compcma'n‘ts:2
Sound Mature Kernels
{% SMK} 64 60 66 3%
Extra Large Kernels
{% ELK) 3 35 40 3%
Other Kernels
{%0K) 25 23 1.3 05%
Fancy Pods (%) 54 72 83 12%
Market value per acre
(dollars) . 391 408 455 50

TMinimum differences for significance were calculated by Duncan's (1955} meihod.
Percantage of damaged seed and weight per seed were not statistically affected by
blending.

2 o, ELK is the percentage of kernels riding on 20/64 by 1 inch screen; % OK is the
percent of kernals not ridinp at 156/64 x 1 inch screen; % fancy pods is the percent of
poads riding 34/64 inch spaced rollers,
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grown alone. Variety B when grown ulone produced more yield of sound,
mature kemels than did variety A grown alone, and more than the blend.
These yield results are not appreciably different from those reported by
Patterson, et al. (1963) with oats, Shaalon, et al. (1966) with wheat, Probst
(1967) with soybeans and Emery (1966) with peanuts,

To qualify for the market price for Virginia type peanuts. a minimum
of 40% of the pods must ride roilers spacved 34/64 inch apart. Varety A,
however, is marginal in this respect and sometimes fails to meet the minimum
requirements for Virginia peanuts, A bonus factor in Virginia type peanats is
the premium paid for extra-large kernels. In these two aspects the blend with
72% fancy pods and 35% extra-large kemels is 2 significant improvement over
varicty A grown slone. The larger-podded varicty B grown alone, however,
had 83% fancy pods and 40% extra-large kernels. Emery’s (1966) results
showed that a blend of two peanut lines improved the market value of the
peanuts in two out of three years. However, he concluded that the principal
virtue of peanut blends is the stability over different seasons.

The usual physical disadvantages cited against blends. arising out of
varietal differences in sced and plant characteristics and maturity, are to be
expected in peanuts as well as in other erops. In addition, problems may be
encountered in processing, such as obtaining uniformity in roasting and
blanching. More information is needed relative to these factors for it to be
possible to judge the value of vapety blends for commercial pesnut
productiou.
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Effect of Inverting Peanuts on Kernel Temperature,
Moisture Content and Lossesl

G. E. Pearman and J. L. Butler?

Harvesting is, in many ways, the most critical operation in peanut
production. With poor management or unfavorable conditions, quality can
deteriorate and losses can occur to such an extent as to make production
unprofitable. For the past several years, virtually all the peanuts in the
Southcast have been dug with digger-shuker-windrowers. left in the windrow
to dry and then harvested with combines. Due to the random nature of the
conventional windrow, some of the muts dry much more rapidly than others.
Even when nuts are left in the windrow for as long as 7 days during good
drying conditions, a wide range in moisture content exists.

During periods of inclement weather, the peanuts, especially those in
contact with the soil, may mold. When poor weather conditions prevail, most
of the peanuts will be harvested as soon us the weather clears. This results in a
large quantity of high moisture peanuts being harvested during a short period.
Commercial dryers may be overloaded to the extent that some peanuts may
be held at buying points for as long as 3 days before dryer space is available.
In addition to causing a general decrease in quality, this situation is very
conducive to the production of aflatoxin, it is suspecled. In view of this, the
digging, windrowing and combining operations shonld result in a minimum of
losses and the field-curing sequence should be that which provides the
greatest enhancement to quality.

An experiment to determine the effect of windrowing methods on
kernel temperatures. drying rale. digging and windrowing losses, peanut
quality and aflaloxin development. was initiated in 1966 at Tifton, Georgia.
This paper covers only the temperature. drying rate and loss aspects of the
different trcatmenls for 1967. These investigations arc cooperative between
the Agricultural Engineering Research Division and Market Quality Research
Division, Agricultural Research Service, U. 5. Department of Agriculture and
the Georgia Coastal Plain Experiment Stalion.

TFor presentation at and publication in Proceedings of Peanut Improvement Working
Group Meeting, Norfolk, Virginia, July 15-16, 1968,

2Agrit:ult!.lrial Engineers, Agricultural Engineering Hesearch Division, Agricuftural
Research Service, U. S. Department of Agriculture, University of Georgia, College of
Agriculiture Experiment Starions, Coastal Plain Station, Tifton, Georgia,
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PROCEDURE

Three varietics of peanuls, Starr Spanish, Early Runner and Florigiant
(Virginia-type).,were each planled on two different dates, four weeks apart,
to provide different harvesting dales and weather conditions. These peanuts
were produced by a local farmer, using recommended practices, so that
healithy plants were maintained until digging time.

Each variety and planting was randomized for digging and windrowing
with (1) an experimental inverter (I¢), (2) 4 commercial prototype inverter
{Ie) and (3} random or conventional (C) windrow treatments. The
randomization also included windrow exposure times of 0, 3, and 7 days
prior to combining.

The expevimental digger-shaker-inverter used chains to grip the peanut
vines and carry them across an inverting pan. The commercial prototype
digger-shaker-inverter used a horizontal turntable to inverl the vines. A
conventional  digger-shaker-windrower was  cmployed 1o form  the
conventional windrow.

The two inverters left the peanuts in slightly different positions in the
windrow. The experimental inverter left most of the peanuls projecting ahove
the vine mass, whereas the commercial prototype inverter left most of the
peanuis on top or slightly down in the vines. Both, however, lefl a majority
of the peanuts well above the soil surface. The experimental inverter lell a
more uniform windrow with a higher percentage of the nuts in a lruly
inverted position. The commercial prototype inverter had a tendency to cause
clumping within the windrow and lo cover some of the nuls with vines. This
difference can probably be atiributed Lo the point at which inverting occurs.
The experimental machine completes afl shaking before tnverting, whereas the
commercial prolotype inverter has some shaking action alter the vines have
been inverted on the turatable. Thus. there is a lendency for the peanuts to
be shaken down among the vines.

In each ol the windrow trecalments, 30-guge thermocouples were
inserted into the center of the basal nut. In the random windrows, three
different categories of peanuts were selected lor temperalure measuresnents,
They were: (1) peanuts exposed to the sun and in contact with the ground;
(2) peanuts shaded by the vine mass; and, (3) peanuts exposed to the sunlight
and off the ground. [n hoth the inverted windrows, thermocouples were
inserted only in exposed or inverled peanuts. T'wo replications of kernel
temperature data were recorded for each treatment.

[n addition 1o kernel temperatures, air temperature within the
windrow, soil temperature (just helow the surface), and air and hlack globe
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temperatures 6, 18, 30 and 42 inches above the soil surface were taken at
30-minute intervals during the field curing.

Hand-picked mojsture samples, approximately 500 grams each, were
taken immediately after digging. Each moming during the exposure period,
subsequent samples were hand-picked from each (exposed, shaded, and
exposed and in contact with the ground) of the 3 localions in the random
windrow and from the inverted windrows.

Digging losses were determined by sifting the soil taken from a 6 x 7.26
foot area (1/1,000 A.) in each replication to salvage peanuts left in the soil.
These were dried and the weight adjusted to a 7-percent moisture content
basis for expressing digging losses.

RESULTS AND DISCUSSION

Effect of Windrow Position on Drying Rate

Figures 1-1 show the effect of windrow exposure time, soil moisture
and position withiu the windrow on the moisture contenl of peanut pods
(kerncl and hull). The exposed peanuts from the random windrow and the
two inverted windrows have been averaged to give only one curve for both
inverted and exposed. Soil moisture and rainfall data have also been included
on the curves. These results are from hand-picked, 500gram moisture
samples.

The firmt planting of Starr Spanish (Figure 1) was harvested on August
18. The average soil moisture was 1.5 percent and very good drying
conditions prevailed for the first two days. During this period, both the
inverted peanuts and those in contact with the ground and exposed to the sun
dried at a more rapid rate than did the peanuts shaded by the vines, All pods
increased in moisture content after 0.90 inch of rain on the afternoon of the
second day. The inverted peanuts apparently absorbed more moisture, but
dried the [astest after the weather cleared up.

The second planting of Early Ranners (Figure 2) was harvested on
September 18 with dry soil conditions and extremely good drying weather.
Under these conditions, there was practically no difference in drying rate for
the flirst five days. For both 6 and 7 days exposure, both the ground and
shaded kernels reached lower moisture levels than did any of the inverted
windrows. This was probably due to close contact of hot, dry soil with the
pods, whereas the inverted pods were held up off the soil by the vines,

The Grst planting of Florigiants (Figure 3) was harvested on September
0, four days after 0.43 inch and two days after 0.80 inch of rain which
delayed the harvest beyond the judged maturity date. This delay and rain
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resulted in high zoil moisture and very poor digging conditions. All peanuts
dried alL a slow rate due to 0.12 inch, a trace, and 1.81 inches of rain on the
first, second and third days of cxposure. After the rain stopped and the
weather cleared, the inverlied peanuts dried at @ much [aster rate than did
eilther the shaded peanuts or those in contact with the ground and exposed to
the sun. This was probably due to the wet soil conditions.

On September 16, the second planting of Florigiants (Figure 4) was
harvested. The inveried peanuts dried faster initially bui as the soil began to
dry, the peanuts in contact with the soil caught up with them. At all limes.
both the inverted peanuts and those in contaet with the ground and exposed
to the sun were drier than those shaded.

Effect of Windrow Position on Range in Moisture Content

To evaluate the uniformity of drying within the three windrow Lypes,
the lowesl and highest 500-gram, hand-picked moisture samples from the
vanous positions were plotted in Figure 5. In general, the range in mojisture
content ncreased with exposure time for the random windrow, whereas it
generally decreased for both the experimental inverter and the commercial
prototype machine. The actual moisture content of the cxtreme samples is
given above each bar graph. The range was usually higher for the peanuis
which were rained on while in the windrow than for those which had
excellent drying conditions. The Florigiants shown in Figure 6 had excelient
drying conditions but there js considerably more varialion in the moisture
contenl within the random windrow than for either of the inverted windrows.

Effect of Windrow Type on Combine Moisture Content

The results of moisture samples taken [rem the combine are given in
Table 1. There is considerable varalion in moisture conlent among harvest
periods due Lo the various weather and soil conditions which are given in the
tahle. Due to the inclusion of vines and other foreign material, these vary
slightly from the hand-picked sample.

The first harvest of Starr Spanish had several days of ram and very poor
drying conditions. On both the 3- and 7-day combining, cach of the inverted
windrows was drier than the conventional or randem windrow. The
experimental inverter showed 3.9 and 4.1 pcrcentage points less moisture
after 3 and 7 days of exposure than did the commercial prototype inverter.

The second harvest of Starr Spanish, which had rain at digging Lime
followed hy clear weather, exhibited the same trends as the first harvest. Due
to the clear weather, the difference was not as great as for the carly harvest.
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Table 1.—Effect of Windrow Type on Peanut Moisture Context.

Windrow Exposure Time (daym)

Weather Conditions*
Dayr of Windrow Exposure

3-Day T-Day
Peanut Soil (] _ —

Date Type Moist Day C Ie Ie C Ie Ie
1967 %> % % % % % % %
8/18 Sp. 2.0 44.1 31.7 24.7 28.6 27.4 16.8 20.9
9/8 Sp. 5.2 45.4 356.56 29.0 31.4 17.9 13.8 14.8
8/24 Ru 7.3 4.8 30.7 22.9 24,2 17.6 9.2 11.1
9/18 Ru. 2.5 42.9 16.4 15.6 16.2 6.9 7.0 17,
9/6 Va. 6.5 45.4 34.83 34.6 33.0 20.7 16.3 19.1
9/16 Va. 3.5 49.2 20.6 158 17.2 8.6 T.6 8.8

Average ... . 45.3 28.3 23.8 24.9 16.6 11.8 13.7

—2 —1 0 1 2 3 4 5 6

CLEAR ... 80 20 01 . .43
12 T 1.81 ... . CLEAR -

A3 "CLEAR

C = eonventional digger-shaker-windrower
Ie — experimental inverter
Ic = commercial prolotype inverter

* Digita in teble dencte rainfall in inches.




The first harvest of Early Runner was dug one day after 0.43 inch of
rain, This resulted in a wide range of moisture between the inverted and
random windrow even though the weather was clear during the seven days
exposure period. The s0il moisture was very high, which resulted in the slow
drying rate of the random windrow.

The second harvest of Early Runner was dug under extremely dry soil
conditions. Clear, hot weather existed throughout the windrow exposure
period. These conditions resuited in all three windrow types’ drying at a very
fast rate. After 7 days, the random windrow was slightly drier than either of
the inverted rows. With some of the pods in contaet with the hot, dry soil, it
can be assumed that some reached a much lower moisture content,

The first harvest of Florigiants was exposed to considerable rainfall, wet
soil, and cloudy weather conditions during the first three days of windrow
exposure. This resulted in # slow drying rate for all three types of windrows.
After 7 days, both inverted windrows were drier than the random windrow,
with those formed by the experimental inverter being 2.8 percentage points
drier than those of the commercial prototype inverter.

The second harvest of Florigiants was made during dry and hot weather
conditions which existed throughout the 7 days of exposure. The inverted
rows dried laster initially but after 7 days all had approximately the same
moisture content.

When averaged across varieties, harvesl dates and weather conditions,
the experimental inverter and prototype inverter windrows had 4.5 and 3.4
percentage points less moisture than the random windrows after 3 days of
exposure. After 7 days of exposure, these had 4.7 and 2.8 percentage points
less moisture than the random windrow.

Kemnel Temperatures

Figure 6 shows the average hourly temperatures reached by the late
harvest of Florigiants at different positions during 7 days of cxposure. Peak
ternperatures were reached between 2 and 3 PM EDT. For the shaded and
exposed or inverted peanuts, peak temperatures of 94 and 106° F respectively
were measured. The highest kemnel temperature, 1197 F, was recorded in
peanuts exposed to the sun and in contact with the ground. Corresponding
soil surface Lemperature and black globe Lemperature (0 inches above soil)
were 122° F and 117° F, respectively. The weather conditions for this 7-day
period were hot and dry with no rainfall.

The results from the temperature data show that of all peanuts, those in
the shaded position always had lower peak temperatures; but these were also

e
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Figure 6. Kernel, soil and black globe temperatures observed during 7 days
exposure of windrowed Florigiant peanuts {9/16/67). Good drying
conditions,

in the poorest drying position during wet and rainy weather. The inverted
peanuts had the fastest drying rate under most conditions and did not reach
the extreme temperatures that some in the random windrow did.

Effect of Windrowing Method on Losses

Table 2 shows the effect of varety and exposure time on both digging
and post-digging losses. The digging losses showed a large increase with an
increase in soil moisture for all varieties. The Runner- and Virginia-type
peanuts, which have large pods and generally longer pegs than the
Spanish-type, appear to be more affected by soil moisture.

For the conditions in these harvests, the losses appear to decrease with
increased exposure time for the Spanish. Conversely, losses of Runner
peanuts increased with increased exposure time. The lowest losses with the
Florigiants came after 3 days exposure in the windrow. The relationship
between vine and pod moisture content is probably the controlling factor in
the losses for all varieties. The short, tough pegs of the Spanish-type resulted

in less loss from shattering when the windrowed peanuts were being
combined.
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Table 3.—Percent Total Losses as Affected by Variety, Type of Windrow, and Days Exposure

Window Exposure

7 Days

3 Days

0 Days

Ie

Ie

Ie

Ie

Ie

Ie

Peanut Type

Date
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Table 2 gives losses as affected by exposure time, weather condition
and peanut type. The total losses, both digging and post-digging, are given in
Table 3. Averaging across exposure Limes and harvest conditions showed total
losses to be 7.1, 11.5 and 23.9 percent for the Soanish-, Runner- and
Virginia-type, respectively. The key factors in digging are the soil, vine and
pod moisture contents.

The experimental digger-shaker-inverter had the lowest losses in the
soil. However, its above ground losses were more than those from the
conventional digger-shaker. This was probably due to the gentle lifting action
of the chain-type experimental inverter which lifted the weaker pegs out of
the soil. The losses from the commercial prototype were approximately the
same as those from the conventional digger-shaker. These machines employ
the same principle for lifting the vines from the soil. The commereial
prototype inverter had the highest post-digging losses.

SUMMARY

Inverting the windrow has very little effect on the drying rate of
peanuts during periods of good drying conditions. With poor drying weather
and wet soil conditions, the inverted windrow dries at a much faster rate.
Under tbese conditions, the inverted windrow showed as much as 10
percentage points lower moisture content after 7 days of windrow exposnre.
Regardless of weather conditions, the inverted windrows had a much more
uniform moisture content. Hot weather and dry soil conditions may result in
the rendom or conventional windrow’s drying at a slightly faster rate than an
inverted windrow. Under these conditions, kernels in contaet with the zoil
and exposed fo the sun reached temperatures greater than 130° F. At the
same time, the kernels in the inverted windrow reached 105° F while the
kernels shaded by the windrow were near the ambient temperature of 90°F,

Taste panel evaluation showed no apparent difference in peanut flavor
between nuts from the inverted and random windrows.

There were uo significant differences in digging loss due to the type of
digging and windrowing equipment. Losses were affected considerably by the
soil moisture and peanut type. The Runner- and Virginia-type, which have
large pods, have higher digging losses than the smaller pod Spanish-type. The
Virginia-type had the highest losses. These higher losses are probably due to
the long peg, which is more susceptible to breaking than a shorter peg.

It appears that the most desirable digging machine is one which wilf
gently hift the vines, remove the excess soil, invert the highest percentage of
the nuts, and leave them in a uniform windrow, supported as high off the
ground, by the vine mass, as possible.
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X
The Nature and Source of Peanut Harvesting Loss

Richard W. Whitney and Jay G. Porterfieldl

Peanut harvesting loss may occur in each of 3 common harvesting
operations: digging, shaking, and combining. Measurements taken in North
Carolina revealed digging losses of from 6 to 15%.1 Aecording to an ARS
study on peanut harvesting effieiency, as much as 40% of the peanut crop
may be left beneath the soil surface by the digger.2 Losses attributed to
combining have been reporied as low as 3.9% and as high as 56% depending
upon weather conditions. Although estimates have been made regarding the
amount of loss, a need exists to determine more substantiated loss values for
Oklahoma, as well as to define the sources and nature of the loss. This report
deals with research directed at determining the quantity, quality, and sources
of peanut harvesting loss.

Twenty farms in Caddo County, Oklahoma, were sampled for peanut
harvesting losses during the harvesting season of 1967. Farms were selected
on the basis of farmer interest and location in Caddo County, & major
peanut-producing area of Oklahoma. All samples were from irrigated
production and all but one were of the Starr variety.

Peanut harvesting loss was divided into 3 calegories; digging, shaking,
and combining. Digging loss was defined as all salable peanuts left heneath the
soil surface after digging., Shaking loss was characterized as all peanuts lying
on the soil surface following all shaking operations. Combine loss was the
additional amount of peanuts found on the soil surface after combining. No
attempt was made to evaluate losses caused by rodents or crows.

Three plot locations on each farm were selected and staked at digging
time. After the final shaking operation, approximately 4 feet of the windrow
at each plol location was moved back to permit sampling of the digging and
shaking loss. An adjustable sampling frame was used to define the plot areas.
The frame was 3 feet wide and one end adjustable to permit sampling various
row spacings.

The shaking loss was collected from the soil surface within the frame
fiest. Digging loss was sampled by removing the upper 4 to 6 inches of soil
from within the frame perimeter and sifting it throngh the apparatus shown

1Flespe¢:tiueiy, Inswuctor, Professor, Agricultural Engineering Department, Oklahoma
State University, Stillwater, Oklahoma 74074,
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in Figure |, The sifter consisted of a eylinder of [lattened expanded metal
fitted with sheet mctal ends. A hinged portion of one end provided an
opening for filling. The sifter was operated by 2 hand crank fastened to a
shaft passing trunsversely through the cylinder (Figure 2). Most of the soil
was gatisfactorily removed from the peanuls with this device. Combine loss
was determined by subtracting the averuge unit field shaking loss from the
total unil Joss found on the ground after combining.

Laboratory Procedure

All samples were counted and weighed in the field and returned to the
laboratory. They were oven-dried at 1857 F. for 30 hours and the composite
moisture content (W.B.) of the shells and kernels was determined. The
peanuts were then hand<helled and graded for size. All kernels retained on a
15/64" round-holed sieve were identified as sound mature kernels. The
mature kernel weights were adjusted for moisture content (W.B.) and the
losses expressed in pounds per acre of mature kemels at this moisture
content.

Digging loss constituted approximately 3% of the total average yield, or
about 107 pounds per acre of in-shell siock at 7% moisture content (E.B.)
(Table 1). These were peanuts which were not brought to the surface by the
digger because of its failure to cut the tap root or because of the pegs’
breakiug. Sixty percent of the kemnels in the digging loss were mature. The
composite moisture content averaged 51.8% und the average dry kernel
weight was 0.336 grams. The digging loss represented approximately 37% of
all peanut harvesting losses.

Shaking loss averaged 2.4% of the average Lotal vield, equal to about 835
pounds of in-shell peanuts at 7% moisture content {(W.B.). Results indicated
that 56% of the total shaking loss occurred the first lime over the crop. The
proportion of mature kemels found in the shaking loss averaged 02.4%, the
composite moisture content (W.B.) was 501.1%, and the average dred kernel
weighed 0.334 grams. The shaking loss represented approximately 30% of all
peanut harvesting losses.

Combine loss made up the remaining 23% of the total peanut harvesling
loss, Approximalely 9% pounds of in-shell peanuts at 7% moisture content
(W.B.) were lost per acre. This was 2.7% of the average tolal yield. The
composite moislure content (W.B.) of this loss averaged 26.1%. Sixty-three
percent of the kernels were mature. The mature kernels averaged 0.354 grams
in dred weight.

Losses from 3 makes of combines and 4 mukes of diggers were sampled
during the tests. The combines were all very similar but 2 distinctly different
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Table I.—Comparison of Quantity and Quality Parameters for Digging, Shaking, and Combine Losses.

Equivalent Pounds Kernel Compuosite
Percent ol Farmer Stock Percent of Total  Dry Weight Muoisture Percent
Total Yield at79 M.C. (W.B.) Harvesting Loss Grams Content (W.B.) Mature Kernels
Digging . | L 3.0 107.0 37.0 0.336 51.8 GO .
Shuling o o 2.4 85.0 0.0 0,334 50.1 62.4
Combining. ... 2.7 96.0 as.0 0,354 26,1+ 63.0

* Stotistienlly different from the other two mezns at the .06 Jevel




Table 2. Inverting and Non-Inverting Diggers Compared in Four Attributes
for Shaking Loss and Digging Loss

Percent Composite Percent Kemel
Total Moisture Mature  Dry Weight
Yield Lost  Content (W. B.} Kernels Crams

{Average Digging Loss}

Inverting 1.31 54.0 53.2 0.291

Mon-tnverting 3.69 50.7 645 0.357

{Average Shaking Loss}
Inverting 064 58.3 54.6 0.286

Non-Inverting 3.08 46.5 66.7 0.355

Generally, the group ol inverting diggers caused less loss than did the
non-inverting. The differences are statistically significant only for the shaking
losses bul are consistent for both digging and shaking.

A larger percentage of mature kernels was found among Lhe losses of
the inverling diggers. The inverting digger losses were also higher in compaosite
moistur: content and lower in mature kernel dried weight.

Combine loss waz about the samc for both iypes of diggers.
Non-inverting had an average of 2.06% loss (based on total yield); the inverting
diggers had 3.06. On the average, inverted peanuls were combined at about
8% less moislure conlent than non-inverted peannts. Composite moisture
conlent of Lhe combine loss for inverting diggers averaged 20.4% (W.B.), for
non-inverting diggers 28.6%.

Findings from this study support the following conclusions:

1. Peanut harvesting losses occurred during each operation.
Approximately 3.0% of lhe total yield was lost while digging,
2.4% while shuking, and 2.7% while combining.

2. When two shaking trealments were used, approximately 56% of
Lhe total shuking loss occurred during the first treatment.

3. Losses caused by inverting diggers averaged less as a percent of
the Lotal yicld, had fewer mature kemels, were higher in moisture
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content, and had less average kernel dry weight than losses from
non-inverting diggers. Losses sustained at combining time were
about the same for both types.

4.  Peanuis dug with inverting diggers were combined at an average
of 20.4% moisture (W.B.) compared with 28.6% moisture (W.B.)

for those dug with non-inverting equipment.
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XI

Developmental Changes in Peanut Lipid Fatty Acidst.2
R. E. Worthington

A number of oil seed crops have been investigated in recent years to
determine the changes in lipid composition associated with seed development.
Included among those species studied are soybean (10), sunflower (2), rape
(5), crambe (5), and castor (L.3). Although these investigations appear to
have been motivated primarly by an interest in the metabolic processes
associated with seed lipid biogenesis, the information obtained is also of
practicul interest due to the effect of oil composition on oil gnality. It is
recognized that the characteristics of a seed oil are influenced by the relative
proportions of the various lipid classes within the oil, by the arrangement of
fatty acids within the moleenles (8), and by the properties of the individual
futty acids.

In those species studied, both the relative amount of each class of lipid
and the faity acid composition within each class of lipid has been observed to
change during seed development. The rates of changes in both amount and
composition of lipid appear to be most rapid during the early stages of seed
development.

In a study of the composition of developing peanut seed, Pickett (7)
reported a crude fat content of 17% (dry weight basis) at about 2%z weeks
after soil penetration by the gynophore. This value increased to 51.5% at 9
weeks. In a later study Schenk (9) reported values of 29% and 48% at 3 weeks
and 10 weeks after soil penetration by the gynophore. The values reported by
Pickett and Schenk were obtained with the Virginia Bunch 67 variety of
peanuis.

In the present study we have determined the following; the
contribution made by pericarp, testa, cotyledon, and embryonic axis to the
fruit dry weight at 4 stages of development, the crude lipid content of each
tissue type at 4 stages of development, the fatty acid compoistion of crude

1approved as Journal Series Paper No.319, University of Geargia College of Agricultre
Experiment Stations, Geargia Station, Experiment, Geaargia 30212,
2This research was supparied in part by the Corn Products Company.

3asistant FProfessor, Department of Chemistry and Human Nutrition, University of
Georgia, College of Agricultural Experimant Stations, Experiment, Ga. 30212.
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lipids from testa. cotyledon, and embryonic axis, and the fatty acid
composition of cotyledon and embryonic axis triglycerides.

MATERIALS AND METHODS

The peanuts used in this study were of the Virginia Bunch 67 variety
and were grown in field plots at Experiment, Georgia during 1965 and 1966,
The fruits were harvested, separated into 4 approximate age groups based on
the descriptions given by Schenk (9), and were segmented into pericarp, testa,
cotyledon, and embryomnic axis. The age groups selected for study were 2-3
weeks, 4-5 weeks, 6-8 weeks, and 11-12 weeks (mature) following soil
penetration by gynophore.

Tissue Weights

Peanuts representing each of four stages of development were
segmented and dried for 24 hours at 95° C. The dry weight values were used
in determining the contribution of each tissue to the total dry weight of the
fruit at each stage of development.

Percent Crude Lipid

Freshly harvested and segmented tissues were freeze-dried for several
hours and stored in a desiccator over magnesium perchlorate at 5°C for a
period of several weeks. The dry tissues were weighed and extracted
repeatedly with a 2:1 mixture of chloroform-methanol in a Waring blendor.
The combined exiract from each sample was evaporated under vacnnm and
the lipid residue weighed.

Fatty Acid Composition

Lipid material to be used in the determination of fatty acid
composition was obtained by extracting freshly harvested tissne segments
with 2:1 chloroform-methanol in a Waring blendor. The extracts were
transferred to separatory funnels, salt solution added to reduce emulsion
formation, and the lower chloroform layer removed. The remaining agueous
layer was extracted with additional aliquots of chloroform; the chloroform
extracts were combined, dried over anhydrous sodium sulfate, and reduced in
volume under vacuum. The samples were transferred to one-dram vials, the
remaining solvent was removed by a stream of nitrogen, and the samples were
held under nitrogen at -20°C for further processing.

Thin-Layer Chromatography

Thin-layer chromatograms were made on silica gel G plates prepared
according to standard procedures, Plates were prewashed in
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chloroform-methanol (2:1) containing an antoxidant (6). After prewashing,
the plates were air dried for 20 minutes, the sample material was applied, and
the plates were developed in chloroform-benzene (2:1). The triglyceride band
was scraped from the plate and eluted from the silica gel with chloroform.

Preparation of Fatty Acid Methyl Esters

Fatty acid methyl esters were prepared by treating tissue lipids with 3%
snlfuric acid in methanol, followed by extraction of methyl esters with
petroleum ether (4).

Gas-Liquid Chromatography

Methyl esters were determined on an F & M Model 700 gas
chromatograph equipped with an Infotronics ¢lectronic integrator. Samples
were analyzed on a butane-1,4-diol suceinate polyester column by published
procedures {11}. Fatty acid composition was determined by normalization of
peak areas and the values reported are therefore relative proportions of total
fatty acids

RESULTS AND DISCUSSION

The contribution of each tissue type to total frait weight is shown in
Table 1. The pericarp coninbution decreases from an initial 43% to 24% at
maturity. The testa decreases from 12% to 2% while the eotyledon mereases

Table 1. Contribution of Pericarp, Testa, Embryonic axis, and Cotyledon to
Total Fruit Weight, by Type of Tissue {%, dry wt., Basis).

Embry-
Age of Peri- onic Cotyl-
Fruitl carp Testa axis edon
2-3 wk 429 11.6 20 435
{20.3)2 (3.5} (76.2)
4-5 wk 309 7.7 22 9.2
{11.1) (3.2) (85.7)
6-8 wik 241 3.2 2.3 704
{4.2) (3.0 {92.3)
Mature 23.7 22 2.1 720
{2.8) {2.8) {94.4}
Twoeeks after soil penetration by gy rophore 89

2Pgrcant contribution exclusive of pericarp



from 43% to 72%. Embroyonic axis contribution remains about constant at
2%. Seed kcrnel values, exclusive of pericarp, are shown in parenthesis in

Table 1.

The values for pereent of crude lipid, in each Hssue ut each stage of
development, are shown in Table 2. The data presented in Tables 1 and 2 may
be used to calculate percent kemel lipid at each stage of deveiopment. These
values, presented in Table 3, are somewhat higher than those reported by
Pickett {7} and Schenk (9), particularly at the early stage of development.
The values rveported by Pickett and Schenk were obtained by hexane

Table 2. Percent Crude Lipid by Age of Fruit and Type of Tissue, by Crude

Lipid {%, dry wt. basis)

Age of Peri-
Fruit carp
2-3 wk 1.3
4-5 wk 1.3
68 wk 1.0
Mature 0.6

Testa

5.1

5.0

6.4

29

Tweeks after sail penetration by gynophore

Ermnbry-
onic
axis
51.4
52.0
495

513

Cotyl-
edon

40.3
495
60.0

52.2

Table 3. Developmental Changes in Lipid Content of Peanut Kernels1

Age of
Kernel2

2-3wk
4-5 wk
68 wk

Mature

Lipid Content

(%, dry wt.
336
44.6
49.6

50.6

TCalculated from data presented in Table 1 and 2

Ziynteeks after soil penetration by gynophore

an

basis)



extraction, a procedure which probably resulled i incomplete extraction of
polar lipids. The higher values obtained by chloroform-methanol extraction in
the present study may also be due in part to the extraction of some
carbohydrale materials by the more polar solvent.

Further calculations based on the data presented in Tables 1 and 2
show that the testa contributes about 1% to the total kemel lipid at the
earliest sampling date; this value decreases to 0.2% at maturity. The
embryonic axis contributes approximately 5% of total kernel lipid at the
earliest sampling date and 3% at maturity.

Figure 1 shows the qualitiative differcnce in the make-up of crude Fipids
obtained from each of the four tissues. It is apparent that irglycerides
predominate in cotyledon and embryonic axis bpid and that complex lipids
are the major lipid class in testa and pericarp.

The gas-liquid chromatograms of the fatty acid methyl esters of erude
Jipid obtained from the four tissues at the 2-3 weeks stage ol development are
ghown in Figure 2. The most stroking difference is in the linolenic acid
content. In general the fatty acid compositions of cotyledon and embryonic
axis lipids are similar. The same is true for the testa and pericarp lipids. The
gas-liquid chromatograms of cotyledon lipid fatty acids at four stages of seed
development are shown in Figure 3.

The cotyledon crude lipid and triglyceride fatty acid composition is
shown in Table 4. The valucs are essentially the same as might be expected
since triglycerides constitute the major portion of cotyledon lipid. In each
case there is a definite decline in palmitic, linoleic, linolenic, eicosenoic,
behenic, and lignoceric acid, and an increase in oleic acid as the seed develops
to maturity. The other fatty acids do not change appreciably.

A gimilar pattern of change is encounlered in the embryonic axis crude
lipid and triglyceride fatty acid distribution as shown in Table 3. We observe a
decrease in palmitic, linoleic, and linolenic acid and an increase in oleic acid.
Behenie acid does not change. As compared to the cotyledon lipid, the
embryonie axis lipid contains 80-90% more palmitic acid, approximately 30%
more linoleic acid, and about 10 times as much linolenic acid, with lower
concentrations of stearic and oleic acid al the 2-3 week stage of development.

The fatty acid composition of testa lipid is shown in Table 6. This lipid
is characterized by high levels of palmitic and lincleic acid and a much higher
level of linolenic acid than in cotyledon and embryonic axis oil. A similar
fatty acid patteru is observed in pericarp lipid (Table 7).
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Table 4. Cotyledon Crude Lipid and Triglyceride Fatty Acids

Fatty Fatty Acid Composition (%)
Acid 2.3 whkl 4-5 wk 6-8 wk Mature
16:02 11.64 10.82 9.28 9.20
{11.69)3 {10.46) {9.40) {9.21)
18:0 2.12 2.43 2.61 258
{2.19) (2.43) {2.67) {2.50)
18:1 41.19 4550 50.46 52,10
{43.33) {47.20) {51.25) {(52.71)
18:2 32,33 29.99 30.02 28.87
{32.66) {29.88) {29.58) (29.45)
18:3 0.17 0.10 0.02 0.02
{0.19) {0.10) {0.03) {0.04)
20:0 1.16 1.37 1.32 1.31
{1.23) {1.41) {1.38) {1.27)
20:1 1.89 185 1.31 1.22
{2.15) {1.97) {1.39) {1.286)
22:0 6.98 5.30 3.01 2.69
{5.09} {4.78) {2.92) {2.46)
24:0 2.20 2.41 1.65 153
{1.56) {1.79) {1.39) {1.10)

Tweeks after soil penetrarion by gynaphore
2Number of carbon atoms: number of doubls bonds

3Triglvceride fatty acid values in parentheses
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Table 5. Embryonic Axis Crude Lipid and Triglyceride Fatty Acids

Faity Fatty Acid Composition (%}
Acid 2.3 whki 4-5 wk 6-8 wk Mature
16:02 21.89 19.81 16.97 16.22
{20.76)3 {17.42) {(17.07} {15.55)
18:0 1.87 1.74 1.66 1.74
{1.89) {1.94) {1.68) {1.70)
18:1 26.43 28.42 35.67 37.84
{27.70} {30.69) {35.90) {38.38}
18:2 39.69 38.39 36.27 35.04
(39.63) {39.54) {36.85} (36.20)
18:3 1.68 1.41 0.68 0.60
{2.04} {1.40) (0.68) {0.60)
20:0 0.79 1.10 0.96 1.00
(1.02) {1.05) {0.92) { 0.80)
21 1.40 2.00 185 1.92
{1.82) {2.01) {1.90} {1.77)
22:0 3.37 3.70 3.23 3.18
{3.18} { 3.57} {3.03) { 3.02}
24:0 2.62 295 2,33 2.20
{1.96) {2.38) {2.01} {1.90)

Tweeks after soil penetration by oy nophore

2Number of carbon atoms: number of double bonds

3Triglyceride fatty acid values in parentheses
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Table 6. Testa Lipid Fatty Acids

Fatty Fatty Acid Composition (%)

Acid 2-3 whki 4-5 wk 6-8 wk Mature
16:02 26.56 22,28 20.29 16.81
18:0 2.03 253 3.22 3.43
18:1 9.04 12,05 16.37 28.26
18:2 41.20 41.85 39.12 32.27
18:3 16.11 14.10Q 10.69 5.90
20:0 0.62 0.78 1.20 1.57
20:1 0.26 D.48 0.45 1.10
22:0 1.24 1.84 2.89 392
24:0 1.25 1.66 2.16 2.79

Tweaks after soil penetration by gynophore

2Number of carben atoms : rumber of double bonds

Table 7. Pericarp Lipid Fatty Acids

Fatty Fatty Acid Composition (%)
Acid 2-3 whkl
16:02 25.24
18:0 2.39
18:1 13.28
18:2 38.19
18:3 13.59
20:0 . 1.06
20:1 059
22:0 1.92
24:0 1.356

1Waeks after soil penetration by gynophore

2puimber of carbon atoms : number of double bonds
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SUMMARY

The lipids of peanut cotyledon and embryonic axis are characterized by
high levels of triglycerides and low levels of complex lipids. In comparison,
the testa and pericarp lipids are primarily complex in nature and contain
much higher levels of unsaturated fatty acids, particularly linolenic acid. Of
the major fatty acids of cotyledon and embryonic axis, palmitic, linoleic, and
linolenic acid decrease with maturity. Behenic acid decreases in cotyledon oil
but remains faidy constant in oil from the embryonic axis. The level of oleic
acid inereases with maturity in both cotyledon and embryonic axis oil.
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Effect of Combine Cylinder Speed and Feed Rate
on Peanut Damage and Combining Efficiency

F. S. Wrightl

INTRODUCTION

Approximately %) percent of the peanut acreage in Virginia is now
harvested by the windrow method. That is, peanuts are dug with commercial
digger-thaker-windrowers and harvested four to eight days later with cylinder
and/or carding type combines. Today the basic type of combine being
manufactnred is the cylinder type combine.

Throughoul the harvesting and handling operations, the peanuts are
subjecled ko mechanical forces. These forces inflict damage to the peanut and
reduce the kernel’s protection from mold and insect contamination. Also,
shelling of pesnuts during the combining operation rednces the market value
ol the crop.

A luboratory study conducted by Turner (4)2 iudicated that the
percent of hull damage :1mil shelled peanuls (LSK) was directly proportional
Lo the impact velocity and inversely proportioual to the moisture content of
the peanuts when subjected to the impact forces. Khalsa (3} showed that the
peanut moisture conteut at harvest affected the percent of LSK, hull damage,
subsequent shelling damage, and seed germination.

The purpose of this study was to determune the effect of combine
cylinder speed and feed rate on peanut damage and combining elficiency.
This study was initiated at the Tidewater Research Station, Holland, Va. in
1966 (1).

EXPERIMENTAL PROCEDURES

Test Variables

The variables in the experiment were three cylinder speeds, two feed
rates, and three exposure timez (length of time in windrow). The three
cylinder speeds were designated as slow, medium and fast. The medium

1Agricultural engineer, Agric. Engr. Res. Div., Agric. Res. Serv., U. 5. Dept. of Agric.,
locatred at Holland, Va.

2Numbers in parentheses refer m references.
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cylinder speed was the manufacturer’s recommended speed, and the slow and
fast speeds were approximately 27 percent slower and faster than the medium
speed. The diameter of the four cylinders varied so that the periphery speed
increased from front to rear except for the fonrth cylinder. At the medium
cylinder speed setting, the cylinder periphery speeds were 1188, 1320, 1450,
375 fpm from front to rear, respectively.

Feed rate, or the rate at which the peanunts were fed into the combine,
was varied by placing either one or two rows in one windrow. This provided 2
normal feed rate (two rows per windrow) and a one-half normal feed rate
(one row per windrow). Tractor engine and ground speeds were maintained as
close as possible to 1800 rpm (540pto) and 0.85mph, respectively.

Enough peanuts were dug in one day for harvesting at the three
exposure times of zero, three and seven days after digging. All peanuts were
shaken immediately after digging since one-third of them were harvested on
the digging date. The exposure times provided peanuts for harvesting over a
range of moisture contents. Peanuts for the last harvest of 10/10/66 digging
date remained in the windrow ecight days instead of seven days due to
inclement weather.

Tests involving the above variables were conducted twice in 1966 and
once in 1967. Each of the 18 test treatments was replicated four times in a
completely randomized block experimental design for each digging date. The
varieties of peanuts were 61R and S56R Virginia type.

Combine Setup and Sampling Procedure

A 1966 cylinder-type Roanoke combine was used. The drive
arrangement to the cylinders, pickup unit, and pan and rack shaking unit was
modified so that the speed of the four cylinders could be changed
independently of the other components. Adjustment features of the combine
such as breast springs, vine return unit, agitator bars, and main fan adjustment
were not changed except for the main fan adjustment. The air flow from the
main fan was decreased slightly from green harvesting (O day) to harvesting
after seven days in the windrow.

During combining a test sample of four to five pounds of peanuts was
collected near the end of each of the 60 foot plots. The damage analysis to be
deseribed later was made from the test sumple of peanuts, Prior to harvesting,
samples of peanuts were hand picked and analyzed in the same manner as the
test sample.

To determme combine losses all of the vines were collected in a sheet
pulled behind the machine. These vines were examined by hand to determine
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the percentage of peanuts that were on the vines and separated from the
vines.

All samples of high moisture content were dried with ambient air for
about 48 hours before adding heat. When supplemental heat was added, the
air temperature was raised to about 10°F above ambient air temperature.

At harvest, a sample of peanuts was also collected from each plot to
determine the moisture content (wet basis). The samples were dried m a
forced-air oven at 180 °F for 60 to 70 hours.

Analyses of Test Peanuts

Four factors were determined from the test sample to assess the
mechanical damage to the plants. These factors were: 1. loose shelled kemels
(LSK), 2. hull damage, 3. subsequeut shelling damage, and 4. germination.
The percentages of LSK and foreign material were determined from the four
to five pound test sample before the test sample was subdivided into four
parts.

Pods from one of the sub-samples {approximately 500 gms) were
examined for visible hull splits, cracks, ete. These were classed as peanwuts
with “visible hull damage”. The remaining “apparently sound pods™ were
submerged in a fast green dye solution (0.02 percent by weight) for 15
minutes. After the excess dye solution had dried the sample was hand shelled
and inspected. Pods containing a trace of dye on the inside of the hull were
classed as peanuts with “invisible hull damage™. The types of hull damages
were calculated as a percentage of the initial sub-sample weight.

Subsequent shelling damages were determined by shelling a sub-sample
with a sample sheller and weighing the kernels which were skinned and split
in the shelling operation. The shelling operation was conducted as descrihed
by the Federal State Inspection Service (2). An average grade was also
determined.

From the third sub-sample, approximately 200 grams of peanuts were
hand sheiled for the germination tests. One hundred seeds (larger than 16/64
inch) from each replicated treatment were tested. Fifty seeds were placed on
germination paper toweling {10 x 20 inches)}, two layers on the hottom and
one layer on top of the seed kernels. The toweling wes moistened, rolled up
and placed in a 50-pound lard can. The can was placed in a forced-air oven

with the temperature maintained at 25° x. The rolls of seed kernels were
watered each day and a germination count was made after six or seven days.
During 1967, a commercial germinator was used. 101



RESULTS AND DISCUSSION

The results presented below summarize the data obtained over two
seasons and three separate digging dates. The digging dates and varieties were:
Oct. 18, 1966 (61R); Oct. 21, 1966 (56R); and Oct. 11, 1967 (56R).

Moisture Cortent

The moisture content of the peanuts for the three digging dates and
three exposure times (days in windrow) are presented in Table 1. Moisture
content of the nuts ranged from a high of 62.5% at green harvest (0 day) to a
low of 23.3% after eight days in the windrow. Due to less favorable weather
conditions, the moisture contents of the peanuts from the second and third
diggings were 37.3 and 35.4% after seven days in windrow, respectively.

Pegnut Losses

Significant differences in the values for the peanut losses emerged from
the various treatments. The total losses (Figure 1) for the slow cylinder speed
were lower than the losses for the medium and fast cylinder speeds. Losses
for the one-half normal feed rate were less than the losses for the normal feed
rate. The peanut lomes decreased with an increase in exposure time in the

windrow,
D Huta off Vinea
Nuts on ¥ines
w 0y
=
7.0F g -
g o e
-l -
3 4 !
6,0 T o +

Logses (%)

AN

Cyrlinder Feead Expesure
Speed Rate Time

Figure 1. Peanut losses from Tear of combine for three cylinder
speeda, two feed rates and three exposure tlmes averagad
for 1966 and 1967,

Figure 1. Peanut losses from rear of combine for three cylinder speeds, two
feed rates and three exposure times averaged for 1966 and 1967.
109
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Table 1. Average peanut moisture content {%) at harvest for three digging
dates and three exposure times, 1966 and 1867

Digging Exposure Time

Date 0 day 3 days 7 days
10/10/66 54.7 37.4 2331
10/21/66 616 448 37.3
10/11/67 62.5 440 35.4

1Eight days in windrow,

Table 2. Average values for peanut losses (%) from rear of combine for three
! digging dates, 1966 and 1967.

Digging Nuts on Nuts off Total
Date Vines Vires Losses
10/10/66 181 2.1 39
10/21/66 3.6 1.9 558
10/11/67 2.3 1.9 4.2
Average 26 2.0 4.5

1Average of 72 observations.

In general, the peanut losses on the vines and off of the vines were
about the same (Table 2). The total losses over all reatments averaged
between 3.9 and 5.5%.

Peanut Damage

Visible Hull Damage.* The results in visible hull damage for the two
diggings (10/10/66 and 10/21/66) are plotied versus moisture content at
harvest in Figure 2. The values of the damege increased with an increase in
the cylinder speed and remained fairly uniform with a change in the moisture
content. Visible hull damage values for the third digging (10/11/67) were
gimilar to those of the previous diggings except that the magnitude of the

values was slightly higher (Table 3).

In general, the visible hull damage values for the normal feed rate were
2 to 4% less than the values for the one-half normal feed rate (Table 3). This



Visible Hull Dmmage (%)

w0 |
a5 Fast
- 5 B ‘;
7 = T ——
30 F /’ﬂ E
-
Hedium
25 | F3
A ¢ .
& T T T T T T e e, e e
20 | A A &
¢
©
15
Symbol with dor - 1010766 digging date
10 L Symbol with cress - 10/21/66 digging date Slow
Wsd 5 =35.1)
0 i f"' [ L i 1 L i 'l H L
0 20 25 30 as £0 45 50 55 &0

Moisture Content at Harvest (%)

Pigure 2, Visible tull damage versus moisture content for peanuts harvested at three

cylinder speeds and a normal feed rate, 1966.

Figure 2. Visible hull damage versus moisture cantent for peanuis harvested
at three cylinder speeds and a normal feed rate, 1966.

trend may be due to the fact that less vegetation was present in the combine
to provide cushioning for the one-haif normal feed rate harvest.

An overall analysis indicated that the average visible hull damage valne
was 25.6% for the medium cylinder speed. The values for the slow and fast
cylinder speeds were 29% less and 37% greater than the values for the
medium cylinder speed, respectively. Therefore, a reduction in the visible hull
damage can be made by reducing the cylinder speed of the combine.

Frvisible Hull Damage. Yalues of the invisible hull damage from the
combine samples showed no definite trends among cylinder speeds, feed
rates, or exposure times (Table 4) for the three digging dates. The overall
average valne was 30.7%,

The values of the invisible hull damage for the hand picked samples
increased with a decrease in the moisture content for the three diggings
(Figure 3). No explanation can be suggested except possibly that drying of
the peanuts in the windrow had soéme effect. With invisible hull damages
reaching 27% more work is needed to help define the source of this damage,
to see if these peanuts are susceptible to mold contamination,

Total Hull Damage. Since the visible and invisible hull damage values
were considered separately, only the average vales of the total hnll damage
over all treatments are presented for each of the three digging dates (Figure
4). Somewhat different irends are indicated by each of the three curves.
These trends are a reflection of the invisible hull damage values.
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Table 3. Visible hull damage values {%} for three cylinder speeds, two feed

Digging
Date
10/10/66
10/21/66

10/11/67

Average

rates, and three digging dates, 1966 and 1967.

Feed
Rate

1 row
2 rows

1 row
2 rows

1 row
2 rows

1row
2 rows

Awverage

1Avarage of 12 observations.

Slow

1641
16.4

18.1
159

228
19.1

1941
17.1

18.1

Cylinder Speed
Medium

237
218

234
218

328
304

26.6
2486

25.6

Fast

33.6
287

348
322

41.1
394

365
33.4

35.0

Table 4. Invisible hull damage values {%) for three cylinder speeds at the

Digging
Date

10/10/66

10/21/66

10/11/67

normal feed rate and three exposure times for three
digging dates, 1966 and 1967.

Exposure
Time

0 day
3 days
7 days

0 day
3 days
7 days

0 day
3 days
7 days

Slow

3021
24.2
22.3

3.0
43.9
46.6

227
265
22.4

Cylinder Speed
Medium

27.3
38.2
18.9

421
388
450

348
16.8
230

1Average of 4 observations. Average over three diggings = 30.7%,

Fast

336
26.7
248

399
36.9
31.7

251

16.9
273

TNR
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Figure 3. Invisible hull damage versus moisture content at harvest for hand
picked peanuts, 1966 and 1967.
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Vajues of the total hull damage ranged from 42 1o 67% for the three
digging dates. The overall average value was 57 2%.

Loose Shelled Kermnels. In general, the percentage of loose shelled
kernels (1L8K) increased with a decerease in the moisture content (Figure 5 and
Table: 3). Likewise, the percentage of LEK jncrcased with an increase in ihe
cvlinder speed.

Averaging over the exposure times and feed rates for the three digging
dutes, pravuts harvested at the slow cylinder speed had about 75% as manv
L3K as peanuts harvested at the medium cylinder speed. Peanuls harvested at
the [ast cvlinder speed had about 165% as many LSK as peanuts harvested at
the medium cylinder speed. No definite trend was evident belween the two
{eed rates.

Shelling Damage. Subsequent shelling damage {pereenl ol skinned and
split kernels after shelling with sumple sheller) decreased as the moisture
content decrcased (Figure 6 and Table 0). {Jver the moisture conlent range
from 23 to 62% the shelling damage was 1.8% or less for pesnuts harvested at
the slow eylinder speed. Differences between the shelling damage values were
highly significant for the eylinder speed and exposure time treatments, for
cach of the three digmng dates.
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Flgure 5. Lovse shelied kermels versus molswure content for peamis
harvested at three cylinder speeds and averaged cver twm
feed Tates, digging date 10/10/66,

Figure 5. Loose shelled kemels versus maisture carttent for peanuts harvested
at three cylinder speeds and averaged over two feed rates, digging date
10/10/66.
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Table 5. Percent loose shelled kernels for peanuts harvested at three cylinder
speeds and three exposure times for three digging dates
{averaged over two feed rates), 1966 and 1967.

Digging Cylinder Exposure Time
Date Speed 0 day 3 days 7 days

10/10/66 Slow 201 1.7 35
Medium 34 34 4.4
Fast 6.5 4.2 5.0

10/21/66 Slow 1.8 2.7 3.7
Medium 2.8 3.2 39
Fast 59 49 6.5

10/11/67 Slow 1.9 2.4 i8
Medium 31 3.1 45
Fast 7.0 6.0 7.1

1Average of 8 observations.

Table 6. Shelling damage (%) for peanuts harvested at three cylinder speeds
and three exposure times for three digging dates
{averaged over two feed rates}, 1966 and 1967,

Digging Cylinder Exposure Time
Date Speed 0 day 3 days 7 days

10/10/66 Slow 181 08 05
Medium 3.6 14 0.7
Fast 5.1 1.3 0.6
Hand picked 1.82 1.0 1.0

10/21/66 Slow 1.0 0.7 0.7
Medium 1.8 1.0 09
Fast 24 1.6 1.7
Hand picked 07 0.2 05

10/11/67 Slow 1.0 1.5 0.8
Medium 1.4 1.5 1.0
Fast 2.7 19 0.9
Hand picked 0.6 0.5 0.6

1 Average of 8 observations.
2 Average of 4 observations.
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Figure 6. Subsequent sheHling damage versus moisture content for peanuts
harvested at three cylinder speeds and averaged over two feed rates, digging
date 10/10/66.

The shelling damage results indicate that the peanut kernels were
damaged more when harvested green (freshly dug). however, the shelling
damage value for peanuts combined at the slow cylinder specd was
comparable to the shelling damage value for hand picked peanuts (Table 6).

Germination. Germination percentage for the digging dates {10/10/66
and 10/21/66) was not consistent in relation to the moisture content at
harvest (Table 7). [Germination tests for the 10/11/67 digging date were not
complete at this time.] In general, the results from the 10/10/66 digging date
were believed to be more representative of expected trends (Figure 7). The
germination percentage was lower for peanuls harvested at the higher
moisture content and higher for peannts harvested at the slow eylinder speed,
The germination values ranged between 48 and 90% for the combined
samples (Table 7).

For hand picked peanut samples, the germination percentage was 96%
or higher for all exposure times. This result mdicated that peanuts can be
artifically dried without decreasing the germination percentage.

Pegnut Grade

The average grade for peanuts hand picked, combined and lost from the
rear of the combine are presented in Table 8. The peanuts hand picked had
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Figure 7. Germination perceniage versus moisture conient for peanuis
harvested at three cylinder speeds and a normal feed rate, digging dare
10/10/66.

CONCLUSIONS

Based on 2 years’ data with one combine, the results indicated that: (1)
less total peanuts were lost from the rear of the combine at the slow eylinder
speed, at the one-half normal feed rate, and at 7 daye of exposure in the
windrows; (2) peanuts harvested at the slow cylinder speed had less visible
hull damage, less loose shelled kemels, lower subsequent shelling damage, and
higher germination; (3) only slight damage differences were evident in results
of one-half normal and normal feed rates; (4) moisture content at harvest did
not affect the damage factors in the same manner, but in general, the peanuts
harvested at intermediate moisture contents {35 to 45%) had less damage; and
(5) invisible hull damage of combine peanuts was not velated to combine
cylinder speed, feed rate, or exposure time; however, the invisible hnll
damage of hand picked peanuls increased with a decrease in the moisture
content,

Literature Cited

1. Annual Progress Report. 1966, Peanut production and harvesting machinery. AERAD,
ARS, USDA, Tidewater Research Station, Holland, Va.
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Table 7. Germination {%} of peanuts harvested at three cylinder speeds an
three exposure times at a normal feed rate for three digging dates, 1966G.

Digging Cylinder Exposure Time
Date Speed 0 day 3 days 7 days

10/10/66 Slow 711 87 85
Medium 67 76 88
Fast 67 68 75
Hand picked 96 100 99

10/21/66 Slow 86 73 78
Medium 74 68 62
Fast 72 43 62
Hand picked 99 a9 99

1Average of 4 abservations.

Table 8. Average grade (%) for peanuts hand picked, combimed, and lost
from rear of cambine, 1966 and 1967.

Grade Hand Picked Combined Peanuts Lost  Peanuts Lost
Factors Peanuis Peanusts on Vines From Vines
Foreign Material 6.8
Fancy 74.41 62.3
E.L.K. 229 16.7
SM.K. 63.0 59 2 51.9 47.4
O.K. 5.9 85 10.7 115
Damage {V) 1.3 1.8 2.1 3.0
Hulls 29.8 306 35.3 381

1AM data are an average over three digging dates (72 samples per digging date).
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2. Farmers’ Stock Peanuts. 1966. Inspection instruction. Fruit and Vegetable Division,
U. S. Dept. of Agric., Washington, D. C.

3. KHALSA J. S. 1965. Harvesting damage to peanuts. M. S. Thesis, Dept. of Bio. &
Agric. Engr., N. C. State Univ., Raleigh, N. C.

4. TURNER, W. K. 1963. Impact damage to peanuts and jts effects on germination,

seedling development, and milling quality. M. S. Thesis, Dept. of Bio. & Agric.
Engr., N. C. State Univ, , Raleigh, N. C.
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ABSTRACT 1. EVALUATION OF CERTAIN FOOD INDUSTRY
ANTIMICROBIALS AS POTENTIAL MATERIALS FOR CONTROL
OF MOLD FUNGI ON PEANUT PODSI

George L. Barnes?

A varicty of species of [ung, including the aflatoxin-producing
Aspergillus flavus and other toxin producers, develop on and in improperly
dricd pods ol the peanut (Archis hypogaea 1) following harvesl, or during
storage while awailing linal drying at processing plants. The most commonly
encounlered specics, and some uncommon species of special interest, were
used in agar plate tests.

Cultures of Altermaria tenus, Aspergillus flavus, A. niger, Chaetomium
globosum, Epicoccum nigrum, Fuserium moniliforme, F. oxysporum, F.
solani, Penicillium sp.. Rhizoctonia solani, Sclerotium bataticola, and
Trichoderma viride were covered with water dilutions of test chemicals for 20
minutes. The cultures were drained and 7 mm plugs were aseptically cut and
placed on fresh peptoue-dextrose agar. Ten plugs per dilution were used.
Average colony diameters were determined 48 and 72 hours later. Percent
inhibition of growth was determined.

The chemicals used, for the most part, are approved by the Food and
Drug Administration as antimicrobial agents for at least one food product.
Potential commercial use of any chemical fouud to be highly effective is
thereby enhanced. Compounds tested were sorbie acid, sorbose, potassium
sorbate, sodium propionate, calcium propionate, sodium benzoate,
ammonium benzoate, sodium diacetate, sodium dehydroacetate, acetic acid,
sodium meta bisulfite, potassium meta bisnlfite, sodium nitrite, polassium
nitrite, 2-amino butane, sodium hypochlorite and propionic acid.

Most of the compounds were relatively ineffective as growth inhibitors.
Of the effective materials, the lowest dilutions completely inhibiting growth
of most ol the fungi were 2.5% sodium meta bisulfite, 2.5% potassium meta
bisulile, 5% propionic acid, 5% 2-amino butane, and 1.5% sodium
hypochlorile. The Jowest dilutions which killed all of the fungi were 5%
polassium meta bisullite. 5% acetic acid, 10% propionic acid and 25%
2-amino butane. The more active compounds will be tested for control of
mold fungi on inoculated peanut pods.

1This research was supported in part by the Agricultural Research Service, U. S.
Department of Agriculture, under Grani No. 12-14-100-9197(34} administered by the
Crops Research Division, Beltsville, Md.

2pgpartment of Botany and Plant Pathology, Oklahoma Agricultural Experiment
Station, Oklashoma State University; Stillwater, Okla, 74074,
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ABSTRACT 2. SUBSAMPLING MILL
FOR SAMPLES OF PEANUT KERNELS

J- W. Dickens and J. B. Satterwhitel

A simple, compaet subsampling mill-was developed to simultaneously
comminute and subsample peanut kemels for aflatoxin analyses at the rate of
ahout 3 kg per minute. The subsampling mill achieved finer comminution of
peanut kernels than equipment presently used in many laboratories. Very
little oil was expressed from the comminuted material; the material was easily
blended and zubdivided.

Tests with samples containing  known amounts  of
aflatoxin-cantaminated kernels are presented to indicate the subsampling
accuracy of the mill Use of the mill is proposed for comminuting and
subsampling a wide variety of granular material for aflatoxin or other types of
analyses.

TResearch Agricuwtural- Emgimeer snd Engineering Technician, respectively, Markat

Quality Ressarch Division, ARS, USDA, North Carolina State University, Ralsigh, North
Carolina.

ABSTRACT 3. THE UTILITY AND STABILITY
OF VIRGINIA PEANUT SEED MIXTURES

D. A. Emery, J. A, Benson and J. C. Wynnel

Virginia peanut seed mixtures were studied with four objectives in
mind. The objectives and the resolts over a four-year period (1963-1966) are
discussed.

Objective 1. To test the effectiveness of improving the yield of a quality
commercial variety by adding varying proportions of a “‘booster” line which
is unacceptable as a pure line.

Results — MixLlures of two-thirds Va. 36R and one-third booster (Fla.
393) incrcased the four-year mean for yield per acre 216 pounds, 84 pounds,
and 387 pounds, respectively, over that of Va. 56R alone when harvested on
or about September 20, October 5, and October 15. The same mixtare did
not increase the vyalue per acre of Vu. 56R when dug on October 5 but
average gains of 513.00 per acre and $48.00 per acre were noted when the
mixture was dug on September 20 and Gctober 15, respectively.

1 Respectively Professor, North Carolina State University, Department of Crop Science,
Raleigh, N. C. 27607; Superintendent, Sandpoint Branch Experiment Station, University
of Idaho; and Instructor, North Carolina State University, Department of Crop Science.
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Conclusion — Seed mixtures may be used not only to increase yield
but to give the farmer grealer flexibility in harvest dates.

Objective 2. To change inherent kernel size distribution patterns by
selections of seed mixture components.

Resulls — The variety NC2 is known to have a narrow range of kernel
gizes. A large seeded late generation hybrid denved from a cross of NC2 x Ga
119-20 was blended with NC2 in one-fifth and four-fifths proportions in
1964 and again in 1966. Both mixtures #nd pure line components were
evalnatcd in replicated trials in 1966, Seed size distributions of the mixtures
compared with the pure line components indicated that the NC2 distribution
was significantly differeat from the hybrid in the September 20 and Octoher
15 diggings bnt not in the October 5 digging. NC2 was never symificantly
different from the mixture fourfifths NC2 - one-fifth hybrid. It was
significantly diffcrent from the one-fifth NC2 - four-fifths bybrid mixture in
the Oclober 15 digging date only.

Conclusion — Heritability of peanut seed size is not high enoungh to use
blends effectively when small changes in seed size patterns are desired.

Objective 3. To evaluate the stability of complex seed mixtures over
seasons and locations.

Results — A mixture containing 15%, 28%, 27%, and 30% of four
experimental lines was synthesized by actual seed count in 1960, 1961, 1962,
und 1963. The four mixtures were grown in replicated triaks at two locations
in 1964-1967. The ranges of the fonr-year means over the four mixtures are
listed below for five characters.

Mean Range
Character Over Four Mixtures
% Extra Large Kernels 3%
% Sound Mature Kernels 0%
Counl per Poundof Seed 27
Yield per Acre ) 82 1hs.
Value per Acre $10.19

Conclusion — The [our mixtures show little environment by location
interaction. This particular seed mixture appears to be no less stable than a
pure line variety.

Objective 4. To study natural competition amoug genetically marked
components of a seed mixture over generations.
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Results — Competilion among plants representing one normal and two
irradialed backgrounds of a common inbred line and a single marked Lester
line has been evaluated over a two-year period. One of the irradiated
background componenis has been reduced from 50% to 35% of the seed
mixture alter two years of lield compelilion,

Conclusions are nol valid al Lhis time.

ABSTRACT 4. EFFECT OF CURING TIME AND TEMPERATURE
ON THE DISTRIBUTION OF PHOTOSYNTHETICALLY 14¢
LABELLED METABOLITES IN IMMATURE PEANUTS

H, E. Patice and S. C. M(okapatmi

Plhotosynthetically labelled peanut kernels were used to study the
time-temperalure-moisture relationship of biochemical changes oceurring
during cunng of immature peanuts. Radioactivity of the lipid fraction
increased during the first six hours of curing at 50° C and during the [irst
lwelve hours at 20°C.

During subsequent hours of curing, the radicaclivity decreased from 7.5
x 105 dpm/gm dry wt. at 50° C and 5.5 dpm/gm dry wt. at 20° C until it
reached a nearly constant level of onc-half the maximum values: 48 hours
were required to reach the conslant level at 207 C while only 24 hours were
required at 50°C.

Radioactivity in lhe cthanol-soluble fraction decreased during the initial
period of curing and then increased Slightly until a constant level was seached,
This effecl was more evident gt 207 € than at 507 C. Changes Irom anaboliv
to culabolic provesses seem Lo he inflosneed by e moisture kevel of the
peunul kernel.

TMQRD, ARS, USDA and N. C. State University,

ABSTRACT 5. INFLUENCE OF MATURATION
AND CURING ON CHANGES OF CAROTENOIDS
AND LIPOXIDASE ACTIVITY IN PEANUTS

H. E. Pattee, A. E. Purcell and Elizabeth B. Johns’

The effecls of maturation and curing ol peanuts on the carotenoid
concentration, color, and quanlily of extracted oil, and on lipoxidase aclivity
were studied, The carolenocid level in the peanut kernel increased from 0.212
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ug/kernel al the fourth week to 0.448 ug/kernel at the seventh week from
pegging und then remained constant to maturily. The percent oil inercased
linearly from 23 percent at the fourth week from pegging to 56 percent at
maturity. The carotenoid concentration in the pressed oil deereased from
4,100 ug per kg al the fourth week to 1,360 ug per kg ol at the eighth week
{rom pegging,

AL maturity the concentration was 480 ug per kg oil. Peanuts harvested
10 weeks from pegging and dried rapidly at 70°F and 50% L.H. had « hicher
carotenoid concentralion (730 ug per kg oil} Lhan those dricd slowly in the
windrow (308 ug per kg oil). A peanut lipoxidase system capable of
decoloring carotenoids was also demonstrated and the activity was shown to
inerease rapidly with peanul maturity: cured peanuts have a significantly
higher level of activity than uncured peanuts.

1ARS, USDA and N. C. State University

ABSTRACT 6. CURRENT PROCEDURES FOR
PANEL EVALUATION OF PEANUT QUALITY

Jack L. Pearsond

Discussion of the present slate of the National Peanut Marketing
Rescarch Laboratory’s program Lor flavor-panel evaluation of peanut quality
covers Lhe Lwo major areas ol Sample Preparation and Panel Procedures.

Sample Preparation touches brielly upon (1) assuming valid
pre-processing treatment and sampling procedures, (2) assuring appropriale
unilormily among pre-roasl samples, (3) unilorm roasting procedures, (4)
afler-roast pickout, and (5) grinding and mixing.

Panel Procedures briefly covers (1) selecling and Lraining paneclists, (2}
Lhe p;mel[ s working environment, (3) presenling test samples, (1) evaluating
panclisls” observations, and (5) comparing panel evaluabions and objective

measurements,

TRasearch Horticulturist, Market Quality Besearch Division, Agricultural Research
Service, U. 5. Department of Agriculture, Albany, Georgia.
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ABSTRACT 7. REMOVAL OF AFLATOXINS FROM OILSEED MEALS
BY EXTRACTION WITH AQUEOUS ISOPROPANOL

Eric T. Rayner and F. G. Dollearl

Aqueous isopropanol was found to be an clfective solvent for removal
of aflatoxins from contaminated cottonseed and peanut meals. Extraction
with six passes of 80% aqueous isopropanol al 60C resulted in complete
removal of aflatoxms in both meals, as measurcd by thinlayer
chromatography.

Under similar extraction conditions, the isopropanol-water azcolrope,
88% isopropanol by weight, removed 88% of the total aflatoxins iu peanul
meal, 4 reduclion [rom 82 ppb to 10 pph, and 79% of the total aflatoxins in
cotlonsced meal, a reduction from 214 pph to 46 ppb. Lower temperaturcs
were less effective with both solvent syslems.

1Southern Regional Research Laboratory; New Orleans, louisiana {one of the
laboratories of the Southern WUtilization Research and Development Division,
Agpricuitural Aesearch Service, U. S. Department of Agriculture).

ABSTRACT 8. SAMPLING OF PARTICULATE PRODUCTS
FOR AFLATOXIN ANALYSIS

P. J. Tiemstral

A model is proposed 1o describe the manner in which peanut lols can
be contuminated with aflatoxin bearing kernels. The effect of two
parameters, Lhe percentage of contaminated kernels and lhe distribution ol
the kernels in Lhe lot, was studied. The value of the firsl parameler (percent
of contaminated kernels) is inversely proportional to the variance, Le. there is
more variability of the aflatoxin analysis as the percentage of contamination
decreases. It is possible to decrease this variabilily by increasing the sample
size.

The distribution curve of the model showed a skewed distribalion to
the low side of the aflatoxin vontent. Comparing this distribulion pattern Lo a
normal distribution pultern and log distribution paltern indicated that a log
distribulion patlern more doscly approached thee distribution pattesn of the
mudel. Therelure, log transformation of field data was analyzed in order to
compare actuzl data with the model Lo determine which level of this
particular parameter was closest to natural contamination. There are three
important characteristics of log transformed data: (1) an arbitrary value has
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to be assigned to zero aflatoxin analyeis in order to: give a rational number to
the log value, (2) the vaniation is independent of actual level of aflatoxin in

the lot, and (3) the average of the logarithim of the value is always lower than

the arithemetic average. The standard deviation of the log aflatoxin of a

number of peanut lots which were sampled and analyzed in triplicate had an

average of 0.437, which coresponds to an 0.05% percentage of

contamination when corrected for analytical and sample preparation

variation.

The effect of hot spots on the sampling efficiency was the second
parameter studied. A model in which all the contaminated kemels were
assumed to be in four bags of an 800 bag lot was studied. If 25% of the bags
are sampled, these four bags will be missed 31.5% of the time. Sampling 50%
of the bags rednces to 6.2% the chance of missing these contaminated bags.

The effect of hot spots on the sampliug efficiency was the second
parameter studied. A model in which all the contaminated kernels was
assumed to be in four bags of an 800 bag lot was studied. Tf 25% of the bags
are sampled, these four bags will be missed 31.5% of the time. Sampling 50%
of the bags reduces to 6.2% the chance of missing these contaminated bags.

This study bas indicated that improvement in the sampling plan can be
made by a more extensive sampling of the units within a lot and increasing
the size of the sample ground for further analysis.

TDirector of Research, Derby Foods, Inc., Chicago, llinois.

ABSTRACT 9. THECRETICAL INVESTIGATIONS OF THE ACCURACY
OF SAMPLING FOR AFLATOXIN IN SHELLED PEANUTS

T. B. Whitaker and E. H. Wiserl

Within a population of shelled peanuts, aflatoxin niay be concentrated
in less than 0.5 percent of the peanuts. Those peanuts containing aflatoxin
might have concentrations up to 1,000,000z of aflatoxin per kg of peanuts.
Because of the unusual distribution pattern, sample means vary widely and
the true average level of aflatoxin in the population is difficult to estimate.
The objective of this study was to determine the effect of sample size (N), the
average level of aflatoxin (M), and the percent of the popnlation not
contaminated with aflatexin F (o) on sampling accuracy. Using model
simulation, the negative binomial distribution was sampled on a digital
computer, with the Monte Carlo technigne. The negative binomial

distribution was used to simulate the actual distribution of aflatoxin since it
allowed for a high probability of zero counts along with small prohabilities of
large counts.
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Results indicate the following:

(1)  For a given M and F (o) value, sampling accuracy increases as the
sample size N increases;

(2) For a given M and N value, sampling accuracy increases us the
percent of non-conteminated peanuts F(o) decreases;

(3) For a given F(o) and N value, sampling accuracy increases as the
average level of aflatoxin M decreases.

The results indicate that a relatively large sumple size N, the exact size
depending upon F(o), M, and the desired accuracy limits, wauld be required
to estimate the average amount of aflatoxin M in a population of shelled
peanuts. A sample of 10,000 peanuts drawn from a population where F(o) =
99.9% and M = 30 ppb would have a value falling between 0 and 180 ppb
99% of the time. For comparison, a sample of 100,000 peanuls drawn from
the same population would have a value falling between 10 and 64 ppb 99%

of the time.

The ability to describe quantitatively the effects of sample size on
sampling accuracy gives added insight into the problems of sampling shelled
peanuts for aflatoxin. This study will provide a foundation for an efficient
sampling procedure to estimate whether the average level of aflatoxin (M) in a
population of shelled peanuts is above or below a certain critical level (i.e. 30

ppb)-

"Flespemti\n'el\«I L. S. Department of Agriculture, Agriculture Ressarch Service, Market
Quality Research Division, Biological and Agricultural Engineering Department, N. C.
State University, FHaleigh, North Carofina; and Biological and Agricultural Engineering
Department, M. C. Stata University, Raleigh, Morth Carolina.
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