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of cephalins (5), (6), (7). I t will be seen from the accompanying table 
that the amino alcohol content is larger in the more soluble portions, 
while the amino acid increases in the more insoluble part. 

Cephalin (0, 4). Cephalin (5). Cephalin (6). Cephalin (7). 
Per cent. Per cent. Per cent. Per cent. 

A m i n o a lcohol n i t r o g e n . . . . . . 0 . 8 2 0 .82 0 . 8 7 o,3& 

A m i n o acid n i t rogen 0 .32 0 . 2 5 0 .22 0 .74 . 

Cephalin (o, 4) is a sample partially purified according to the cephalin 
(4) method. It was probably similar to the preparation from which 
cephalins (5), (6) and (7) were derived. 

With the purification of cephalin (7) the per cent, of amino acid con­
stantly increased. After the first treatment there was 0.46% nitrogen 
in this form. Later in the process this became 0.64% and finally 0.73%. 
This last value is not a final one. It simply indicates the extent of the 
separation. 

Conclusions. 
It may be concluded from the above data that: 
i. There is neither choline nor neurine in cephalin. 
2. Cephalin has its nitrogen in four forms: These are residual nitro­

gen, about 0.20%; ammonia nitrogen, about 0.20%; amino alcohol 
nitrogen, 0.80%; and amino acid nitrogen, 0.40%. These are values 
for a typical pure product. 

3. Ordinary cephalin is probably made up of at least two cephalins, 
one containing a large percentage or all its nitrogen as amino alcohol, the 
other having the larger amount of its nitrogen as amino acid. 

I wish to express my indebtedness to the late Waldemar Koch for his 
suggestion of this line of work and for his valuable advice during the first 
months of the investigation. I am also indebted to Professor A. P. 
Matthews for suggestions during the progress of this work. 
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Introductory. 
Studies on the volatile aliphatic acids and the lactic acid in corn silage 

have been reported in previous publications.1 It was shown that both 
nonvolatile and volatile acids are present in considerable amount, and 
occur in the ratio of about four parts of the former to three of the latter. 
The principle volatile acids were acetic and propionic, these being pres-

1 Dox and Neidig, Iowa Agr. Exp. Sta. Research Bulletins 7 and io. 
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fent in the proportion df about ten to one. The nonvolatile acid was 
found to be lactic acid. In the three types of silos examined very little 
difference was noted in the above ratios. 

The results, thus far reported, deal principally with the composition 
of silage at various periods subsequent to the fermentation. The uni­
formity of the successive samples throughout the feeding season seems 
to indicate that whatever changes occur after the early period of silage 
formation are of only minor importance. Chemical changes taking place 
during the fermentation period were not discussed at any length in the 
previous reports. It is known, of course, that the freshly cut corn con­
tains soluble sugars and very little acid, whereas the silage made from it 
contains considerably less sugar but an abundance of acid. It is reason­
able to assume, therefore, that the acidity of silage is developed at the 
expense of the sugar. The mechanism of the process has not, however, 
been satisfactorily explained. Babcock and Russell,1 of Wisconsin, 
attribute 'the formation of silage mainly to intramolecular respiration of 
the green plant cells and regard bacterial activities as only of secondary 
importance. Russell,2 of Rothamstead, and Hart and Willaman,3 of Wis­
consin, still maintain this view. On the other hand, Esten and Mason4 

find yeasts and lactic acid bacteria in silage in such enormous numbers 
that their chemical activities cannot be disregarded. 

It is already known that the acidity of silage practically reaches its 
maximum in less than three weeks. Esten and Mason observed a still 
more rapid fermentation, most of the acid having developed in the first 
seven days, with only a slight increase thereafter. I t is evident, there­
fore, in order to follow the chemical changes that constitute silage forma­
tion, samples must be examined at frequent intervals during the two 
weeks immediately following the time of filling the silo. The work de­
scribed in this paper represents a series of observations made upon the 
contents of three distinct types of silos during the actual process of the 
silage formation. 

Investigations upon the hollow clay tile silo and the wooden silo were 
conducted in the fall of 1912. These silos have been described in the 
work already mentioned. The third, a concrete silo of monolithic type, 
is forty feet high and fourteen feet in diameter. Investigations on this 
silo were conducted during the fall of 1913. 

Methods. 
The determinations made upon the fermenting silage include the fol­

lowing: reducing sugars both before and after inversion, volatile acid, 
1 Babcock and Russell, Wisconsin Annual Report, 1900. 
2 Russell, / . Agr. Sd., 2, 392-410. 
3 Hart and Williman, THIS JOURNAL, 34, 1619-25. 
4 Esten and Masbn, Storrs Agr. Exp. Sta. Bull. No. 70. 
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lactic acid, alcohol, and analyses of the gas from the interior of the silo. 
Temperatures of the silage were also taken in the silos. As in the pre­
vious work, the samples of silage were taken by means of an auger, sub­
jected to a pressure of 350 kg. per sq. cm. and the juice thus obtained 
was used for the analytical determinations. 

Determination of Sugar.—To 100 g. of the juice, 15 cc. of a solution of neutral lead 
acetate were added, the volume made up to 250 cc. and the solution filtered. Of the 
filtrate, 200 cc. were treated with just sufficient anhydrous sodium carbonate to pre­
cipitate the lead, and the solution again filtered. Duplicate portions of 25 cc. of this 
filtrate were used for the sugar determinations by Allihn's method. For the determina­
tion of reducing sugars after inversion, 50 cc. of the lead-free solution were mixed with 
5 cc. concentrated hydrochloric acid, allowed to stand 24 hours, then neutralized and 
diluted to 100 cc. The reducing sugar in 25 cc. of this solution was determined as 
above. Cuprous oxide was weighed directly and calculated as glucose in both cases. 

Determination of Volatile Acids.—Volatile acids were determined by 
the Duclaux method as in the method cited.1 The Duclaux fractionation 
was made upon one-half of the solution, after removal of the barium sul­
fate instead of first distilling into two fractions and making separate t i tra­
tions and calculations. On account of the great preponderance of acetic 
acid, very little is accomplished by this preliminary fractionation, while 
the calculation is rendered still more laborious. 

Determination of Lactic Acid.—After removing the volatile acids by 
distilling with steam under reduced pressure, lactic acid was determined, 
as in the previous work, by extracting the residue with ether and crys­
tallizing out the zinc salt. Observations were then taken with the polari-
scope to determine the optical activity and the zinc salt was identified 
by determining the percentage of zinc oxide present. 

Determination of Alcohol.—100 g. of the silage juice were neutralized with sodium hy­
droxide, transferred to a 200 cc. distilling flask and distilled from a glycerol bath. The 
volume of the distillate collected in each case was 75 cc. This was diluted to 100 cc. 
and 50 cc. were transferred to a 300 cc. flask and boiled for 15 hrs. under a reflux con­
denser with 5 g. chromic acid and 5 cc. concentrated sulfuric acid. The volatile acids 
resulting from the oxidation of the alcohols were distilled with steam until a distillate 
of I liter was collected. This was titrated with 0.1 JV barium hydroxide, using phenol-
phthalein as an indicator. The acid was calculated as acetic acid and recalculated to 
ethyl alcohol. 

Gas Analysis.—A brief description of the apparatus used for obtaining 
samples of gas from the interior of the silo will be given here. A one-
half inch galvanized pipe was inserted vertically from the bot tom of the 
silo, a t the center, extending to a height of about ten feet. At the upper 
end, a two-foot piece of one-inch pipe containing numerous small holes 
was at tached. The lower end was extended along the floor and up the 
side to a height of about six feet and then protruded through the wall,. 
a stopcock being fitted to the end. The entire length of pipe was given. 

1 Research Bulletin No. 7, Iowa Agr. Exp. Station. 



2404 RAY E. NEIDIG. 

a thin coat of shellac on the inside. The purpose of inserting the pipe 
vertically from the bottom of the silo was to prevent any interference 
with the normal settling of the silage. The above described apparatus 
was installed in the three silos, constructed of hollow clay tile, wooden 
staves, and concrete, before filling. 

Samples of gas, representing in each case the gas from the center of the 
silo at a height of about twelve feet from the bottom were obtained by 
means of an aspirator. 

The analysis was made in an Orsatt gas apparatus. 100 cc. of the gas were meas­
ured into the buret, then transferred to the pipet containing the potash solution (1 part 
KOH to 2 parts H2O) and allowed to remain there ten minutes, the operation being 
repeated in order to insure complete absorption of the carbon dioxide. The gas was 
then transferred to the buret and the decrease in volume noted. This decrease represents 
carbon dioxide. The contents of the buret were now transferred to the pipet containing 
alkaline pyrogallol solution (1 part 25% pyrogallol solution to 6 parts 60% KOH) and 
subjected to the same manipulation as before. The loss in volume represents percentage 
of oxygen. The residual gas consists chiefly of nitrogen. 

Temperature Observations.—The apparatus used in obtaining the tem­
perature of different parts of each silo at frequent intervals consisted 
of a portable indicator and twelve electric thermometers, each connected 
with 15 feet of insulated wire. Four of the thermometers were buried 
in each silo at the time of filling, about fifteen feet from the top. The 
position of the thermometers in each silo was the same; one at the center, 
one at the outside edge next to the silo wall, and the remaining two on a 
direct line with the two former thermometers in such a position that they 
were equidistant from each other and the center and outside thermom­
eters. When readings were desired each thermometer was connected 
with the indicator and on passing an electric current through the appara­
tus, the temperatures were read directly in degrees Fahrenheit on the in­
dicator scale. The temperature observations on the wooden stave and 
hollow clay tile silos were taken a year later than the chemical studies 
on these two silos, yet, for the sake of comparison, they are included in 

this paper. 
Experimental. 

Wooden Stave Silo.—The wooden stave silo was filled Sept. 23, 1912, 
with Reed's yellow dent corn. The stalks were somewhat green and 
the corn well dented in the ear. Water was added to the top of the silo 
immediately after filling. The analytical results are shown in Table I. 

Hollow Clay Tile Silo.—The hollow clay tile silo was filled September 
27, 1912. The corn was Reed's yellow dent, somewhat riper in ap­
pearance and contained less moisture than that put in the wooden stave 
silo. No water was added to this silo. The first sample was taken on 
the day of filling and represents the fresh corn juice. Samples 2 and 3 
were taken Sept. 28 and 29, respectively. Owing to the small amounts 
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TABLE I. 

Analysis of 100 g. silage juice. 

Z 
I 

2 

3 
4 
5 
6 

7 

14 
n < 

0 76.3 Volatile and non-volatile acids were not 
i 73.0 separated in the first two samples. 
2 67.6 0.4178 0.0166 0.0039 0.0044 0.4427 0.7565 

3 65.1 0.5152 0.0374 0.0000 0.0000 0.5526 0.8807 

4 66 .0 0 .5090 0.0476 0.0000 0.0000 0.5566 0.6404 

5 64.7 0.5348 0.0444 0.0000 0.0000 0.5792 0.6560 

6 66.5 0.5624 0.0446 0.0000 0.0000 0.6070 0.7698 

8 7 67.6 0.6482 0.0448 0.0000 0.0000 0.6930 1.0070 

9 8 67.5 0.5976 0.0414 0.0000 0.0000 0.6390 0.5680 

10 9 65.3 0.7488 0.0520 0.0000 0.0000 0.8008 1.2270 

11 10 68.3 0.5182 0.0538 0.0000 0.0000 0.5720 0.9857 

12 11 67.2 0.5598 0.0698 0.0000 0.0000 0.6296 1.0020 

13 i ? 65.6 0.5890 0.0612 0.0000 0.0000 0.6502 i .6170 

14 23 65.2 0.5932 0.0726 0.0000 0.0000 0.6658 1.4980 
1 Calculated as ethyl alcohol. 

Sugars 
calculated 
as glucose. 

B
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e 

in
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v
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A
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in
­

v
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o
n
. 

2 5 7 O 5.1960 

3-68o 

2-574 
I .760 

2.OI8 

2.050 

2.436 
I .842 

I .796 

1.438 
2.046 

2.144 

I .305 
1.218 

4 .5160 

2.7840 

I .7600 

•0 

a 
a 2 *3 

.2 0 

g-o 

a 
Q 

Gas analysis. 

6 

A
lc

oh
ol

,1
 g

. 

P
er

 c
en

t,
 o

f 

0 .01 1.4 

0.16 45.O 

O.39 66.4 

O.32 68.O 

O.29 52.O 

0.25 50.O 

0.20 55.O 

0.30 55-o 

o-3i 55-0 
0.48 56.0 

0.19 46.0 

0.24 33.8 

o.37 32.4 

0.31 30.7 

iy
g
en

. 
P

er
 c

en
t,

 o
f 

0 

18 .O 

I . 0 

i - 4 

0 . 5 
0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

trace 
trace 

of acidity, the volatile acids were not determined by the Duclaux method 
in these samples but simply calculated as acetic acid. The analytical 
results follow: 

TABLE I I . 

.S Analysis of 100 g. silage juice. 

Sugars 
calculated 
as glucose. 

Gas 
analysis. 

O 0 

•s s& BB 
!Z < PH < PH W > H hi PQ 

i 0 64.3 Vola t i le ac ids were n o t sep- 0.03102 0 .160 2.552 

2 i 62.0 a r a t e d in t h e first t h r e e o . i o 8 o 2 0.287 4-970 

3 2 65.5 samples . 0 .1170 2 0 .224 4-493 

4 3 64.0 0.1472 0.0092 0.0017 0.002 0.1601 0.342 4.334 

5 4 57.9 0.2700 0.0281 0.0000 0.000 0.2981 0.289 3.254 

6 5 63.1 0.3400 0.0392 0.0000 0.000 0.3792 0.544 3.248 

7 6 61.2 0.3416 0.0354 0.0000 0.000 0.3770 0.569 2.840 

8 7 58.8 0.4026 0.0419 0.0000 0.000 0.4445 0.799 2.260 

9 8 60.9 0.4182 0.0436 0.0000 0.000 0.4618 0.646 2.280 

10 10 63.4 0.3972 0.0458 0.0000 0.000 0.4430 0.921 1.640 

11 12 62.3 0.4742 0.0578 0.0000 0.000 0.5320 1.108 1.050 

12 19 58.5 0.5048 0.0524 0.0000 0.000 0.5572 1.340 1.226 
1 C a l c u l a t e d as e t h y l alcohol . 
8 C a l c u l a t e d as ace t ic acid . 

< 
4-59Q 
5.292 
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4.726 

3-378 
3.264 
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i 

*£ 
G 

< 
0.02 

0.07 

0.11 

0.17 

0.20 

0.26 

0.30 

0.30 

0.29 
0.38 

0.46 

0.41 

PH PH 

26.7 1.6 

41.0 0.0 

48.0 0.0 

58.0 0.0 

48.0 0.0 

50.0 0.0 

48.0 0.0 

46.0 0.0 

40.0 0.0 
35.4 t r a c e 

31 . i 0.0 

27.2 0.0 
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Concrete Silo.—The concrete silo was filled September 15, 1913, with 
Reed's yellow dent corn. The corn was well dented and quite dry owing; 
to a lack of rain previous to filling the silo. Water was added to the top 
of the silo on the morning of September 20th. After thoroughly soaking-
the top of the silage oats were sown, which soon sprouted and formed a. 
thick matted covering over the surface of the silage. No separation of 
the volatile acids by the Duclaux method was made from the samples 
of silage from this silo. The total volatile acids were calculated as acetic: 
acid. The analytical results are shown in Tables III to VI. 

TABLE I I I . 
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8 

9 
I O 

11 

12 

•i 

I 3 
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2 
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6 
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8 

IO 

14 
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w 
'5 
E 

% , 4) 
, j be 
fl.2 

S -a 
-

5 9 0 

6 0 . 5 

6 1 . 2 

5 8 . 6 

6 0 . 3 

6 2 . 0 

6 1 . 7 

6 3 - 4 

6 3 3 

64 -5 

65 -5 
6 5 . 6 

-. 
Is 
« 
+•J 

> 
"S . 
0 » 

I* 

0 . 0 1 4 4 

0 . 0 4 2 6 

0 . 1 9 1 4 

0 .2802 

0 . 3 9 4 8 

0 .4812 

0 . 5 6 8 0 

0 . 6 0 6 0 

0 . 6 6 6 0 

0 .7032 

0 . 7 1 7 6 

0 . 7 3 6 8 

Analysis of 100 g. silage juice. 

&o 

3 'u 

S 
H? 

O.OOOO 

t r a c e 

0 . 2 9 3 0 

0 . 5 0 9 4 

0 . 6 2 6 4 

0 . 7 4 3 6 

0 . 9 7 5 0 

1.0115 

1-3452 
1.1719 

i 2356 

1-4053 

Sugars 
calculated 
as 

, B O 
— 0 
a'55 

0 <u 

•s> S 

4-852 

7 

7 
6 

6 

5 

4 

4 

3 

3 
2 

2 

4 1 1 

406 

859 
899 

506 

373 
0 7 0 

2 0 6 

3 7 0 

736 

558 

glucose. 

n °' .5,0 
'55 

U L. u aj 
S. * 
< 

9 . 0 3 8 

8 .942 

8 .184 

7 .089 

7 . 0 0 4 

5-573 

.2 4J 
•3 s 

S -.5 
1 § 
Si .i-

. 0 ^3 

b£ 

"3 
0 
U 

< 
0 . 0 2 

0 . 2 0 

0 . 2 6 

O.24 

0 . 1 9 

0 . 3 0 

0 . 2 2 

O.27 

O.38 

0 . 3 0 

0 . 3 3 

0 . 3 7 

Gas analysis. 

N 

O 
'J 
0 

Is 

-
6 3 . 0 

73 -0 
8 7 . 0 

8 0 . 5 

8 2 . 5 

7 5 - 0 

6 8 . 0 

6 6 . 0 

6 5 . 0 

5 6 . 0 

5 4 - 0 

4°-5 

U 
V 

X 
O 

•*; 
B 
<D. 
U 

P* 

I .O-

O.O 

O . O 

O . O 

O . O 

O . O 

O . O 

O.O-

O.O 

O.O 

O . O 

O . O 

1 Calculated as acetic acid. 
2 Calculated as ethyl alcohol. 

Discussion. 
Before taking up the discussion of the results obtained from the fore­

going investigation on silage formation in the three types of silos, a few 
preliminary remarks concerning the scope of the work are given for the-
benefit of the reader. Several factors enter into the work which exert 
a decided influence upon the amounts of chemical products formed in the 
silo and therefore must be reckoned with in the discussion of the results.. 
Two of the chief factors are the maturity and moisture content of the corn. 
I t is known that, the more immature the corn, the greater the amount 
of acid produced. Differences in maturity also show differences in the-
sugar and moisture content and, as acids are formed chiefly at the expense 
of the sugars, it is evident that any differences in the maturity of the corn 
would materially effect the quantities of the chemical products. Since 
the three silos were not filled with corn of uniform maturity and water-
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was added to two of the silos, the results will not be compared quanti­
tatively but the general ratio of the chemical products will be used for the 
basis of the discussion and the merits of the three types of silos discussed 
from this viewpoint. 

A comparison of the sugar determinations shows that in each'case the 
juice from the green plant contains about equal amounts of reducing sugar 

-and non-reducing sugar. The latter may be considered sucrose. During 
the first two days after filling the silo, the most noticeable change is the 
inversion of the sucrose, When the sugar determinations before and 
after inversion coincided, the inversion was considered complete and no 
further determinations were deemed necessary. The rate of inversion 
was not the same in the three silos, the wooden silo requiring three days, 
the hollow-clay tile silo four and the concrete silo five days. No signifi­
cance, however, can be attached to these differences, inasmuch as the chem­
ical changes vary at the same rate. The inversion of sucrose is probably 
due, to the greater extent, to the enzyme sucrase. Acids, likewise, bring 
about the hydrolysis of sucrose, but their effect in this instance is prac-

TABLE IV.—TEMPERATURE READINGS. 

Wooden Stave Silo Filled Sept. 13, 1913. 
Readings of thermometers placed 

Date of 
reading. 

Sept. 131 

Sept. 14 
•Sept. 15 
Sept. 16 
Sept. 17 
Sept. 18 
Sept. 19 
Sept. 20 
Sept. 21 
Sept. 22 
Sept. 23 
Sept. 24 
Sept. 25 
Sept. 26 
Sept. 27 
Sept. 28 
Sept. 29 
Sept. 30 
Oct. i 
Oct. 2 
Oct. 3 
Oct. 4 
Oct. 6 

Time of 
reading. 

8 . 0 0 A.M. 

7 .00 A.M. 

7 .OO A.M. 

7-45 A.M. 
7 .OO A.M. 

7.OO A.M. 

8.OO A.M. 

7-45 A.M. 

7-45 A.M. 
8.3O A.M. 

7 . 3 0 A.M. 

7 .30 A.M. 

7-45 A.M. 
7 .45 A.M. 

2 .OO P.M. 

5 -15 P-M. 
5 .00 P.M. 

4 - 4 5 P-M. 
5 .00 P.M. 

3 . 3 0 P.M. 

2 . 30 P.M. 

2 .40 P.M. 

I I .30 A.M. 

at center. 
Degrees 

Fahrenheit. 

80 

80 

77 
76 
76. 
78 
78 
3o 
80 

81 

81 

82 

83 
83 
84 
84 
84 
84 
85 
85 
86 
86 
85 

two feet from 

center. 
Degrees F. 

80 

77 
77 
76 
76 
78 
78 
80 

80 

81 

81 

82 

82 

82 

83 
83 
83 
84 
84 
84 
84 
84 
84 

wall. 
Degrees F. 

S 7 • 

87 
87 
87 
87 
87 
86 
86 
86 
84 

83 
83 
82 

82 

81 

81 

80 

80 

80 

79 

at wall. 
Degrees F. 

76 
66 

65 
74 
70 
66 
66 
60 

54 
47 
56 
66 
58 
48 
60 

61 

66 
66 
68 
66 
68 
63 
67 

Temperature 
of 

atmosphere. 
Degrees F. 

65 
65 

64 
48 
43 
47 
49 
66 

49 
45 
72 

60 

65 
70 

76 
76 
83 
66 
81 

1 Water was turned on top of silo at 8.30 P.M. and allowed to flow all night. 
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tically negligible for the reason that organic acids are weak catalysers 
and, at this early period of silage formation, are present only in small 
amounts. Although it is not possible to state the exact source of the 
enzyme, sucrase is known to be present in the corn plant itself, and it is 
also a product of numerous microorganisms including bacteria, yeasts 
and molds. 

From the time of filling the silo the total sugar decreases in amount, 
until a minimum is reached in about three weeks. In the case of the 
hollow tile silo this minimum was reached in twelve days. In no in­
stance does the reducing sugar disappear completely. Even after a much 
longer period the presence of reducing sugars can be demonstrated. A 
sample of silage juice, 120 days old, from the concrete silo, was found to 
contain 3.1 g. reducing sugar per 100 g. juice. In order to identify the 
sugar, a portion of the juice was clarified with neutral lead acetate in the 
usual manner, concentrated on the water bath, and then treated with 
phenylhydrazine hydrochloride and sodium acetate in a flask immersed 
in boiling water. After a few minutes yellow crystals separated from the 
hot solution. These were filtered out and washed with cold water, then 
recrystallized five times from 50% alcohol. The substance showed a 
melting point of 204-206°. Phenylglucosazone melts at 205°. From 

TABLE V.—TEMPERATURE READINGS. 

Hollow Tile Silo Filled Sept. 18, 1913. 
Readings of thermometers placed 

Time of 
reading. 

I.OO P.M. 

8.OO A.M. 

7 .45 A.M. 
7 . 1 5 A.M. 

8.3O A.M. 

7 . 3 0 A.M. 

7.3O A.M. 

7-45 A.M. 
7 .45 A.M. 
2 .OO P.M. 

5-15 P-M-
5.OO P.M. 

4 - 4 5 P-M. 
5 .00 P . M . 

3 - 3 0 P-M. 
2.3O P.M. 

2 . 4 0 P.M. 
I I .30 A.M. 

5 . 0 0 P.M. 

5 -15 P-M. 
4 . 3 0 P.M. 

at center. 
Degrees 

Fahrenheit. 

77 
8 1 

83 
85 
86 

87 
88 

88 
9 0 

9 0 

9 0 

9 0 

9 0 

9 0 

9 0 

9 0 

9 0 

9 0 

9 0 

9 0 

9 0 

two feet from 

center. 
Degrees F. 

78 
8 2 

85 
86 

87 
88 
89 
9 0 

9 0 

9 1 

9 1 

9 1 

9 1 

9 1 

9 1 

9 1 

9 1 

9 0 

9 0 

9 0 

9 0 

wall. 
Degrees F. 

79 
83 
85 
86 

87 
88 

89 
89 
9 0 

9 0 

89 
88 
88 
88 

87 
87 
86 

85 
85 
85 
84 

at wall. 
Degrees F. 

66 
64 
6 0 

5 2 

47 
54 
66 

57 
5 0 

58 
6 1 

64 
64 
68 
64 
66 
68 

67 
64 
66 

65 

Temperature 
of 

atmosphere. 
Degrees F. 

64 
48 

43 
47 
49 
66 

49 
45 
72 

6 0 

65 
7 0 

76 
76 

83 
66 
8 1 

7 0 

7 0 

57 

Date of 
reading. 

Sept. 18 

Sept. 19 

Sept. 20 

Sept. 21 

Sept. 22 

Sept. 23 

Sept. 24 

Sept. 25 

Sept. 26 

Sept. 27 

Sept. 28 

Sept. 29 

Sept. 30 

Oct. i 

Oct. 2 

Oct. 3 

Oct. 4 

Oct. 6 

Oct. 7 

Oct. 8 

Oct. 10 
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the melting point, the insolubility in hot water, and the crystalline form 
of the osazone, it is evident that the sugar was either glucose or fructose, 
or a mixture of the two. Examination of the clear sugar solution in a 
polariscope showed dextro rotation, indicating therefore, that the sugar 
consisted of glucose either in the pure state or greatly in excess of the. 
fructose. 

The results on the acidity of silage show that in each case there is a 
gradual rise in volatile acids. In the two silos, wooden stave and hollow 
clay tile, the individual volatile acids were determined and approximately 
the same proportions of propionic to acetic acid was found as noted in 
the previous publications on this subject.1 Butyric and valeric acid were 
found to occur in traces only in one sample from the wooden silo. The 
three silos show differences in the rate of formation and the maximum 
yield of volatile acids, but this cannot be attributed to the different types 
of silos. The ratio of volatile acids to lactic acid is approximately a con­
stant for the three silos. Lactic acid was found to increase in the concrete 
silo similar in manner to the wooden and hollow clay tile silos. The sam­
ples of zinc lactate examined in a polariscope proved to be the racemic 

TABLE VI .—TEMPERATURE READINGS. 

Concrete Silo.s 

Readings of thermometers placed 

Date of 
reading. 

Sept. 16 
Sept. 17 
Sept. 18 
Sept. 19 
Sept. 20 
Sept. 21 
Sept. 22 
Sept. 23 
Sept. 24 
Sept. 25 
Sept. 26 
Sept. 27 
Sept. 28 
Sept. 29 
Sept. 30 
Oct. i 
Oct. 2 
Oct. 3 
Oct. 4 
Oct. 6 
Oct. 7 

Time of 
reading. 

7 . 0 0 P.M. 

7 . 0 0 A.M. 

7 . 0 0 A.M. 

8.OO A.M. 

7-45 A.M. 
7 .15 A.M. 

8.3O A.M. 

7 . 3 0 A.M. 

7 . 3 0 A.M. 

7 . 4 5 A.M. 

' 7 . 4 5 A.M. 

2 .OO P.M. 

5 -15 P-M. 
S.OO P.M. 

4 . 4 5 P.M. 

5 .OO P.M. 

3 . 3 0 P.M. 

2 .3O P.M. 

2 . 4 0 P.M. 

I I . 30 A.M. 

5.OO P.M. 

at center 
Degrees 

Fahrenheit. 

80 

82 

84 
86 
86 
88 
88 
88 
88 
90 

90 

90 

90 

90 

90 

90 

90 

91 

91 

91 
90 

two feet from 

center. 

:ed
 

'3 
.a 
t 
O 

J= 

S 
tJ 
E 

H 

wall 
Degrees F. 

80 

81 

84 

85 
86 

87 
87 
89 
89 
88 
88 

87 
87 
88 
88 
86 
86 

85 
85 
84 
84 

at wall 
Degrees F. 

70 

68 
68 

65 
60 

54 
48 
52 
64 
58 
52 

55 
59 
62 

62 

64 
60 

62 

67 
67 
64 

Temperature 
of 

atmospheres 
Degrees F. 

70 

65 

64 
48 
43 
47 
49 
66 
49 
45 
72 

60 

65 
70 

76 
76 
83 
66 
81 

70 
1 Loc. cit. 
3 Filled Sept. 16, 1913. 
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or inactive variety. While the maximum yield of lactic acid and volatile 
acids varied for the three silos, no significance can be attached to these 
differences, since factors which would influence the chemical changes in 
silage were noticed at the time of filling the silos, such as the moisture 
content and the maturity of the corn. 

The alcohols found in silage were calculated as ethyl alcohol; although 
it is known that other alcohols are formed in small amounts during silage 
formation. The tables giving the results for the hollow clay tile and 
concrete silos show a gradual increase in the amount of alcohol, while the 
results for the wooden silo indicate that the amount of alcohol found on 
the third day after filling the silo is almost equal to the maximum amount 
observed during the period of investigation for this silo. It is further 
noted that the results on this silo are quite irregular and do not follow 
any gradual increase as in the case of the hollow clay tile or concrete 
silos. The alcohol found probably owes its origin, in the greater part, 
to yeasts, since these are known to be present in enormous quantities at 
the beginning of silage formation. It is difficult to state with the present 
evidence whether or not alcohol occurs as a transitory product. It is 
quite probable, however, that a small part of the acetic acid which is 
found in silage is the result of oxidation of some of the alcohol. The 
mechanism of this reaction cannot be definitely explained as yet, since 
free oxygen is absent from the interior of the silo except in traces. It is 
possible, however, that microorganisms are an aid in this oxidation. 

The gas analyses on the three silos show practically the same results: 
carbon dioxide is formed very rapidly during the first few days, and after 
reaching a maximum, which differs slightly for each silo, gradually decreases 
until a minimum of approximately 20% of the entire gas is reached. 
Oxygen, on the other hand, disappears entirely during the first few days. 
The residual gas consists mainly of nitrogen, a considerable amount of 
which must gain access to the silo from the top. As air diffuses down­
ward the nitrogen replaces the carbon dioxide and accumulates while the 
atmospheric oxygen is used by the aerobic bacteria and fungi found at 
the surface of every silo. This, it appears, satisfactorily -explains the 
presence of two or three feet of spoiled silage always found at the top of 
silos. 

The temperature observations on the three silos were taken every 
eight hours during the early period of silage formation. Since no appre­
ciable differences were observed during these short periods, only the tem­
peratures taken twenty-four hours apart are given in the foregoing tables. 
The question of the temperatures attained in the silo during the early 
period of silage formation is one which is very much in dispute and it is 
hoped that the results obtained will greatly aid in clearing some of the 
erroneous conceptions commonly held. As the silage in each of the 
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three silos was pronounced by experts to be in excellent condition, it is 
only reasonable to suppose that the observed temperatures are the actual 
temperatures prevailing during the formation of good normal silage. 

It is well known that higher temperatures are reached at the top of 
the silos where oxygen gains entrance and partially spoiled silage results. 
Similarly, if oxygen gained access to the silage, due to insufficient settling 
of the silage or to faulty construction of the silo, higher temperatures 
would be noted. In the author's opinion, a great number of the con­
flicting statements found in the literature on the temperatures observed 
in silos can be directly attributed to the factors just mentioned. 

The results on the three silos during the period of examination indicate 
that no importance can be attached to the superiority of any one type 
of silo over others in regard to the conductivity of heat through the silo 
walls. I t was' intended to continue the temperature observations through­
out the winter, with a view of ascertaining the relative conductivity of 
the silo walls, but since the silage was fed below the depth of the ther­
mometers before cold weather, this point could not be determined and is, 
the'refore, reserved until a future date. However, it is quite probable 
that the three silos will show similar properties. 

The chemical changes occurring during the early period of silage forma­
tion are very similar in the rate of formation and the quantity of the 
chemical constituents produced. When the fact is taken into considera­
tion that the corn was in a different state of maturity when put into 
the different silos, it is not surprising that such results are obtained and 
they can hardly be attributed to differences in the types of silo. 

A complete study of the bacterial flora of silage is necessary, in the 
author's opinion, before definite statements can be made upon the causes 
of silage formation. It is hoped that these results on the chemical 
changes in silage may be an aid in such an investigation. 

Conclusions. 
The results show that no differences, which could be attributed to the 

effect of different types of building materials upon the process of silage 
formation, were noted in the chemical changes of the silage in the three 
silos. It is readily seen that approximately the same results are ob­
tained in the temperature observations, gas analyses and determinations 
of alcohol, sugars, and the volatile and nonvolatile acids of the silage 
from the three silos. The only differences noted are the differences in 
quantity; the ratio of the chemical substances, however, is very nearly 
the same for each silo. 

The question now arises as to the comparative value of the silage. Is 
silage of high acidity of more value than that of low acidity? In the 
author's opinion silage must have a sufficient amount of acidity to insure 
its keeping, but beyond this point additional acid is neither essential 
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nor beneficial. A large amount of acid is known to be harmful but the 
quantity which gives the maximum food value has not been determined. 

Remarks Concerning the Value of Different Types of Silos. 
Since the three silos produced excellent silage, a short discussion of 

the relative value of the different types of silo will be included in this 
work. In the past the main argument used by wooden silo manufac­
turers was the superiority of wood over stone, brick, hollow tile, or con­
crete as a material for the silo walls. They based their conclusions upon 
the fact that wood is less a conductor of heat than the other materials. 
The temperature results on the three types of silos show that little stress 
can be laid on this point, as all three silos showed relatively the same 
temperatures. The results also show that a high temperature is not an 
essential factor in the production of good silage, since the maximum tem­
perature noted in the three silos was 91 ° Fahrenheit. Moreover, the 
period of silage formation is of short duration, about three weeks at the 
most, and it occurs at a time of the year when the weather is not exceed­
ingly cold, hence for this reason alone, conductivity of the silo wall would 
not play an important part in silage formation. As for silage freezing 
in severe cold weather in the silos, the writer has failed to notice any 
advantage in using any one particular material for the silo walls, as the 
three silos, constructed of wooden staves, hollow-tile, and concrete, re­
spectively, froze approximately the same amount in each instance. Much 
stress has also been laid concerning the effect of the acids upon the stone, 
hollow tile and concrete walls which results in forming a portion of spoiled 
silage next to the walls. The writer believes that such instances are due 
either to the walls not being air-tight, thus allowing air to gain access 
to the silage, or to rough surface walls, which prevent the thorough settling 
of the silage near the walls. Examination of the concrete and hollow 
tile silos, which have smooth walls and contained silage which was prop­
erly packed failed to show any spoiled silage. The chief factors neces­
sary for the production of good silage are, therefore, smooth, air-tight 
walls, corn in the right state of maturity, the proper amount of moisture, 
and carefulness in filling. These four factors properly carried out will 
insure a good quality of silage with a minimum loss due to spoiled silage. 

Summary. 
Examination of the contents of the three types of silo in use at the 

Iowa Agricultural Experiment Station showed the following chemical 
changes during the actual period of silage formation: 

i. Nonreducing sugars was rapidly changed to reducing sugar, and the 
latter then decreased in amount but did not disappear completely. 

2. The amount of volatile acids increased daily. 
3. In the concrete silo, as already demonstrated for the hollow tile and 
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wooden stave silos, the racemic lactic acid produced showed a daily 
increase. 

4. Alcohol was formed in small amounts in each silo. 
5. Carbon dioxide developed very rapidly after filling the silo. 
6. Free oxygen disappeared entirely after the second or third day. 
7. The maximum temperature observed in any of the three silos was 

91° Fahrenheit. 
8. Within the limits of this investigation, no differences were noted 

which might be attributed to differences in the material of which the silos 
were constructed. 

AMES, IOWA. 

NEW BOOKS. 
General Chemistry: Part I, Principles and Applications,, pp. vi + 410; Part II, 

Experiments, pp. xiv + 174. By LYMAN C. NEWELL. Boston: D. C. Heath 
& Co. 1914. Price, $1.20 (separately, Part I, $1.00; Part II, 60 cents.) 

"This book has been written to meet the demand for a simple and 
practical treatment of the principles and applications of chemistry. * * 

* * * Not only must the student be taught the principles of chem­
istry, and their applications in daily life, but he must be taught in such 
a way that, should occasion arise, he can use chemistry to earn a living" 
(Preface). 

Part I contains the usual elementary matter. Many applications, like 
the pulmotor, ammonia refrigerator, and acetylene blowpipe, receive at­
tention. A large number of chemical industries are discussed. Organic 
compounds and food and nutrition occupy thirty pages. The amount of 
information included in some chapters is very considerable. Thus seven 
classes of proteins are discussed and, aside from the acids related to fat, 
no less than seven organic acids are described. The periodic system 
receives due attention. Modern views, such as those connected with 
ionization, are used, and the results of recent investigations, such as those 
on radioactivity, are included. 

A book for beginners should be written so that every sentence is un­
ambiguous and its meaning obvious. The author does not always suc­
ceed in reaching this ideal. For example: "The sulfur wells * * * 
are very powerful, a single well often pumping 500 tons daily." "The 
number which expresses the combining power of an atom of an element 
is called the valence of the element." Capacity would convey the idea 
better than "power." "The gas (ammonia) is very volatile, and is usually 
collected by upward displacement." Is any connection between the two 
parts of this sentence intended, and what does "volatile" mean, here? 

The order of topics chosen seems to result in frequent mention of sub­
jects not yet discussed. Nitric acid, with its numerous reduction prod-


