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Technical Bulletin No. 644 January 1939 

U!\ITED STATES DEPARTMENT OF AGRICULTURE 

WASHINGTON, D. C. 

THE CHEMICAL DETERMINATION OF 

SOUNDNESS IN CORN 1 


B)' LAWIU;NCE ZELENY, associate grain technolo(list, and D. A. COLEMAN,2 formerly 
s£'1lior 1/ICLrketin{l specialist, B/lreaa of Agricultural Eco1Lomics 
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IMPORTANCE OF SOUNDNESS AS A GRADING FACTOR 

A primary objective in agricultural-standardizatioll J'esearch is the 
development of d(wices and precise methods for meusuring the quality 
of farm products. Under the official stundards of the United States, 
the quality factors used in the grading of all cereal grains are test 
weight per bushel, moisture content, foreign material, condition, and 
damage. Of these factors, test weight pt'l' bushel, moisture content, 
und foreign material are readily determined "rjtlt lligh accuracy by 

I 
Chanical devices, for each determinationllfls a fundamental physical 
sis. But condition and damnge Cfmnot be evaluated by precise
ysical measurements, 

~The factors of condition and damage are more closely related to the 
~rinsic quality of the grain than are the other grading factors. 
8!Ost kinds of foreign material can be removed by appropriate clean
cag machincry, test weight can be inlproved by drying and handling 
.erations, and mois~ure content can be reduced by handling, mimg, 
Hnd artificial dl'yinr. On the other hand, gruin thiLt has undergone 
severe heating or fermentation, or has been attacked by fungi or by 
certain types of bacteria, will have suffered in all cases a degree of 
irreparable damage. The outward cyidence of slIch damage may be 

I :-lublilated for pUbliclltion August a, 1938. 
, P~ccnsed, 
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partially obscured in some instunces by vaI'ious kinds of g1'ltin-condi
tioning trCtLtments, but the actual deterioration that has taken place 
will ultimately Intlllifest itself in the inferior qUil.1ity of products 
derived from the processing of the grain, in the inferior nntr'itlve vnIne 
of feed grain:;, or by an in('n'lt...~'d stomge hazard. 

The difficulty in determining degree of soundness lies chiefly in the 
fact that thero c)'.'lsts no fundamental unit of soundness to be used as a 
basis of comparison. Soundness is necessarily a relative concept 
depending in lts degrce on numerous Inctors, the rellLtive importance 
of which dppcnds to a consideruhlc extent on the 11ltimo.te use to ~e 
made of the gI·11in. 

In grain-grading practie(', condi~ion and damag(' am appmised hy 
odor and by the pcrcentttge by welght of dOIlUlged kemels present in 
the grain. Reat-damaged kernels are considered separately, and 
their presence is illtNpreted as iltdicating a greater degree of deteriora
tion than an equivltlell t pCl'cen tage of kcmeis thilt have becn damaged 
from other CiWSCS. :Musty and sour odors are evidences of 'unsound
ness, and their presenre in bnl:ln elirniIHltes it from the numerical 
grades. Buell gl'n in if; g!'fl.ded Sflmple gmde regardless of its damaged
kernel content. Tlwse methods of determining soundness have been 
vttIllable, and in the ahsence of more precise methods, hayo been 
used suc:cessfully in gmiu-inspection procedure under the United 
StlLte"! Gmin Stanourds Act sinre 19Hi. 

The damaged-kernel index of unsoundneRs is <;ubjeet to seveml 
important inlwl'ent wt'!lknc~"es which limit its ·.Lseft.lness und justify 
Ull effort to devise It more desimble method In the first place, the 
damage-count methocl docs not take into eO.1Rideration the degree of 
dl1mnge in the durnnged portion, nIH' the de ~!'(~e of soundness in the 
sound pori;ion. 'fw() Rumples containing die Rame pcrcentage of 
dn.muged keme1s 1Ilily hnve undt'rgone qUIte different degrees of 
dl'tcriomtioll. 

In tho second pIltee, the method compriseR only those forms of 
physical damage that fire nppfu'ent by viswu inspection. Oertain 
forms of d£'t£'riol'tltion in their eurly stages do not nJI'(>rt the external 
appefll'tlnCe of the kernel, yet they undermine grain quality. 

In tho third piaec, in spite of the fnet thnt surprisingly successful 
efforts hllve been mude toward ohtnining (,OIl('ordrmt results hetwcen 
inspectors, the damnged-kel'Iwl method is subjeet to errOl'S ul'ising 
from unavoidable differences in personnl judgment itS to what con
stitutes a damaged kernel. .Muny snmples contuin eOllsidcrnble 
quuntities of kernels that are on the border line of dnmnge and thllt 
may be juuged sound by onCl inspector and damngrd by nnothcr, thus 
afTeeting fldversely tho uniformity of inspection. 

The Bureau of Agricult ul'Ill ]D(,Ollomirs hus undcrtnkcn a careful 
study of this problem in an effo1't to devise improved methods for 
determining the degree of souudness in the ('('renl gl'nUls/ which may 
serve usefully as a (~onuner('iH.lll1enstU'e of grnin qUlllity. 

This rcsen1'rh hns resulted in the developll1l'1l t of !l chernienl method 
for determining the soundness of com thnt 1" simple !lnd l'npid untl 
which, it is h('li('yC'd, will meet tile l'equil'(,!11ents of cOIllmereinl 
11l'I1r ticnhility. 

http:11ltimo.te
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DETERIORATION OF VARIOUS COMPONENTS OF THE CORN KERNEL 

The approximate chemical composition of domestic dent corn on 
a dry-matte!' busis is as follows: 

P(TcenlAsh______________________________________________ -_________________ 2 
Protein_____________________________________________________________ 12
Crudefiber___________ _____________________________________________ 2 
Sugars__________________________________________________________ .__ 1 
Pen tosans ___ _ _ _ _____ _ ___ _ _______________________ _ __ _ __ _ _ _ _ _ ________ 5 
Othcr carbohydratcs (principally starch) _____ ____ __ _ ___ _ ____ _ ___________ 73 
Crudefat___________________________________________________________ 5 

Differences in variety and in the climatic and Ilgronomic conditions 
under which the corn is grown mlly cause consideruble variations in 
the percentages of the various components_ 

vVhen corn deterio1'lltes from any cause, measW'able chemical 
changes occur in certllin of its components. The extent of these 
ehemical changes provides information concerning the nature and 
extent of the deterioration. 

THE CAItBOHYf)ItATES 

Conditions that fcn-or deteriorntion of corn are likely to result in 
hydrolytic changes in the stllrch IIlld pentosans, chiefly through enzy
matic action. In the case of starch, the principal cnrbohydrate of 
corn, soluble starches are first formed. They:in turn nre converted 
into dextrins, maltose, und finally glucose. Pentosnns are hydrolyzed 
in an allEllogous wny, resulting in the formation of pentose sugurs. 
Theoretically such ehunges should result in a decrease in stilrch and 
pentosan ('on tent, lin i.llerease in wllter-soluble constituents, nnd aIt 
increase in the ('ontent of red ucillg sugars. 

In order to determine whether or not the chunges in the carbo
hydmtes are of sufficient mngnitude to serve as possible measures of 
sOlmdness, Jetermina tions were made of cold-\\,. '!.ter extracts, total 
sugUl'S, and red tieing Sllg!1l'S. A series of eif?h t samples of domestic 
commercial dent corll were used representl1lg different degrees of 
soundness. The nitrogen contents (culculated !IS protein) of the 
extructs were 111so determined. 

Tbese dItta, shown in table 1, indicate that the total water-soluble 
cltrhohyclrn tes do not Vl1ry npprecinbly with the degree of soundness 
of corn, exc-ept that there appeurs to be a slight decrellse in this frac
tion in the cnge of badly damaged samples. The total sugar content 
is relutin·Jy constant for the entire senes, while the reducing sugars 
nre somewhat lligher in the badly damaged samples, but show no 
significant clifl'erenees between the sound nnd the moderately dumuged 
snmples. 

It is probable that in the siilllples uIlILlyzed greater quantities of 
reducing sugars were formed thnn is indicated by the analyses, but 
us conditions fllvoring deteriol'lltion (high moisture, high tempera
tW'o, molds, etc.) also fllvor a high Tnte of respiration, much of this 
sugar would be lost in the process 01 respiration. It tlppellI'S, there
fore, that the chnnges thlLt occur in the cnrbohych'ates of the COl'll 

kernel as it deteriorutes are not l'eliable measures of the extent of 
detrriorutiolL 
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T AlILE l.-lVater-soluble carbohydrate relat£onships between samples of corn repre
senting dl:jJerent degrees oj soundness 

Sound· I Cold· ! ~[r?otel(i!~ : .Ex.tract II Total
SnmllleKo. II water ".c I mlDus , Reducing 

ness scarp I extract \\Hte~ Iprotein' sugar sligar' 
+ 0 

I. 

extract1 
- -. -1---'-.--'---1----:------

I : Prrcent ' Percent IPercent ; Percent IPercellt 
7~... __ • ""'" •. ---- ................. 1 D9.~ ~.l 1.1 ·1.0 I 1.4. 0.21 
1, __................ __ ........... ........ 98.0 0.1 L 1 \ 4.0 1. Ii • .28 
18................. ____ .• __ . ____ ......... 97.6 ·1.7 1.0 •. 7 1.5 .25 
16__ .................... __ .......... __ OIi.7 5.2 1.1 4.1 1.5 .23 

~~~:=.:.~::: ..:~:::::::--~:::.::::.t ~J:~ g U. 1:l U :~g 
~42=::::::::::....::::::_:::::::::::::::! ~U g U! ~:6 U :~~ 

1 For definition seo p. 17. 
• Consists essentially of water·soluble carbohydrates plus wuler-soluble ash. 

Z Caleulnted us maltose. 

• Calculated as glucose. 

THE PROTEINS 

The proteins of the corn kernel eonsist chiefly of a prolamine (zein) 
and a glutelin (zeinin) along with lesser quantities of one or more 
globulins find truces of a proteose 01' peptone. 

The mature, sound corn kernel also contains a small quantity of 
water-solublo nitrogenous compounds consisting chiefly of amino 
fieids find polypeptides. It has been shown by Zeleny (21) 3 that the 
mtio of the quantity of these water-soluble nitrogenous compounds to 
the total nitrogen content decreases rapidly as the corn kernel n,p
proaches maturity, this decrease being accompanied by a correspond
mg increase in the zein. At any stage of maturity the sum of the zein 
nitrogen and the water-soluble nitrogen is an approximately constant 
fraction of the total nitrogen. 

Conditions that favor deteriol'l1tion in the corn kernel in general also 
cause an increase in the amino acid content, the amino acid being pro
duced by the action of proteolytic enzymes which are either present 
in the kernel or come from external sources such as molds or micro
organisms, on the proteins of the corn. Preliminary studies have 
shown tlutt the increase in amino a.cid content of corn as it deterio
l'I1t('s is readily demonstrable and may therefore be of value in the 
meflsur('mcnt of soundness. 

THE OIL 

The fatty oil of the corn kernel is a liquid of the semidrying class, 
hn:ving an iodine number (Hanus) of about 125. It usually comprises 
from 3 to 6.5 percent of the kernel. The oil is found chiefly in the 
germ, which consists of about 30 percent of oil. As the germ appears 
to be the vulnerable part of the kernel for most types of damage, it 
might be anticipated that incipient damage could be detected in chem
ical changes in the oil more readily than in other parts of the kernel. 

Deterioration of fatty oils is manif('sted either as o}"-idative rancidity 
cfLllsed by the oxidation of the unsaturated constituents of the oil, or 
hydrolytic rancidity caused by the enzymatic hydrolysis of the oil 
with the production of free fatly acids. As the oil of the unbroken 
kernel is fairly well protected from the air, no appl'ecinble oxidation 
of the oil is likrly to OCCllI' unless the kernel is rath('l' badly damaged. 
The 1'r('e fntty-acid cont('nt of the oil, on the other hand, increases 
measurably with most types of damage. 

, Ttlllil- numbers in pllren! heSe~ refer lu LitemlUr!) Ciled, p. 22. 
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ACIDITY AS A MEASURE OF DETERIORATION 

As deterioration of cereals and cereal products appears to be associ
ated with the formation of various types of acidic substances, numer
ous methods have bcen proposed to determine tlus acidity in order to 
measure the degree of deteriomtion which the cercal 01' cereal product 
has undergone. 

H YOROG EN-ION CONCENTRATION 

The hydrogen-ion concentration in terms of pH was determined on 
the Witter .susp.ensions of a series of seven samples of freshly grouhd 
corn, 1'l1ngmg from vcry sound to budly damagcd corn. These data 
arc shown ill table 2. 

Except in the ('ntW of the Yel'y badly damaged samples, the pH 
vit!ues in the series of samples are suprisingly COllstt"Ult in spite of the 
wide di1l'crences in titm,table acidity as meusured by the acid numbers 
of the oils. The high buffer values of the meal undoubtedly account 
for the relative constancy of the pH values. 

TITRATAllLE .4.CIDITY 

The reln,tionship between soundness of corn and titrn,tn,ble acidity 
was first studied in this country by Blad: and ,AJsberg (6) in 1910. 
'rhey proposed a method for determining acidity consisting of the 
extraction of the meal with S5-percent alcohol, diluting the extract 
with WI'1ter to a cOllcentration of from 12- to 16-percellt alcohol, and 
titmting with 0.05 N nlknli, using phenolphthalein as nit indicator. 
Acidity wns expressed as the number of cubic centimeters of 1101'1111'11 
alkali required to neutralize the acids in 1 jq~ of corll. It WH,S recom
mended that for food purposes any corn having nn acidity greittCl' 
than 30 should be reject.ed. 

Besley and Baston (4·, 5) proposed a somewhn.t similnr method 
wberein SO-percent alcohol was used for extraction and the extmct 
diluted to 20-pereent alcohol before titrating. These workers studied 
extensively the relationship between acidity and f!'fnerul nppeal'llIlCe, 
percent damage, commercinl gmde, and germination. They proved 
conclusively that acidity wus i1 criterion of soundness and quality. 
Their method hilS been used to a considerable extent in commercial 
pl'l1ctice but hilS not been considered entirely satisfactory. 

A grellt dl'al of work hns been done on the determinatlOIl of acidity 
in wiJl:'at and pnrticulnrly in whe!'1t flour. Ladcl (13, p. 54) in 1909 
l'rcomnl{'nded dl:'termining the aeidit.y of flour by extrncting with 
wtlter fol' 2 bours at ;3iio to ·Wo C. and titrnting the filtered extracts. 

http:reject.ed
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\Yhitc (:20, 1)])· 198-1,99), Barnard (3, p. 87), and LeClerc (14-, l)P. 
!l--i6-4-49) ha,'c reported on various modifications of the water extract 
method. 'fhe present method (2,1).208) of the Association of Official 
Agricultural Chemists is an outgrowth of these res('urches. 

In contrnst to this method, the Government of Greece has adopted 
as its officinl method for :iletermining the acidity of flour, a procedure 
hy which the floUl" is extmcted with 85-percent. alcohol, is filtered, and 
the Iii trate is titrutecL with alcoholic potash, using curcuma ilS an 
indicator. This method was developcd by the French chemist. 
Ballitnd, and is known as the Balland or Greek method. Since flours 
imported into Grecce from the United States wcre frequently rejected 
on the basis of this ncidity determination, the Ballnnd method hm; 
b('en rather carefully ill\'estigated in this country. Fifield and Bailey 
(8) and Mnrklpy nnd Bniley (15) mnde an extensive comparison of the 
Balland method with the A. O. A. C. method and found a general, but 
no specific relationship between the results obtained by the two 
methods. 

Johnson and Green (10) conclude from their studies thn,t ether
pxtractable acids alone are responsible fur the changes in titratable 
acidity that. occur ill flours during stoI'nge, regardless of the method 
used ill determining acidity. They 11l1\'e shown that. the increase in 
the acidity of n. witter extract of flour, with age of the flour, is rathf'r 
small compnrf'd with the increase in ncidity of an ether or alcoholic 
f'xtmct, and br.lieve that the slight solubility of the fatty acids in 
witter is Rllflicien t to ltccoun t for this increase. 

The cOlleiusiollS of Johnson and Green nrc support.ed by Kozmin 
(11) nnd }(o7.lnin and AlilkrinR1mya (12), who recommend the deter
minn.tion of the acid number of the extmcted oil as an index -of the 
nge of a flour. 

Sdmlcrud (17',18) has mltcle a study of the acidities of flour extracts 
made with difl'ereut cOl;centrntiol1s of alcohol. He states that water 
I1l0ne extrl1cts not only the acid phosphates originally present in the 
fiOllr but acid phosphntes thnt nre formed during the extraction. 
This vi('w has come to be generally accepted, the phosphoric 
Ilcid pl'Obllbly heing formed by emlymatic h) d1'olysis of phytin. 
Water extracts, therefol'e, probably do not give 11 true picture of the 
IlCttllll Ilcidity of the flour. Schulerud further shows that while the 
high concentrations of nloohol llsllnlly Tecommended for making 
ncidity dcterminntions will extrnct the fatty noids, they fail to extl'llct 
the acid phosphlltes qunntitntivcly. He recommends the use of 67
p('rcen t nlcohol for c:.-Ll'Hctiou, showing tha t this concentl'lltioll will 
extl'llct the nriel phosphntes ns well ns the fatty ncids, and that it 
contains Ruffioimt. n1('oh01 to inhibit the formation of neiel phosphntes 
not originnlly proRellt in the flollr. 

Pnllopoulos nnd lv[eglllooikonomos (16) npponr to be in essential 
agreoment with Sehulel'ud. They recommcnd 70-percent nlcohol for 
the extrnctioTl of the neids from fiour. 

Coleman (1, 7) hns used the fieid number of the petroleum ethel' 
cxtrHetcd oil ns n menslIre of wheat sonndJ1(,ss lind indirectly ns a 
menns of predptermining flour soundness. The nppro:\'imnte upper 
aeidity limits for sOllnd wheats h.wc been shown to differ considerably 
IIccording to the clnss of wheat. 

http:support.ed
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FURTHER STUDY OF ACIDITY PROBLEM 

CLASSIFICATION OF ACIDIC SUBSTANCES OF THE CORN KERNEL 

It has been frequently shown that the various proposed methods 
for determining the acidity of cereals or cereal products not only fail 
to give similar results, but in most cases the results obtained by one 
method are not proportional to those obtained by other methods. 
This fact is illustrated in table 3 by the acidity of two samples of corn 
as determined by six different methods, all results being e:.\.-pressed on 
a <'-ommon basis. 

TABLE 3.-Acidify oj two samples oj yellow dent corn a.~ c/l'Icrmined by six different 
methods 

Acidity I 

i 

~rcthr"l ~retho.t Snm· Samsalll'l SIIIlI' :11nle Jlle 'I ple pIe 
41 ·12: 41 42 

" 
-n-In-ck-'-an-d-A-IS-be-rg-CS5--'-j)(I-r-cc-n-t-II-I. I--. 'I-~ .' -S-cl-IU-le-ru-d-(-6;-.pe-r-ce-n-t-al-co-h-(JI-).-••-••-.-.. 18. 0 Zl. 7 

cohol). _••••••••.••••••••••••• _•• _ .\ S .• ~ H.O Bulhmd (SS·percent alcohol)'... •••••• 15.5 25.3 
Desloy Rml Baston (8(}-percent III· A. O. A. C. (wRter oxtractl ••••••••• _. 16.7 17.3I 

('oholl __ """"""",__",_, _. "'1 10.; 16.6 Petroleum ether "xtrllet •••..••• __ •••• 5.0 U.7 

I \'uluf'<' oxpressed us milligrlllIls 01 lJotusslum hydroxide required to neutralize the acids extracted from 
lO·g 01 (:oro (dry·matter bnsis). 

I For the Silk,; of unlfom.lty. phenolphthalein was used as the indicator in place 01 curcuma. 

In the case of the A. O. A. C. water-extraction method, of the pe
troleum ether-extraction methou, and of the alcohol-extraction 
methods as a group, the differences in results obtained may conceiv
ably be due to differences in the solubilities of the various acidic sub
stanecs in water, petroleum ether, and alcohol. Among the various 
alcoholic-extraction methous, however, the differences in acidity 
values appear to be much greatf:r than could be explained by the rela
tively small differences in the concentrations of alcohol used for 
extraction. In the Bnlland method and the Black and Alsberg 
method identical concentrations of alcohol are used for extraction, 
yet the Blllland method indieates acidities nearly double those of the 
Black and Alsberg method. Obviously these differences must be due 
to some factor other than solubility. 

With the Balland method the acids are titrated directly in the 85
percent alcoholic solution used for extraction, whereas in the Black 
and Alsberg method the alcoholic solution is diluted with water to a 
concentration of about 14-percent alcohol before being titrated. 

To determine the effect of concentration of alcohol in the solution 
being titrated on the titration value of alcoholic extracts of corn, 
aliquots of a 50-percen t alcoholic extract of a sample of badly damaged 
corn were diluted with yarying quantities of alcohol and water and 
the resulting solutions were titrated with standard alkali. The 
results are shown in the following tabulation and graphically in 
figure 1. 
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Concentration of Concentration of 
alcohol at <111[ alcohol at end
Twint o/titratioll point oj titration 

PtTcent 	 Acidilv 1 Percent AciditV 186____________________________ 3a 3 33________ _______________ 2& 3 
79 ____________________________ 39.1 19____________________________ 1& 7 

3~75 ___________________________ 6 10____________________________ 1~ 9 
65____________________________ 3~ ° 5 _____________________________ 6 
56_______ . ______ . ____________ 2a 8 2.5 ___________________________ 3 
47 __________________________ 2~ 9 

l~ 

1~ 

1 Acidity Is expr~ll5ed in IcmlS ot millil(TlmlS of llotUSSllllll hrdTClxidc required 10 neutralize the acids 
extra('lcd trom IO-g or corn (dry-malter basis). 

Foreman (9) hns shown that in 85-pcrcent alcohol the amino 
groups of amino at·ids do not have a basic ,l'action and that the 
carbo:ll.-yl groups may therefore he titrated quantitatively with standard 
alkali. In water solution the monoU111ino monocarboxylic acids are 
essen tinlly ]It'U tml in reaction. This principle hus been used ex
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FIGURE l.-Effcct of concentration of alcohol in the solution being titrated on 
titration value of a 50-percent alcoholic cxtract of a sample of damaged corn. 

tensively us It, convenient method for estimating amino acids and 
explains the difi'erenccs in npparent acidity of corn extracts when 
adj listed to difl'ercn t cOllcentmtions of alcohol before titration. This 
fac t appears to have been en tirely on'rlooked in the comparative studies 
th!1t ba\Te been made on various methods for determining acidity in 
cereals and cereal products. In geneml it may be stated that the 
concentration of alcohol in the solution titrated is of greater signifi
cance than tbe ('ollccntmtion of Illcohol in the solution used for ex
traction. 

'1'0 determine the relatiyc quantities of the vllrious types of ncidic 
substnnces cxtracted by different concentrations of alcohol the following 
experimentwns performed. 

Eleven replicate 10-g samples of freshly ground corn were extracted 
for 16 hours with petroleum ether find the free fatty acid contents of 
the ether extracts were dE'termined. The extrncted resid ues were 
shnken with 100-ml portions of l1eutrnl alcohol-water mixtures of 
varying concen trillions for 1 hour ali(I then filtered. Twenty-five
millilitf'r nliquots of tit(' filtrntes we1'(' diluted with nentm195-percent 
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ILlcoh01 to a final eoncentration of 85-percent alcohol, and were 
titrated with standard alkali, using phenolphthalein as an indicator. 
Another series of 25-ml aliquots of the filtrates were diluted with 
carbon dioxide-free wnter to a concentration of 5-percent alcohol nnd 
were titrated in a similar mllnner. A second series of 10-g samples of 
the same corn were extracted with various concentrations of alcohol 
without the preliminary extraction with petroleum ether. Aliquots 
of these extracts were titrated in 85-percent alcoholic solutioll. 

From the dl\ta obtained three classes of acidic substances extracted 
by different concentrations of alcohol were detennined as follows: 

(1) Free fatty acids were determined by the differences in titration 
values of the alcoholic extracts of the ethcl'-extructed nnd unextmcted 
samples in 85-percen t akohol. 

(2) Anlino acid acidities (exclusive of the' lleidity of the second 
carboxyl group of diearboxylie nmino neids) WNe. dHermined by tho 
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difTercnecs in titration yalues of the a.lcoholic extracts of the ether
extracted slLmples in 85-percent alcohol and in 5-percent alcohol. 

(3) Aeidities due to substances other than petroleum ether-soluble 
adds and the carboxyl groups of monocarbo;""Ylic amino acids were 
determined by the titrn.tion values of the alcoholic extrncts of the 
petrolmilll cther-extmeted samples when titrated in 5-percent alcohol. 
For convenienee the aciditiE's of this group of substances will be re
ferred to as tCphosphate aeidities" since acid phosphates are the 
principill acid-reacting snbstanees present. Actually, however, the 
acidity of this fraction is due to the following classes of compounds: 

(1) Inorganic acid phosphates. 
(2) Dicarboxylic amino acids. One of the two carboxyl groups of these amino 

acids ill determined in this fraction. 
(3) Proteins. A certain quantity of zein is extracted by the alcohol and 

precipitated as a fir.c Ruspension on dilution with water. This zein, along with 
lesser quantities of other proteins present in the extract acts as an acid toward 
bases because of its amphot<'ric prol)('rtics. 

10:121t;-:l!J --2 
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From the d!Lta listed in table 4 and shovm graphically in figure 2 it 
appears that the free fatty acids are extracted quantitatively with 
akohol of concentrations of 80 percent or over. The amino acids and 
acid phosphates in the extracts are essentially constant over the ranges 
of 40- to 70-percent and 30- to 70-percent alcohol, respectively. 
Below thebe concentrations of alcohol both the amino acids and acid 
phosphates increase significantly. These increases appear to be due 
to the formation of additional amino acids and acid phosphates during 
the extraction process rather than to the solution of an increasing 
quantity of these substances originally present in the corn, for in the 
latter case the Hat areas of the extraction curves (fig. 2) would be 
difficult to explain. This assumption is confirmed by the observation 
that, with low concentrations of alcohol, the quantity of acid ex
tracted depends to a considerable extent on the temperature and tinle 
of extmction, whereas with concentrations of alcohol greater than 40 
pereent the quantity of acids extracted is relatively independent of 
these two facto!'s. 

It appears, then, thnt nIl concentrntions of alcohol between 40 and 
70 percent contain ,'uilicicnt water to extract quantitatively the free 
amino acids and ucid pbosphates from corn when 100 ml of solvent 
nrc used to each 10 g ot 6round corn, and that such solutions contain 
suffieient alcohol to inhibit the formation of additional quanti
ties of acidic su bstances by enzymatic action. These conclusions are 
sllbstanti!Lted by similar studies on other samples of corn of yurious 
dcgrecs of sOlmclness. 

TADLR 4.--Different types of acidity a,~ delermtned by extractions of a freshly ground 
S(w.;.!'e of damaged corn wilh various concentrations of ethyl alcohol bolh be/ore 
and a/ler exlraction wilh petrolelon ether 1 

Ori~inal Fat·free corncorn 
------- ~-....,--~-- ,

ConCllnlmlion of IIlcohol by volume for I 
extraction (percent) ;\elrlitr in I .\cklit;'ln Amiuo ]o'"t 

l!.';·pcrcent Acidity III la.percent acid nrhlity .widlly l 

IIlruhol. :;5·perccnt 111('01101.
tOlnl alrohol phosl)hnte 

l
ucldit)' :, i ficidit;· I 

a ! ~ Ie, cI=b-r e=lI-b 
: I_______ ! 

~.~~.-~----.-~.~_.:_~J 1~ .-~-- ,~.. 5111 6.~J.! i IO.MI' 

90._ _ • _.. _..... _.• _.•.• _ 13.·1,,, 8 •• 1t. ; .. -._ ..... 
RO. .. 28.82 1~.30 7.i21 1101.·~,i; 1~1.·~.33.•11 
70 .•• _ ao. 02 2:1. 2'J 8. ~~ . ~ 
no..... --- .. -.- .. --._-. 28.91 ~'~11 lim i, lU~ ! 4,83
fo ..:::::-·.·:: :::::::::.. '--'2:1:08 I 23.114 9.01 IUO .31 
30........ ..... . '-'-"~_-o.'~"61 2.';.00, b. iU 16. ,I --- ---' 
20......... __ ........... _.... . ... q 2U.:H i 1O.~r. IS,·:~ I -.~S
0 

10.... -- .... -_.-..... I" 0 i i5.~~ ! l~:!~ ~:,\~ : '::"77 
L ••.. -~~~_.- .•... ,- ..__~_~1 __'·~_____'_ 

l ~!'Il footnote I, tahlr 3. ._ 
, Fat u('idily ns ,!£'termined by petrQloum ether extraction: 10.38 Inl: K 011. 

Since fLlcoitol in concentrfLtiolls grefLter than 70 percen t: fnil" to 
extract all the amino fLCids and ftcid pho"phates, and in concentrntion" 
legS titan 80 percen t fails to extract all the fat.ty acids, it is e\'ident thnt 
no sin(ylc ('0 f1(' (' II tmtioll of n,lcohol will extmet all the aeids of nil three 
types.'" A conc('lltrn.tiou of nbout 70-pcrC'l'nt itlcohol extrnC'ts the 

http:1~1.�~.33
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greatest quantity of total acid. This is in appro.l.:imate agreement 
with Schulerud's observations on the determination of acidity in 
wheat flour in which he recommends the use of 67-percent alcohol for 
('xtructing the maximum quantity of acid. 

METHODS FOR SEPARATE 	DETERMINATION OF THE THREE PRINCIPAL CLASSES 0.' 
ACIDIC COMPOUNDS IN CORN 

For the purposes of the present research the fonowing method 
based on the foregoing investigl1tions hns been adopted for deter
mining the fat.ty ncids, the amino acids, and the acid phosphates in 
corn. 

A 50-g l'epr(lseutative snmple of the corn is ground with a suitable 
mill to such u. degree of fineness that at least 90 percent of the ground 
material wiU pass through a 40-mesh gauze sieve. A 10-g sample of 
the groulld corn is extracted for appl'oximately 1(3 hours in a Soxhlct 
extmctol' with petrolellm ('t,her. For this purpose a petroleum ether 
conforming to the specifications I1dopted as official for the analysis of 
cottonseed (1.9) is used. 

The solvcn t is completely removed from the extract by evaporation 
on the stenm bn,th. The weight of the extract is determined, after 
which the extrnct is dissolved in 50 ml of a 1:1 solution of benzene and 
ethanol contnjning 0.02 percent of phenolphthalein. The dissolved 
extrn('t is titl'n,t('d with 0.02 N potassium hydroxide to a definite pink 
color. From t,he dnta obtnined, f!~t acidity may be calculated mther 
in ter11lS of the ncid vnlue of the extract or in terms of free fl1tty ncids 
P(,l' gin'lI weight of corn, In case the lntter value only is desired, the 
w('ight of tbe extr!1ct need not be determined. 

Th(' petI'OICllm-(,thel' ('xtracted residue is mi'{ed with 100 ml of 
llf'utl'1I1 ()Q-pe['('cnt ethyl alcohol containing 0.01 percent of phenol
phthfll('in in a gluss-!\"-oppercd flask and is shaken at frequent intervals 
fOf' 30 minutes, The mixture is then filtered rnpidly through a folded 
fill('l' papC!'. 

Two 25-ml nliqllotR of the filtl'lIte arc taken for titrn.tion. To one 
IIliquot is nddNI 279 mi of carbon dioxide-free water, and to the other 
nli(lliot is I1dd('d 69 Illl of neutral 95-percent ethyl n.1coho1. The solu
tion!'; nf'C titf'nt,('d to a definite pink with 0,02 N potnssium hydro:-.-ide, 
Tb(' titrntion yulucof the I1liquot to which the water hilS been added is 
a Jl1(,!1SUf'(, of Hfe phoRphntc Ilcidity, wItcrens the dill'el'('nce in titrn
lioll vn,tucs betw('en the two solutions is n. mcasure of the al1lino aeid 
lIt'"idit.y of the snmple. 

,Hff)fTY 0 .. COliN 0 .. UU'FERE;o.lT DEGUEES OF SOUNI>NgSS 

'1'11\, fn t nritiiti('c;, amino aciditi('s, phosphnte acidities, nnd with a 
Il'w ex('('ptiof1s gt'l'lHillability 4 of 246 samples of COl'll '';'('1'0 detel'mined 
(t,Hhle 5). This ,,('ril'!'; ('onsistf'd of 58 sampl('s of sf'ed corn of variolls 
yuri£'ties, 175 ('ofl1rn(,l'cinl samples, and 9 spccinl dn.mnged snmpl('s con
~isting of dnmngNl-k('!'/H'1 sepamtions and £'xper'irnentally damaged 
('Of'll. AY(,f'ng(' Hcidity n nd g<'l'minn tion vl1lues e1n.ssificd nccording to 
111(' gl'fld(\ of til£' snmpll's 111'('· shown hI table n, 

, ~\rn!'-t. of th(' g{lfTnill'Lt!f,n d(l(tlrminnticms wrr(' Hmf1C' hy til(' llivisiop of H('f~cl Invcstlgnt.!olls, llurrllll ot 
Ph-mt' rtJd'~<"lry. (,r-rmiw,rJjlll Jll!lJf(',-IH'frin IJ'p(,rINl inrlwll·l1oth uorum) nnt! nbnormal gCrIllinntion. 

http:UU'FERE;o.lT
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TABLE 5.-Damaged kernels, germination, fat ac-idity, amino acid acidity, phosphate 
acidity, total acidity, and soundness score, of i!i46 samples of corn classified as to 
grade accordl:ng to the factor, damaged kernels 

GRADE NO. I, SEED CORN' 

Sample :-<0. =,1 ~~: 1:,,&iYl:1.I:, IJlr~, .JMti· '?:
.~;'11~ .~:~~ --~;1- g: g- ~J ~g: ~ =45.•.•.•.••.. 

40 .•..••.••.. , ..•.• 
47 .• """" . __ Tr. 100 0.9 10.9 7.4 19. 2 ....·iiiii~ii 
48 ...... . 
49. "' .. ,. __ .... i:~""'8-n U I~:~ ~:~ iU ·.. ·--ii8~ii 
02. .. . 'I.'r. 641 1.7 9.5 9.0 20.2 98.1 
63....... . 'rr. 68 1.4 9.2 7.2 17.S 98.364...... .. Tr. 85: 1.6 9.8 8.1 19.5 99.3 
73•.•••.. 0.0 84 ' .9 11. I 8.2 20.2 99.2 
74..•• ' .8 70 l.'l 10. I 8. 9 20.4 98.3 
7L .0 88 1.0 12.8 8.6 22.·1 99.4 
76•• 
91.. 'rr~""ii6' U ik~ U ~n '-'''-iiii~3 
92.• 'rr. 97 1. 2 10. 5 9.2 20.9 99.7 
93 .•. '1'r. 100 I 1.1 12.3 9.3 22.7 99.S 
!l-l. .. 'I'r. 90 1.8 11.4 8.7 21.9 99.8 
HI.. __ . I
.Il I.a 13.1 5.4 19.8 
145.... 1.3 .::.: 1.3 12.4 5.5 19.2 
146.. . 1. 1 I. 0 12. 0 5. 1 18. 1 
1-17. __ .. 
148... ~:~ ~:~ ~g N i~J 
1<10•..• I
.4 1. 3 11.0 0.9 19.2
151. .9 1. 3 10.0 7.9 19.2 
152_ 2.2 . .... 1.:1 12.4 6.7 20.4 
153... 2. n 1. 2 11.1 7.3 19.0 
239.. 

..----98~3249 ... '~r~"'-ii8' U ~U ~:r i~:g
252... 'I'r. 88 1.4 1l.2 5.2 17.8 99.4 
25L. 'I'r. 94 1. 4 12.2 5. 7 19.3 (Xl.5 
256.... 'rr. 88 1. fi 12.3 6.4 20.2 99.4 
258•.. I. 0 94 1.3 11. I O. 3 18.7 99.5 
260 ... 1.2 70 1.8 10.7 9.0 21.5 98.2 
261 .. .0 100 1. 0 11.8 6.9 19. 7 100.0 
26~ & · 6 98 1. 3 13. 2 8.8 23. 3 99.8•• __ 

263. __ _ L 5 92 1. 2 11. 3 0.8 19.3 99.3 
264•.•.. 1.0 Sr, 1.5 11.3 8.3 21.1 99. J 
205•.•.•. 2.4 86 1.5 10.2 5.0 17.3 l·~.\J 
266 ...... .1 100 1.5 14.3 8.3 24.1 99.6 
207..... • I 96 1. 1 12.2 7.7 21. 0 99.8 
2fl8. " . 2.2 100 1. 4 12.6 7.5 21.5 99.6 
269•. _.. .2 100 1.2 11.0 7.1 19.3 100.0 
270. ],0 96 1.3 12.3 7.4 21.0 99.6 
271. • .6 98 1.6 14.0 7.5 23.1 99.8 
272 __ •. 2.1 9·\ 1.2 9.4 7.3 17.9 99.3 
273. . __ .6 90 1. 2 10.2 7.5 18.9 99.4 
274 .... . .6 100 1.3 12.2 7.2 20.7 99.9 
275..... . .5 96 1.4 11.7 6.8 19.9 99.7 
27(\ .••••. 1.7 98 1.4 11.1 6.7 19.2 99.6 
277•••• .2 98 1.l 12.9 8.4 22.4 99.9 
218••• 1. 0 96 I. 2 11. 3 0.9 18.4 99.6 
279 .. • L 88 .9 12.0 6.7 19.6 09.4 
280.. 1.1 84 1.2 11.-1 6.4 19.0 99.0 
281.. 1.9 86 1.8 11.8 5.6 19.2 99.0 
282... • I 92 1. 0 13. 1 6.2 20. 3 99.6 
283.. · 2 84 1. 0 13.2 8.4 22. 6 99.2 
284... I. 5 80 .9 10.2 6.8 17.9 98.7
28.'L __ · 4 76 1. 1 11. 5 8. 3 20.9 98.7 
286. 1. 2 82 I. 3 12.6 6.8 20.7 98.9 

illUDE NO.1, CO?vIMERCIAT, 
~---- --.~------.--.---

1 l.l 2.4 11.8 6.8 21. 0 
.1. 'rr. 86 2.8 10.8 5.8 19.4 .-- "iili:ii 
i. 'fr, 83 1.5 10.8 5.8 18. I 99.2 
1·1 'rr. 2.5 12.0 0.5 21.0 
H7. 1.0 93 1.1 8.3 5.8 15.2 .--- "99~5 
T, 82 1.2 10.7 7.3 19.2 ge.S 
78.. . 2.0 85 1.2 11. 21.6\ 6.6 19.0 98.9 
81 ... 2.0 85 1.0 11. I 7.9 20.5 98.0 
97 .• .. •..• __ ..... . 2.7 01 2.5 II. 2 5. II I 19.3 98.6 
HR••.•_••.• __ •••••.. _........ .. 2.6 58 I 4.2 • 12. I 5.S 2't 1 nr,.2 

I Sro footnote 1, tahle 3. 



13 CHEMWAL DE'l'EU:\llXATION OF ::;oeXDXES::; IN COHN 

TABLE 5.-Damaged kernels, germination, Jat acidity, amino acid acidity, phosphate 
acidity, total acidity, and soundness score, oJ il;8 samples of corn classified as to 
grade according to the facior, damaged kernels-Continued 

GRADE NO.1, COMMERCIAL-Contlnuctl 

Dllmaged GermI· ISllmploNo. kernels nation, 

_._------ -----
i'tTcent Percent 

1111. ••• 2.7 77 3.5 It. 0 4.9 20.0 97.0
12'L•.•::::::::::::: :::::.- .• 2.3 88 1.4 10.5 0.9 18.8 00.0
201 •••.• __•• __ ....... "' ...... 2.7 81 2.2 13.1 6.9 22.2 98.4 

210........... 3.0 77 1.9 13.9 7. fj 23.4 98.3

213........... :::: .. 2.8 hO 1.6 12.3 6.0 19.9 98.9

21L................ .~ - - ..... 2.8 iD' 1.7 11.5 0.6 10.8 98.4

216....... __ 

~ ~. ~ .. " . 
~ ~ 

3.0 ~9 1.7 12.0 8.0 22.3 PS.9

220....... ~ ........ -.. 

~ 

,~.~ .. ~ .... -~. 1.1 UO 2.0 10.0 0.8 18.8 99.3 

259................ 3.0 82 
 2.4 10.6 0.0 19.0 98.2 
291.............. " ....... 2.2 72 2.2 12.4 8,0\ 2'J.O 98.0

292........... ... 1.8 IH 2.3 12.7 8.0 2:1. 0
~. ~ ~- 97.4 
293............. 2.~ 72 1.0 
 13.3 8.2 23.4 98.0 
291. .......... " ....... 2.6 80 3.4 12.,1 9.3 25.1 97.0 

295... .. , .. 80 12.5 10.5 26.13.0 3.1 96.2
296.... ::::::::::· ...... - . - 2.5 3.6 15.2~. ~ 10. 9 20.7 92.0 
303.. ......... ~ . ~ - .~ . ~ 3.0 
 3.0 16.0 8.9 28.5 93.0:JOL .......... :· .. •·• 
 ~~ I3.0 50 3.0 16.0 V.9 28.9 92.6
305........... 2.8 ·12 3. U 16.0 0.7 29.6 91.2
300.. 3.0 00 1.9 12.1 6.3 20.3 OR. 9
311 ............. 3.0 
 1.9 3.3 8.0 18.2···1312..•. .~ .. ~ ~ .  2.6 ... -~ .... -~"-1 2.7 ~.4 7. V 19.0I----"""'"---_. ~~ - ..---~----. 

GRAD]O~ :-'--0.2 

15~~··--···· ..·--· ........- .... '4"":~0r----!. .j~8~T!~· I 

2.8 7.0 25.0 g.l. .~

17.................. , v 2.1 10.014. n I 6.0 19.0 98.5

18................ . 2.4 10.5 5.8 1S.7 07.6

20...... ........ 3. i M3 2.4 10.1 5.3 17. S 
 98.168........... ... .. 3.1 I 90 1.7 JIJ.2 7.9 19.8 DB.\)

69............ ....... ·1.8 ..... 1.0 12.2 7.3 21.4 .. 

70....... ....... 3. 5 $~ 
 1.3 10.7 7.0 19.6 YS.li 
71................... ....... 3.2 86 1.4 II. 7 7.1 20.2 98.7 

72'........... .... 3.6 52 1. ~ 11.8 9.1 2'2.2 
 98. " 79................... 3.2 ~~ 2.3 12.2 6. J 20.6 98.4

SO.............................. 5.0 7V ~.f3 11.5 6.0 21.0 U7.5

82........ ... ..... ..... .1. 5 85 2.3 11. 3 5.13 19.2 98.B

00............................. 1 3.2 15 3.3 12.8 S. n 
 2'\.7 90.0 

3.1 10.1 0.2 19.4 W.5 
2.3 10.2 5.8 IB.3 97. ~gt::::".:·:::..::~::::"::::1 H ~~ 2.7 11.5 5.5 19.7 97." 
2.1 10.7 5.5 18.3 98.1m::··:.:· .:::.:..... ""1 g ~,~ 2.9 11.2 5.8 19.9 97.1 

120... ... I a.8 83 2.6 11.9 6.2 20.7 07. g
121... .. .. · .... 1 4.0 88 1.4 .11.6 0.5 19.5 98.6 
123... 3. R 83 2.0 10.·1 7.0 20.0 U8.4 
124....... •....... I ·1.3 1.9 10.2 7.2 19.3·· .. ·s·i· 1.9 9.4 7.2 lB.5 9B. •~ 

_.77 o -I 10.0 S.O 20.7 97. "l~t::::: .:;::::::::::.1 U 93 2.~ 9.9 8.3 21.0 US. 3 
1·13' ......... 3.4 1. II 13.0 u.8 21.4 

150'........... ............ 3.2 :::::::::1 1.3 11.2 7.1 19.6 

1M'......... . ....... 1 3 ~ t.8 11.0 7.2 20.0 

178. 1\.0 ·....·~fll Z.O 11.0 6.7 19.7 .. ····98:4 
106... ......... 5,0 3.2 13.4 7.6 2·1.2 96.0 
197...... 5.0 2.2 13.6 7.4 23.2 n6
200...... ... 5.0 2.5 13.4 9.5 25..\ 96.7 
2~. LO 90fR I 2.3 12.0 6.0 20.9 98.3
212. ........ 4.2 81 2.7 12,5 707 22.9 97.R 
215... ...... 3.2 90 1.7 13.1 9.7 24.5 9S.3
230................ ... ~.fi 63 5.0 U.3 7.6 21.9 94.5 
297....................... ". 4.21 38 3,4 15.1 9.6 28.1 92.0 
298............. ...... ...... ·1.4 M 3.4 11.3 8.3 20.0 Q4.5
2";9....... ..... 4.8 48 2.5 13.8 ~. 4 2,1. 7 95.41
300................... .... tg I 2.6 13.•5 7. :; 23.0 98.1 


5.0 13.4 10.2 2B.6 78.6~:l}::: ..::::::::.::::::.::.:::.. 4.0 i l! 13.8 7.9 2·1. 7 95.7 
308............. ...... 0.0 I 30 ' ~:g I 15. ti j 11.3 31.1 88.2 


J :jeod C(lrll. 
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T411.t~5.-DlJmaged1.:!I1'nels, germination, fat acidity, amino acid acidity, phosphate 
acidity, total acidity, and s01).ndness 8core, of 246 samples of corn classified as to 
tirade tuxording to the I actor, damaged kcrnels--Continued 

GRADE NO.3 

DSlDUiledSamploNo. kernels 

---------1---
Pncent 

8•••••••••••••••••.••••.••, ••••• 7.0 

II.............................. 7.0 

13.............................. 0.2 

10.............................. 5.4 

19.............................. 5.5 

28.............................. 6.0 

38.............................. 7.0 

113............................. 5.4 

114............................. 6.5 

115••••""""" •.••••••.•_.... 6.5 

117............................. 5.1 

109............................ . 6.8 

200............................ . 6.3 

202............................ . 5.5 

204............................ 6.8 

205..................... __ .... .. 6.6 

200............................ . 6.3 

211............................ 5.9 

217............................ .. 6.3 

2'l:l............................ 6.7 

228............................ . 6.1 

231. ............................ . 6.2 


6.4~::::::::::::::::::::::::::::: 6.0 
234........................... .. 0.3 
235.................. . 6.0 
2~7........................... .. 6.4 
246........................... .. 7.0 

o .• __ . 8.8 
12........ _.......... __ ._ •. _ 9.4 
22.................. . 10.0 
2:1 ........ __ ........ . 9.5 

25.......................... .. 8.5 

27..................... __ ....... . 8.5 

ao............................ .. 9.7 

:11.................. _.......... 9.3 

32................... ____ .... .. 7.8 

3:l ......__ •• """ __ ' 0.6 
M ............................ __ 9.0 
35.................... .. 10.0 
39......... __ .. _. ..... .. .. . 0.11 
40...... __ ............ _•.•. 8.8 
130.............. .. 10.0 
142..... " __ ' 7.1 
1110... _.. .. ............ . 9.0 
170.. __ .. . __ ........ 10.0
171. __ ..... __ ... ____ .. __ . 8.8 
172................. .. 7.8 
173.... __ 8.0 
]74........... __ .. __ .. 7.6 
198... __ ..... __ ...... . 8.6 
203... __ ........ .. 8.0 
208. ____ ........ __ ... .. 7.2 

223....... __ ............... . 8.4 

224....................... __ • 0.0 

225.................. .. 10.0 

220...... _......... , .. __ ""' __ 10.0 

220......... .. ..... __ .. _ 8.4 

2:10 .. _......... 0.8 

---_._---_.. -.--.-~-- --

Gemli· 
nation 

Percent 
33 

......·;;6· 
28 
42 
16 
59 
00 
52 
82 
86 
83 
85 
69 
81 
81 
80 
85 
60 
58 
57 
64 
67 
67 
55 
41 
69 

AminoFat acidacidJty acldlty 

Phos· Sound·Totalphnte acidity ness 
acidity Bt.'Ore 

6.1 
0.3 
3.6 
3.2 
3.7 
2.9 
4.1 
2.8 
4.5 
4.3 
2.8 
2.3 
2.4 
2.4 
3.2 
2.3 
2.2 
3.5 
2.8 
5.2 
3.1 
3.5 
5.8 
3.2 
3.0 
5.0 
3.5 
3.3 

GRADE NO.4 

55 n.l 
38 6.5 
J9 6.0 
1 7.0 

19 4.3 
5 5.1 

18 4.8 
4 5.9 

4.4 
28 3.6 
30 3.5 
J7 3.7 
31 	 3.2 
3 Ii. 0 

6.5 
71 4.3 
29 4.4 
24 0.5 
39 5.4 
30 4.6 
42 .~. 0 
25 -I. 5 
80 3.3 
84 2.1 
85 3.0 
52 :1.9 
46 4.2 
65 4.5 
46 4,5 
41 3_ 0 
73 3.0 

12.7 
14.2 
13.9 
10.3 
13.8 
12.2 
15.5 
9.1 

11.8 
10.5 
11.1 
11.4 
12.0 
10.6 
12.7 
13.3 
12.6 
11.3 
11.2 
11. 6 
11.6 
8.3 
8.9 
8.6 
9.4 

10.1 
10.9 
9.9 

10.5 
14.6 
14.8 
14.5 
12.7 
16.7 
11.9 
13.3 
12.6 
11.4 
10.8 
14.3 
11.6 
12.5 
16.6 
12.9 
12.6 
10.3 
11.1 
10.7 
11.6 
0.2 

12.2 
11.6 
11. 2 
102 
R6 

11.2 
n.o 
9.5 
0.4 

10. Ii 
14.1 
8.7 
5.6 
8.9 
7.0 
9.6 
6.9 
0.0 
7.0 
4.9 
5.2 
5.7 
7.4 

11.6 
9.5 
6.3 
6.4 
7.0 
8.2 
7.1 
8.3 
8.0 
7.5 
7.5 
7.2 
0.5 
0.5 

J1. 7 
11.2 
10.5 
11.6 
10.1 
10.5 
J3.3 
12.6 
12.9 
11.6 
12.2 
9.6 
9.8 
8.8 
9.4 
8.5 
7.3 
8.8 
9.0 
7.8 
7.8 
7.4 
5.9 
6.9 
5.8 
7.2 
7.1 
7.6 
8.4 
7.7 
7.4 

20.3 
34.6 
26.2 
19.1 
26.4 
22.1 
29.2 
18.8 
22.3 
21.8 
18.8 
18.9 
20.1 
20.4 
'l:l.5 
25.1 
21.1 
21.2 
21.0 
25.0 
21.8 
20.1 
22.7 
19.3 
19.0 
22.3 
20.9 
W.7 

28.3 
32.3 
31. 3 
33.1 
27.1 
32.3 
30.0 
31.8 
29.9 
26.6 
26.5 
'l:l.6 
24.0 
26.3 
32.5 
25.7 
2·1. 3 
25.6 
25.5 
23.1 
2<1.4 
21.1 
21.4 
20.6 
20.0 
21.3 
20.9 
23.3 
23.9 
.20.2 
20.7 

89.0 

96.7 
91.9 
94.3 
87.7 
95.9 
94.3 
93.0 
97.4 
97.7 
97.6 
97.9 
93.8 
97.1 
07.6 
00.6 
07.3 
93.7 
115.5 
95.0 
03.5 
90.0 
Oli.l 
03.6 
9:1.5 
95.8 

80.8 
87.5 
85.2 
71.1 
88.2 
78.4 
84.6 
77.8 

89.0 
89.0 
87.8 
91.3 
80.6 

95.1 
90.6 
87.9 
111.2 
91.0 
92.1 
90.3 
96.2 
97.0 
97.0 
93.8 
92.9 
93.9 
92.-1 
93.6 
9".0 



------------------

15 OHEMICAL DIiiTERMINATION OF SOUNDNESS IN OOUN 

TABLE 5.-Damaged kernels, germination, fat acidity, amino acid acidity, ph08phate 
acidity, total acidit·y, and soundne88 8core, of 246 8amples of corn classified a8 to 
grade according to the factor, damaged kernelB-Continued 

GRADE NO.5 

Amino Phos·Damaged Gennl· Fat Total Sound·
SlUDple No. ncld phste nesskernels nation acidity acidityIacidity acidity score 

Percent Percent 
3•.•"._••••••••••••••••••••••••• Il.1i 13 5. 9 14.2 11.2 31. 3 83.4 
5•••••••••••••••••.. "' •••"""'" 12. 0 13 5.9 14.1 10.7 30.7 83.8
6•••.•••.•••••••.•••••••••••....• 12.0 15 6.3 11.6 13.6 30.5 82.7
21 .••.••••••• _........." ." •.•.• 11.4 14 6.4 15.5 11. 7 33.6 81.4 

.. .. _ ... R .... _ ... ~24................ 13.0 6.6 15.9 11.3 33.S
. ·----ii· 211. .................""......... 13.0 8.0 16.2 12.1 ·-····7ii~2
36.3
2U.R .. ~ .. ~ ... ~ .. M~ ._ * .... p - 12.0~.. ~,. .. _ .. - ... 14 4.8 11.6 13.6 3U.0 82.8
127........................... Ita 0 8.1 15.1 11.9 
 35.1 lIS. 7
132............................. 11.0 2 9.1 17.8 13.6 40.5 1lI1.6

133............. -." ...... 11.8 1:1 6.3 17.2 12. 1
-~~-~--~ 35.0 78.11 

~ _ ~"156........ .. .... ... I1.A .16 
 5.3 10.6 7.7 23.6 00.41m........... .. ... ..... -.......- 11.5 40 3.5 13.6 8.0 25.1 93.1

158....... -. ... .. ...... 12. 1 3l 
 4.0 11.3 6.5 21.8 00.8
159....... ... .. 11.0 ... . ~ ....... 5.2 11.3 7.1 23.6 
 .. .. _------101 .. I1.U 4.0 11.0 7.1 22.1
1t12.::::::~: .. 11,8 ""',j7" 3.8 10.9 7.9 2'1.6 92.8
103........... 11.1 5.1 3.8 11. 5 7.2 22.5 113.6
164 ........ . .. 13.5 11 4. II 11.4 8.4 24.7 85.2 

__ A •1U5 ..... ... ... 
~ 

ll. ·1 3.5 11.4 9.0 21.9······ii·1I~1 .. ..- .. 14.3 5.4 10.4 9.11 25.•\ "''''84~i 
1117 , _. ... - .. -- .. - 13.0 20 h. ,I 10.0 11.1 24.5 87.4
illS .. 

~ ~ 

.. 14.0 6.0 10.1 8.7 25.4.. .. ai·tIlO .... :.: 14.4 0.7-- 10.8 0.6 27.1 87.5
218 ... .~ ~ ... - . -.- . 13. \I 7:! 3.1 15.6 13.2 31. \I~. ~ 811.6
21D - - .. ~ ~ . .. 14.0 , 77 2.7 15.2 11.8 2Il.7 91.8~ 

~!21 . .- . 15.0 I 45 :I. t1 11.8 8.5 21.9 92.1 
~'15 - -. - 11, 1 -Ill 0.0 9.4 7.2 22.0 91. 2
2,17 

~ 

13.3 ~..... - 3.6 13.0 8.8 25.4 
-- .--.--... _. _.- --. - -"-"- -,-- 

.[ -- .. --- ..--
-~- .~~ 

SAMPLE ORADE 

~ -.". 25.5 4 7. a 15.5 11. 7 34.5 72.4
128........ . I9.0 5 8.8 14.2 11.0 
 34.0 75. :I121l... _..... . 18.7 7 II.D 15.2 11.5 36. Ii 74.~
131 10.5 0 10.0 16.4 10.0 37.3 04.913-1 .• _ 3·1.0 0 8.3 16.5 13.1 37.9 61. 5
I:1S ... '" 28.. 0 0 10.4 Iii. 9 15.2 42.5 58.7
136. IiO.0 0 8.1 18.2 15.1 4l.4 55.0
137 .... . '6.0 3 12.7 18.2 12.3 4:1.2 02. \I
138 ....... .. 2.0 0 15.6 16.8 12. -I 44.8 mi.S
1ol0 '1.0 6 14.0 15.0 11. 7 40.7 69.8
loll •. '·1.0 2 10.5 15.4 12.11 :lS.5 60.2
2'2'L 1.>.8 47 ·1.1 0.8 8,5 22.4 D1. 7
23S .• 10.0 21 7.5 14.1 13.7 a5.3 76.4
2·10 • 100.0 0 18.7 32.0 27.7 78.4 D.II
241. . 10().0 0 11.8 12.0 10. :l ./38" 47. 12,12 35.0 7 9 'J 17.8 13.6 40.6 67.1
2-13 .• 111.0 68 a.2 16.8 12.0 a2.0 B7.\l 
248' ... 7.0 0 19.2 12.4 14.7 40. a 40.9UO;! _. 15,0 0 21.4 12.8 15.0 4D.8 :18.6 
251' i,:1.0 .. .. .. .. 0.2 tn. 5 12.1 40.8 

~ .. ----.---2!i;P •. o0.0 
~ 

0 24.:l la.O 11.7 411.0 aO.l
255 3 • ~ •• ' 9·1.0 0 2'2. 5 12. a 10.8 45.6 41.11 
2.57' • 98.0 0 13.8 12.5 47.3 41.0
302•• _ J5.0 52 21.0 I5.4 1-1.2 \l.1 28.7 88.9
30'1b' 100.0 0 19.2 14.5 2:1,5 57.2 32.4
302c 0 . J(KI' () 0 24,7 10. \l 29.7 74. :l J6.5 
iI02d '. 100.0 ; 0 1:l.4 I 10.5 J3.5 43.4 43.5 

---,.~ ----. 
'Diplmlill ruttod. 
• OlbhorcIlII rottorl • 
• Slightly heut dlUJu\!(od CmcL/nll. 
o Jlndly henl dalllllged Cmctloll. 

7 Fraction consisting or dlllllllgo other thall hent damage. 
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TABLE 5.-Acidify and germination dala on 252 samples of corn classified by grade 
according fa the jactor, damaged kernel.~ 

'\ .. I -Damaged • ! _....verago Average I A v"rage Average 
Orade kernels, ,Samples IAv~rl!g~ (ntl amino acid phosphate total germina·

percentage, aCidity. , acidit'. I acidity I acidity I tionnmge' I .;J 

----~~ - .. --- --- ....._-- ---- ----1----1---
Pm,"( Xu mber II .\fill1!J1a71l., .Villigra71ld j\f.lligra'T118 j\filli!J1a11ls P.,.ce7lt 

I u-a.o I 8S 1.7! 11.7 7.a 20.7 84.3 
72.52... '"........ ...... 3.1- b. 0 I 46 ',' 2.6 11.8 7.5 21. 9


3,... .... ••.•.• ~.l- 7. 0 ~8 3.6 t 11.4 7.7 22.7 62.9 

; :::.::::. .... 10:j::l~:g ~~ ~j I l~:~ g:~ ~:~ 37.9 

7.4Hample grade ...... '1 O"cr 15.0 : 31 I 12.5 I 17. 0 15.8 45.3\ 
~9.1 

-.~------.-- - .. -'_. __._----_!..-_--'--_....!.._
1 Hee footnote I, table 3. 

The grade classificn.tions used in tables 5 and 6 are based on the 
percentage of damaged kernels as defined and determined by the 
official standards of the -enited Rtn.tes for shelled corn. 

700 r-----,-----------.-----r----~ 

~ 600 r-___ ---LFatacidity L---+!-----f------: 
u -- Total acidity I I .. 
< - Phosphate acidity l 
~ 500 __ A mino acid acidity / 

~ t I ,l 
~ 400 / 
u 
Z i /

• 

w .. 
~ 300 -.-----,,------'--,- ----+-----+-,. ----I 
Z i • 
~ 200 ----+-1-----,------+---. ----G-·~·~ 
: 1, ··_-------1------
~ 100 .-----. 


~ 0 -.-.----~•••••••--- I _ :.- - --

I I I 

SAMPLE2 3 4 5 
GR~OE ~CCORDING TO DAMAGED KERNELS 

FIG UItE 3.- Average percentage increase in acidity of various types in corn of each 
of the g'rudes below X o. 1 (grades determined according to damaged kernels). 

Figure 3 shows grnphieally the a.verage percentage increase in 
acidity of various types in corn samples of each of the grades below 
No. 1 (grades determined aecording to damaged kernels). The 
phosphate acidity does not increase significantly in corn of the grades 
above No.4, and the llIuino acid acidity shows a significant increase 
only in the Sample grade samples (damaged-kernel content greater 
thnn 15 percent). The fat acidity values, on the other hand, increase 
very rapIdl) in corn of the grades below No.1, the average value for the 
No.2 grade samples being 53 pereent greater than for the No.1 grade 
samples. The dnta therefore indicate that whereas deterioration of 
corn is accompanied by an increase in all three types of acidity, the 
fat acidity alone is influenced sufficiently to show significant differ
{'nces in corn of the top grndes. The avera~e percentage increase in 
fat ncidity between gl'lldes No.1 and No.2 IS 18 times as great as the 
nvemge increase in phosphate acidity and 59 times as great as that in 
amino acid acidity. 

http:L'ECH~R'.AL
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The yadous nkobolic extracts that hase been suggested for the 
determination of acidity in grains and cereal products contain a 
mLxture of vnrying proportions of the three types of acids, depending 
on the conN'nLmtion of alcohol used und the composition of the 
sample annlyzecL As previously shown, the amino acies in such a 
mixture are determillrd together with the fatty acids and acid phos
phates if the extrllct is titrated in Stl'Ollg alcoholic solution, as in the 
case of the Balland method alld Scbulerud's method; whereas tbe 
fatty ncids nnd acid phosphntes alone are determwrcL together if the 
titrntion is made in dilute ulcohol, a.;; in the case of the Besley and 
Baston Jnrthod. Rderring again to figure 3, it is Ob\-10U8 that ill 
lIeither case is the acidity value nearly as indicn.tivc of the dalllilged
kernei conten~ of the sample as is the fat acidity alone. 

SOUNDNl:SS SCORE: A l\IATHEMATICAL EXPRES~ION OF RELATIVE 
SOUNDNESS 

Ef)'orts to denlop conuller('inlly applicahle methods 1'01' determining 
the df'gree of SOUJldlH':';s of corn nre compliellted by the ft1ct that no 
definite mf'lIsuro of soundllf'ss is llYllil1l hie with which to corl'el II te the 
datn obtaincu by flily trntlltiYe proeedul'c. Au eXHct llInthernllticnl 
definition of SOlllHlllPSS is hardly possiblo us eorn thnt would hllye one 
degreo of soundness wllf'1l con,;idp(wi for one speeific use might hll\'e a 
considerllbly difl'f'('(m t dq:~ree of soulldncss for sollie other use. 

For the J)resf'nt stlldy, 1IOwen'r, it has l)('f'11 Jotmu 11ccessnry to 
f'stllblish SOllle stunrlllr(L meusilro of soundnf'ss to permit fL eomparison 
hrtw('('11 tile r£'lati\'o llJf'rits of diJ)'f'('ent procedures dt'signrd to esti
Illate the df'grre of soulldness. This sountiJlrss s('oro is bused on the 
following 1i \'0 ('ri trrilL of soundnf':';';; for whic'h dnta Illlve been llCClUlIU
lilted on the sf'ries of SlJlIJplf's undC'r invcstigation, 

(1) DamagNi kernels.-Thc l)(.'('ccntuge hy wcight of physi('nll,~' 
dlllllngrtl kf'I'11f'ls liS drtermillf'(L by visllnl inspection in the ofIieinl 
grading procedure is it grtJf'rally ll('cpptrd (Titf'rioll of sOlUldness. As 
It sample tllHt is fl're hom dllll1llgf'd kel'llr]s is IOO-pcrcent sound whell 
judged by tid;; ('ri(f'rion nIOllf', the partiul sOlltJdness score .,nsed on 
dlllllllged kenlf'ls mny he exprcssed by tbe equation: 

"~'DK= 1OO-per('c11 t of damaged kernels 

(2) (Je.rmillatl:oll.--AltllOilgh gPlTnilJubility is lIot a directmeasme of 
eOIlI1I1<'1'0iI11 soundness, kf'l'Ill'ls ",hic'h will germillnte lIrc essenLiflll;.' 
free from drtf'riorntion, Hnd bndly df'tf'riomh'd ],el'llo1s will usually fILiI 
to gPl'IlIinn(r. Prn'('nt:lge gprmilllltion nppeul'S to be essentinlly II 

lognrithmie function of dnrnnged-k('rnrl ('ontent Ilnd fut IIcidity, hf'l)ce 
tlt(' }Jnrtitll-ROII lIdncss s('ore- hURed on Ulis (Titcr'iou mny be e::-"l)ressed: 

Sa"'" I ()()0ogJ)('r(,f'1~t:.,.gpl'minn ti<2!J) 

(:n Fat. a('idity . . In the sC'l'iC's of 5ii varict;.' s:lIl1ph's of se('d COl'll, the 
fllt-Il('idit~- Yulurs rnllg<'d .from 0.9 to 1.9. Sillce s!l1lJples of this t;'l)(' 
II/'e pl'Obahl;.' of tilr.llighC'st, d('gTl'O of soulldness ohhlillllhle, iWy sample 
Illnillg- a Jllt-lIcidi!y Yulilo 1('ss thlln 2 Hlny he consi<i(·red lOO-perl'cnt 
::;oulld from the stllndpoint or this ('I'iterion. The higbf'st fut-ueidity 
ntille olltui(H'd for ully sllmple WlIS 2;:;, Considpring- this yulue ns fin 
indi('ution of (,OIl1plp(p UlISOlll)(lnpss (Zf'1'O sounducss from a stlludpoint 
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of fat acidity), the partial soundness score based on fat acidity IS 

expressed by the equation: 
100 (FA-2)

SFA=100 23 

(4) Amino add acidity.-The amino acid-acidity values for the 
seed-corn series ranged from 8 to 14, and the highest value for any 
sample analyzed was 32. The follo"\\'-ing equation therefore expresses 
the partial soundness score based on this criterion of soundness: 

S =100_ 100 (AA-14) 
..1••4 18 

(5) Phosphate acidity.-Values for phosphate acidity support the 
following equation for partial-solmdness score by the same reasoning 
used Ilbove: 

100 (PA-9) 
24 

The soundness score used in the present study, then, is the average 
of the five pnrtilll-soundness scores 6 described, find may be expressed 
by the equation: 

S 

This equation is not e:l>.."pected to express the ultimate degree of 
soundness of a sample of corn, since other criteria of soundness than 
those herein considered might change the relative ratings of any 
series of samples. In the absence of other suitable standards, how
ever, the equation probably comes closer to expressing the relative 
soundness of different lots of corn than does any other available 
mathematical expression, and it is therefore of distinct value as a 
tentative standllrd with which to compare data obtained by any 
suggested procedure for determining the degree of soundness. Sound
ness scores for the series of samples tmder investigation Ilre given in 
table 5. 


FAT ACIDITY AS A MEASURE OF SOUNDNESS 


FIl.t acidity values correlate well with damaged-kernel determina
tions as previously shown. Samples of seed corn of unquestionable. 
soundness had fat acidity values of less than 2 in all cases, wherells 
samples of blldly damllged corn showed values as high as 25. 

To find the relative merits of the damaged-kernel value and the 
various acidity values as measures of the degree of soundness, co
efficients of correlation were determined and found to be as follows: 
Percent damaged kernels and soundness scorc _____________________ r=-O.i5 
Fat acidity and soundncss scorc. _. _.. __ .... _________ - _. - - - - - - - - . - r"" - .87 
Phosphatc acidity and !;oundncss score. _______ . _. _____ .. ___ - -. - -. 7'~ - .il 
Amino acid acidity and soundness score______ . __________________ ._ r= - .39 

These statistical data indicate that the fat acidity value is a sig
nificantly more reliable index of soundness in corn than are either 
the amino acid acidity, the phosphate acidity, or the percentage of 
damaged kernels as determined by visual inspection. 

, Samplo.. hllving fal-acillity ,"alues 10.'5 than 2, amino-acid acidity \'ulues less than H, or pho~phnte" 
acidity valucs 10.<5 than ~, are considered to ha"e ro.<pective partinl·soun(!noss scores of 100. 
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The addity arising from the presence of free fatt.y acids may be 
p.x-pressed either as: (1) The acid value of the fat, defined as the 
number of milligrams of potassium hydroxide required to neutralize 
the acids present in 1 g of fa,t or, (2) the fat acidity, herein defined 
as the number of milligrams of potassium hydro.xide required to 
neutralize the free fatty acids present in 10 g of dlY corn. The 
question as to which of these two values is the more reliable index 
of soundness is mther difficult to answer since within the relatively 
narrow range in the fnt eontent of most. commercial corn the two 
values are nenrly proportiona1. 

Two samples of sound seed corn hnvllg abnormally high and low 
fat contents were obtained from the Illinois Agricultural E.x-periment 
Station, where tho partieular strains represented by these two samples 
m'o the result of many yea.rs of s£'lective breeding. The oil content, 
acid v!Llue of the oil, nnd fnt acidity of these samples compared with 
the maximum and mininlUIll y,Jues in the series of 55 seed corn 
slLrnpl£'s nI'O shown in table 7. 

TABLE 7.-0il content, 	adcZ l'allie of oil, and fat acidity of high-oil and low-oil corn 
compared u'ith those of normal corn 

, I 

Pcreent.ng-e ! .\ "l ~ 1oil (dry ,. III ':1 ue Fat ad,l· 
ity!llll.~i~) I of 011 

----1---
~('('d corn (moximllm) •• ",_ .. ro.O , 4.3 1.9 
~ll.ed corn (minimum) ... ~., __ :1.51 .92. 0 
HiVh·olI ~nrnpl(L. '" .. . l2.0 I 1.3 1.5 
Low·oll slIlIIple.. _ 1.4 I 8.4 1.2 

------------- - - _ .._------ -- -------------
r SC'6 lootnote I, tuhlo 3. 

The ncid yalues of the oils from the samples "ith abnormal oil con
t£'nt both fell far outside the range observed for normal oil-content 
seed corn, whereas the fl1t acidities for the abnormal samples were well 
within the :nol'Il1al range for seed corn. These observ:1tions indicate 
('ather definitely thn t fn t acidity as her£'in defin£'d is a more reliable 
index of soundness than is the ttcid yulue of the oil. 

COMMERCIAL USEFULNESS OF THE FAT ACIDITY FACTOR 

Althou~h th£'re is a, need for furtl}('l' reseaTch to compaTe fat acidity 
nllues with tlle processing und f£'eding yulues of corn, especially to 
check the eerect of reIn tively high fut acidity values on the qunlity 
of processed corn products and on the nutritive value find palatability 
of corn for feed, the studies herein 1'('ported appear to indicate thnt fat 
acidity is n more reliable index of the soundness of corn than the factor 
of damaged kernels determined by yisual inspection. 

The determination of fut acidity values in corn mny be accomplished 
for practical purposes by using the rapid method described on page 
20. With tIns method the analyst, aided bv one nonteclmicalassist
ant, should be able to analyze from 75 to 100 samples for fat acidity
in a 7-hour day. The method is thus usually moro rnpid than tho 
damaged-kernel method specified under the official grnin standards. 
l!"urthermore, fat acidity determina tions should yield more concordant 
resul ts between lnbora tori('S than damaged-kernel determinutions, since 
the chemical method ('Iimina tes in n lnrge degree, the element of per
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sonal judgmcnt llecessarily present in the damaged-kernel determina
tion. 

These studies of soundncss in corn and methods for its determina
tion indicate the desirability of pursuing additional research in the 
fidd of commercial application and usefulness, as well as the desir
nbility of conducting comparable research with wheat, rye, barley, 
outs, grain sorghums, nnd other grains. 

RAPID METHOD FOR DETERMINING THE FAT ACIDITY OF CORN 

In order that the fat acidity determination be made practicable ns 
a method for determining the degree of soundness or condition of corn 
in commercial inspection procedures, a mpicl method for detelmining 
this value hilS been developed. 

EQUlI'MENT ANI> RE.-\GE.~TS ItEQUIltED 

The follo\"ing eq uipmC'1l t and reagputs nrc required for this rapid 
method: 

Olle suituble type mill capable of grinding corn \\"ithouj, unduc heating to such a 
degr('(~ of fincJlPss that at least 90 pl'rccnt of thc mcal will pu;;s through a 40-mcsh 
guuze sic\'!'. 

Onc torsion balancc or oOwr balancc suitablc for weighing 20 g samples of corn 
meal to an accuracy of ±0.01 g. 

OIlC mechanical shaking dC\'icc capable of accollllllodating a dozen or morc 
100-IUI bo :tlcs or f1usks. 

Ouo 25-cc burettc (glas~ stop{'ock) with staud. 
One 50-ce pipette. 
Onc fUllllel rack. 
Supply of 100-lIlt glass-stoppcred bottlcs or flasks. 
Supply of 25-1111 volumetric flasks or 25-ml graduated cylinders with a tolerance 

of ±O.05 ml, such us arc uscd with thc Hro\\"n-Duvcl moisture-tcsting apparatus. 
Supply of 200-eo Erlenmeyer flasks, 8-cl11 glass fUllllels, 15-cl11 fo1ded filter 

papcrs !md gluss disks or Pctri dishes of a size to cover the tvps of tho fUllllcls. 
Belll.l'Ill', c. p. 
Ethyl aieohol, 95 perccnt. 
Phl'rI(JI phttlulpill. 
Accllruteiv staudardizcd 0.0178 X solution of potassiulll hydroxide free of 

curbolllltc, -
I'ROCEDURE 

(1) Grind about 50 g of n, represPl1tati,·e portion of each sample to 
such a degree of fineness thn,t at least 90 percent of the meill will pass 
through a 40-ll1rsh gauze sieve. (If the moisture contents of the 
samples al'e not known tlH'Y nllty be determined with the 'l'ng-Heppen
stull moisture lll('t('[' on the samples before grinding.) 

(2) '\\'i~h out 20-~ portions of the well-mixed meals to !lll accuracy 
of ±O.()l g and transfer to 100-Illl glass-stoppered flasks or bottles. 

(3) Add exactly 50 Illl of benzene to each flask, insert the stoppers, 
l:ihake it few seeonc\s to saturate the ail' in tbe flasks with benzene 
vapor, momentarily loosen the stoppers to relense pressure, and repluee 
stoppers.

(4) Shake flasks for 30 minuted using il)(' medlllllicni shakin~ 
device. 

(5) Tilt flusks Itt such an nIl~le tlHlt sC'ttJing will take pluce in snch 
a woy that d('('lllltatioIl will be mndt' ('ady. Allow flasks to Test in 
this position nt It'llst 3 minutes. 

(6) Cnrdully U('CUllt ns mueh of tl10 1iquid ns possible into l5-em 
folded filtt'!' pnpers inst'rtt'd in 8-Clll glnss funnels. Cover the fuunels 
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with glass disks or Petri dishes to minimize evaporation. Collect the 
filtrate in 25-ml volumetric flasks or accurately calibrated 25-ml 
graduated cylinders. 

(7) 'Vhen exactly 25 ml of the filtrates ha,'e been collected, transfer 
the filtrates to 200-ml Erlenmeyer flasks. 

(8) Refill each volumetric flask or cylinder to tlJC 25-ml mark with 
95-percent ethyl alcohol containing 0.04 percent of phenolphthalein 
and transfer tv the respective flasks containing the benzene extmcts. 

(9) Titrate the extraets with carbonute-'free 0.0178 N potassium 
hydroxide solution to a distinct pink color. In the case of the yei10w 
extracts from yellow corn the final color should be a little more pink 
than orange. 

(10) Run a blp-llk titration on a mi.xture of 25 ml of the benzene 
tLnd 25 ml of tile alcohol. 

(11) Culeuln te fn t Ilci<iity by the formula: 

] 00 (T-B)
F'n.t atidity G 

100-,\1 

Where T= titration vnIue of extract in milliliters. 
8= titrntion vullle of blank in milliliters. 

J [= pe1'cen t of moisture in snmple. 
XOTE.-DenZC'IJn i-: poi;;onous and is readily abiiorbed through the skin. Care 

IUII:<t therefore be taken to avoid contact with the liquid or inhalation of its vapor. 
Benzene should be handled ollly ill a wcll-\Oentilated room, preferabJy under a 
hood. A:l b('lIzelic i,~ ll,l~o inflammable it must be protected from any po~!;ibJe 
source of ignition. 

SUMMARY 

The determination of the de~ree of Roundness is of major importance 
in the gmding of corn n.nd othe!· ('preal gmins. The present methods 
of determining soundness prineipally by odor and by the pereentage 
of dnmn.ged kernels h:we l)J"O\'ed to be useful, but bpcause of their 
shortcomings efrorts fl.re being made to find more n.CClirate methods 
that will be eq ually-or cYe[l more-pn"lctiC'iLble from a cOl11mereial 
standpoint. 

As dcteriorn.tion of the ("om kernel is necessarily assoeiated with 
r-hemicfll changes in severnl of its component::;, the Inore important of 
these chemicul ('hanges hn,Ye been studied in fin effort to discover 
Rome eusily 111Nlsmn ble ehnnge thut will serve as a reasonably n.ccurate 
index of the degree of deterioration. It has beNl shown that the 
quantity of free Jatty acids, amino n.cids, find ficid phosphates in the 
kernel, tend to increase us c1rteriorutioll pl'ogresses. 

Of these three types of ficidity only the fat n.cidity increases sig
nificantly with ineipient deterioration and is therefore the only type 
of acidity which flppen.rs to be useful in differentiating degrees of 
soundness in corn. For the snmp1es ineluded in this study the 
u.yerngo increase in fat Midit:v he tween gmdes No.1 n.nd No.2 is 20 
times fiS g[·ent as the n.VNflge increflse in phosphate acidity and 59 
times fiS g[·eat itS the inercfise in amino fieiet fieidity. :Most of the 
previotHlly sll~gested methods for determining n.cidi ty as a measure of 
,,;oulldness in ('om or other cl'relll products have taken into account 
('ombinations of VIt[·iOllS frnctions of two or all of the three types of 

• [n terms of rnilllgrnms of fl()lng~lum hydroxldo requiro(\ to IlCutrnil1.e t ho free fnttynrids from 10 g of corn 
U\ry·runttcr basis). 'I'his re~ult should be lIIultiplied lJy 10 in (01.", it is desired to express fnt aridity on the 
busis of 100 g Of ""rn (drY·Ill!llter busis). J-'or routine USe It is suggested thut tho IOO-g husis be ndopted. 
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acidity. Such methods are therefore likely to be less reliable as 
indexcs of soundness, partieulnrly in the cuse of ycry slightly damag('d 
samples, tlum is the fut acidity mcthod. Fat ueldity bnsed on the 
sample fiS It whole nppears to be It more rcliablc index of soundness 
thnn fat aeidity bas('d on the extracted fat. 

In all effort to obtain an eq uitable busis of eomparison for various 
pussible 111('thocls of estimating the degree of soundness, a soundncss 
SCOl'C hits been d('\'is('(l as It mathematical expression buscd on per
ccntnge of damaged kernels, germinubility, fat fiC'idity, amino acid 
acidity, {tnt! phosphate aeidity, as crit('rilt of soundness. In It series 
of 244 samplt's of COl'l1, fut ';lcicliLy values correlated more closely with 
the soundness s('ore than dld the pCl'eentnges of dnmnged kernels. 

A rapid method for ~ete:mining fn t acidit): hns been de\'is€'d by 
wllieh 75 to 100 d('termllliltlOns mny be mnde mit 7-hour duy by an 
iwalyst with the aid of olle nontechnicnl assistant, the mcthod thus 
Iwing usually more rapid than the dnmnged-kernel method. 

It is suggesh'd that filt ncidity vnlues hnve commercinl uscfulness 
us lL m('asu['c of tho rl'1ativc soundlw:;is 0[' ullsoundness of corn for the 
following T('ftSOIlS: 

(I) Fat a('idity is n. more reliable index of soundness in corn than 
is the percentage of daIllllg('cl J{(·[·nels. The dnmnged-kerncl method 
of estil11nting sOllndllC'ss fuil,; to tuke into flccount the degree of 
dtlmnge ill tho dall1ilged portion nnd the degree of soundness in the 
sound portion. FurthNlHore, hidden damage not discernible by 
visual inspection remains undetected. .All of these factors influence 
the fat acidity Y!llue. 

(2) Prompt determinfltion of fat-acidity nllucs for commerciill 
usage js possible. 

(:3) The usc of the filt ncidity v!Llue ns a mensure of soundness for 
corn would IlSSlll'e aecuntte ilnd uniform determinations nnd would 
avoid crrors nrising from unavoidable differences in persollal judgment, 
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