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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

THE CHEMICAL DETERMINATION OF
SOUNDNESS IN CORN'

By Lawnence ZuLENT, associale grain lechnologist, and D, A. CoLEmax,? formerly
senior marketing gpectalist, Bureny of Agriculiural Feonomics

CONTENTS

Tuge

Lmparlance of spundness as n gradiog fetor . _
Lyeteriorativn of vurious compunents of the
corn kernel, . oL, . . .
‘Tho earboliydmie
The proteins. .
Theoib oo ... . .. - .
Avldity ps n measure of dulerioration. ...
Hydrogen-fon coneentrathon ... ... . .
Fitratable neldty. ... .. A
Further study of neidity problam . . .
Clussification of acitlic substahres of the
corst kornel ... . . .
Methods for sepurule determination of the
three principal classes of weidic comes
paunds 10 0T o et e e mme s 11

RUECETTEL R A )

Fage
Further =tudy of aeldity problem—Contd.

Acidity of corn of different degrees of
goundness. (..., . -
Souodness seore! A tfusthem
of relstive sounddness ., R
Fat acidity as o mensure of soundoess -
Commercinl usefuiness ofLhe M ncidity fretor_ 19

Rapid toethod for determiniog the fat acidity
of pors_... .. R i

Equlpment and resgents required .____.__ il
Frocedure ... ———— 0
Sumnmary. . ... a1
Litarature eited . oo e on it

IMPORTANCE OF SOUNDNESS AS A GRADING FACTOR

A primary objective in agricultural-standardization research is the
dlevelopment of devices and precise methods for measuring the quality
of farm products.  Under the official standards of the United States,
the guality fuctors 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 per bushel, moisture content,
and forelgn material are readily determined with high accurscy by

chanical devices, for each determination has a fundamental physical

sis. But condition and damage cannot be evaluated by precise
ysical measurements.
ary LLe factors of condition and damage are more closely related to the
rinsic quality of the grain than are the other grading factors.
Alost kinds of foreign material can be removed by appropriate clean-
&z maclunery, test weight can be improved by drying and handling
crations, and moisture content can be reduced by handling, mixing,
and artificlal drying., On the other hand, grain that has undergonc
severc heating or fermentation, or has been attacked by fungi or by
certain types of bacteria, will have suffered in all eases a degree of
irreparable damage. The outward evidence of such damage may be
ERnbribted for publeation Atgusy 8, 1934,
¥ hieeunsed,
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partially obscured in some instunces by various kinds of grain-condi-
tioning trentments, bub the sctual deterioration that has taken place
will ultimately manifest itself in the inferior quality of products
derived from the processing of the grain, in the inferior nutritive value
of feed grains, or by an incressod storage hazard.

The difficulty in determining degree of sounduess lies chiefly in the
fact that there exists no fundumental unit of soundness to be used as a
busis of comparison. Soundness Is necessarily @ relatiye concept
depending in its degree on numerous factors, the relutive importance
of which depends to & considerable extent on the ultimate use to he
made of the grain,

In grain-grading practice, condition and damage are appraised by
odor and by the percentage by weight of damaged kernels present in
the grain. Heat-damaged kernels are considered separately, and
their presence is interpreted as iulicating a greater degree of deferiora-
tion than an equivalent percentage of kernels that have been damaged
from other causes. Musty and sour odors are evidences of unsound-
ness, and their presence In grain eliminates it from the numerical
grades. Suchgrain is graded Sumple grade regardless of its damaged-
kernel content. These methods of determining soundness have been
valuable, and in tho zbsence of more precise rethods, have been
used sucecessfully in grain-inspection procedure under the United
States Grain Standards Act since 1910,

The damaged-kernel index of unsoundness is subject to several
important inherent wenknesses which lunit its usefulness and justify
an effort to devise n more desirable method  In the first place, the
darnaze-count method does not take into cosideration the degree of
damage in the damaged portion, nor the dezree of soundness in the
sound portion. Two samples containing the same percentage of
damaged kernels may have undergone quite different degrees of
deterioration.

In the second place, the method comprises only those forms of
physical damage that are apparent by visual inspection. Certain
forms of doteriorntion in their early stages do not affect the external
appenrance of the kernel, yet they undermine grain quality.

n tho third place, in spite of the fuct that surprisingly success{ul
efforts have been made towurd obtaining concordant results hetween
inspectors, the damaged-kernel method is subject to errors arising
from unavoidable differences in personal judgment as to what con-
stitutes o dumaged kernel.  Many samples contain considerable
quantities of kernels thut are on the border line of dumnge and that
may be judged sound by ono inspector and damnged by nnother, thus
alfecting adversely the uniformity of inspection.

The Burest of Agricultural Xeonomics has undertaken & careful
study of this problem in an effort to devise improved methods for
determining the degree of soundness in the cereal gruins, which may
serve usefully as & commereinl measure of grain quality.

This research has resulted in thoe development of a chemieal method
for determining the soundness of corn that is simple and rapid and
which, it is believed, will meet the requirements of conunercial
practicability.
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CHEMICAL DETERMINATION (OF SOUNDINESS IN CORN 3
DETERIORATION OF VARIOUS COMPONENTS OF THE CORN KERNEL

The approximate chemical compesition of domestic dent corn on
a dry-matter basis is as follows:

BT L L e e e e
Pentosans
Other carbohydrates (prineipally stareh). .. .. _.___ . . __ .. . ______
Crude fab . e et meeeean

Differences in variety and in the climatic and agronomic conditions
under which the corn 18 grown may ¢uuse considerable variations in
tlie percentages of the various components.

When corn deteriorutes from any cnuse, measurable chemical
changes occur in certain of its components, The extent of these
chemical changes provides infermuation concerning the nature and
extent of the deterioration.

-3
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THE CARBOHYDRATES

Conditions that fuvor deterioration of corn are likely to result in
hydrelytic changes in the starch and pentosans, chiefly through enzy-
matic action. In the case of starch, the principal carbohydrate of
corn, scluble starches aere first formed. They in turn are converted
into dextring, maltose, und finally glucose. Pentosans are hydrolyzed
in an analogous way, resulting in the formation of pentose sugars.
Theoretically such changes should result in s decrense in starch and
peutosen content, an increase in water-soluble constituents, and an
merease in the content of reducing sugars.

In order to determine whether or not the changes in the carbo-
hydrates are of sufficient 1nagnitude to serve as possible measures of
soundness, determinations were made of cold-w.ter extracts, total
sugars, and reducing sugars. A series of eight samples of domestic
commercial dent corn were usec representing different degrees of
soundness. The nitrogen contents {calculated as protein) of the
extracts wero also determined.

These data, shown in table 1, indicate that the total water-soluble
curhohydrates do not vary appreciably with the degree of soundness
of corn, except that there appears to be a slicht decrease in this frac-
tion in the case of badly damaged sumples. The total sugar content
15 relutively constant for the entire sertes, while the reducing sugars
nre somewhsnt higher in the badly damaged samples, but show no
significant differences between the sound and the mederately dumaged
samples,

It is probable that in the samples analyzed greater quantities of
reducing sugurs were formed than is indicated by the analyses, but
a5 conditions fuvoring deterioration (high moisture, high tempera-
ture, molds, ete.) glso favor a high rate of respiration, much of this
sugar wotdd be lost in the process ci respiration. It appears, there-
fore, that the changes that occur in the earbohydrates of the corn
kernel as it deteriorates are not relinble measures of the extent of
deteriorution.
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TasLe 1.—Wealer-soluble carbohydrate relatienships between semples of corn repre-
senting different degrees of seundness
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THE FROTEINS

The proteins of the corn kernel consist chiefly of = prolamine (zein)
and a glutelin (zeinin) along with lesser quantities of one or more
globuling and traces of a protecse or peptone,

The mature, sound corn kernel also contains a smsll quantity of
water-soluble nitrogenous compounds consisting chiefly of amino
acids and polypeptides. It has been shown by Zeleny (21) ? that the
ratio of the guantity of these water-soluble nitrogenous compounds to
the total nitrogen content decreases vapidly as the corn kernel ap-
proaches maturity, this decrease being accompanied by & correspond-
ing incrense in the zein. At any stage of maturity the sum of the zein
nitrogen and the water-soluble nitrogen is an approximately constiant
fraction of the total nitrogen.

Conditiong that favor deterioration in the corn kernel in general aiso
cause an increase in the aming acid content, the aminoe acid being pro-
duced by the action of proteclytic enzymes which are either present
in the kernel or come from external sources such as molds or micro-
organising, on the proteins of the corn. Preliminary studies have
shown that the increase in amino acid content of corn as it deterio-
rates is rendily demonstrable and may therefore be of value in the

meassurement of soundness.
THE OIL

The fatiy oil of the corn kernel is a liquid of the semidrying class,
having an 1odine number (ITanus) of about 125. Tt 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 ol more readily than in other parts of the kernel.

Deterioration of fatty cils is manifested either as oxidative rancidity
caused by the oxidation of the unsaturated constituents of the oil, or
hiydrolytic Tancidity caused by the enzymatic hydrelysis of the oil
with the production of free fatiy acids. As the oil of the unbroken
kernel is fairly well protected from the air, no appreciable oxidation
of the oil is likely to oceur unless the kernel is rather badly damaged.
The free fatty-acid content of the oil, on the other hand, increases
mensurably with most types of damage.

2 Tiaile pumbers in parentheses refer to Liternture Cited, p. 22,
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ACIDITY AS A MEASURE OF DETERICRATION

As deterioration of cereals and cercal products appears to be assocl-
ated with the formation of various types of acidic substances, numer-
ous methods have been proposed to determine this acidity in order to
measure the degree of deterioration which the cereal or cerenl product

has undergone.
HYDROGEN-1ON CONCENTRATION

The hydrogen-ion concentration in terms of pH was determined on
the water suspensions of a series of seven samples of freshly ground
corn, ranging {rom vory sound fo badly damaged corn. These date
are shown in table 2

Tanee 2— pfl valves of weter suspensions of freshly ground corn samples of &f Forend
n’e grees of smmdm 85

i : : H
i Sotind- | T 1 Bound- ‘ Avidl
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t For definilion see p, 2

Exeept m the cuse of the very badly damaged samples, the pH
values 10 the series of samples are suprisingly constant in spite of the
wide diflerences in titratable acidity as measured by the acid numbers
of the oils. The high bufler values of the menl undoubtedly aecount
for the relative coustancy of the pI values.

TITRATABLE ACIDITY

The relationship between soundness of corn and titraiable aculity
was first studied in this country by Black and Alsberg (6) in 1910,
They proposed a method for determining acidity consisting of the
extraction of the meal with 85-pereent nleobol, diluting the extract
with water to & concentration of from 12- to 16-percent alcohol, and
titrating with 0.05 N alkali, using phenolphthalein as an indicator.
Acidity was expressed as the number of cubic centimeters of normal
alknli required to neutrolize the acids in 1 kg of eorn. It was recom-
mended that for food purposes any corn having an acidity grenter
than 30 should be rejected.

Besley and Baston (4, 8) proposed o somewhat similar method
wherein 80-percent aleohol was used for extraction and the extract
diluted to 20-percent alcohiol before titruting.  These workers studied
extensively the relationship between acidity and genersl appearance,
percent damsge, commercial grade, and germination. They proved
conclusively that ncidity was a criterion of soundness and quality.
Their method has been used to a considerable extent in commercial
practice but has not been considered entirely satisfactory

A preat deal of work has been done on the determination of acidity
in wheat and pariicularly in wheat {lour. Ladd (I8, p. §4) in 1909
recommended determining the acidity of HNour by extracting with
water for 2 hours nt 35° to 40° O, and titrating the filtered extracts,
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White (20, pp. 198-199), Barnard (8, p. 87), and LeClore (14, pp.
+46-449) have reported on various modifications of the water extract
method.  The present method (2, p. 208) of the Association of Official
Agricultural Chemists is an outgrowth of these reseurches,

In countrast to this method, the Government of Greece has adopted
as its oflicial method for determining the acidity of flour, a procedure
hy which the flour is extracted with 85-percent aleohol, is filtered, and
the filtrate is titrated with alcoholic potash, using curcuma as an
indicator. This mecthod was doeveloped by the French chemist
Baltand, and is known as the Balland or Greek method. Since flours
imported into Greece from the United States were frequently rejected
on the basis of this acidity determination, the Balland method has
been rather carefully investigated in this country.  Fifield and Bailey
(8) and Markley and Bailey (15) made an extensive comparison of the
Balland method with the A. O. A. C. method and found a general, but
no s;peciﬁc relationship between the results obtained by the two
methods.

Johnson and Green (10} conclude from their studies thnt ether-
extractable acids alone are responsible for the changes in titratable
acidity that occur in flours during storage, regardiess of the niethod
used 1 determining acidity. They have shown that the increase in
the acidity of a water extract of flour, with age of the flour, is rather
sinall compared with the increase in acidity of an ether or aleoholic
extraef, and believe that the slight solubility of the fatty acids in
water is sulficient to account for this increase.

The conclusions of Johnson and Green are supported by Kozmin
({1} and Kozmin and Alakrinskayn (12), who recommend the deter-
mination of the acid number of the extracted oil as an index of the
age of a flour,

Schulerud (717, 18} has made a study of the acidities of flour extracts
made with different coiicentrations of alcohol. Fle states that water
slone extracts not only the neid phosphates originally present in the
flour but acid phosphates thab are formed dusring the extraction.
This view has come to be generally accepted, the phosphoric
acld probably heing formed by enzymatic hydrolysis of phytin.
Water extracts, therefore, probably do not give o true picture of the
actual acidity of the flour. Schulerud further shows that while the
ligh concentrations of alechol usvally recommended for making
acidity determinntions will extract the {atty acids, they fail to extract
the geid phosphates quantitatively, He recommends the use of 67-
percent aleohol for extraction, showing that this concentration will
extract the acwd phosphates as well as the fatty acids, and that it
contains sufficient aleohol to inhibit the formation of acid phosphates
not originally present in the flour,

Panopoulos and Megalooikonomos (76) appear to be in essential
agreement with Schulerud.  They reecommend 70-percent alcohol for
the extraction of the acids from flour,

Coleman (7, 7) has used the acid number of the petroleum ether
extracted oil as a measure of wheat soundness and indirectly as &
means of predetermining flour soundness, The approximate upper
acidity limits for sound wheats have been shown to differ considerably
according to the class of wheat,
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FURTHER STUDY OF AGIDITY 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 facs is iHustrated in table 8 by the scidity of two samples of corn
as determined by six different methods, all results being expressed on
a common basis,

TaBLE 3.—Acidity of two samples of yellow dent corn ns delermined by siz different

methods
b osciaigr | Auidity !
—..__.._l
Muthend sam-] Sim- :I!I Methmi Sara- | Sam-
pla ple ple | ple
1 4100 42 41 2
] i i
i._.._._ ..... - ———
Tlack and Alsberg f85percent al- | 1 Sehnlernd (B7-percent aleohol)o . ooaaan .0 977
ORI e oo eommammnmmnmn e e o &5 1 .0 [} Bullend (85-perpant aleohel?. . [ 235 | 25.3
Tesloy amt Faston (88-perceni al- | H A O A O (water exbiBet).. 187 17.3
BT 17) ) P iO.T] 10.6 | Foiroleum ather axtract . ... A0 0.7
i

1 Values oxpressor) ss milliprans of petassiin hydroxide required to neotralize the acids exiracted from
10-g of corn {dry-matter basis), e .
+ Por the snke of uniformity, phenoiphithaleln was used ns the indicator in place of curcnms.

In the case of the A. O. A. C. water-extraction method, of the pe-
troleum ether-extraction method, and of the alcohol-extraction
methods as & group, the differences in results obtained may conceiv-
ably be due to differences in the solubilities of the various acidic sub-
stances in water, petroleum ether, and alcohol. Among the various
aleoholic-estraction methods, however, the differences in acidity
values appear to be much greater than could be explained by the rela-
tively small differences in the concentrations of alecohol used for
extraction. In the Balland method and the Black and Alsberg
method identical concentrations of alechol are used for extraction,
yet the Balland method indicetes acidities nearly double those of the
Black and Alsberg method. Obviously these differences must be due
to some fnctor other than solubility.

With the Balland method the acids are titrated directly in the 85-
percent aleoholic solution used for extraction, whereas in the Black
end 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 & 50-percent alcoholic extract of a sample of badly damaged
corn were diluted with varying quantities of alcohol and water and
the resulting solutions were titrated with stundard alksli. The
results are shown in the following tabulation and graphically in
figure 1.
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Concendrufion ﬂ{ Concentration of
attehol of emd- aieokol at end-
point of fitration point of tifradion

Pereent Acidity! FPrreent Acidity?t
2 30031330 .. el _ 233
i DU R 30 119 . el 18. 7
7 610 ... 15. 9
65 .. .._. FR DU - = S 4 I - TS 14 &
] 1 a1 N - I 2 SR 14, 3
I U (|

LAeidity Is exprossed In ferms of milligruins of petwsunn bydrodide required Lo neatralize tha acids
extructed from Mg of corn (dry-macter basis),

Foreman (9) has shown that in 83-percent aleohol the armino
groups of amino acids do not have a basic .vaction and that the
carboxyl groups may thercfore be titrated quantitatively with standard
alkahi. In water solution the monoamino monocarboxylic acids are
cssentinlly neutral in reaction. This principle has been used ex-

42

18

34

30

26

LDRY-MATTER 2A5I5 )

22

MILLIGRAKS GF XOH PER 10 G. CORN

18

|
14 S— —— ]

R S
[+ 10 20 30 40 50 60 70 8o 80 100
ALCOHOL AT TITRATIUN EMD POINT [PERCENT)
Figune 1.—~Effcet of concentration of aleohol in the solution being titrated on
titration value of a 50-percent aleoholic extract of & sample of damaged corn,

tensively ss o convenient method for estimating amino acids and
explains the differences in apparent acidity of corn extracts when
adjusted to different concentrations of aleohol before titration. This
factappears to have been entirely overlooked in the comparative studies
that have heen made en various methods for determining acidity in
cereals and cereal products. In general it may be stated that the
concentration of aleohol in the solution titrated is of greater signifi-
cance than the enncentration of aleohol in the solution used for ex-
traction.

To determine the relative quantitics of the various types of neidic
substances extracted by different concentrations of alcohot the following
experiment was performed.

Eleven replicate 10-g samples of freshly ground corn were extracted
for 16 hours with petroleum ether and the free fatty acid contents of
the ether extracts were <deterinined. The extracted residues were
shaken with 100-ml portions of neutral alcohol-water mixtures of
varying concentrations for 1 hour and then filtered. Twenty-five-
milliliter aliquots of the filtrates were diluted with neutral 95-percent
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tlcobol teo a final concentration of 85-percent slcohol, and were
titrated with standard alkali, using phenolphthalein as an indicator.
Another series of 25-mil aliquots of the filtrates were diluted with
carbon dioxide-free water to a concentration of 5-percent alcohol and
were titrated In a similer manner. A second sertes of 10-g samiples of
the same corn were extracted with various concentrations of alechol
without the preliminary extraction with petroleum ether. Aliguots
of these extracts were fafrated in 85-percent aleoholic solution.

From the data obtained three classes of acidic substances extracted
by different concentrations of aleohol were determined as follows:

(1) Free fatty ncids were determined by the differences in titration
values of the aleoliolic extracts of the ether-extracted and unextracted
snmples in 85-percent alcohol.

(2} Amino acid acidities {exclusive of the acidity of the sccond
carboxyl group of diearboxylie amino acids) were détermined by the

40

35

30

25

MG KOH PER IO G CORM CDRY-MATTER BASIS +

o w0 20 30 40 50 60 70 80 50 100
ALEQHOL USED FOR EXTRACTION (PERCENT}

Frogur 2.— Different types of acidity as determined by extraction of a freshly
ground sample of ramaged corn with varions concentrations of aleohol both
hefore and affer extraction with petrolemn ether. Tetters refer to columns
in table 4.

differences in titration values of the alcoholic extracts of the ether-
extracted snmples in 85-percent aleohol and in 5-percent aleohol.

(3) Acidities due to substances other than petrolemin ether-soluble
acids and the carbexyl groups of monocarboxylic amino acids were
determined by the titration values of the alcohiolic extracts of the
petroleum ether-extracted samples when titrated in 5-percent alcohol.
For convenience the acidities of this group of substances will be re-
ferred to as “phosphate acidities’ since acid phosphates are the
principal acid-reacting substances present. Actually, however, the
acidity of this fraction is due to the following elasses of compounds:

{1} Tnorganic acid phosphates.

(2} 1icarboxylie amino acids. One of the two carboxyl groups of these wining
acids is determined in this fraction,

{3) Proteins. A certain quantity of zein is extracted by the aleohol and
Frccipimted as a fine suspension on dilution with water.  This zein, along with

esser quantitica of other proteing present in the exiract acts as an aeid toward
bages because of its amphoterie properiios,

1025530 2
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¥rom the data listed in table 4 and shown graphically in figure 2 it
appears thut the free fatty acids are extracted quantitatively with
aﬂohol of concentrations of 80 percent or over. 'The amino acids and
acid phosphates in the extracts nre essentially constant over the ranges
of 40- to TO-percent and 30- to 70-percent aleohol, respectively.
Below these 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 extraclion process rather than to the solution of an increasing
quantity ef these substances originally present in the corn, for in the
Intter case the flat areas of the extraction eurves (fig. 2) would be
difficult to explain. This assumption is confirmed by the observation
that, with low concentrations of alecohol, the quantity of acid ex-
trancted depends to a considerable extent on the temperature and time
of extraciion, whereas with concentrations of alcohcl greater than 40
pereent the quantity of acids extracted is relatively independent of
these two factars.

It appears, then, that all concentrations of alecohol between 40 and
70 percent contaln =uflicient water to extract quantitatively the free
amino acids and ncid phosphates from corn when 100 m] of solvent
are used to each 10 g of zround corn, and that such solutions contain
sufficient aleohol to inhibit the formation of additional quanti-
ties of neidic substances by enzymatic action. These conclusions are
substantinted by similar studies on other samples of corn of various
degrees of soundness.

Taave o~ Different types of ncidily as delermined by extraclions of a freshly ground
samde of demoeged corn with various coneeniralions of ethyl wlcohol boll before
and after extraciion with peiroleum ether t

Orieingl y
enrn Fat-frec vorn
Concentrulion of nleohol by volume for b )
pxtraclion {porcant) Avidley in aeidity o Aminn Fut
si-percent | Aclilivym | Sepereenl facil apldity) aewdity
ateohnl, | sd-pereent | alvoliol,
totnl aleohiol phostlmie
el neldity
a . A c d=—c e=u—b
. |
H. 1 23 f64
. Al B0 ...
2 e [0, 67 ¢
G2 K50 ¢ .7y
28,91 % 1a 15,34 "
. N 3.99 | 1455
. 24.08 | 4.0 .0 3t
570t iyl
LT o3 56 | 0N 189 —is
. LI T ] : 1529 ; 2.5, .
. 4. 10 ] 16,41 '| o - 77

180 footnole 1, lablp 3. i .
3 Fat puidily ns deterioived by petroloum sthor extraction: 1038 nyr KOH.

Since sleohol in concentrations greater than 70 perecent fails to
extrnet all the nmino acids and acid phosphates, and in coneentrations
less thnn 80 percent fails to extract all the [atty acids, it is evident that
no single concentration of nleoho! will extract all the acids of all three
types. A concentration of about 70-percent alcohol extracts the
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greatest quantity of total acid. This is in approximate agreement
with Schulerud’s observations on the determination of acidity in
wheat flour in which he recominends the use of 67-percent aleohot for
extracting the maximum quantity of acid.

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

For the purposes of the present research the foliowing method
based on the foregoing investigations has been adopted for deter-
mining the fatty acids, the amino acids, and the zcic phosphates in
corn,

A 50-g representative sample of the corn is ground with a suitable
il to such a degreoe of fineness that at least 90 percent of the ground
material will pass through a 40-mesh gauze sieve. A 10-g sample of
the ground corn is extracted for approximately 16 hours in & Soxhlet
extractor with petroleum ether. TFor this purpose & petroleum ether
conforming to the specifications adopted as official for the analysis of
cottonseed (79) is used.

The solvent is completely removed from the extract by evaporation
on the steam bath. The weight of the extract is detérmined, after
which the extract is dissolved in 50 ml of & 1:1 solution of benzene and
ethanol containing 0.62 percent of phenolphthelein. The dissolved
extract is titrated with 0.02 N potassium hydroxide to a definite pink
color. From the data obtained, fat acidity may be calculated cither
in terms of the acid value of the extract or In terms of free fatty acids
per given weight of corn.  In case the lutter value only is desired, the
weight of the extract need not be determined.

The petroleuni-ether extracted residuc is mixed with 100 ml of
neutral §0-percent ethyl alcohol containing 6.01 percent of phenol-
phtbalein in o gluss-s*oppered flask and is shaken at frequent intervals
for 30 minutes. The mixture is then filtered rapidly through a folded
filter paper.

'I‘wg 21;':-2111 aliquots of the filirate are taken for titration. To one
sliquot is added 279 1l of carbon dioxide-free water, and to the other
aliquos 1s added 89 ml of neutral 95-percent ethyl aleohol. The solu-
tons are titrated to a definite pink with 0.02 N potassium hydroxide.
‘The titration value of the aliquot to which the water has been added is
i measure of the phosphate acidity, whereas the difference in titra-
(ion values between the two solutions is # measure of the amine acid
acidity of the sample.

ACEDUTY QF CORN OF DIFFERENT DEGREES OF SOUNDNESS

The [nt aeidities, amino nacidities, phosphate aciditics, and with a
few exceptions germinabiliby 4 of 246 samples of corn were determined
(table 5).  This series consisted of 58 samples of seed corn of various
varietios, 175 commercial samples, and 9 special damaged samples con-
sisting of damaged-kernel separations and experimentally damaged
corn. Average acidity and germination values classified according to
the grade of the samples are shown in table 6.

Mot af the germination determinalions were puia by (he ivishor of Heed In vestigntions, hren of
Flany Tedentry. Cormmineib gmes horein eported inelide foth normnd amd alimorns pereiinition,
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TABLR 5.—Damaged kernels, germination, fai acidily, uminoe acid acidily, phosphate
acidity, iotal acidily, and soundness score, of 246 samples of corn classrfied as to
grade according lo {he factor, damaged kernels

GRADE NO. |, SEED CORN

Sumiple No. Damaged| Germi- Fat "\”:-i“" Phos- | mpeay

kernels | nation | acidity? ac?dil{lyl ugﬂ?tt;l neldity

fFercent
]

e
— S 1D BT 0 e O B A LI D

e e D

B = 50 S L0 e e 2I TR

RERFARErsrmERDr -

bt b et et 2
£ 00 R T 0 0 00 00 0 S O ST DO ST S

B3

. s,
o ED DY RO 4T e e pD e S O
il el w ettt R

mp b o 3 63 R D B £ e 7 3 09 G2 DO B In e Dwie i R o =l ke

elaboda bbbl

i

-

P B e D Dl O D O e e B =g S D O b T D

1
-
gt et

g
oo

8

- D B3 B £ O e e D 00 ] 3 R e O 30 0 D e B L L

PEaDemmE

e
88835288

et B

L orE
o
=

-

s

B bS BIRD

8

e

u

R =L b Eo N LR =N R Rl Rl
o

e e

B Y - ) vt ko
BELNBEEERBEEEE

e T R S X B B B e Fe o (0 3 P DR S B e e G 0 BABD G SIS L

ok et o el o ot b L L L kbt P

O O e B g e =] B A -l S BRI En G Dl e I I T B OO O S

EEEZRREEBSERE
Ol E 0 5 5 0 P 03 5 D R 50 CO.ED (3 9 0 0 T e O 0 G e

P P

FERS8888

2.6

o

COMMERCIAL

1.5
10.8
10,8
12.0
B3
10.7
L2
111
nzi
2.1

e

B350 |

=R =R —E - P

-
L Y-TR =R TR Sl -

hati bt el el i
L0 T £ T 6 0 In I 00 R

Erpm g g Sen
n:v'.mu.wun

o

1 Sog; [potnote 1, tabla 3.




CHEMICAL DETERMINATION (OF SOUNDNESS IN CORN 13

TaBLE 5.—Damaged kernels, germinalion, fat ecidily, amine acid acidity, phosphate
acidily, total acidily, and soundness score, of 246 samples of corn classified as lo
grade accarding o lhe fuclor, damaged kernels—Continuved
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TaBLs 5.—Damaged kernels, germination, fat acidity, amino wcid acidity, phosphate
actdily, tolal acidity, and soundness acore, of 246 samples of corn clasgifivd as to
grade according to the factor, damaged kernels—Continued

GRADE NO. 5

Amine Phos- Bound-
. Damaged| Garml- Fat Tatal
Sample Na, . fednl phate ) ness
kernels | nation | nefdity acldity | seidity neidity scors
Hereent | Percent

il & 13 5B 4.2 11,2 1.3 B4
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Tanng 6.—dcidily und germination dala on 252 samples of corn classified by grade
according to the foctor, dumaged kernels

| . ]
Damaged ) | P svers
: . i1} Average Average | AVCOrBRE
firnde ):13;‘:‘13' o | Famples A";?EEE*’: (8% atuino acid | phosphate totul | germina-
it SIS Tacidity 1 | seidity ! | acidity s [ tion
Be !
Precent Nunber | \fitllgramy Afilligrams | AL Hgrams | Milligrawa | Percent
30! b3 1 L7} 1.7 A 20.7 8.3
a1-a0" 46 26 1.3 7.5 2.9 725
4 1= 7.0 a8 3.6 [ L4 7.7 L 629
7104 | L1 4.1 12,0 9.2 2.8 3.
[ 10, 1-15.0 28 53| 12.7 9.9 .9 PN
Somple grede. . ... . Over 160! a1 [ 12,5, 7.0 15.8 453 T4

I Hee lvolngle b, Lable 3.

The grade classifications used in tebles 5 and 6 are based on the
percentage of damaged kernels as defined and determined by the
official standards of the United States for shelled corn.

To0
£ 600 —————— T Fat acidity i €
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7] - e Total acidiny | Il ‘,
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GRADE SCCORDING TO DAMAGED KERHELS

Fioung 3.— Average percentage inerease in acidity of various types in corn of each
of the grades below No. 1 (grades determined sccording to damaged kernels).

Figure 3 shows graphically the average percentage increase in
acidity of various types in corn samples of each of the grades below
No. 1 (grades determined according to damaged kernels). The
phosphate acidity does not increase significantly in corn of the grades
above No. 4, and the amino acid acidity sbows & significant increase
only in the Sample grade samples (dama-ged-kernef content greater
than 15 percent). The fut acidity values, on the other hand, increase
very rapidly in corn of the grades below No. 1, the average value for the
No. 2 grade samples being 53 percent greater than for the No. 1 grade
samples. The data 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-
ences in corn of the top grades. The average percentage increase in
fat ncidity between grades No. 1 and No. 2 is 18 times as great as the
average increase in phosphate aeidity and 59 times as great as that in
aming acid acidity.
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The various aleobolic extracts that have been suggested for the
determination of acidity in grains and cereal products contain a
mixture of varying proportions of the three types of acids, depending
on the concentration of alcobol used and the composition of the
sample analyzed. As previously shown, the amino acics in such g
mixture are determined together with the fatty acids and acid phos-
phates if the extract is titrated in strong alcoholic solu tion, s in the
case of the Balland method and Schulerud’s method; whereas the
futty acids and acid phosphates alone are determined together if the
titration is made in dilute aleohol, 83 in the case of the Besley and
Bastonn method. Keferring again to figure 3, it is obvious that in
neither case is the acidity value nearly as indientive of the damaged-
kernel content of the sanple us is the fat acidity alone,

SOUNDNESS SCORE: A MATHEMATICAL EXPRESSION OF RELATIVE
SOUNDNESS

Efforts to develop commereially applicable methods for determining
the degree of soundness of corn are complicated by the fact that no
definite measure of soundness is available with which to correlate the
data obtained by any tentative procedure. An exwct mathematicnl
definition of soundness is hardly possible as corn that would have one
degree of soundness when considered for one specific use might have a
considerably different degree of soundness for some other use,

For the present study, however, it hus been found necessary to
establish some standasd mensure of soundness to permit o compurison
between the relative merits of different procedures designed to esti-
nmute the degree of soundness,  This soundness score is based on the
following five criteria of soundness for which data hnve been aecumu-
Inted on the series of samples under investigation,

(1) Damaged kernels—The percentage by weight of physically
dumaged kernels as determined by visual inspection in the offieial
grading procedure is a gencrally accepted eriterion of soundness,  As
g sample that is free from damaged kernels is 100-percent sound when
judged by this criterion alone, the partial soundness score hased on
dnmaged kernels may be expressed by the equation:

Spx=100—percent of dumaged kernels

(2) Germination.--Although germinability is not » direct measure of
commercial soundness, kernels which will germinate are essentially
free Trom deterioration, nid badly deteriorated kernels will usually fail
to geeminate.  Pereentage germination nppenrs to be essentinlly a
logarithmic linetion of damaged-kernel content and fut acidity, hence
the partial-soundness score hused on this criterion may be expressed:

{loc poreent sermination)
S = tpp= (RPICER L geTTInatio]

.

(3) Fabacidity. - In the series of 55 variety samples of secd corn, the
fat-neidity vatues ranged from 0.9 to 1.9, Since samples of this type
are probably of the highest dezree of soundness obtainable, any sample
baving a fat-seidity valoe less than 2 may be considered 100-percent
sound from the standpoing of this eriterion.  The highest fatoacidity
velue obtuined for any sample was 23, Considering this valve as au
indication of complete unsoundness (zero soundness from a standpoint
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of fat acidity), the partial soundness score based on fat acidity is
expressed by the equation:
Sm=100_100 (FA-2)

23

(4) Amino acid 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 following equation therefore expresses
the partial soundness score based on this criterion of soundness:

100 (AA-14)
18
(5) Phosphate acidity—Values for phosphate acidity support the

following equation for partial-soundness score by the same reasoning
used above:

A.q=]-00“—

100 (PA-9)
24

The soundness score used In the present study, then, is the average
of the five partial-soundness scores® described, and may be expressed

by tlie equation:
— SDK+S(?+SPA +SAA _}_SP.-!.

2

Sp_:_z 100'—

S

This equation is not expected to express the ultimate degree of
soundness of & sample of corn, since other criterie of soundness than
those herein considered might change the relative ratings of any
series of samples. 1n 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 gvailable
mathematical expression, and it is therefore of distinct value as 2
tentative standard with which to compare data cbtained by an
suggested procedure for determining the degree of soundness. Sound-
nes? scores for the series of samples under investigation are given in
table 5.

FAT ACIDITY AS A MEASURE OF SOUNDNESS

Fat acidity values correlate well with demaged-kernel determina-
tions as previously shown, Samples of seed comn of unquestionable
soundness had Iaf acidity values of less than 2 in all cases, whereas
samples of badly damaged 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:

Pereent damaged kernels and soundness score r=—0.75
Fat zcidity and soundness 5C0M. .. .. .. oo ommnmmnor e T
Phosphate acidity and soundness score
Amino acid acidity a1:d soundness score

_These statistical data indicate that the fab acidity value is a sig-
nificantly more reliable index of soundness in corn than are either
the amino scid acidity, the phosphate acidity, or the percentage of
drmiaged kernels as determined by visual inspection.

* amples having fat-achlity vilties less than 2, amine-acid neidity vahies less than 4, or phosphnte-
seidity values dess than 4, aré eansklered 1o have respective part inl-sound poss reotes of 100,
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The acidity arising from the presence of free fatty acids may be
expressed either as: (1) The acid value of the fat, defined as the
number of milligrams of potasstum hydroxide required to neutralize
the acids present in 1 g of fat or, (2) the fat acidity, herein defined
as the number of milligrams of potassium hydroxide required to
neutralize the free fatty acids present in 10 g of dry corn. The
question as to which of these two values is the more reliable index
of soundness is rather difficult to answer since within the relatively
narrow range in the fat content of most commercial corn the two
values are nearly propertional.

Two samples of sound seed corn having abnormally high and low
fat contents were obtained from the Illincis Agricultural Experiment
Station, where the particular strains represented by these two samples
are the result of many years of selective breeding. The oil content,
acid valuo of the oil, and fat acidity of these samples compared with
the maximum and minimum values in the series of 55 seed corn
samples are shown in table 7.

Tanve 7.—04 conlent, acid value of 0il, and fal acidity of high-oil and low-oil corn
camparcd with these of normnal corn

wostilare 0, . .
. Pereentage y Aeid value | Fob oneid-

Liem ’ "iié‘iir)y J nf oil ity L
Seed oarn Emnximum} ..... . ! 50 4.3 (]
svead gorn fuinbamn) . L o :1.51 2.0 .0
High-oil ssnpla. . . S H 2.0 13 L&
fow-oll snmpla . 14t B4 .2

1 Bee foutnote I, tilile 3.

The acid values of the oils from the samples with abnormasl oil con-
tent both {fell {ar outside the range observed for normal oil-content
seced corn, whereas the fat acidities for the abnormal samples were well
within the normal range for seed corn.  These observations indicate
rather definitely that [at acidity as herein defined is a more reliable
index of soundness than is the acid value of the oil.

COMMERCIAL USEFULNESS OF THE FAT ACIDITY FACTOR

Although there is a need for further rescareh to compare fat acidity
values with the processing and feeding values of eorn, especially to
check the effect of relatively high Tat acidity values on the quality
of processed corn products and on the nutritive value and palatability
of corn {or fecd, the studies herein reported appear to indicate that fat
acidity is o more reliable index of the soundness of corn than the factor
of damaged kernels determined by visual inspection.

The determination of fut acidity values in corn may be accomplished
for practical purposes by using the rapid method described on page
20. With tlus method the analyst, aided by one nontechnical assist~
ant, should be nble to analyze from 75 to 100 samples for iat acidity
in & 7-hour day. The method is thus usually more rapid than the
damaged-kernel method specified under the official grain standards.
Furthermore, fat acidity determinations should yield more concordant
results betweenlaboratories than damaged-kernel determina tions, since
the chemical method climinntes in a large degree, the element of per-
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sonal judgment necessaiily present in the damaged-kernel determina-
tion.

These studies of soundness In corn and methods for its determina-
tion indicate the desirability of pursuing sdditional research in the
field of commercial application and usefulness, as well as the desir-
ability of conducting comparable research with wheat, rye, barley,
onts, grain sorgliums, and other grains,

RAPID METHOD FOR DETERMINING THE FAT ACIDITY OF CORN

In order that the fat ncidity determination be made practicable as
s method for determining the degree of soundness or condition of corn
in commercial inspection procedures, & rapid method for determnining
this vnlue bus been developed.

EQUIPMENT ANI} REAGENTS HEQUIRED

The following equipment and reageuts are required for this rapid
method:

Onc suitable type mill capuble of grinding corn withoul, undue heating to sucha
degree of fineness that at least 90 pereent of Lhe menl will pass through & 40-mesh
gnuze sieve,

One torsion balanee or olber balanee suilable for weighing 20 g sminples of corn
weal to an acenracy of +0.01 g

One meehanical shaking device capable of aceommodating a dovzen or more
100-inl botties or flasks,

ne 25-co buretle (glass stopeock) with stand.

One 50-ce pipetic,

One funnel raek.

Supply of 100-m) glass-stoppered botiles or flasks.

Bupply of 25-m! volumetric flasks or 23-wl gradusted cylinders with = tolerance
of 30.05 ml, such as are used with the Brown-Duvel moisture-testing apparaius.

Supply of 200-ce Erlenmeyer Rusks, 8-cm glass funuels, 15-em folded filter
papers and gluass disks or Petri dishes of 4 size to cover the tops of the fuunels.

Benzseae, ¢ p.

Fihyl aleohol, 95 pereent.

Phenulphthulein.

Accurately standardized 9.0178 N solution of potassium hydroside free of
carbongle,

FROCEDURBRE

(1) Grind about 50 g of a representative portion of each sample to
such o degree of fineness that atb least 90 percent of the meal will pass
through a 40-mosh gnuze sieve. (If the moisture contents of the
samples are not known they may be determined with the Tag-Heppen-
stull moisture mieter on the simples before grinding.)

(2) Weigh out 20-¢ portions of the well-mixed meals to an accuracy
of £0.03 g and transfor to 100-mi ginss-stoppered flusks ov bottles.

(3) Add exactly 50 ml of benzene to each flask, insert the stoppers,
shake a few scronds to saturate the air in the flasks with benzene
vapor, momentarily loosen the stoppers to release pressure, and replace
stoppers,

(#) Shake f{lasks for 30 minutes using the mechanical shaking
device,

{5} Tilt flasks at such an angle that settling will take place in such
8 way that decantation will be made casy.  Allow flasks to rest In
this position at least 3 minutes.

(6} Carefully decant as much ol the liquikl as possible into 15-cm
folded filter papers inserted in 8-cm gluss funaels. Cover the funnels
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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 eylinders.

(7) When exactly 25 ml of the filtrates have been collected, transfer
the filtrates to 200-ml Erlenmeyer flasks.

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

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

(10) Run & blank titration on a mixture of 25 ml of the benzene
and 25 ml of the alcohol.

{11) Caleulate fat acidity by the formula:

Fat acidity f =

Where T'=titration value of extract in milliliters.
B=titration value of blank in milliliters.
M==percent of moisture in sample.
Nore.—Benzens is poisonous and is readily absorbed through the skin,  Care
mtist Lherefore be taken (o avoeid contact with the liguid or inhalation of its vapor.
Benzene shonld e handled enly in g well-ventilated room, preferably under a2

hood.  As benzene i alsu inflaminable it must be protected from any possible
souree of ignition,

SUMMARY

The determination of the degree of soundness is of major importance
in the grading of corn and other cereal grains.  The present methods
of determining soundness principaily by odor and by the percentage
of damaced kernels bave proved to be useful, but because of ther
shortcomings efforts are being made to find more accurate methods
that will be equally—or even more—practicable from a commercial
standpoint,

As deterioration of the carn kernel is necessarily associated with
cliemical ehauges in several of its components, the more important of
these ehemicul changes have been studied in an effort to discover
some essily measurable change that will serve as a reasonably accurate
index of the degree of deterioration. It has been shown that the
quantity of free fatty acids, amino acids, and acid phosphates in the
kernel, tend to increase as deterioration progresses.

OFf these three types of acidity only the fut acidity increnses sig-
nificantly with inetpient deterioration and is therefore the only type
of acility which appears to be useful in differentiating degrees of
soundness in corn. For the samples included in this study the
avernge increase in fat acidity between grades No. 1 and No. 2 is 20
times as great as the average increase In phosphate acidity and 59
times as great as the inerease in amino acid acidity. Most of the
previously suzgested methods for determining acidity as a measure of
somdness in corn or other cereal products have taken into account
rombinations of various fractions of two or all of the three types of

& I terms of milligrmms of potessium hytdroxhila reruired (0 neatralize tha free talt ¥ acids from 1 g of eorn

olry-motier basisy.  'This result should bo multiplied by 10 in ¢use it s deslred Lo express fnl ackdily on the
bhsis of 100 3 of corn Glry-atter Lasis).  For routlne use it is suggested Lhat the 100-g basis Lo adlopiged.
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ncidity. Such methods are therefore likely to be less reliable as
indexes of soundness, particularly in the case of very slightly damaged
samples, than is the {at acidity method. TFat ncidity based on the
sample as a whole appears to ge a more relisble index of soundness
than fat acidity based on the extracted fat.

In an cffort to obtain an equitable basis of comparison for various
possible methods of estimating the degree of soundness, a soundness
score has been devised as a mathematicnl expression based on per-
centage of damaged kernels, germinability, fat acidity, amino acid
acidity, and phosphate acidity, as criterin of soundness. In a series
of 244 snmples of corn, fat acidily values correlated more closely with
the soundness score than did the percentages of dnmaged kernels,

A rapid method for determining fat acidity has been devised by
whiclt 75 to 100 determinations may be made in a 7-hour day by an
analyst with the aid of one nontechnienl assistant, the method thus
heing usuilly more rapid than the damaged-kernel method.

1t is suggested that fat acidity values have commereial usefulness
as aomeasure of the relative soundeess or unsoundness of corn for the
following rensons:

(1) Fat acidity is a more rcliable index of soundness in corn than
is the pereentage of damaged kernels.  The damaged-kernel method
of estimuting soundness [uils to tuke inta account the degree of
damage in the damaged portion and the degree of sourndness in the
sound portion.  Furthermore, hidden damage not discernible by
visunl ingpection remsains undetected. .\l of these factors influence
the fat actdity value,

(2} Prompt determination of fat-peidity values for commercial
usage s possible.

(3) The use of the fat acidity vulue ns a measure of soundness for
corn woeuld nssure accurate and uniform determinations and woulid
avoid errors arising from unavoidable differences in personal judgment.
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