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RANDOM VARIATION IN MEASUREMENT OF CORN GRADE FACTORS 

_J 

Abstract 

The U.S.D.A. grain grading system has drawn considerable attention due 
to. al legations of misgradtng. An aDalysis of the potential role of random 
error tn· the grading system is presented. lt is concluded that random 
variation may be a major cause of changes in grain grades under conditions of 

·repeated sa.mpling. 

The Ge·nera l Accounting Office (GAO)' rE?cently re 1 eased a report on_ its 

investigations of the U.S. grain grading system. Contained in this document 

are; findings to the effect 'that the current grain marketing system is susceptable 

to fraud and cheating. Numerous instances of shortweighing, deficiencies in 

examinations of grain hauling vessels, incorrect sampling procedures, and 

errors fo determining correct grades under U.S.D.A. standards 1(pp. iv-v). The 

purpose of this paper is to explore certain aspects of difficulties encount,ered 
;"' 

in determining grain, and particularly corn, grades under current U.S.D.A~ 

regulations. 

Current U.S.D.A. Grade Standards for Corn 

As shown in Table 1, U.S.D.A. {1975) has establishe:d five factors which 

determine the grade of corn.-· Also shown in this table,there are a number 

of other factors which would resµlt in classifying a sample of corn as •isample 

grade. 11 There are similar standards for all U.S. grains which are traded in 

any significant quantity. 

Test weight was introduced into the standards as a measure of grain density 
( 

the numerical values are based on the weight of a Winchester bushel .. Actual 

determination of test weight uses a standard lquart c°✓ntainer in con~unctfon 
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Tabl~. t: ·:Grades.; and :Grade Requirements. fbr Corn .. 

· ;,.Maximum limits of--· 

·, -
- -Grade_ 

. Minimum : 
te·st· .. Damaged kernels •-- _· . f" ~-.... ·~ ') .... l::...·· 

u~s. No. 1---­

u.s. No.2----

weight per 
bushe:l Mois:ture 

. ( 

-Pounds 

56.0 

54.0·. · 

Percent 

14.0 

15.5. 

Broken 
corn and 
foreign 

. material·. 

Percent 

2.0 

3.0 

Total 

Percent 

3.0 

5.0 

Heat-
. damaged 
kernels 

Percent 

0.1 

.2 

U.S. No. 3---..,--- · 52.0_. · 

U.S. No. 4--.:.- - 49 .0 

17.5 

20.0 

4.0 7. (J 

5.0 10.0. 

·- - ,:_.'5:,. 

1.0 ' 

U.S. No. 5-~-- 46.0 · 23.0 7.0 
; 

15.0 3.0 , 
-, 

U.S.·Sample 
· .. grade. 

--

U.S. Sample grade shall be c:orn which does not-meet the re-' - -- · 
. qui rements for apy of the gr:ades from U.S. No~ .1 . to U.S. 
·. No. 5, inclusive; or which contains ston'.es; or which.is musty,·· 

or sour, or heating; or -whfch has any commercially objection- . 
able forei g-n odor; or wM ch is otherwise of. distinttly 1 ow · 
quality. · · · 

·. tSource: U.S.D.A, The Official United States Standards for Grain,December, 
····.·19.75 ,-_ p. 2·. 3 .•. · · -. ----····•· ·~--·-·- · - .. · · .. ·. ··--··-·-·~-· - ·. ·- ~ - · .. 

.-_...,, .,' 
." J · .. •. 

: : ........ ~ . . : . 

:,. : 
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with a scale calibrated to read in pounds per bushel. Because this mea.sure ls 

greatly affected by packing characteristics of the corn kernels, it is not a 

reliable measure of kernel density. Research has demonstrated a lack of 

correspondence between test weight and feeding value and there is no published 

data indicating that test weight ls related to value of end products in the wet 

milling industries. (Hill and Hall) 

Moisture meters that measure electrical properties of corn are approved 

by the U.S.D.A. as an acceptable substitute for the more reliable, but slower,. 
~. \ 

oven method .. Moisture is important as an indicator bfstorability (Hill and 

Shove) and as a means of adjusting total weight of corn and water to a weight 

and value based on .a s.tandardized moisture. The 15_.5 percent base used in 

the grain trade is generally not a safe storage level, but·since No. 2 car~ at 

15.5 percent is the basis for price blending of different moistures it is frequently 

used to maximize income. 

Broken corn and.foreign material (BCFM) is determined by passing corn 

over a screen of specified size. All particles passing through the screen 

phis any foreign material hand picked off the top are weighed against the 
. . ' . 

original, unscreened,·sample to determine percentage BCFM. This factor is 

quite important to corn processors since many corn.,..based products cannot be 

manufactured from corn particles b"elow a certain size. Al so~ broken kernels 

are more susceptable to disease and insect attacks. However, since cracked 

corn is included with all other types of foreign material, this factor 

does not provide a reliable measure of value. 

Total and heat-.damaged kernels are determined on the basis of visual 

inspection and judgement.· Whole kernels cl'assified as damaged and heat-damaged 
. I 
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are weighed against the original sample to determine the percent of damaged and 

heat-damaged kernels. Heat-damaged kernels are included with other damaged 

kern.els in determining the percent of total damage. Damaged kernels are 

indicative of a number of possible problems with corn, while heat-damage 

_ generally can be taken as an indication of corn which has been stored withouLa~- . 

proper drying or dried at excessively high temperatures. · Both .total and heat-

. damage detrimL~ntally affect the nutritional quality of corn. Also, heat-damage 

is quite serious for both wet and dry millers and distillers due to the dark 

color of cor~ kernels that have been exposed to excessive heat. 

Potential Sources of Grain Grading Errors 

.:;t ,;'0+here~,ar:e,,a number ,of sources oJc,er;ror=:i n determination of grainxgrades ~.__,,.~,, 

under U.S.D.A. sampling and measurement standards. There-·is the possibility of 

outright fraud--purposefully recording false information on measurements of ' 

grade factors. There a re, however, we 11 established, inexpensive, and often-

-used avenues for appeal of grade! determination. These appeal ri§hts-,mi ti gate 

against the likelihood of blatantly fraudulent grade determinations. 

Secondly, there is the possibility of clerical errors in recording measure­

ments on grade factors from the thousands of grain samp!es graded annually. 

Again, the right of appeal should mitigate against this type of error as a 

serious source of problems in the grain industry. 

Also, there is the possibility of inaccurate calibration of weighing and 

moisture measurement devices which might affect grade determination. In 

addition, the determination of damaged and heat-damaged kernels is to an extent 

a subjective matter, depending in borderline cases on the judgement of the 

inspector. 

Finally, there is a variability in the grade determination process which is 

i~dependent of any of the above-mentioned factors. Namely, there is a problem 

of variability inherent in any procedure which bases the determination of 



,. :\.·,.:. 

~opul a tjon '.charact,erisfics qtj, measure!lie11t,talen ::o~ j~ s~mpl e front that population-~~ -, .· ·-··•· 

· '.:-,Suchvari~bility ifdeftn_itely present in µj~o~A~; gfai:n g)"adfog.p~ocedures. . -' 

Considerat{on:s ofefficie,ncy ,require thaf:-powhere nea·r the tot~'lu-~s.-·_grain -... -
: .. , ',,, , • ' . J' ·: .. . . . ·' . . ' 

. .• . crop inspected for sale be ~~;tua l ly exami nee! by an i nspect~r. Determination of 

·- grade is, under ordi,nar; circumstances, made on the basis of a quite sma 11 

samp]_e. In a typital truckload of 20 tohs ofcorn, five probes of 400-600 grains 

.- .. eac,h might be taken fo~ purposes of inspection. "The probes are composited and 
·_ randomly reduced' 1000' gramswh-ich is actually inspected. T~i~ 1000 gram sample 

, js furth~r reduced to 250,Jffl~.rns, for- d,eter,minatiqn of·moisture, and damage-,for a 

sampling rate of .00138 percent. -With' a sa_mpling rate of this ma_gn1tude-, it 

would heh be, -surprising' if there wer:e some varlab·OitY in grade determination 

As the . fo 11 owing 'porti.ons ot this -pap~/~ -_ · .. _. 
··1 , ... , ·--

-~ased'·on sampiing variabi]lty alone. 
. . ~ .-... _,::-. 

·· will show, this is indeed the case. . . . . 

Sampling anci Ra-ndom Variability in Determination of u;S.ff~A~ Corn Grades 

.··_-._ Sampll.ng variability arises from two distinctly different,sources,~sampling 
. . . , . . . . . ·. i ' 

, · errors, and random variation. ln order to.be an unbiased representation of the 

··_ population characteristtcs, a sample must be drawn on a random basis. In 
. . . .·. ·. . " ' .. 

- , ._ -addition, jfthe· rate of samplinfisJow, ·as in grain inspection 'procedures, th~ 
-·, 

population 1nus tbe fairly homogeneous if samples are to. accurately refect _ 

population characteri'sti cs. 

·. Howev~r, .even assuming- th'at samples are taken on a r,andom basis from a · 

homogeneous population~ there r~mafos a deg.ree of {lure randon Vari abi l i'ty. ··•- This 

, . latter.source of variability· is dire.ctly related to·the.amount .of variation in·•-· . , .·. . . ' . '. _\ •,·, ' . . ' ~ .. . 

the _p.opulati on and inVe'rs'e]y related to·ihe sampling r~tei Thus, even under 
. . . . ,, . . . '• ... . 

- -•••·;:deal circumst_ances, repe"aled sampling from:a homogeneous _populatiqn.,of corn 

(or any grain for that matter) on a randbi'n basis with accurate measurement and 
• ' • ' ' • • • •• " - •. • I • • 

. , , .. -...:,: ... 

-• repdrting of1 grade factors, will not necessarily result i:n identic,aT rneas:tir~ments. 
, , , I•, : ,• ' 

· on ··those. factors. , 
.:.·, 

••• j ~.. ' • 

,:.,,,..· 
·;. ' , . 
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Random Variation· in the Corn Heat-Damag~ Fae:tor 
( . . . . . 

To i 1 lustrate "the degree to which measurements of U.S. D.A. grade factors 

are subject to random variation, .a simulation was run on heat-damage in torn. 
. . 

This particular factor was chosen primartly because of a high degr~e of 
\ 

randomness re 1 ati ve to grade requirements associated with its measurement and . · 

. because the range 'between grades is quite sma 11. 
I 

Thus, results discussed below should not be taken as representative of the 

_degree of random variation in all corn grade factors. U.S.D.A. estimates of the 

amount of randomnes? in determination of all ,corn grade factors are discussed 

· in the . next section of this paper . 

. The simulation was run under· the assumption of a random sample drawn from· 

a population containing a uniform distribution ofh~at~damaged Corn k~rnels • 

. Under U.S.D.A. guidelines such a sample would Qe drawn in three stages .. First, 

a master sample is taken using one of two methods--by probing or a random 

sampling device which diverts a portion of the corn as it is being transferred 

into or out of pn elevator .. Secondly, the master sample is randomly divided 

into a 1000 gram sub-sample. This 1000 gram sub-sample is further-divided into 

a 250 gram sub-sample on which the measurement of heat-damage is based.· 

Thus, an el
1
ement of random variation enters at two points--where.the master 

sample is dr~wn and at the point of further division into a 250 gram sub-sample. 

The appropriate sampling distributio~ for the master sample is the binominal, 

while the hypergeometric distribution is appropriate for the<smaller sub-sample 

._(Lapin) (See Appendix). 

Probabilities for identification of U.S.D.A. grades on the heat-damage 
. . . . . . ·, . 

factor in corn for both a 1000 gram master sample and a 250 gram sub-sample given · · 

initial conditions of various. percentages of heat-damage are shown inTables 

2 and 3. Entries in Table 2 are interpreted as probabilities of an entire 

1000 gram master sample from a hornogenous population of corn- falling into U.S.D.A. 
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Table 2: Probability of Grade Variation on Heat Damage in a 1000 Gram Master-Sample of 
Corn Due to Random Chance 2-1 

Percent of 
heat damage Actual 

~n the Population --- Grade 

.05 

.10 

.15 

.20 

. 25. 

. 30 

. 35 

.40 
- • 45 -

.50 

.55 

.60 

.. 70 

.80 

.90 

1.00 

1.50 
2.00 

2.50 
3.00 

3.50 

4.00 

5.00 

1 

1 

2 

2 

3. 

3 

3 

3 

3 
3 

4 

4 

4 

4 

4 

4 

5 

5 

5 

5 

sample 
sample 
sample 

. 

No. 1 

.928 

.626 -

.318 

.135 

.050 

.017 

.006 

.002 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

Probability that a 1000 g. master sample 
will be graded on the ·basis of heat-damage 

No. 2 No. 3 No. 4 No. 5 Salnp} e 

.071 

.336 

. .494 

. 441 

.296 

.164 

.080 

.035 

.014 

.005 

.002 

.001 

.000 

.000 

.000 

.000 

.000 

.ooo 

.000 

.000 

.000 

.000 

.000 

.001 

.038 

.188 

.424 . 

.648 

.791 

.831 

• 779 

.662 

.513 

.366 

.242 

.086 

.024 

.006 

.001 

.000 

.000 
-.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.001 

.006 

.028 

.084 

.184 

.324 

.481 

_ ._630 

.752 

.880 

. 850 

.695 

.478 

.006 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000, 

.000 

.000 

.000 

.000 

.000 

.001 

.005 

.034 

.125. 

.299 

.521 

.993 

.999 

.996 

.491 

.058 

.001 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.·ooo 

.001 

.001 

.004 

.519 
C 

.942 

.999 

1.000 

a/ Based on an average kernel weight of .323 grams per kernel, or 3096 kernels in a 1000 
gram sample. 
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· gr~cles 1-5 on the lrasis of heat-damage, given vari_ous·percentages of. heat-. 

damaged kernels in the population~·· Thus, lf the populatl on contains .15 
, 

percent heat-damage, the midpoint of the. #2 ri:mge of ~1 to .2 percent, there is 

a .494 probability of the master sample grading #2 and a .516 probability of a. 

grade other than #2_. 

Entries in Table 3 show the probabilities for a 250 gram sub~sample of 

the 1000 gram master sample falling into U.S.D.A~ grades 1-5 on the basis of 

heat-damage. Thus, if a lOOOgram sample were to contain .161 percent (or 5) 

heat-.damaged kernels,. a 'percentage which would place the sample approximately 

in the center of the #2 grade range, the probability of a. 250 gram sub-sample 

grading #2 is .396. Thus, in this instance there is a .614 probability that 
; 

the 250 gram sub-sample would be assigned a different numerical. grade on heat-

damage than would the entire 1000 gram sample.· 

Obviously, the relevant question concerns the degree 9f randomness inherent 

in the overall process. To measure this, it was assumed that the 250 gram sub­

sample actually graded was drawn directly from ahomogeneous population of cOrn. 

Thus, the binomial distribution was used. for the determ"ination of these proba­

tbilities. Results are shown fo Table 4. As would be·expected, for a given 

amount of heat damage in the population, the overall probability of correct 

grade 1dentification on the basis of heat damage.falls between the probabJlities 

shown in the preceding two tables. 

Examini.ng Tables 2 .. 4, two conclusions are obvious. For grades 1-3, determi­

nation of correct grade for the heaV-damage factor'in corn on the basis of a 

250 gram sample is at &est risky. This is a function of both the small size of 

the sub-sample and the extreme narrowness of the grade.definitions. ·Secondly, 

as would be expected,· near the break points of all five of the grades, determi-
. . . 

_ nation of grade on the basis of heat-damage could as well be done by flipping a 

coin as. by grading the sub-sample·. This· particular feature iS hot pecu1 iar to . 
" 
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.· .. . . ·. . I 

Table 3: Probability of Grade Variation on Heat'""Damage in a 250 Gram Sub-Sample of a lO00 

7i-;am Master Sample of Corn Due to Random ChanceM 

Percent of heat 
damage in the 

1000 Gram Sample 

.032 

.097 

- .129 

.161 

.194 · 

.291 

.323 

.386 
. · .484 

· .. 581 

.743 

.969 
. 1.486 

l.970 

2.487 

2.972 

3.973 
4. 974 

Actual 
Grade of 

1000 Gram Sample 

1 
1 

2 

2 

2 
3 

3 

3 

3 

4 

4 

4 

5 

5 

5 
5· 

sample . 

sample 

Probabj l i ty that a 250 g. sub-sample · 

No. 1 
wi 11 be graded on the ba1s is df heat:-damage 

No. 2 No. 3 No. 4 No. 5 Sample 

.750 . 

.422 

•. 316, 

.237 

.178 

.075 

.056 

.031 

.013 

.006 

.001 

.000 

.000 

.000 

.250 

.422 

.422 

. 396 

.35p 

.225 

.188 

.126 

.066 

.034 , 

.010 

.002 . 

.000 

.000 

.ooo· .ooo 

. 000 · . 000 

.ooo .boo 

.000 .000 

.156 

.258 

.352 

.429 

.5.35 

.533' 

.491 

', 381 

.266 

.125 

.035 

.001 

.000 

.000 

.000 

.000 

.000 

.004 

.016 

.037 

.165 .000 

.223 .000 
~-34g, .. · . 003 

. 522 . .017 

.. 639 .056 

.668 .196 

.477 .486 

. 079. .. . 920 

.007 .984 

.000 

.000 

.000.· 

.000 

.870 

.556 

.059 

.001 

---
' 

I ---

.000 

.000 

.009 

.130 

.444 

.941 

.999 

a/ Basedon an averagekerne.l weight of .323 grams per kernel, or 774 kernels in a 250 gram 
sample. 



6b 

Table 4: Probability of Grade Viriation on Heat Damage in a 250 Gram Samgle 

of Corn·Due to Random Chance~/· 

Percent of Probability that a 250 g. sample· 
~· heat damage Actual wi 11 be graded on the basis of h~af-damage 
in the Population · Grade No. 1 No. 2 No·. 3 No. 4 No• 5 ·· Sam le 

·.o5 l .679 .263 .057 .001 .000 .000 

• 10, 1 .461 .357 . 174 .008 .000 .000 

. 15 l .313 .364 .293 .030 .000 .000 

.20 2 .2l2· .329 . 387 .071 .000 · .ooo 
( 

.25 -2 .144 .279 .445 . 130 .001 .000 

.30 3 .098 .228 .470 · .202 .003 .000 

.35 3 · .066 . 181 .466 .281 .007 .000 

.40 3. .045 . 140 . 441 .360 .014 .000 

.45 3 .030 : 101 .403 .434 .026 .000 

.50 3 . 021 .080 .358 .498 .043 .000 

'.55 3 .009 .060 . 310 - . 548 .067 .000 

.60 4 .004 .044 . 264 .584 .098 .000 
\ .180, .000 .70 4 .002 .024 . 182 .610 

.80 4 .001 .012 .119 .. 584 .282 .ooo 

. 90 4 .000 .006 "(075 . .521 .396 .ooo· 
1.00 4 .000 .003 .046 .440 . 510 .001 

l. 50 5 .000 . 000 .003 . .103 .866 .027 

2.00 5 .000 .000 .000 .013 .773 . 214 

2.50 5 '.000 .000 .000 ~ 

.001 . 527 .422 

3.00 5 .000 .000 .000 .000 . l 60 .840 

4.00 ample .000 .000 .000 .000 .007 .993 

.5.00 ample .000 .000 .000 .000 .000 l. 000 

I 

y· Based on an ~verage kernel weight of .323 grams pe,r kernel or 3096 kernels in 
. a 1000 gram sample. 
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. 
the heat-damage factof fo·corn, but is indigenous to one degree or another to the 

entire U.S.D.£1.. grain grading syst~rn. 

Estimates of Sampling Variability for All Corn Grade Factors 

U.S.D~A. (.1974) haspublished est,imates for standard deviations associated 

with measurement of all grade factdrs,for corn inspected under approved procedures. 
-

· These estimates are pre$ented in Table .5. 

r As is obvious from·this table, there is considerable sampling var"iability 

associated with.grade factors for this important grain. The role of this 

variability is magnified when it is fealiz~d that a standard management practice 

in the industry is to blend grain as close to the upper limits of grade factors 

as possible. Thus, it is not overly surprising when review of grade determinations, 

such as that conducted by. GAO, finds an original inspection to be at variance 

with a reinspecti on . 

. Indeed, one would begin to be suspicious· of the integrity of the grai.n 

grading system if repeated sampling of loads of grain did not turn up differences 

in grade on a fairly regular basis.' 

From a preliminary e;amination of grade changes on appeals of officiaJiy 

determined corn grades filed at the Peoria office of AMS, randomvariability is 

an impoftant factor in grade alteration upon reinspection. During fiscaty~ar 
. . 

1975, several hundred appeals. of corn grade determinations were. filed with 

the Peoria AMS. Of those lots of corn appealed, 68 were changed in grade. 

However, of those whose grades were changed, onli 61 of the lots were altered 

·on the basis of specific grade factors. The remaining 7 were changed to or from 

sample grade on the basis of odor. 

Qf the 61 grade changes on the basis of numerical grade factors, in 36 or 

59 percent of the cases the difference in measurement between original and revi_sed . ·. , , , ' -, . ! I 

, factors determining grade not significant at the 95% level. Thus, if 1one 

accepts the u;s.D.A .. estimated Standard dev·iations for corn ·grade factors, a 
,._ -
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Table 5: U.S.D.A. Estimates of Standard· Deviations for Measurement of Corn' .· 
· .. ·•· , , a/ 

·. Grade Factors-• .· 

· Standard Deviation 
·· Factor .. Portion Size · 

,:Test Weight l~ l/B to l--l/4 qts. .23 ·~ 23 . .23 .23 · · .:23 
(8.7J (8.7) (13,0 (13.0) 

Moisture· 250 g. (Motomco) .20 .20 .20 .20 .20 
.. (7.5) (10.0) {12. 5 (15.0) 

.Broken Corn and 1- l /8 to 1- l / 4 qts. ' .20 .20 ~·20 ; .:30 .30 
Fore.i gn Material . . . · .. (5.0) (5;0) : (3. 3) (6. 7).. 

Total damage 250 .56 .68 .80 .· l .12 g. (2.9) (2.5) _{4.5) 

Heat damage •• 09 . 14 .23 • 32 .56 
250 g. (0. 7) (1. 3) (1.6) ,(3.6) 

. . . . . 

a/ Source: U.S.D.A., 11 Shiplot Inspection ,for Grain,'' .Washington, D.C;, Sept., ... · 

1974 (mimeo)~ 

·.· .. b/ . Numbers in parentheses are widths, in estimated standard deviations, of the 

. ranges for each factor for each grade Tower than U .s. No. l . 

. · :\' 
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considerable number of these gradE! chang<=s cc1n be accounted _for by random chance 

alone. 

Further Research Needs. 

The entire system of U.S.D.A. grain grading practices and standards needs 

to be intensively studied.· Increased accuracy of grade'determination under 

current standards is possible, but only at the cost of requirihg the inspection 

of larger sample~. What these costs would be, arid the resulting increase in 

accuracy, are far beyond the limited aims of this paper .. 

More importantly,however, we need to be asking questions relative to the 

economic role of grain standards. As Ladd and Martin have recently pointed out, 
I 

the optimal grain grading system would1ikely not rely on assignment of a _single 

numerical grade, but ~ould rather be based on purchase by specification of 

characteristics important to grain users. . • I T~e current ,system of assignment of 

a single ~rade number based on a number of different factors is inefficient for 

both buyers and sellers, since there is a considerable amount of information 

lost in a system which assigns a grade on the basis of the highesttgrade on any 

one factor. Additional research is required to identify the potential benefits 

and costs of conversion to a scheme which would preserve information on all 

· grading factors considered important by grain users, including the costs for 

varying degrees of accuracy in measurement which could be achieved with such a 

system .. 
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APPENDIX 

Binomial Distribution 
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