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of uric acid was mainly determined by the quantities of meat
products consumed.

In the case of well-trained professional athletes, very severe
and prolonged muscular exertion had little influence upon the
formation and elimination of uric acid, except indirectly, by in-
ducing an appetite for stimulating foods such as meat extracts.

Marked loss of sleep had no apparent influence upon the amount
of uric acid eliminated,

The writer desires to express his indebtedness to Professor W.
O. Atwater, of Wesleyan University, in whose laboratory a large
part of the work, here described, was performed.

NEW York Ci1TY,
September, 1903.
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Received September 8, 1503,

Tur possibility of selecting seed corn for improved chemical
composition by a simple mechanical examination of sections of
kernels has been clearly established by experiments previously re-
ported ;* and the practical value of this method of selecting seed
corn for high protein, high oil, and other desirable qualities, has
been fully confirmed by subsequent investigations.*

A considerable amcunt of additional data relating to this matter
has been accumulating with the progress of our experiments in
corn-breeding, and because of the very great importance of this
subject to agriculture, and also because of the marked interest
which is manifested both by progressive, practical agriculturists
and by scientific investigators, it has seemed advisable to publish,
in somewhat greater detail, the results of our investigations along
this line.

1 Corn' is, of course, used with the American meaning of Indian corn or maize,

“ From advance sheets of Bulletin No. 87 of the University of Illinois Agricultural
Experiment Statiou.

3 This Journal 21, 1039 (1899); Univ. of I1l. Agr. Expt. Station Bulletin g5 (1899).

+ Univ. of I1l. Agr. Expt. Station Bulletin 82 (1902); U. 8. Dept. of Agr., Office of Expt.
Stations, Bulletin 123, 91 (1903); West Indian Bulletin 4, g (1903).
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Plate I.—ILow-protein corn kernel from drawing (small kernels from photograph).




Plate 11.—High-protein corn kernel from drawing (small kernels from photograph ).
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PARTS OF THE CORN KERNEL.

There are six distinctly different parts in a kernel of corn, as
will be readily seen by the reference to Plates' I and 1L.

(1) Tip Cap.—This is a small cap, covering the tip end of the
kernel, and serves as a protection to the end of the germ. It con-
sists of material somewhat resembling the cob, and occasionally,
in shelling corn, the tip cap remains attached to the cob, leaving
the tip end of the germ uncovered, but nearly always it remains
on the kernel.

(2) Hull—This is the very thin outer covering of the kernel.
It consists largely of carbohydrates, especially fiber or cellulose,
although it also contains a small percentage of other constituents.

(3) Horny Glutinous Part—This part is the aleurone layer
which lies immediately underneath the hull. It constitutes a sec-
ond covering of the kernel, usually much thicker than the hull.
For short, it is called horny gluten, although it is, of course, not
pure gluten. However, it is the richest in protein of any part of
the corn kernel, as has been stated in bulletins published by this
station and previously by Dr. Voorhees, director of the New
Jersey Experiment Station.

(4) Horny Starchy Part.—This part lies next to the horny
gluten, on the back and sides of the kernel. For short, it is called
horny starch, although it is not pure starch, as it contains con-
siderable amounts of other constituents, especially of protein. In
an examination of the kernel with the unaided eye, the horny
glutinous part and the horny starchy part are not readily distin-
guished from each other, the line between them being somewhat
indefinite and indistinct. Considered both together, these two parts
constitute the horny part of the kernel.

(5) White Starchy Part.—This part occupies the crown end
of the kernel above the germ and it also nearly surrounds the
germ toward the tip end of the kernel. For convenience, this
material is called white starch, although it is not pure starch. In
some kernels the horny starch extends nearly or quite to the germ
(near the middle of the kernel) and thus separates more or less
completely the white starch into two parts which we call crown
starch and tip starch.

11t should be understood that these drawings are intended to show merely the loca-
tion and relative amounts of the various parts of the kernel, not the exact cell structure,
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(6) Germ.—The germ occupies the center of the front of the
kernel toward the tip end and usually extends about one-half or
two-thirds of the length of the kernel. Within the body of the
germ are the embryc stem pointing upward toward the crown
end and the embryo root pointing downward toward the tip of
the kernel, both of which are, of course, parts of the germ. These
embryo parts within the germ may be easily seen by any one who
will carefully shave off the front side of the germ irom a kernel
of corn (see small photographic reproduction of sections of kernels
of high- and low-protein corn in Plates I and II).

MECHANICAL SEPARATION OF THE DIFFERENT PARTS.

It is not a difficult matter to obtain very pure samples of each
of the above-named parts of the corn kernel, although i making
the separations there is, of necessity, some waste material consist-
ing of a mixture of three different parts; namelv, horny gluten,
horny starch, and white starch.

By the 11se of a small, sharp knife, any one can make the foliow-
ing separations: (1) Tip cap; (2) hull; (3) horny gluten; (4)
horny starch;! (3a) crown starch: (3b) tip starch: (6) germ;
(7) waste (mixed material). In making these separations the
kernels are first soaked in hot water for fifteen or twenty minutes.

The tip cap is then very easily and perfectly separated by simply
cutting under one edge and then pulling it off. The hull is sepa-
rated without difficulty by peeling it off in strips. It is only
necessary to use the knife to start the peeling at the tip end
where the hull has been broken by removing the tip cap. With
some care the hull can be completely peeled out of the dent in the
corn. The aleurone layer is more easily distinguished after the
hull is removed. It covers the entire kernel, excepting the germ.?
The aleurone laver is removed by carefully shaving it off with a
sharp knife. Adhering particles of starch can he more easily
separated from this horny gluten after the shavings have heen
allowed to dry for scme time. In scraping off these particles of
horny starch or white starch adhering to the shavings, more or
less horny gluten will also be scraped off, so that, while we are
thus able to obtain a pure, clean sample of the aleurone laver, we

1 As used in this article the term © starch” is employed in a technical or commercial
sense, and 1ot as the name of a definite chemical compound.

2 This layer does 10t occur between the germ and the tip cap as indicated in the draw.
ings.
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also obtain some waste material, consisting of particles of horny
gluten, horny starch, and white starch.

The germ is next removed, and with care this can be done very
perfectly, If any particles of starch adhere to the germ they can
easily be completely removed. After the tip cap, hull, aleurone
layer, and germ have been removed, the remainder of the kernel,
consisting of the horny starch and white starch only, is allowed
to dry, and the kernel is broken in two lengthwise,

The crown starch is dug out with the knife as completely as
possible without taking any of the horny starch. The tip starch
is next removed in the same manner as the crown starch. The
horny starch from each side usually remains in a solid piece.
This is now carefully scraped to remove all adhering particles of
white starch or horny gluten, the scrapings being carefully saved
and added to the waste material.

By this method of separation we obtain eight different products,
including the waste material, and seven of these products are
pure samples of distinctly different parts of the corn kernel, ex-
cepting the crown starch and tip starch, both of which, of course,
belong to the white starch; they are kept separate, however, be-
cause they are found in different places, frequently being entirely
separated in the kernel, although more commonly there is some
white starch continucus from crown to tip.

COMPOSITION OF THE DIFFERENT PARTS.

Table I shows the percentage of these eight different products,
or parts, and the percentage composition of each part, also the
percentage composition of the whole corn, for each of three differ-
ent ears of corn. Ear No. 1 is corn of comparatively low? protein
content. Ear No. 2 has about the usual protein content of ordi-
nary corn. Ear No. 3 is high® protein corn. About 200 grams
{nearly one-half pound) of kernels from each ear were separated
into the different parts, and each part was then weighed and

1 It should be understood that ear No. 1 (9.28 per cent. protein) and ear No. 3 (12.85 per
cent. protein) do not represent extremes in protein content; indeed, in our breeding of
corn for low protein we have produced good ears containing less than 6.50 per cent. of
protein, and in our high.protein field we have produced corn containing over 16 per cent,
of protein. In extremely low-protein corn the percentage of horny part is very much less
than in ear No. 1, and in extremely high protein corn the tip white starch is frequently
almost entirely wanting and the crown white starch very greatly reduced, both being re-
placed by the horny part, as shown in the drawings and also in the actual photographs of
sections of kernels shown beside the drawings in Plates I and II.
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analyzed separately, another sample of the corn from ecach ear

being analyvzed o give the composition of the whole corn.

results are given on the water-free basis.)

(All

TABLE I,—PERCENTAGE OF DIFFERENT PARTS AND PERCENTAGE COMPOSI-

TION OF EACH PART.
Ear No. 1 (low in protein).

Composition of parts,

Percent., Protein, Oil
Names of parts. of wliole. Per cent. Per cent.
Tip Caps ¢ vevvesen e 1.20 7.36 1.16
Hulls......oovvann, 5.47 4.97 0.92
Horny gluten ........ 775 19.21 4.00
Horny starch ........ 29.58 S.12 0.16
Crown starch. ...... 16.94 7.22 o.19
Tip starch.. ... ...t 10.03 6.10 0.29
Germs +vvvvsvnnsnnans 9.59 19.91 36.34
Mixed waste «ovveuns 18.53 9.90 1.06
Whole cortt «oveen et ce 9.28 4.20
Ear No. 2 (medium in protein).
Tipcaps:teeeescue... 1.46 8.83 2.30
Hulls.oovoviene it 5.93 3.96 0.89
Horny gluten ........ 5.12 22.50 6.99
Horny starch......... 32.80 10.20 0.24
Crown starch......... 11.85 7.92 Q.17
Tip starch.......vvues 5.91 7.68 039
Gerts cvveveneneennns 11.53 19.50 34.54
Mixed waste o0 net 25.40 I1.10 1.23
Whole corn «..vouunn 10.93 4.33
Ear No. 3 (high in protein ;.
Tip caps - eevveeernsee 1.62 4.64 1.99
Hulls.ovvvveiiiunnnn, 6.09 3.84 0.76
Horny gluten ........ 9.86 24.58 4.63
Horny starch......... 33.79 10.99 0.22
Crown starch......... 10.45 8.61 0.52
Tip starcheceveeeann 6.23 7.29 1.36
GertiS eeveeaeersauans 11.93 19.56 33.71
Mixed waste .o.o0.un 20.03 12.53 1.15
Wholecorn vov.vvven 12.85 5.36

A careful study of Table I reveals some very

Asli. Carbohydrates,
Per cent. Per cent.
0.91 90.57
0.52 93.29
0.92 75.87
0.18 91.54
0.32 92.27
0.29 93.31
10.48 33.07
0.61 88.43
I.41 §5.11
1.1 $7.76
0.79 94.36
I.72 69.09
0.24 89.22
0.24 01.67
o.31 91.62
9.90 35.46
0.57 &r.10
1.55 83.17
1.87 91.50
I.10 94.30
1.74 69.07
0.21 88.38
0.37 99.5¢
0.60 90.75
16,00 36.73
0.61 85.71
1.67 So.12

interesting and

useful facts regarding the structure of the corn kernel and the

composition of the different parts.

It is exceedingly useful to be

able, by a mechanical examination of corn, not only to pick out
high-protein corn or high-oil corn as one may desire. but even
to separate the several distinctly different parts from one another
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by purely mechanical means—to separate, for example, the
aleurone layer, containing (in the high-protein ear) nearly 25 per
cent. of protein, and then the white starchy parts, with only 7 or
8 per cent. of protein; or the germs containing about 35 per cent.
of oil and 10 per cent. of ash, and then the horny starchy part
containing less than o0.25 per cent. of either oil or ash.

The hulls contain about 4 per cent. of protein and are clearly
the poorest in proteinfof any part of the kernel, the next poorest
being the tip caps and white starchy parts, containing about 7
or 8 per cent., the tip starch being slightly poorer than the crown
starch. The horny starch is richer in protein than the white starch,
especially in the medium and high protein corn where the differ-
ence amounts to more than 2 per cent., the horny starchy part
containing from 10 to II per cent. of protein. The protein con-
tent of the germs is very uniform in the different ears, although
the poorest germs are found in the high-protein corn, and the
richest in the low-protein corn, the variation being from 19.56 to
19.91 per cent. The aleurone layer is the richest in protein of
any part of the kernel in both ordinary and high-protein corn, as
was pointed out several years ago by Dr. Voorhees,! director of
the New Jersey Experiment Station, and as we have quoted in
previous publications of the Illinois Experiment Station. In the
high-protein corn the protein content of the aleurone layer
amounts to 24.58 per cent. In the low-protein corn it is slightly
less than that of the germ.

It is plainly seen that the oil in corn is very largely in the germ,
although the aleurone layer also contains a considerable percent-
age, the germ containing about 335 per cent. of oil and the
aleurone layer about 5 per cent. Both the horny starch and the
white starch are exceedingly poor in oil, averaging about 0.25 per
cent., if we disregard the tip starch in ear No. 3, which appears
to have absorbed some oil directly from the germ which it adjoins
and partially surrounds. The hulls contain slightly less than 1
per cent. of oil and the tip caps slightly more than 1 per cent., and
it is quite possible that this oil may have been obtained, in part at
least, by absorption from the aleurone layer and germ. Indeed,
it seems highly probable that practically all of the true oil in the
corn kernel is originally deposited in the germ and aleurone laver,

1 New Jersey Agricultural Experiment Station Bulletin 108 (1894).



1172 C. G. HOPKINS, L. H. SMITH, AND E. M. EAST.

and that the small percentage or mere trace, which is found in
the other parts, is largely obtained by absorption. That such
absorption actually dces occur is definitely proved by the fact that
the percentage of oil in hominy and hominy products increases
with the age of the corn used in the milling. (Hominy consists
largely of the horny starch with more or less adhering white
starch.)

It may be of interest to state in this connection that in 1866
Haberlandt! discovered, with the microscope, that the germ of the
corn kernel contains a large amount of oil. He observed no oil
in the remaining portions of the kernel. By chemical analysis,
Lenz' found, however, that aiter the germs were removed the
remaining portion of the kernel contained 1.57 per cent. of oil.
These results were fully confirmed by Dr. Atwater,> who found
1.63 per cent. of oil in the corn aiter removing the germs and
adjoining material, although neither Lenz nor Atwater appear to
have ascertained that the horny gluten (the aleurone layer) con-
tains the chief percentage of oil outside of the germ.

By further reference to Table I, it will be observed (1) that
the germ contains about 10 per cent. of ash or mineral matter;
(2) that this is about ten times the average percentage of ash
contained in the other parts; and (3) that the percentage of ash
in the different parts varies with the percentage of oil, to quite a
noticeable degree. Of course, the percentage of carbohydrates
(starch, cellulose, pentosans, etc.) varies inversely as the sum of
the other constituents, being about 33 per cent. in the germ, 70
per cent. in the horny gluten, and from go to 93 per cent. in the
other principal parts.

The marked degree of uniformity in the entire percentage com-
position of the germs from each of these three ecars, whether low-
protein, medium-protein, or high-protein, seems especially note-
worthy. The percentage of protein varies only from 19.36 to
10.91: the oil from 33.71 to 36.54: the ash from .90 to 10.48:
and the carbohydrates from 33.07 to 36.73. It will also be noted
that the percentages of hoth protein and oil are lower in the germs
from high-protein corn than in those from the low-protein corn,
although the differences are not marked.

L Alligemeine land- und forstwivischaftiiche Zcilung, 1966, p. 257: Jahresbericht (Hofl-
mann) aber die Agricultur-Chentre, 9, 106 (1866).
? Thesis, Yale College (1869j: Am. /. Sci. and Arts (2). 48, 332 (1869).
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MATHEMATICAL DISTRIBUTION OF WASTE.

It will be borne in mind that in making the mechanical separa-
tions, in order to obtain each of the seven different parts in pure
condition, unmixed with any other part, there was necessarily
some waste product. This waste substance amounted to about
20 per cent. of the whole. As has already been explained, this
mixed waste material consists of only three distinctly different
parts—horny gluten, horny starch, and white starch (from crown
and tip), the other three parts—tip caps, hulls, and germs—being
easily separated completely and in pure form.

By a simple computation the mixed waste material can be dis-
tributed among the respective parts of which it is composed, pro-
vided we may be allowed to make the assumption (which is ap-
proximately the truth) that the horny starch and white starch
are present in the waste material in the same proportions as_they
are in the pure separated portions. Any error which might be
introduced by following this assumption would have but little
effect because the composition of the horny starch and white
starch are not very markedly different (the protein differs by 2
to 3 per cent.) ; and also because the total amount of waste material
to be distributed is only from one-third to one-half the sum of the
separated horny starch and white starch.

It will be observed (see Table I) that the mixed waste is always
richer in protein than the horny starch, thus showing that, be-
sides horny starch and white starch, it also contains more or less
horny gluten, which, of course, we know to be the fact.

If in 100 grams of corn we let » equal the number of grams
of tip starch, Bx the number of grams of crown starch, Cr the
number of grams of horny starch, y the number of grams of
horny gluten, and S the sum of these four parts, then

x4+ Bxr+Cxr+y=S. (1)

Now if we let a equal the per cent. of protein in the tip starch,
b the per cent. of protein in the crown starch, ¢ the per cent. of
protein in the horny starch, d the per cent. of protein in the horny
gluten, and s the number of grams of protein in all of these four
parts, then

axr + bBx 4 ¢Cxr + dy ==. (2)

Thus we have two equations with which to solve for » and 4,

which are the only unknown quantitics, B and C being factors



1174 C. G. HOPKINS, L. H. $MITH, AND E. M. EAST.

which can be obtained by dividing the per cent. of separated crown
starchi and horny starch, respectively, by that of tip starch, and S
being the sum of the separated tip starch, crown starch, hornv
starch, horny gluten and mixed waste, as given in Table I, and
a, b, ¢, d being the respective percentages of protein in the four
separated materials, tip starch, crown starch, horny starch, and
horny gluten, and s being the total number of grams of protein
contained in these four separated parts and in the mixed waste,
all of which data are also given in Table 1.
PHYSICAL COMPOSITION OF THE CORN KERNEL.

From the above computations we obtain the results given in
Table II, which gives the total percentages of each of the seven
different parts contained in the corn kernel (counting crown
starch and tip starch as two parts), and with no waste material.

TABLE II.—TOTAL PRRCENTAGES OF THE DIFFERENT PARTS OF THE CORN

KERNEL.

Ear No. 1 Ear No. 2 Ear No. 3
tlow- (medinm- (high-

Name of parts. protein). protein). protein).
Tip CAPS ¢ vevevuenan i cannns 1.20 1.46 1.62
Hulls . voviviiivniiniaa., 5.47 5.63 6.09
Horny gluten...ooovvvvnninns, 11.61 S.51 13.32
Hornv starcheeer e vaven o 37.15 17.08 44.89
Crown starchooveervuen i nn 21.26 17.01 13.88
Tip starchecoeveevvinnennnn, 13.71 S48 6.28
CYEIITIS v v vvos ernnmsnorosenvosnan 9.59 11.53 11.93
Totaleeeresueesnns cunans 99.99 160.00 100.01

Tt will be observed that the percentages of horny gluten, horny
starch, and germs are noticeably higher in the high-protein corn
than in the low-protein corn, while the opposite is true with the
white starch, the percentages of crown starch and tip starch
being markedly higher in the low-protein corn than they are in
the high-protein corn. It is noteworthy that the horny gluten
in high-protein corn not only contains a higher percentage of
protein than the germs, but that the proportion of horny gluten
in the kernel equals or exceeds that of the germs. The only dis-
crepancies appearing in Table IT are the low percentage of horny
gluten and the high percentage of horny starch in ear No. 2.
Otherwise the percentages of parts in the medium-protein ear
are always intermediate between those in the other two ears, as
wonld be expected. Even these discrepancies disappear if the two
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horny parts be added together and considered as one part, as is
done in the practical work of selecting seed corn for higher
protein content by mechanical examination, as will be seen by re-
ferring to Table III.

TABLE III,—PERCENTAGES OF THE DIFFERENT PARTS OF THE CORN
KERNEL AS COMMONLY OBSERVED IN MECHANICAL EXAMINATION
FOR SEED CORN SELECTION.

Ear No. 1 Ear No. 2 Ear No. 3

(low. (niedium- (high. Average,

Name of parts, protein). protein), protein), Per cent,
Tip caps««eeeeevss <o 1,20 1.46 1.62 1.43
Hulls.ooooenuian veee 5.47 5.93 6.09 5.83
Horny part........... 48.76 55.59 58.21 54.19
White starche.oeesoas 34.97 25.49 22,16 27.54
Germs.ovvovevenesonns 9.59 11.53 11.93 11.02
Total.......... + 99.99 100.00 100,01 100.00

In this table the crown starch and tip starch are also added
together and the sum recorded as white starch. The increase in
the amount of horny part (from 4876 to 58.21 per cent.) and
the decrease in white starch (from 34.96 to 22.16 per cent.) as
we pass from the low-protein to the high-protein corn, is plainly
apparent,

DISTRIBUTION OF CHEMICAL CONSTITUENTS.

Table IV shows the location or complete distribution of the
chemical constituents among the seven different physical parts of
the corn kernel. In cther words, this table represents the separa-
tion of 100 grams (or 100 pounds) of corn into seven different
structural or physical parts, and the subsequent division of each
of these parts into four chemical constituents, protein, oil, ash,
and carbohydrates.

TABLE IV.—PHVSICAL AND CHEMICAL DISTRIBUTION OF Ioo GRAMS (OR
100 POUNDS) OF CORN.

Kar No. 1 (low in protein).
Chemical distribution.

Physical
distribution Protein 0il Ash Carbohydrates

(grams or (gramsor (gramsor (gramsor (gramsor

Names of parts. pounds). pounds). pounds). pounds). pounds).
Tip caps..coovcvnnnes 1.20 0.09 0.01 0.0I 1.09
Hullseooeoeiione v 5.47 0.27 0.05§ 0.04 5.10
Horny gluten ......... 11.61 2,23 0.46 0.11 8.81
Horny starch.o..vovv v 37.15 3.02 0.06 0.07 34.01
Crown starch..ecol o 21.26 1.53 0.04 0.07 19.62
Tip starch..vooveennnss 13.71 0.84 0.04 0.04 12,79
GermS +vvsvevesneacans 9.59 1.91 3.50 1.01 3.17
Total coveevaees + 99,99 9.89 4.16 1.35 84.59
Whole Cortl < covvvrvnee  ouss 9.28 4.20 1.41 85.11
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Ear No. 2 {medium iu protein).
Chemical compositionr.

Physical - -
distribution Protein 0il Ash Carbohydrates
(grams or (gramsor (gramsor (granisor (grams or
Names of parts. pounds). pounds). pounds). pounds). pounds).
Tip Caps vevveevnvenins 1.46 0.13 0.03 0.02 1.28
Hulls ....o.oovvenn o, 5.93 0.23 0.03 0.05 5.60
Horny gluten ......... 8.51 1.89 ¢.59 0.15 5.88
Horuy starch.......... 47.c8 4.80 o.11 o.11 42.0%
Crown starch..eoerouns 17.01 1.35 0.03 0.04 15.59
Tip starch....oovenn e 8.48 0.63 0.03 0.03 7.77
Germms cvvevsrensnenaas 11.53 2.28 4.02 1.14 4.09
Total -..ovvvnnns 100.00 11.33 4.86 1.54 82.26
Whole corn «veevvuennn ceen 10.95 4.33 1.55 83.17
Ear No. 3 (high in protein).
Tipcaps covevvevaenns 1.62 0.08 0.03 0.03 1.48
Hulls eoveenvnrinnnnonn 6.09 0.23 0,03 0.07 5.74
Horny gluten ......... 13.32 3.27 0.61 0.23 9.20
Horny starch.......... 44 89 4.93 o.10 0.09 39.76
Crown starch.......... 13.88 1.20 0.07 0.05 12.56
Tip starch «.ovvvvunen 8.28 0.60 0.11 0.05 7.51
GEImS « +vveerneannnns 11.93 2.33 4.02 1.19 4.38
Total .+v.vvvinn 100.01 12.64 4.99 1.71 80.63
Whole corn.vovvvnenn. e 12.85 5.36 1.67 So.12

The agreement between the sum of the separate determinaticns
and the direct determinations of the same constituent in the whole
corn is very satisfactory, considering that these results are ob-
tained by computation from the analyses of nine different ma-
terials, including the whole corn. The greatest difference is well
within the limit of unavoidable error in sampling and analytical
determinations. A careful study of this table will reveal some
interesting and valuable facts. For example, it will be seen that
in 100 pounds of the low-protein corn the horny gluten contains
only 2.23 pounds of protein, while 3.27 pounds of protein are
contained in the horny gluten in 100 pounds of the high-protein
corn.  Again, in 100 pounds of the low-protein corn the horny
starch contains only 3.02 pounds of protein, while 4.93 pounds of
protein are contained in the horny starch in 100 pounds of the
high-protein corn.

On the other hand, in 100 pounds of the low-protein corn, the
crown starch and tip starch contain 1.53 and 0.84 pounds of pro-
tein, respectively, while 1.20 and 0.60 are the respective amounts
contained in the corresponding parts oif the high-protein corn.
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If we add together the horny parts and then add together the
crown starch and tip starch, as is done in the practical selection

of seed corn by mechanical examination, we obtain the results
shown in Table V.

TABLE V.—POUNDS OF PROTEIN IN 100 POUNDS OF CORN,

Low- Medium- High.

protein protein protein
Name of parts, corn. corn. corn.
In tip €aps «ovvvevneenenevuenes 0.09 0.13 0.08
Inhulls ceveve  viinvnenennnanas 0.27 0.23 0.23
In horny part .................. 5.25 6,69 8.20
In white starch «..ooovvvvnvvinn 2.37 2.00 1.80
In germs. . oe civevieeanieecannas 1.91 2.28 2.33
Totaloeervvuenerineninns 9.89 11.33 12.64

It will be observed that the increase in protein in high-protein
corn over that in low-protein corn occurs almost entirely in the
hornypart of the corn kernel. There isalso a slight increase in pro-
tein in the germ, although this is quite insignificant as compared
with the increase in the horny part. In passing from low-protein
corn to high-protein corn, there is an appreciable decrease in the
amount of protein contained in the white starch. Of course, this is
due to the marked decrease in the actual amount of white starch in
high-protein corn. Indeed, this decrease in the quantity of white
starch is even more marked than would appear from Table V,
because the white starch in the high-protein corn is actually richer
in protein than that in low-protein corn, as would be expected
and as is shown in Table I

The data given in Table V strongly confirm the results which
we have already obtained in practical experience in corn-breeding.
For example, we have been breeding both high-protein corn and
low-protein corn for the past seven years. In the high-protein
corn we find that the proportion of horny part has increased very
markedly, while the white starchy part has markedly decreased.
In the low-protein corn the opposite is true, the horny part having
decreased and the white starchy part having markedly increased,
in proportion.

By computation from the data given in Table IV, we have con-
structed Table VI, which shows the percentage distribution of
the different chemical constituents among the several physical
parts of the corn kernel.
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TABLE VI.—PERCENTAGE DISTRIBUTION ©OF CHEMICAL CONSTITUENTS
AMOXNG PHYVYSICAL PARTS.

Ear No. 1 {low in protein),

Per ceut.
Per cent. Per cent, Per cent. of total
of total of total of total carbo-
Name of parts. protei, oil. ash, liydrates.
In tip caps. - oeeesvuss 0.89 0.33 0.81 1.29
Inhull .o.oveennanan, 2.7% I.21 3.34 6.03
In horny gluten....... 22.356 11.13 7.95 10.41
In horny starch....... 30.51 .43 4.98 40.22
In crown starch....... 15.52 0.97 5.07 23.18
In tip starch ... vvuin S.16 0.95 2.96 15.12
I @ermSeese vovurenns 19.31 83.99 71.87 3.35
Total .vvvvunnnnn 100.00 100.01 99.99 100.00
Ear No. 2 (medium in protein}.
In tip caps..oevvrevnns I.14 0.69 1.06 1.56
Inhull coeer i, 2,07 1.08 3.06 6.80
In horny gluten....... 16.67 12.21 9.56 7.15
In horny starch....... 42.36 2.32 7.38 51.12
In crown starch....... 11.88 0.59 2.67 18.96
In tip starch ......... 5.75 0.68 1.72 9.45
Ingerms ..o coveenenes 20,14 82.43 74.55 4.97
Total.vevruunnnn 100.01 100.00 100.00 100,01
Ear No. 3 (high in protein).
In tip caps. ecoeeveens 0.59 0.65 1.76 1.84
Inhull.....oooviainn, 1.85 0.93 3.90 7.12
In horny gluten....... 25.88 12,29 13.49 I1.41
In horny starch ....... 39.00 1.93 5.49 49.31
In crown starch....... 9.45 1.44 2.99 15.58
In tip starch.cooouunes 4.77 2.25 2.89 9.32
In germs coveeceenvss 18.45 80.46 69.46 5.43
Totaleeersvouns 99.99 100.00 99.98 100.01

It will be seen that as an average about 22 per cent. of the
total protein is contained in the horny gluten, nearly 40 per cent.
in the horny starch, and nearly 2o per cent. in the germ; thus
these three parts contain about 80 per cent. of the total protein in
the kernel.

The germ contains from 8o to 84 per cent. of the oil, while all
other parts combined contain only 15 to 20 per cent. of the total
oil in the kernel. Based upon this fact is the method for select-
ing high-oil or low-oil seed corn by mechanical examination, the
ears whose kernels show a large proportion of germ being high-
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oil corn and those with small germs, low-oil corn. About 12
per cent. of the total oil is contained in the aleurone layer, leav-
ing only about 5 per cent. of the oil distributed among the re-
maining five physical parts, and, as stated above, more or less of
this small amount is undoubtedly absorbed from the contiguous
germ or aleurone layer. It will be noted that the ash is closely
associated with the oil, nearly 75 per cent. of the total ash being
contained in the germ, and about 10 per cent. in the aleurone layer
as an average.

Table VII shows, for direct comparison, the percentage dis-
tribution of tHe protein among the different physical parts, in
each ear, the two horny parts, and also the two white starchy
parts, being combined as in Table V.

TABLE VII.—DISTRIBUTION OF 100 GRAMS (OR 100 POUNDS) OF PROTEIN
AMONG THE PHYSICAL PARTS AS OBSERVED IN
MECHANICAL EXAMINATION.

Low- Medium. High.
protein protein protein
Names of parts, corn, corn. corn,
In tip CApPS ceveveerenraennsaans 0.89 1.14 0.59
Inhulls.oooiiiininiiiiiii, 2.75 2,07 1.85
In horny parte.eeveeeenaeianns 53.07 59.03 64.88
In white starch «v.vovnennnnnn 23.98 17.63 14.22
In GErms coveerousvnvaassneaes 19.31 20.14 18.45
Totaleeeevsnrnnnnnnsnnnosnnsss 100.00 100.01 99.99

Table VII illustrates very plainly the fact that, as we pass from
low-protein corn to high-protein corn, the protein decreases in
the white starchy part and increases in the horny part; in other
words in breeding corn for high protein, we decrease the white
starchy part, which is comparatively poor in protein, and increase
the horny part, which averages very much richer in protein, the
horny starch containing 2 to 3 per cent. more protein than the
white starch, and the horny gluten (aleurone layer) being richer
in protein than any other part of the kernel. As a rule, in breed-
ing for high protein there is also a slight increase in the propor-
tion of germ, which, being rich in protein, adds somewhat to the
increase in protein.



