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THE RELATION OF CERTAIN PHYSICAL CHARACTERISTICS OF 

THE WHEAT KERNEL TO ITS COMPOSITION AND QUALITY 

By 

C. H. BAILEY 

IN'I"RODUGTIO 

The wheat plant, Triticum vulgare, is cultivated princi-

pally for the grain. This is used chiefly as a food for man after 

the meal or flour made from it has been converted into some form of 

c ak e 0 r b r'e ad. The primitive process of meal production, which con-

sisted of reducing the entire kernel to powder between stone grind-

ing surfaces, has in civilized countries given place to the roller 

or Hungarian process of gr adual reduction. This process is purely 

mechanical, no chemical changes other than the loss of moisture oc-

curring. It accordingly follows that the milling value of wheat, 

1. e., its potential yield of white flour depends upon the physical 

characteristics of the kernel . It was with a view toward d eter -

mining the relation between certain physical characteristics of the 

kernel, and its composition and milling value that these studies 

1'1 ere un d e r t ak en. 

THE AIM IN THE ROLLER PROCESS OF FLOUR PRODUCTION 

The production of flour by the roller milling process is 

a series of ~echanieal operations which have as their final ob ect 

the separation of the fibrous peri c arp and the germ from the endo-

sperm, and the reduction of the latter t f' d ' 0 a lna power. In actual 



2 

practice a quantitative separation is never obtained, sines the 

plump wheat kernel may be from 82 to 85 per cent endosperm, as 

shown by the studies of Ingersoll and Bessey (1893), and Girard 

(1897), and yet only from 72 to 75 per cent is ordinarily recover-

ed as flour. The other 10 or 12 per cent adheres to . the pericarp 

and germ fragments and is lost in the by-products. The white flour 

is the most valuable product of roller milling: those whe ats which 

will yield the hi ghe st percentage of flour are accordingly pos

sessed of greatest intrinsic value when the flours are of the same 

relative quality. 

RELATION OF THE SIZE OF THE KERNEL TO FLOUR YIELD 

When the same general system of milling is employed the 

relative yields of flour will depend, other things being equal, up-

on the percentage of endosperm in the kernels. 
The quantitative 

determination of the proportion of the several kernel structures is 

difficult, since it involves the dissection of a sufficient number 

of kernels to furnish both a fair average sample and a quantity of 

material which can be satisfactorily weighed. 
There is a relation 

between the volume or displacement of the kernel and the pro ortion 

of endosperm, howeveo, of which advantage may be taken. As sho n 

by Brenchley (1909) the pericarp and germ are formed largely dur-

ing the early stages of the development of the kernel, 
and the en-

dosperm stxucture 
is rapidly laid down during a comparatively 

short time preceding maturity. Any condition which interferes with 

the deposition of material in the endosperm during the latter stag

es of kernel development reduces the Quantity of potential flour 
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material without reducing the amount of fibrous seedcoat in like 

proportions. A plump, well-filled kernel accordingly yields m re 

flour than does a shriveled one. The comparison on the basas of 

kernel volume must be restricted to the same type or variety. since 

hereditary influences affecting the shape of the kernel , particu

larly its length , would affect the volume and weight without simi

larly affecting the ratio of endosperm to total weight. 

To ascertain the relation between the kernel volume and 

the actual percentage of endosperm, samples were taken from a field 

of bluestem wheat at 6 stages of growth , beginning about ten days 

after flowering and at intervals of 3 days . thereafter until the 

grain was nearly ripe enough to harvest. The kernels were at once 

removed from the heads, and the endosperm material dissected out 

of 100 kernels. The non-endosperm structures were dried to con-

stant weight and 300 entire kernels were similarly dried. The dif-

ference in the weight of the kernels and of the non-endosperm ma

terial was regarded as the weight of the endosperm. since the lat

ter was of such a sticky character that a loss was experienced in 

coIl e c t i ng it. The volume of the dried kernels was then determin-

ed by displacement in toluol. Tab 1 e shows the percentage of en-

dosperm to increase fairly regularly from 62.6 per cent when the 

kernels occupied a volume of 9.897 ce. per 1000, to 81.7 p er oent 

when the kernel volume was 21 .372 ee. per 00. 
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Table Ie Relation between th e kernel volume and th~ 

weight and percentage of endosperm . 

Vol iilll e per 
1 0 nO 

k ernels 
cc 

9 .879 
12.317 
1 6. 1 1 4 
17.871 
19.417 
21.372 

Endospu'm 
per 1000 
kernels 
· l2;rams 
0. 7 950 
1 .1 443 
1.5682 
1.7826 
2.1275 
2,4576 

Endos!>erm 

Per-ct 
62.6 
66.6 
69 . 8 
7 • 2 
76.9 
81 . 7 

The volume of the kernel may vary widely in the same 

type or variety of wheat grown under different conditions . Thus 

hard spring wheat samples g rown in Minnesota have been examined 

whic h displaced from 7.2 to 25.2 cubic centimeters per 1000 ~er-

nels. Greater e x tremes than these would doubtless be found in 

working with a larger number of samples. These variations are 

due to environmental influences, particularly those which affect 

the rate of photosynthesis just preceding the ripening of the 

plan t. Soil moisture, humidity, sunshine, temp ·erature and winds 

are most potent in this regard . Severe rust and scab infections 

result in the production of shriveled , light-weight kernels. 

Similarly there are wide variations in the percentage of 

flour which can be produced from wheats of v ryin~ pl~mpness. In 

estimating the relative percentage of flour which can be milled 

from different samples of Wheat, the kernel volume and the density 

are believed to be better indices than the weight per bushel. The 

latter is influenced not only by the actual volume of the kernels 

= 
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bu t by their relative length: width ratio, and other factors af-

fecting the manner in which they pack together. While the rela-

tion of the two factors mentioned to milling yield is not exact in 

all cases, c ertain experiments which we have made show them to be 

of considerable value in estimating the quality of wheat from this 

standpoint. 

Table II shows the results of one series of tests made to 

determine the relation of kernel volume to the percentage of total 

flour obtained in milling. A fairly regular decrease in flour 

yiel d was observed as the kernels decreased in size . The samples 

employed in this case were composite No.1 , No.2, No.3 and 0 . 4 

n o rthern spring wheat, representing the avera,c; e of these grades in 

the Minnesota mar k ets. Similar results ware obtained in milling 

other wheat samples af varying plumpness. The milling tests were 

made in the experimental roller mill at this Station. The meth d 

employed is described in Minnesota A~ricultural Station Bulletins 

Nos. 131 and 143. While the flour yields obtained with this small 

equipment are not identical with those obtained by large merchant 

mills working on the same materials, they are comparative with 

each other when the e perimental mill is properly handled . 

Tab I a II. Physical characteristics of ce-mposite sam-

ples of northern spr ing wheat grades and 

the yield of flour obtained from them in 

milling 

Lab. Specific V o 1 um e per Flour 
Grade 

No. gravity '00 kern Is yie d 

cc . Per . ct. 

C 835 No. 1 N10 rth er n spring 1 • 421 6 . 0 70 . ,0 

C . 836 II 2 II " 1.4'12 1 4.31 69.1 

C 837 " 3 " " 1.4212 12 . 97 66!9 

C 838 , 
4 " II 1 . 423A 10 . 50 65 . 2 

c 
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RELATION OF THE SIZ~ OF THE K~RNEt TO COMPOSITION 

The investigations of Heinrich. (1867 and 1871), 1{edzie 

( 1 88 1 - :2 a.n d , 893), and T e 11 e r. ( 1 8 9 6 and 1 9 1 2) c a \,1 sed the m to con

clude that there was a gradual decrease in the percentage of protein 

in the wheat kernel as it approached ripeness, and a corresponding 

increase in the percentage of sturch. Similarly the harvesting 

experiments of Failyer and Willard (1891), and Shaw (1913) indica

ted that the percentage of protein was higher when the grain was 

not fully ripe than when cut at the usual time. The studies of 

Brenchley and Hall . (1909) , and Thatcher (1913 and 1915) which were 

conducted in a manner tending to eliminate certain errors in sam

pling showed that a more or less constant ratio of protein to car

bohydrates is laid down in the endosperm of the wheat kernel during 

its development. No marked nor regular decrease in protein content 

was observed during this process. 

vestigations were not confirmed. 

In this respect the earlier in-

While the ratio of protein to carbohydrate which is 

deposited in the endosperm may be fairly uniform durin~ its devel

opment, there is nevertheless a wide variation in the percenta~e of 

these constituents in the ripe grain . I tis com m 0 n 1 y bel i ev e d b Y 

millers and grain men that the smaller and more or le s shriveled 

kernels are higher in protein than are the plump, heavy kernels of 

the same type of wheat. In order to ascertain the accuracy of this 

idea 338 spring wheat samples tested and analysed durin~ four crop 

years were arranged in groups according to the weight of 1000 aver

age kernels from each sample. The maximum, minimum, and average 

protein content of the samples in each group are given in Table III . 
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This shows that the heavier kernels frequently contained as high a 

percentage of protein as the lighter kernels. There is no great 

nor consistent difference in this respect between the average of 

the several groUps . Thus in 1911 the heavier kernels contained 

slightly more protein than the light ones. The range in each group 

indicates that certain influences must induce variations in the ~a-

tio of protein to carbohydrates deposited in the endosperm. Var i-

ous factors of environment, including the complex which we call 

climate, appear particularly potent in this regard. Sunshine, temp-

erature winds, and rainfall all function in this connection, the 

latter in particular, since it determines in large part the Quan-

tity of moisture a:vailable to the plant. The great mass of data 

bearing on this subject point to the conclusion that a humid atmos

phere and moist substrate accelerate the rate of photosynthesis, anc 

thus increase the proportion of starch laid down in the kernel. 

Drier conditions of air, soil, or both, reduce the rate of photo

synthesis without reducing the translocation of nitrogenous mater

ial to a like extent. 
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Tab le I I To R&lation of' the s iz e or weight to th protein 
content of' the wheat kernel. 

- .. - , 

No. of Weight per 1000 kernels Crude Protein in Wheat 
samples 

_. 

Range Average Maximum Minimum Average 
-

grams €I: r am s Per ct Per ct Per ct 

, 91 1 

5 Below 18 €I: ram s 1 6. 41 13.7 Q t 1 ; 63 2.7~ 

1{) 18-20 " 19.43 16;02 10;94 13.2 
21 20..;22 " 2(\~80 15.28 1 1 ; 46 1 :;; 03 
30 22~2 4 " 23.01 1 5.62 10; 83 1 3; 1 8 
20 24.;26 " 24;96 16.02 12.\'13 14; 02 

9 26=28 .. 26.89 14; 42 11. 1 7 1 3; 03 
2 28-30 " 29.37 15 . 90 10.55 13.22 

1 91 2 

4 Below ··20 p;rams 18.33 1 3 ~ 51 1 1 . 86 12.45 
11 20-22 " 21 • 50 1 3. 91 1 1 ; 25 12.65 
28 22.;24 " 23 ~ 1 3 1 4; 76 10.09 12.21 
18 24.:.26 " 24.85 1 4; 76 11 • 06 12. 33 
26 26.:..28 " 27. 1 1 1 4; 93 10 ~ 3" 1 2 . 1 7 
11 28.:..30 " 28; 91 1 3.62 1 1 .00 12.34 

5 30-32 
., 30.74 1 2; 88 1 1 ~ 97 1;::>; 55 

3 32-34 " 32.89 1 3.05 10 . 77 1 1 • 59 

1 91 3 

3 20-22 p; r am s 21 • 29 14 . 76 12~68 13.50 
7 22- 24 " 23.01 3. 91 1 .88 1 2. 81 

18 24-26 " 25 . 28 15.45 10 . 83 12~7() 

16 26-28 " 27.09 13 . 85 10 .63 12.47 

23 28-30 " 29 . 21 1 5. 73 10.66 2 ; 54 

9 30-32 " 31 .22 13.91 10.9 12 . 2:> 

8 Over 32 " 34.45 13.97 11. 17 12 . 85 

1914 

5 Below 1 6 gram s 1 4 . 75 17; 66 12 . 94 1 A; 83 

6 16.;.18 " 1 7.39 1 7. 0 12;26 3;90 

5 18- 2 0 " 18.94 1 3.23 1 1 • 71 1 2 . 50 

9 20-22 " 20.84 1 4 . 1 9 1 . 00 1 2 . 52 

11 22-24 " 22.85 5. 10 1 1 • 46 3.35 

5 24-26 " 24.84 1 4.00 12 . 08 1 2 . 91 

7 26-28 " 26.77 13 . 91 1 . 32 12; 27 

3 Over 28 " 30 . 43 14.88 1 .00 :l.09 . 
Aver ag e of 4 crop s 

16-18 Grams 16.95 17. 0 , , . 63 '3; 37 

18-20 " 1 ~ ; 0.7 '6.02 10.Q4 12 . 86 

20-22 " 21 .02 1 4; '9 11 .00 2.86 

22-24 " 23.03 15 .6 2 10 . 09 12. 81 

24-26 " 25.01 16 . 02 10. 83 1 3 . 04 

26-28 " 27.02 1 4. q 3 '0 . 37 1 2. 38 

28-30 " 29 . 1 3 T '5. 90 t . Sr::: 1 2. 52 

n 30-32 " 30.94 , 4. 88 10.9 T 1 2 ~ 47 
VA'T' 32 " l4.n2 T 3.97 , O. 77 12. 51 

• ~----------------------------~----_I 
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THE RBLATION OF TRBMOISTURE 8SNTENT OF T~E GRAIN 
TO MILLING QUALITY 

Tha othar two physical charaoteristics which bear the 

most definite relation to milling value are the density of the ker-

nel, more particularly that of the endosperm, ~nd the moisture con-

tent. The moisture content is considered as a physical rather than 

a chemical characteristic since it can be altered by purely physi-

cal means. An inorease in moi sture content above the normal results 

in incre ased losses through evaporation, as has been shown by the 

writer (1914). In addition, damp wheat presents certain mechanical 

difficulties in milling, owing to its soft character, which renders 

more difficult the separation of the bran and endosperm. For these 

reasons, and because of the increased liability of spoilage through 

ferment ation and heating, damp wheat is of less value to the miller 

than dry wheat. 

REV JEW OF T, TTERATURE ON THE DENS TTY OF THE WHEAT KERNEL 

The density of the endosperm of the wheat kernel is known 

to vary widely. These variations are commonly distinguished as 

"mealiness" in the case of the less dense, and "flintiness", r ~ 

"vitreous", "horny" or "corneous" condition in the case of the more 

dense. The light-colored condition of the endosperm f requently met 

with in the hard red wheats is usually referred to as "yellow-berry: 

when the entire ke rnel is not affected it is sometimes called "pie-

b al d" • These variations in endosperm density have been the subject 

of numerous investigations. Nowacki (1870) states that the differ-

ence in appearance of mealy and horny wheat kernels is due to the 

presence of a larger volume of air-spaces in the former. Nobbe(18 7 6) 

1\ 
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g i v est he a v e r ag e s p e c if i c g r a v i j, y 0 f :1 0 S I1lil}:ll ~ S 0 f 'ft h 0 a. t l!. S ,1 • 41 31 , 

the range being from 1.3766 to 1.4396. Heckel (1890) says "if the 

al b uminoids so fill up the intervals between the starch grains that 

the latter seem to be imbedded in cement the albumin appears trans 

lucent and the fruit is called corneous: but if the union is less 

intimate, there remains numerous small air cavities and the albumin 

is opaque and the fruit is mealy. Both conditions may occur in the 

same species or variety (wheat) and they seem to be occasioned by 

dif f erences in climate and soil. Corneous fruits are usually rich-

er in albuminoids than mealy ones of the same species". Pagnoul 

(188A) and Wollny (1886) found that the specific gr vity of the 

wheat kernel increased with the nitrogen or protein oontent. Mar ek 

(1875) states that in the samples examined by him a decrease in 

nitrogen content was accompanied by an increase in specific gravity. 

Kornicke and Werner (1884) state that the constituents of the wheat 

kernel have the following specific gravity: starch, 1."53: up; r, 

1.60; cellulose, 1.53: fats, 0.91-0.96: gluten, 1.297: ash, 2.~0: 

air, 0.001293. Th~y further state that the volume weight bears no 

relation to specific gravity, or protein content. Lloyd (18<14) de-

termined the weight per 100 kernels, volume weip;ht, and densities 

of wheats from different parts of the world and found Russian wheat 

to possess the lowest average weight per kernel, and Australian 

Wheat the highest. Wheat grown in the United st~tes and Canada had 

the highest average density or specific gravity. and that grown in 
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En~land the lowest. Pammel and Stewart (1894) found the specific 

gravity of wheat &~aminad by th&m to range between 1.407 and 1.503. 

Ly 0 n (7 90 5) s tat 9 s t hat w h & a t k 9 r n & 1 s h a v i ng a hi g h per c en tag e 0 f 

proteid material have a low specific gravity. His data indicate 

that large kernels have a higher specific .gravity than small kernels 

of th e sam e v ar i e ty. Cobb . (1904) observed that there are fewer 

large starch granules in wheats containing a low percentage of ni-

trogen. Lyon and Keyser (1905) confirmed Cobb's observations, and 

also found that large and numerous vacuoles are associated in yel-

low-berry kernels. The difference in structure between horny and 

yellow-berry ke~nels was also accompanied by a difference in nitro-

gen, the yellow-berry kernels containing less nitrogen than the 

horny. Roberts (1908) states that the presence of ir vacuoles 

doubtless accounts for the lower specific gravity of yellow-berry 

kernels. He later(1910) presented the results of a number of phy-

sical measurements of wheat kernels, including specific g ravity. 

The samples examined by him ranged in specific gravity from 1 . 2 

to 1.386 . Willard and Swanson C 1911) determinea the specific grav-

ity and other factors of quality for Kansas , Minnesota, Tennessee , 

and Washington wheats . They state that there is a tendency for 

large kernels to have the higher specific gravity, and fUrthe r, that 

small , compact kernels have a higher s p cific gravity than the 

large (and presumably less compact) ones. HIler (1 0 15) found the 
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spe cific ~ ravity of a number of soft wheat samples to vary bGtwQen 

1.3616 and 1.4133 with an aVQragg of 1.38 1, while that of hard 

wheat ranged from 1.4152 to 1 '.4427, the average being 1.4273. He 

also g i ves the specific gravity of a number of other cereals and 

of several weed seeds. None of these studies dealt specifically 

with the relation of kernel density to milling quality, and it was 

not until the investi~ations presented in this thesis were complet

ed that a paper on this subject by Lindet" Fleurent, and Ar'Oin 

(1915 ) appeared. These writers called attention to the limited 

value ~f the volume-weight determination (as ordinarily stated in 

kilograms per hectoliter), in indicating the illin~ yield . They 

found the real density of t h e kernels, as determined by the dis

placement of petrol, to be of ~reater value as an index to flour 

yield . 

THE METHOD F.MPLOYED IN THE DETEPfHNATION OF SPECIFIC GRAVITY 

The methods previously employed for the determination of 

s 'O ecific gravity did not appear in most instances to be wholly sat-

isfactory. A neW method was accordingly developed by the riter in 

collaboration with L. M. Thomas (1912). About 10 g1'a s of wh at 

kernels , freed from dirt, weed-seeds, other Q:rains , and broken ker

nels, are weighed on an analytical balance, and the xact weight 

recorded. The wheat is then placed in a 5 cc. pycnometer, which is 

Provided with a ~round-in thermometer, side-tube, and overflow cap. 

The grain is just covered with cool toluol, the side-tUbe plu~ged, 

and the neck of the pycnometer connected with ressure tubin~ to 
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an a.spira.tor. The air is then exhausted to fr e the mass of grain 

from air mechanically held in the brush and crease of the kernels . 

Unless this is done the air so held will materially reduce the ap-

parent specific gravity. Moreover the quantity of air present and 

removed by as-piration varies, as it depends upon the shape and size 

of the ke rnels. In 9 trials it ranged from O. TOl cc . to 0.335 cc. 

After the bubb les cease to rise through the toloul, air is slowly 

admitted, and the pycnometer is disconnected from the aspir~tor 

and completely filled with toluol at a temperature of about lS o C. 

The temperature is allowed to rise slowly to 20 0 , as sho n by the 

t he rm ometer in the pycnometer, the last drop on the side tube is 

wiPed off, and the overflow cap set firmly in place . Pycnometer 

an d contents are then weighed on the analytical balance. The ex-

act capacity of the pycnometer, and the specific gravity of the 

toluol must of course be known. The latter averages about . 8665 . 

The specific gravity of the wheat is calculated according to the 

folloWing formulat 

Specific Gravity of wheat= 

Specific gravity of ~oloul x weight of wheat 

Weight of displaced toluol 

From the weight of toluol displaced by the wheat its volume can b 

calculated and this figure divided by the number of ~ernels in th 

pycnometer gives the average volume per kernel . From the weight 0 

-
wheat in the pycnometer the weight per 1000 kernels can also be cal-

cUlated when the number of kernels is known. 
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THB RELATION OF SPECIFIC GRAVITY TO THE SI~E OR VOLU.E OF 

WHEAT KERNELS 

The specific gravity of a number of wh e at samples rang-

ing in size from 7 . 21 to 18 . 54 c c per 1000 kernels was determined . 

These data, together with the nitrogen c ontent are given in Table 

IV. The specific grcavity i n c re ased fairly regularly with the siz e 

of the kernels. The br a n and germ rob ably have a lower -'s, ecific 

gravity than the endosperm, and the latter generally constitutes a 

higher percentage of plUmp, than of s hrunken kernels . With wheats 

of relatively the same composition the density or specific gravity 

would be roughly indicative of the proportion of endosperm. 

Tab 1 e IV. 

Lab. No. 

C 784 
C 789 
C 795 
C 796 

Average 

C 782 
C 789 
C 791 
C 793 

Average 

C 786 
C 790 
C 794 
C 792 

Averag e 

Relation of specific gravity to kernel volume 

Less than 12 cc per 1000 kernels 

Specific 
g ravity 

1 . 3895 
1 . 3934 
1 . 3862 
1 . 3607 
1. 3814 

Volume per 
1000 kernels 

cc 
7 . ~ 1 

10.86 
1 1 . 72 
1 l • 78 
10 . 39 

From 12 to 14 cc per 100 kernels 

1 . 4022 
1 • 4016 
1 . 4033 
1 . 409 0 

1 . 4042 

12 . 74 
13.7 "i 
1 2 . 3 "i 
1 2 . 08 
12 . C)5 

Over 14 cc per 1000 kernels 

1. 41 01 
1. 4104 
1. 4233 
1. 4212 
1. 4162 

14.48 
14 . 71 
15 . 83 
18 . 54 
15 . 89 

Nitrogen 

Per c t 
?3() 

2 . 12 
2 . 8 
2 . l6 
2 . 10 

2.2R 

2 . 54 
2 . 86 
2 . 3 0 

2. '12 

2 . 07 
2 . 3 
2 . 44 
2 . 47 
2 . '3 '3 
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THF. RE LATION OF SPECIFIC GRAVITY TO THE FLOUR YIELD OF WHEAT 

Practical flour millers have observed . that in general 

th ·11· e ml lng of the soft types of wheat by . the roller process pre-

sen t 5 g re a ter difficulties than does the milling of hard kinds of 

the same de g ree of plumpness. The flour middlings, or endosperm 

particle s , a~e more difficult to separate from the bran. Their 

subsequent reducti o n to flou~ between . the smooth rolls is not ac-

c omplished as easily as when they were produced from harder kernels , 

oWing t o their tendency to flatten out or "flake", and lose their 

granular character before the reduction is comp~ete. There is in 

consequence an increased loss of endosperm or floury material in 

the feeds or by - products. Increasing the length of the milling 

system aid~ somewhat in effecting a more complete separation but 

invol v es greater expense . of operation. 

At the time these investigations were undertaken there 

was n o exact information availible on the relation of kernel den-

sity to milling yield when the same general system of milling had 

been followed in all cases. 
A number of wheat samples which had 

been subjected . to milling tests were selected and the specific 

gra v ity determined. 
Four groups were examined, consisting of cor-

neous and mealy samples of hard , red spring, and hard red winter 

. (Turk ey) wheat. The kernels in these samples were all of nearly 

the sam e s i z e , . toe 1 i min ate k ern e 1 vol u mea s a va r i ,a b 1 e, but d i f -

fered in color and hardness. 
The soft, mealy samples represented 

What is commonly termed "yellow- berry", and were lighter col red 

than the corneous kernels of~he same type. 

~ata relating to these samples. 

Table V shows the 



, 6 

While there is some overlapping in the case of the flour 

yields from the corneous and mealy samples, the general tendency 

is deciaedly in the direction of larger flour yields frcm the cor-

neous grains . This physical characteristic is evidently operative 

in determining the flour yield of wheat milled by the roller pro-

cess when the kernels are of the same dimensions and moisture con-

tent. 

Considerable attention has been devoted by geneticists 

to the yellow-berry pr~blem in wheat, and a number of publications 

have appeared containing t_bles in which the percentage of ye110w-

berry 4ernels in seed and progeny have been given. 
Since it is 

somewhat difficult to estimate the percentage of yellow-berry er-

nels in wheat because of the presence of kernels which are on Y 

spotted or partly affected, it is suggested to those concerned 

with this problem that the determination of kernel density may 

profitably be substituted for the mechanical separation which is 

usually resorted to. 
The density of the sample will show the 

c ndition in this regard more accuratelY, and at the same time be 

possible of duplication in the hands of other workers, where the 

S t
" " t because cf the exten~ 

epara lon on the basis of appearance lS no , 

to which the element of judgment enters. 

-
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T~ble V. Physical characteristics, flour yield, and nitrogen 

eous an mea y samples of hard red spring c o ntent of corn d 1 

Lab. No. 

C 195 
C 31 7 

C 294 
C 321 
C 29 8 

Average 

C 308 
C 338 
C :: 53 
C 372 
C 396 

Average 

C 263 
C 631 
C 567 
C 616 
C 673 

Averag e 

C 239 
C 247 
C 249 
C 252 
C 260 
C 265 
C 289 

Average 

and hard red winter wheats 

Corneous spring wheats 

Total 
nitrogen 

Per ct. 

2.79 
2.29 
2.46 
2.30 
2.56 
2.48 

Vo lum'e per 
1000 ke rnels 

c c. 

20.58 
22.94 
19.56 
20.94 
1 9. 70 
20.74 

Mealy spring wheats 

1 .82 
1 .92 
2. 02 
1 .89 
1 .99 
1 • 93 

, 

18.60 
24.17 
20.56 
22.98 
20.65 
21. 39 

Corneous winter wheats 

2.31 
2. 1 0 
2.25 
2.25 
2.42 
2.27 

1 .62 
1 .52 
1 .66 
1 .49 
1 .63 
1 .64 
1 .64 
1 .60 

18.63 
20.68 
21 .45 
23.92 
23.97 
21 • 73 

Mealy winter wheats 

23. 1 0 

1 9.98 
20.82 
20.54 
21 • 77 
22.51 
21 .59 
21. 47 

Sp e c if i c 
g ravity 

1.4185 
1.4233 
1.4180 
1 .425 
1. 41 84 
1 .4207 

1. 4106 
1.3988 
1.4015 
1 .4031 
1.4174 
1.4063 

1.4277 
1.4262 
1.4225 
1.4129 
1.4244 
1.4227 

1 .4051 
1. 41 09 
1 .4022 
1'.4101 
1.4000 
1.3990 
1.3964 
1.4034 

Flour 
yield 
Per ct. 

71 .2 
69.1 
69.6 
73.0 
72.3 
71 .0 

70.6 
68.8 
69.7 
67.7 
69 6 
69.3 

6' .8 
72. 7 
71 .7 
71 • 7 
71 . 2 
71 . 0 

70.8 
69.9 
66.8 
64.7 
68.2 
66.9 
66 .2 
67.6 
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RELATION BETWEEN KERNEL DENSITY AND PROTEIN C NTENT 

The rela.tio of k erne l d ensity to pro t ein content is in-

dicated in Table V. The corneous samples not only contained a 

higher percentage of protein than the mealy ones,. but were withou' 

exception higher in specific gravity . 
This c~nfirms Hackel's opin-

ion, but differs from the conclusions of certain ether in estiga-

terse To ascertain whether or not this conditi on prevailed in the 

soft wheats, 26 samples of soft red winter wheat were obtained 

through the United sta es Grain Standardization Laborat ries . 

These heats were grown in the eastern portions of the nited 

stat.es . Their specific gravity, v lume per 1000 ernels, and ni-

trogen content were determined . 
These data are given in Table I 

in which . the samples are arran ed in the order of th percentage 

of n'trogen which hey contain. 
While he specific ~ra ity does 

not exactly parallel the percentage of nit.rog en • the relation is 

quite uniform, and confirms that shown in able 
':'h e a e 1 ag e 

dens'ty of the 13 samples lowest in nitrogen is cen idera ly low-

er than hat of the 13 samples highest in nitrogen . 

be obser ed that both n rogen content and specific 

It '11 a1 0 

rav~ y of 

these soft red wheats are lower than in the c se of hard red wheats 

the tests of which are gi en in T ble 
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Tacle VI. Physical characteristics and ni rog n content of soft 

red winter wheats grown in the eastern United states 

Lab. . o. 

C 727 
C 723 
C 721 
C 725 
C 722 
C 724 
C 720 
C 716 
C 71 7 
C 729 
C 7 9 
C 718 
C 728 

Less than 1 . 80 per cent of nitrogen 

Source 

St . Mary's County, Md . 

Talbot "" 

\ Sp ee if i c 

\ gr6.vity 

1 . 3393 
1 . 3203 

Northumberland" 11 1 • 3401 
W stmoreland "" 1 . 3432 
St . ary's I'" 1 . 3444 
Queen Anne "" 1 • 3633 
Talbot "" ' . 3419 
In 0 r e h est e r & Car 0 1 i e Co . ?l d . 1 • 3804 
QUeen Anne County, d . 1.3568 
Washington, Indiana 1 . 3726 
Queen Anne County, !d . 1 . 359 2 

" " " 
Washington, Indiana 

Vclum e p er 

1000 kernels 
cc . 

Avera . 8 

. • 3606 
1 . 3898 
1 . _556 

26 . 89 
25 . 75 
26 . 02 
.27. 75 
27 . 10 
30 . 22 
25 . 99 
28 . 06 
26 . 35 
35 . 7 

24 . 12 
31 . 28 
22 . 92 
27 . 50 

ore tI-.an 1 80 per cent o~ I)itrcgen 

C 741 Lyndon, Ohio 1 . 38 8 24.86 

C 739 Washington, Indiana . 3961 25 . 3 

C 731 New ienna, " 1 . 2856 22 . 2 

C 743 Arcanum, Ohio 1 . 4083 27 . 29 

C 737 Thrifton, Ohio . 4070 25 8 

C 734 OCenia, 
., 1 • 19 22 . 09 I 

C 732 Washingtcn C. H. Ohio 1 . 41 55 22 . 23 

C 738 El ora., India. a . 4025 23 . 87 

C 730 [adison 'ills, Illinoi 1 . 38 6 23 . 56 

C 740 Chillicothe, Ohio 1 . 3900 22 . 97 

C ~~~ I _ ~ Derby, Ohio • 41 6 24 . 42 

C 126 Markelville, I die. a • 4 84 24 . e 
C 735 ;Mc ords, ndians • 4 

4 24 . 82 

A_erage - - - - - - - - - - 1 . 3998 24 . ~ 6 

A era e f both groups - - - - . • 3778 25 . 83 

Nitrcgen 

1 . 50 
1 .53 
1 . 58 
1 . 60 

. 60 
1 • C 2 
1 .64 
1 . 64 

. 66 

. 68 
1 . 74 
1 • 75 
1 . 79 
. • 64 

. 82 

. 84 

. 90 
i.9 
1 . 94 

. 98 
2 . 
2.00 
2 . i 
2 . 04 
2. 1 

2 . 14 
2. 8 
~ . 00 
' . 82 

, 
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CONCLUSIONS 

K e r n.e 1 vol u me va r i e s d ii. r e c t 1 Y wit h the ) rat i 0 0 fen do

sperm to non-endosperm structures, and, consequently, with the po

tential flour yield when comparisons are ' restricted to the same 

type o r variety of wheat. 

Accurate determination of , the specific gravity of wheat 

xernels must include the complete removal of all mechanically-

held air. This is best effected by relieving he atmospheric pres-

sure . by means of an air pump. 

Large k ernels as a general rule have a higher specific 

g ra v ity than small kernels of the same variety, indicating the 

endosperm to have a higher specific gravity than the bran and g erm. 

The~e is no uniform relation between the size of the 

wheat kernel and the percentage of nitrogen which it contains. 

The latter may vary within rather wide limits when samples of the 

same kernel volume are compared. Moreover the averages of sam-

pIes grouped according to kernel size do 01. show the samples of 

small kernels to contain as much additional protein when compared 

ith plump wheats as has commonly been supposed. 

Relative density of the endosperm is generally conceded 

to , be dependent upon the propcrtion and size of the air acuoles . 

Soft, light-~olored yellow-berry kerLels have more and larger 

vacuoles than dark-colored corneous -ernels of the same variety. 

The former has a lower specific gravity than the latter-
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More flour can ordinarily. be p:roduced from the denser 

wheats, other things being equal, owing. to. the greater ease of 

separating the endosperm from the bran and germ. When the less 

dense yellow-berry wheats are ground. between rollers there is an 

increased tendency for the endosperm to flatten out and adhere to 

the by-products. 

Wheats of a high specific gravity have a higher nitro-

gen content as a usual thing, than less dense kernels of the same 

relative size or volume. 

Hard red wheats grown in the northern Great Plains area, 

while varying widely, have a higher a~erage specific gravity than 

the soft red winter wheats grown in . the eastern half of the United 

states. The former also have a higher a,erage ni rogen content. 



22 

LITERATURE CITED 

BAILEY, C. H. 

1 91 4. The invisible loss in milling. Canadian Miller and 

Cerealist. v.,6, No.4, p. 74-7,5. 

BAILEY , C. H., and THOMAS, L. M. 

1912. A method for the determination of the specific grav-

ity of wheat and other cereals. U. ·..s . Dept. Agr. 

Bu. Plant Ind. Cire. No. 99. 

BRENCHLEY, W. E. 

1 909. On the" strength" and development , of , the grain f 

wheat . Ann. Bot . v . 23, p. 117-129. 

BRENCHLEY, W. E •• and HALL, A. D. 

1 909. The development of the grain of wheat. our. Ag r. 

Sci. v . 3, p. 195-217. 

COBB, N. A. 

1 904. Universal n om enclature of wheat . Agr. Ga.z. ew So . 

Wales, v. 15, (note p. 512), 

FAILYER, G. H., a.nd WILLARD, J. T . 

1891. Composition of Kaffir corn, oats and wheat at dif-

GIRARD , A. 

1 897 . 

ferent st a ges of growth. Kans . Sta t Bul. o. 32, 

p. 229-232. 

Recherches sur la composition des bles at sur leur 

analyse . Compt. Ren "". Acad . Sci . (Paris) , v . 124, 

p . 876-882 . 

-



23 

HACKEL, E. 

1 890 . True Grasse~. ,Translation by Lamnson'Scribnar and 

, Southworth. New YorK. , (note p. 26) 

( HEINRICH, REINHOLD 

1867. 'Untersuchungen tiber den Stoffwechsel w~hrend dar veg-

1 871 • 

etation der Wei ~ enpflanze. Ann. Land. i. Preussen, 

v. 50, p. 3 1 4- :3 3 3 

Mineralbestandteile , in dem Samenk .o r ne dar Weizenpflanze 

w~hrend der ' Entwickelung vom Fruchtkn~ten bis zur 
.. 
Uberreife. Ann. Land. i. , Preussen, v. 57, p. 31-49 

INGERSOLL, C.l L., and BESSEY, C.' E. 

1893. Wheat and some of its products. ' Nebr. Sta. Bul. No. 32, 

p.79-104. 

REDZIE, RorC. 

18&1-2 ,The ripening of wheat. 
Repcrt Mich. Bd. Agr. 1881-2, 

p. 233-238. 

1893. 
Composition of wheat at different periods of ripening. 

Mich. ' Sta. Bul. No. ~01, p. 1-12 

KORNICKE,"F., and' WERNER, l H. 

1884. Handbucb des Getreid~baues, 
ol.~ II, p. 120. Berlin. 

LINDET, FLEURENT, and ARPIN. 

1 91 5. 
influence de la densite a ' un Ble sur son rendement 

en farine. Compt. rend. Acad . d' Agr . , v. 1, p. 

632~639 

LLOYP , J . U. 

1894. The weight of a grain of wh e at. Amer. Jour. Pharm., 
v.;66 , p. 413-419. 



24 

LYON, T. L. 

1 905. Improving the q\1ality of wpeat. U.' S. Dept. Agr. 

Bu . Plant ' Ind. No. 78, p. 39-4,0. 

LYON, T. L., and KEYSER, ALVIN 

1905. 

HAREK, G. 

1 875. 

Winter wheat. Pebr. Sta. Bul. No. 89, p . 23-36. 

U~ber das specifiscbe gewicht und die chamis che a n-
!I 

alyse als Maassst a b fur den Werth des Samenkornes. 

Land. Zeit . f. Westfalen u. Lippe, v. 35, p . 362 . 

~ILLEF, R. C. 

1 91 5. 

NOBBE , F. 

Milling and baE-ing tests of wh eat containing admix

tures of rye, corn cockle, Idnghead and vetch . U. S. 

D ep t • Ag r. Bu 1. No . 328. 

1876. Handbruch der Samen unde, p. 315-319. Berlin . 

30WACK I, A. 

1 870. 

PAGNOUL, A . 

1 888 . 

Untersuchungen {{ber das Reifen des Get-raideG" ( 'ote 

p. 76-77) . Halle . 

(On the composition and the specific gravity of wheat) 

Ann . Agrcn . v . 14, p . 262-272. Aba+. in Biederma~n' s 

C en t . f . Ag r . C hem. v . 1 7 , p . 767- 768. 1 888. 

PA~:!.EL, L . H . , a<nd STE ART, F . C. 

1 894 . Specific gravity and weight of hea~ seads . Iowa S a . 

Eul . No . 25, p . 26-31. 

. 



25 

ROBERTS, H. F. 

1910. Breeding for, type of kernel in wheat. Kans. Sta. 

Bul. N'o. 170. 

ROBERTS, E. F., and FREEMAN , G. B. 

1908. The yellow~berry pr~blem in Kansas hard winter wheats. 

Kans. Sta. Bul. No. 156 . 

SHAW, G. W. 

1913. Studies upon influences affecting the protein c ontent 

of wheat. Univ. Cal. Pub. Agr. Sci. ,v. 1, N • 5, 

:po 63-126. 

TELLER, G. L. 

1898 . A report of progress of investigations in the chemis-

1 912. 

try of wheat . Ark . Sta . Bul. No . 53, p. 53-81. 

The carbohydrates of wheat and wheat products and 

changes in same during development of the grain . 

Proe. 8th ' Int . Congo App. Chern ., Sect . vI a, v . 13 , 

p. 273-278. 

THATCHER , R. W. 

1 91 3 . The progressi v e development of the wheat kernel . Jour . 

Amer. Soe'y. Agron. v . 5, p. 203-213. 

1 91 5 . The p rogressive development of the wheat kernel . II. 

Jour . Amer. Soc' y . Agron ., v . 7 , p. 273-282 . 

WILLARD, J . T. a nd SWANSON , C. O. 

1911. Milling tests of heat a nd ba ing tests of flour . 

Kans . Sta . Bul . No.1 77 . 



WOLLNY,' E. 

1886. 

26 

IT 
Untersuchungen uber den Einfluss des spacifischan 

gewichte des Saatgutes auf des Produktions-verm~-

gen dar Kulturpfl anzen . Forch . a. d . Gebiete. Agr. 

Physik. v. 9, p. 207-2~6. 



:tir~;:ttii~ -"-~t 

:i:G: -'-M- 0 IT - --. 
h+'+ r--i- ., 

PI 

=Wt:!: rr-: '" ,; 
z 

+~W <2 
0: 
0 
> 

:tH-;-: ~ 
1-' w 

f-- :i: 
z 

:t ~-f-trT h 0 
u 

;-t~ ,..;t ~H 
0: 
w 
VI 

f1T::c.,+- VI 
w .. 
.J 

i+ w 
IL --- -;- IL 

tt :> 
w 

" ,+ T V , 
+ 

r-t-:-- -c;- -:-- / h-

-'-C- -i+ 

-t+--r,~ -;- I~ 

::t -It 
-i-

.1- :f-
i-i-

.~ _ 'r 

r: -~ 

1 

-:-+ ~g+ - t -t 

It ~~!t,~ r ~ 
Ii-

i h ct. f t+,+~H-+ 

-tf :j: + 

tht ± 
il t=l#-~ 

_rt- TH 

tm 
w 

± 
.1 

Ii:! iT 
~ ~ M t+ 

TT-

:1~ 
m- -:7~ , t;1 ~~~ E~ ,t'rr1 
f++ 

~ &-e. ~ . 
-+ .-. 

-



r.i 

" '" M 

,; 
Z 
,;. 
0: 
o 
> 
;: 
"' Z 

ci 
U 
0: 

"' III 
III 

"' oil 
..J 

"' .. .. 
:J 

"' '" 



I:± !-+ 

" 

~. ~t 
~+-;+ 
,-t+ t+ 

1-+ fT-hl+: 

.w.' 

. Hi- ttl 

I:± 

r-
!-++++ 

~ ~+ ~ 
I-t' -;:~ " 

~m~· 

.-

l:!:: 

t+ 

~ 
z 
-i 
a: 
o ,. 
~ 
w 
Z 

<> 
U 
a: 
w 
tI) 
tI) 
w .. 
..J 
W ... ... 
:J 
W 

'" 



~ 

, -

:!:' +-+, 
l-

. : ,t: 0 .. :;'f:. '" '" ,; 
+..:.~ Z 

'" 0: 
0 
> 

- ~ 

"' Z 

,~ ci 
-~c-,-

U 
0: 

"' Ul 
Ul 

"' .. 
.J 

"' .. .. 
::::j: :> 

"' " e~ 

·t .. ,~-
c~ rt·f If 

.p-

;1:. 

+ ,t· 
. :;.:+ ~ft:~ -+ 1 +: b:±:: 

-i--'+-fl-i+ -Ti-
, L 

ti -It ;'''' 
t-

/' 
'A-< ::: 

:r'" 
f 

.,.. " I~ 8: 
-++- . ~ r J_:t ·t --:'f-

it .~ 
, 

~ 

~p ++± 
H·+t -r+ 

I ~ti 1+ 

'.' 

'i:!=!= 
~:-< 

t~ ++ f-t rWt:. H 

t ~ ml .4: t!; .... ~tB .. ~ ~a~ b ~~··.~ m . n ITTt F"t m'l'l. ~ !+ H+ .... j:j: 

,] ;} +-'1 ~r~ '" ~J 

.~ 

..011IIII 



mi:t=+ . :;- :t 
+ f~~ 

It 

tt =p! . 
I ::): 

f-t j t-,=l= 

1+ 
t+ 

~m 
:t f: 

:t -,-
C-j; 

~~ ~ , 
- =1= 

To 

rr· ~ r±: "_::8 ±- H -

~ rr- 'Ii· :H 
~ fEfi:=+ E [i:- ::(: 

E~ 

, ~ 
H ± 

t:I 
1+ 

~ 
+L 

i::I 

R=R: 

T FH 
~i+ 

+ 

1+ 
rrt+++ SHE 

1+ +R± 
CI 

:t=t 1_ 

j-l ~ 
~ 

e+ 

fc!ii 

I Ir 
:E 

i::I 

-

=t 

It =+ 
± 

q 

t± 

t! ::i: 

± 

R: 
!=t 

ttl i1~ -;: 1+ 

tt T 
r:t 

p:W-8 
i::I 

'.1. 

± 

It 

t.+ 
+It 

i::I 
l..UJ..W:tu.. 

i=ti: 

rT+ 

II:: 

++ 

4 ttl 

+l 

If 
j::j: 

IT g :± 
.T 
# J 
m 

a= ~ 

1+ 

i 

i+t-Ii 
i 
I 

:J 

o 

" '" '" ,; 
Z 

,;. 
a: 
o 
>-
~ 
w 
Z 

ci 
o 
a: 
w 

'" '" w .. 
.J 
w .. .. 
:> 
w 

'" 

I 


	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034

