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REVIEW OF LITERATURE

Chromatographic analysis of organic compounds is a compara-
tively new field, In the last twenty years it has been used in an

extremely high percentage of the quantitative research done in the bio-

logical sciences,

The first person to publish observations of chromatographic
analysis was a Russian botanist. Tswett (24) in 1906 discovered that
if a solution containing a mixture of colored solutes was allowed to §
run through a vertical glass tube filled with a suitable powdered ab-
sorbing material, the material absorbed in the column appeared in a
series of colored bands, This indicated that a partial separation of
the compounds in the sclution had taken place. As more solvent was
added, the bands separated more distinctly and eventually passed
through the opening at the bottom of the tube. Chromatographic anal=-
ysis progressed little until in 1931 Lederer and Lederer (16) resolved
plant carotene intec its various components., Analytic chromatography
really started to develop when Claesson (3) recognized the techniques
of frontal and displacement analysis,

In 1940 wilson (27) developed the first theory of chromatography.
He took into consideration that equilibrium between solution and absor-
bant is instantaneous, but he neglected to include the effects of dif-

fusion,



In 1941 Martin and Synge (18) published the first theory which
covered the effects of diffusion that Wilsen had neglected to include.

This theory, which was developed by Martin and Synge, is still held
today. Even though the theory was considered accurate, it was criti~-
cized by Smith (23), whe stated that it is inaccurate because ¢f the
adsorption of acids by the column and because cf the neutralization
of the acids by the alkali indicator. For these reasons, Smith says
that the actual yield is nowhere near their theoretical yield.
Isherwood (11) made only slight modifications in the procedure
of Martin and Synge (1&) and was successful in quantitatively deter-
mining acetic, fumaric, glutamic, formic, succinic, and other organic

ac&ds.
In 1950 Marvel and Rands (19) separated organic acids on a

column of silicic acid, Water and chloroform were used as the eluants,
They collected the acids in 10 milliliter fractions and titrated them
with 0.0203 normal sodium hydroxide. The acids were eluted from the
column by increasing the percent concentration of butanol by 5 percent
increments to 30 percent in chloroform, They had a recovery rate of
99 to 102 percent, They separated 39 different low molecular weight
organic acids which included those likely to be in biological material.
Bulen (1) in 1952 used essentially the same procedure as Marvel and
Rands (19). Their recovery rate, however, was only §5 to 100 percent.

Wiseman and Irving (28) in 1957, using modifications in the pro-

cedure of Marvel and Rand (19), used 70 grams of Celite to which 30

milliliters of 50 percent sugar water solution and 12 milliliters of



alpha=amine red indicator was mixed in a slurry which was formed in
50 percent acetone in hexane., Several drops of 0.6 normal sulfuric
acid solution was added to the column to prevent retention of the or-
ganic acids. The eluting soclvent was hexane which contained increas-
ing amounts of acetone, They obtained complete separation and elution
of the organic acids from the column, Recovery rates were quite high,
ranging from 97.5 to 102 percent.

In 1956 Hankinson gt al. (9) used a slightly modified procedure
of Martin and Synge (1&) in which they successfully recovered the fatty
acids in milk., Their recovery rate was quite low ranging from 57 to
86 percent.

Frazeur (7) published a paper on column chromatographic methods
for determining lactic and citric acid in milk. The methods he used
were only slightly modified from those used by Marvel and Rand (19) in
1950, The modification being that the column was three sectioned and
was composed of unbuffered sulfuric acid and silicic acid. The eluate
was collected in three portions of varied sizes., Lactic acid was the
only alpha~hydroxy acid in the first eluate portion, and citric acid
was the only acid in the third portion. Citric acid was directly ti-
trated, and lactic acid was converted to the ferric chloride~hydroxy-
organic acid and determined colorimetrically. Recoveries were from
94.5 to 100.7 percent.

Sas-liquid Chromatography

Besides the method of column chromatography, there is the new
and different method of gas-liquid chromatography. James and Martin (12)
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in 1952 used gas partition chromatography to determine the fatty acids
from formic acid to dodecanoic acid., They used a column of ethylene
glycol monoethyl ether and stearic acid as the stationary phase which
was placed on a satlsfactory supporting material. The stearic acid

is used to prevent talling of the organic acids being determined., They
used a recording burette coupled with a photoelectric cell as a detec~
tor. This apparatus made titrations automatic.

In 19%6 James and Martin (13) developed a sensitive methed of
detection in which a thermocouple responded to a change in the density
of the gases flowing through it. This is now known as a thermal con-
ductivity cell.

Again in 1956 James and Martin (14), using the above methed of
detection, determined methyl esters of fatty acids using diazomethane,
They included analysis of both low and high molecular weight fatty
acids.

In 1960 Hunter gt al. (10), using gas liquid chromatography
with the use of the thermal conductivity cell and a diethylene glycol
adipate polyester column and helium as a carrier gas, successfully sep~
arated the veolatile fatty acids including iso~butyric and iso-valeric
acid. One advantage of this method was the nearly complete resclution
of the acids in the presence of water in concentrations up to 50 per-
cent.

In 1961 Ncwilliam and Dewar (20) developed a new type of detec~
tion for the analysis of gases and vapors of organic nature. This

detector was called the flame ionization detector and greatly increased



the sensitivity of chromatographic analysis. In scme cases complete
analysis may be made on only 0.0l microgram of material.

Emery and Koener in 1961 (4), using a column of 20 percent
Tween 80 and 2 percent phosphoric acid on a packing of Chromsorb W,
successfully determined the organic acids of blood and rumen juice,
The acids were extracted from the juice with 1 milliliter of 25 per-
cent meta=-phosphoric acid in 5 milliliters of juice. Also, they state
that the methyl ester-methyl ester of lactic acid may be formed by the
use of diazomethane. The lactic ester may be easily detected by the
use of the flame ionization detector. Standard deviation was reported
at less than 0.1 percent, Later in 1961 Erwin gt al. (5) published
results on fatty acid analysis similar to their previous publication
(4). The only change in this procedure was that the flame was extin-

guished while water was passing through the detector cell,
In 1961 Metcalfe (21) used a column of 20 percent diethylene
glycol polyester adipate ester and 2 percent phosphoric acid on 60/60

mesh acid washed firebrick., He found it necessary to extinguish the
flame of the flame ionization detector. This column was excellent for
separating the lower molecular weight fatty acids found in biological
material.

In 1962 Gehrke and Lamkin (&) used a thermal conductivity cell
to determine the methyl esters of the steam volatile fatty acids and
some of the Krebs Cycle acids by formation of barium salts of the
organic acidss then, he esterified them with iodomethane. The column

used was a silicone 550 (Dow Corning) plus 10 percent stearic acid on

Celite 545, The recovery rate was from 93 to 110 percent.



PROUCEDURE

Silage Sample Freparation
The silage that was to be analyzed by both chromatographic

procedures came from gas tight silos and 55 gallon barrels., It was
collected in polyethylene bags and was sealed tightly and stored in
the refrigerator at 19 degrees Centigrade until the material was ex~-
tracted for chromatographic analysis.

In pilot studies, material was ensiled in pint, quart, and
one~half gallon jars in the same manner that Cadman (2) used in 1961
when he made bacterial counts on silage fermentations. He steamed the
jars and their lids to prevent bacterial-contamination. The material
which was to be fermented was placed in the jars and the lids which
were equipped with "escape valves"” were screwed on tightly.l The jars
were incubated at rcom temperature and were sampled every seven days.
The fermentation lasted for a total of 42 days, When a Jar was opened
and a sample taken for chromatographic analysis, the remainder of the
fermented material was discarded., This was done because it was felt
that the introduction of the aercbic¢c conditions would interfere with
the natural fermentation, Therefore, for a fermentation which lasted
42 days, a total of six jars would be used in the sampling., In this

pilot study, two sets of samples were setup using alfalfa from the

IThis was a device placed in the 1lid to allow the carbon diox~
ide to be expelled from the jar and, too, at the same time maintain
anaerobic conditions.




same field and packing the same amount cf material inte each jar,
Special care was taken to make sure each jJar was sealed from the out~-
side air. Also, other conditions were the same for both series of
samples.

To prepare a sample for chromatographic amalysis, the follow-
ing procedure was followed, A 20 gram sample of silage was extracted
by the addition of 20 milliliters of 20 percent meta-phosphoric acid.
Approximately 30 minutes was allowed for the extraction of the organic
acids to take place. During this time they were mixed occasiocnally.
Then te extract the liquid from the scolid materlal, the liquid and
the silage was mixed, and the liquid was poured into a centrifuge
tube, Centrifugation was used only to remove debris that may plug
pipettes and syringes during the analysis. After centrifugation the
liquid was decanted into tubes that were then stoppered with plastic
caps. The sample was then ready for analysis., Every 2 milliliters of

liquid sample represented 1 gram of the silage sample.

Sasple Analysis by Gas-liguid Chromatography
The instrument used for the analysis was a Wilkens Aerograph

Hy-Fi Model A 600~B which employs the flame ionization detector methed,
To the Model A 600-B 1ls attached a Brown Heneywell integral recorder
with the disc integrator attachument which limits instrument errcr to
plus or minus 0,1 percent.

The conditions for the chromatographic analysis were as follows:

injector temperature 250 degrees Centigrade, column oven temperature



155 degrees Centlgrade, input impedance 109 ohms, cutput impedance
10X, Input impedance accerding to Wilkens Instrument and Research,
Incorporated (25) is defined as followss

This twe—position switch selects the grid resistance to
the electrometer input of elther 107 or 167 chms, The sensi-
tivity of the instrument is exactly 100 times greater at the
109 chm setting than the 107 ohm setting,

The cutput impedance is defined as follows:

This two-position switch can be used to increase the sig-
nal cutput of the electrometer 10 fold., The highest sensitivity
occurs at the setting of 10X,

The attenuator was set at varied attenuation from gX to 64X,
The attenuator according te Wilkins Instrument and Research, Incorpo-
rated (25) is defined as follows:

This binary ll=-pesition stepping switch cuts the elec~
trometer signal output by cne~half every step. Maxlmun sensi-
tivity of the instrument is at the setting of 1,

Each position of the switch actually has a resistance twice that of
the preceding switch setting. The flow c¢f the hydrogen was 30 milli~-
liters per minute and for nitrogen it was 10,6 milliliters per minute.

The sample size was 0.0002 milliliters and ) percent accuracy
between samples may be cbtained from the Hamilton micreliter syringe
with the use of the Chaney adapter.

The column used was S~feet long with an outside diameter of 1/6
inch, The column contained 20 percent diethylene glycol adipate ester
with 2 percent phosphoric acid absorbed on 60/60 mesh firebrick, The
phosphoric acid was added te¢ prevent tailing of the organic acids and

hence possible error in analysis. The column described above did an
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excellent job of separating the crganic acids as indicated by the re~
tenticn time. The retention time for acetic acid was 4.4 minutes, for
proplonic acid it was 5.7 minutes, and for butyric acid it was 7.9
minutes.

Retention time i1s defined as the time from injection te the
maximum helght of the peak made by the unknown organic compound. Re-
tention time is important in the identification of components of the
sample. This may be substantiated by a quotation from Keulemans,
AJd.m. (19).

Under a definite set of operational conditions the re-
tention volume or retention time is characteristic of a cer~
tain component. In many cases--particularly in routine work--
the components present in the mixture to be amalyzed will be
known with fair certainty, and so long as conditions remain
unaltered the constituents can then be identified by a simple
comparisen of their retention wvolumes with those found in some
previcus analysis. The time axis of a constant-speed recorder
chart can obvicusly be used for this purpcse instead of a vol-
ume axlis.

Accerding to Lovelock (17) formic acid is one of the few or-
ganic compounds which cannct be detected by the use of gas—-liquid
chromatography using this type of detector, Therefore, this is one of
the disadvantages of the use of the flame icnizaticn detector when
working with unesterified fermented material. 1t must alsc be in-
cluded that there were other columns tried such as Tween €0 (poly-
oxyethylene sorbiton mono oleate ethers of mixed partial oleic ester

of sorbitol anhydride) and carbowax 20 M (salbase, solid polyethylene

glycols of the general formula HO.CHo(CHo)(CH2)x (CHOH). It was

found that they were unstable and caused base lime drift which
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produced a significant error in analysis. This unstable base line is
caused as a result of the high operation temperature and the bleeding
of the column packing into the detector. This could not be remedied
because the high temperature is necessary for the removal of the or-
ganic acids from the column. However, the 20 percent diethylene
glyccl adipate ester column used has a much higher decomposition
point, hence it has less base line drift and can be used practically
indefinitely.

Also it must be noted that lactic acid, cne of the most impor—-
tant constituents of silage, cannct be determined using this type of
analysis, According to Feiser and Feiser (6) lactic acid when boiled
becomes anhydrous, forming the cyclic compound d=1 lactide. This may
be decomposed by heat inte carbon dioxide and water which cannot be
determined using gas-liquid chromatography. Since this is a problem
which hinders the complete analysis of silage using gas~liquid chrome-
tography, it is probable that a methyl ester of lactic acid may be
formed by the use of diazomethane.

There is another method of analysis of lactic acid whereby the
silver salt of the acid is formed, and then it is esterified with
iodomethane. Since Gehrke and Lamkin (£) did not obtain a recovery
rate significantly better than the procedure described here, this

method was not used as a method of analysis.

Sample Analysis by Colunan Chromatography

The analytic columns were prepared in the followlng manner.

Seven hundred milliliters of 30 percent acetone~hexane were added to
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80 grams of Celite in a Waring blendor. This mixture was added to a
solution containing 30 milliliters of 50 percent sugar and water plus
12 milliliters of alpha-amine red indicator. The solution was added
slowly to the Celite solvent slurry and blended for several minutes
to insure that the slurry was uniform. One to two drops of 20 percent
meta—-phosphoric acid was added to the slurry; then blended again for
a time. The phosphoric acid was added to the slurry to prevent the
columns from retaining minute quantities of the organic acids from
the standards or the silage sample. More phosphoric acid may be
added to the column, but if an excess is added, the cclumn becomes a
very intense blue and will mask the elution of the organic acids.
With the slurry prepared in the above manner, there was sufficient
quantity to prepare five columns for organic acid analysis.,

As the slurry was added to the columns, it was compressed with
approximately 10 pounds of nitrogen pressure. It must be noted that
when the pressure is applied, the sclvent level should not be allowed
to become lower than the column packing level. If this occurs, it
will be difficult to resaturate the column packing. After the columns,
which were 2.2 centimeters in diameter and 40 centimeters in length,
had been filled with Celite slurry to a depth of approximately 20
centimeters, a solution of 1 percent acetone in hexane was added.
This was added to each column to remove the 50 percent acetone-hexane
solution., Approximately 30 milliliters of the sclution were added.

After this was allowed to drain from the column, an anhydrous cap was
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prepared to cover the previcusly added Celite slurry. The cap cun=—
sisted of 12 parts of anhydrous sodium sulfate, &€ parts Celite, and

1 part anhydrous ammonium sulfate. A mixture of this ration was made
containing 24 grams of sodium sulfate, 16 grams of Cellte, and 2
grame of ammonium sulfate. This was sufficlent material to cap five
columns., The cap material was added to the column in a slurry formed
by the addition of 1 percent acetone-hexane., This material was com~
pressed with nitrogen gas pressure,

The sample containing the organic acids was introduced into
the cap material with the solvent level slightly below the upper level
of the cap. This was to allow the maximum absorption of water by the
cap material, Between 20 and 40 milliliters of a 1 percent mixture of
acetone~hexane was added to the column, The column was placed under
a stirring motor with a stirring rotor to fit into the small ccluan
opening. The cap material and sample were homogenized to complete the
removal of water and to make the cap and sample a uniform mixture,
When the rotor was removed from the column, it was rinsed with 1 per~
cent acetone—~hexane to remove the organic acids. After the removal of
the rcteor, the cap material was gently packed and the colunns were
ready for eluticn. Before the sclvent was added, a 2950 milliliter
separatory funnel was placed on each column to act as a solvent reser-
voir,

The solvents used for the extraction of the crganic acids from
the sample were varying concentrations cof acetone in hexane. Both

components were Fisher Analytical Reagents and were free ¢f carbon

Lodiio oTA STATE COLLEGE LIBRARY

SOUTH DAK
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dicxide. The concentration of solvents during the elution consisted of
1, 10, 20, 30, and 40 percent acetone in hexane. The sclvent was made
carbon dioxide free by the addition of 2 sclution of 97 milliliters

of 50 percent sugar water solution, 3 milliliters of 0.09 normal so-
dium hydroxide sclution, and several drops of phencl red indicator,
This was added to 4 liters of the acetone~hexane solvent solution.

The solvent and the carbeon dioxide extracting solution were stirred

on a magnetic stirrer to allow complete removal of carbon dioxide from
the scolvent sclution. The blank titration on the solvent using phencl=-
phthalein as an indicator and 0.00% normal scdium hydroxide was zero.
The sclution prepared earlier and added to remove carbon dicxide alsco
served to saturate the solvent with water. This scolution also pre-
vented leaching of the water from the column, This was added to all
the sclvent solutions but the 1 percent acetone~hexane sclution because
there was not enough acetone present to Cause serious leaching of water

from the stationary phase of the column.

The organic aclds were eluted from the column in the following
erder using the following solvents:s 1 percent acetone-hexane eluted
butyric before propionic acids, 10 percent acetone~hexane eluted
acetic acid from the column quite rapidly but hindered the elution

of lactic acid and succinic acid if they were present, 30 percent

acetone-hexane rapidly eluted lactic acid from the column and eluted

succinic acid very slowly, 40 percent acetone—hexane rapidly eluted

succinic acid from the column when it was present in the sample.
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As the organic acids were eluted from the column under 2 pounds
of nitrogen gas pressure, thiey formed blue bands in the presence of the
alpha-amine red indicator. As the individusl bands moved close to the
end of the column, each was collected and tightly stoppered in an
individual erlenmeyer flask until titration, See Appendix, page 42,
for a photograph of the apparatus used in the analysis.

To titrate the individual samples of organic acids, 50 milli~
liters of recently boiled carbon dloxide free water was added. Also
to each flask was added several drops ¢f phenolphthalein indicator.
Before titration the flasks were placed on a magnetic stirrer and
nitrogen gas was bubbled through the liquid to expel the carbon di-
oxide present. The magnetic stirrer was used to make sure that the
acetone and organic acid was extracted from the hexane into the water
layer.

The organic acid was then titrated with 0.005 normal scdium
hydroxide. The 0.0502 normal sodium hydroxide solution was used
when a sample larger than 2.0 milliliters was used or if there was an
excessive amount of the organic acid, The 0.005 normal sodium
hydroxide solution was checked daily with potassium acid phthalate
using the procedure described in the (fficial Methods of Analysis

of the Assoclation of Cfficial Agricultural Chemists (22). The
0.0502 normal sodium hydroxide solution was checked at least weekly

by the same procedure.
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RESULTS AND DISCUSSICN

Standazd Ereparation and Galeulations

In order to check the maximum and the minimum limits of the
column chromatographic method and to check the rate of recovery of
this method, two sets of standards were made which contained varied
amounts of the organic acids found in silage and possibly in other
fermented materials,

The standards were prepared by weighing out a predetermined
amount of the analytical reagent grade organic acid on the Mettler
analytical balance., The amount of each organic acid was determined

by the following formulas

Belabt in grams = the number of gram—equivalents
Equivalent welght o y

i ) - v
: = the number of gram—equivalents
Total volume of liquid per milliliter

in millilitexs

The contents of standard number I may be found in Table 1.

Table 1. Contents of Standard Number I

Cxoanic acid Micro-equivalents
Butyric « & %.9 ® * 4 @ ® ° ¢ 3 % * s w e & 13,23
Proplon:lc ® ® o % ® & o * * 8 3 & ® & @ @ 13.23
AcCetic . & & 4 o o 4 o ¢ 0 s e b 6 o w o 19,94
Forﬂﬂ.c 5 & B & & & % & @ vV 4 w6 & 5 5 0 a 24.50
Lactic 2 & % @ 8 B e 9 H P EF W E 5 b e 9.50
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The contents of standard number II may be found in Table 2,

Table 2. Contents of Standard Number II

Organic acid Micro~equivalents
Ntyric I I O T T 253.23
Propionic ® 4 s s e e s e s e s e s e s 245,069
ACBEAC . o o ¢ o ¢ 40 0 b s s s e s n e o 21,54
POXrmit ., ¢« ¢« o ¢ ¢ a2 v 0 s 0 saa s o' 2174
JaGRIC o o 4 4 4 0 6 s s e e e e s we v 24,17

The amount of the organic acids in the sample was calculated
using the following formula:

V x N = the micro~equivalents of organic acid present in cne
gram of silage

V = the volume ¢f the standard base in micrcliters
N = the normality of the standard base

Since 2 milliliters of the sample extract is very closely equal to 1
gram of silage, there is neo dilution.

For gas—-liquid chromatography the total disc units for the
individual acids were averaged and setup proporticnal to the concen~
tration of the organic acids in the following formula. Disc units are

an arbitrary value which determines the area under the peaks,

%ﬁ = Qc% x D = the amount of organic acid present per gram

AD = the average disc units of the standard organic acid

DU = the disc units of the unknown quantity of the organic
acid

CSC = the concentration of the standard organic acid in
equivalents per milliliter

CU0 = the unknown concentration of the organic acid sample
in micro-equivalents per milliliter

D = the conversion factor for comparing the samples ana~

lyzed by the twc methods
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Riscussion of Data
Two milliliters of standard I on Table 1 were analyzed by col~-

umn chromatography, and it was found on Table 3 that this standard
containing such small quantities of the organic acid approached the
lower limit of column efflciency., Even at this low level butyric,
preplonic, and acetic acids were still quite distinct and the bands
were quite bright., The formic and lactic acids were quite difficult
to determine quantitatively because of the difficulty in distin-
guishing the edges ¢f the colored bands formed by these acids, It
aust be noted that on Table 3 the recovery rate for propicnic acid
was 76 percent and for acetic acid was 97 percent. The reccvery
rates for butyric, formic, and lactic acids were very highj they were
130, 120, and 190 percent respectively,

Cne milliliter of standard Il on Table 2 was analyzed for or-
ganic acids, and it was found on Table 4 that the concentrations of
propionic and butyric acids in this sample (which contained approxi-
mately 20 times the amount of material contained in standard number
1) were not sufficiently well separated by the cclumn to allow accu
rate analysis of these acids, although the remainder of the acids in
the sample were sharply separated., The recovery rates for acetic,
formic, and lactic acids were 98, 103, and 91 percent respectively.
One~half milliliter of standard number I was analyzed for organic
acids, and it was found on Table 9 that there was still insufficlent

separation to quantitatively determine butyric and propicnic acids.

The recovery rates for the acetic, formic, and lactic acids were



Table 3. Column Chromatographic Analysis of
2,0 Milliliters of Standard Number I

—iutyric = ___Propiopic = ____Acetic Formic kactic

1 26,46 34,00 26.46 32.00 39.88 35.00 49.00 65.00 19.04 24,00

2 26.46 35,00 26,46 30.00 39.88 37.00 49.00 62,00 19.04 39.00

3 26,46 35.00 26.46 33.00 39.8&6 36.00 49.00 62.00 19.04 46,00

4 26.46 35.00 26.46 30.00 39.668 40.00 49.00 57.00 19.04 31.00

S 26.46 34.00 26.46 30,00 39.66 32.00 45.00 58.00 19.04  30.00

6 26.46 33.00 26.46 28.00 39.86 36.00 45,00 52.00 16.04 65.00

7 26.46 33.00 26,46 33.00 39.&8 - 49.00 56.00 19.04 65.00

& 26.46 41,00 26.46 31.0C 39.88 52.00 49.00 65.00 19.04 17.00

9 26.46 44,00 26.46 31.00 39.88 44.00 45.00 56.00 19.04 27.00

10 26.46 20.00 26.46 31.00 39.866 43.00 49.00 59.00 19.04  32.00

11 26,46 36.00 26.46 20,00 39.86 26.00 49.00 54,00 19.04 17.00

Average Recovery 34.00 30.00 36.00 59.00 36.00
Percent Recovery 130.00% 7€ .00% 97.00% 120.00% 190.00%8

#Expressed in micro-equivalents.

61



Table 4. Column Chromatcgraphic Analysis of
1.0 Milliliter of Standard Number 11

1 253.23 4 245,69 # 251.54 251.00
2 253.23 # 245.6% # 251.54 245.00
3 253.23 # 245.69 # 251.54 245,00
< 253.23 # 245.69 # 251.54 240.00
$ 253.23 § 245.69 # 251.54 245.00
6 253.23 # 245.69 # 251.54 245.00
7 253.23 § 245.69 # 251.54 256.00
(2 253.23 # 245.69 # 251.54 256.00
Average Recovery 247.00
Percent Recovery 9. 00%

257.74
257.74
257.74
257.74

256.00
266.00
270.00
271.00
266.00
266,00
271.00
271.00

267.00

103.00%

214,17
214.17
214.17
214,17
214.17
214,17
214.17
214,17

*Expressed in micro-equivalents.
ot sufficient separation for quantitative determinations.

oz



Table 5.

Column Chromatographic Analysis c¢f
0.5 HMilliliter of Standard Muaber II

10
11
12
13

—putyric . Proplopic = Acetic
Ao

126.61
126.61
126.61
126.61
126.61

Average Recovery

Percent Recovery

B W W W W

unt®

Anount¥®

125.77
125.77
125 .77
125.77
125.77

Formic Jactic

Amount® Amount®
135.00 128.87 150.00 107.34 ©6.00
114,00 126.87 154.00 107.34 102.00
131.00 126.87 145.00 107.34 96.00
135.00 126,87 126.00 107.34 62,00
132.00 12887 127.00 107.34 97.00
126.00 140.G0 97.00
103.00% 109.00% 91.00%

*Expressed in micro—-equivalents.
#iot of sufficient quantity for quantitative determination.

12



103, 109, and 91 percent respectively. The results are quite compa-
rable to those found using 1 milliliter of standard number I.

Using 0.2 of a milliliter of standard number II, it was found
on Table 6 that the column would efficiently separate the butyric and
propionic acids quite well, If the columns were evenly packed, there
was no tailing of the butyric acid into the propionic acid. The re-
covery rates for 0.2 of a milliliter of standard number II were 80.00,
110,00, 92.00, 120.00, and 100,00 percent for butyric, propionic,
acetic, formic, and lactic acids respectively.

From the data in Tables 3, 4, 5, and 6 it can be concluded that
the minimum amount for an accurate determination was approximately 12
micro—-equivalents of each acid per milliliter, and the maximum amount
was approximately 50 micro-equivalents of each acid. This was not a
limiting factor for the determination of acetic, formic, and lactic
acids. These acids may be accurately determined in amounts exceeding
250 micro-equivalents. In most cases this is a higher concentration
than will be found in most silage or fermented material.

The acids in standards I and Il were alsc determined using
gas~liquid chromatography and, according to the data in Tables 7 and
€, there was very little difference in the quantity shown by the two
methods. Since these samples contalned water, and water according teo
Wilkens Instrument and Research, Incorporated (26) cannot be quantita=-
tively determined using gas—liquid chromatographyj; the standards were

setup using the proportion described in the procedure on page 17.
Presently there is no other method of determining the quantity of the



Table 6. Column Chromatographic Analysis of
0.2 Killiliter of Standard Number I1I

14 50.65 19.00 49.14 33,00 30.31 43.00 91.55 62.00 42.94 42,00
15 50.65 46.00 49.14 56.00 50.31 46.00 51.5% 6%.00 42.34  34.00
16 50.65 43.00 49.14 56.00 50.31 49.00 51.5% 54.00 42.94  39.00
17 50.65 49.00 49.14 55,00 S0.31 4%.00 51.56 65.00 42.94 41,00
18 50.65 47.00 45,14  50.00 50.31 39.00 51.58 68.00 42.%4 37.00
13 50.65 3%.00 49.14 59.00 50.31 37.00 51.5%5 62.00 42,94 43,00
20 50,65 44,00 49.14 SE.00 50.31 47.00 51.55 60.00 42.34 45,00
21 50.65 32.00 49,14 59,00 50.31 43.00 51.9% 74.00 42,94 45,00
22 5C.65 45.00 49.14 59,00 50.31 56.00 51.55 56.00 42,94 51.00
23 5C.65 35.00 49,14 59,00 50.31 53.00 51.5% 36.00 42.94 45,00
Average Reccvery 40,00 57.00 46 .00 62.00 42,00
Percent Recovery 80.00% 110.00% G92.00% 120.00% 100, 00%

*Expressed in mlcro-equivalents.

€T



Table 7. Gas-liquid Chromatographic Analysis of
0.0002 Milliliters of Standard Number I

e BULYEIC Propicnic AW T RO
Micro~ Kicro=- Micro~
el eguivaients 11 g ‘
1 1.2 30,00 4,6 27.00 2.9 39,00
2 4.9 21.00 3.4 20,00 3.6 44,00
3 6.5 27.00 4,6 27.00 3.0 37.00
“ 6.0 25,00 4,6 27.00 3.2 39.00
5 6.7 26.00 5.4 32.00 3.4 41.00
6 9.6 24,00 4,1 | 24,00 3.2 40,00
Average Recovery 25.00 26.00 40,00
| Average Disc Units 6.1 4.4 3.2

e



Table 8.

Gas-1liquid Chromatographic Analysis of
0.0002 Milliliters of Standard Number II

I

1 30.00
2 32.00
3 32.40
“ 32.00
5 33.00
6 32.90
7 30.70
& 31.70
9 28,20
10 30.60
11 29.70
12 31.90
13 26.80
14 26,60

Average Recovery

Average Disc Units 30.80

Fropiopic

Micro-

t /@ L1eflLs
19,70 489,00
21.00 521.00
19.30 479,00
20.40 566.00
20.40 $06.00
21.00 $21.C0
19.80 457.00
20.20 501.00
19.00 472,00
20.20 501.00
18.70 465,00
20.00 496,00
19.00 472.00
17.30 429.00

493.00
19.70

I st

Micro-
10.30 504 .00
10.00 459.00
10.00 489.00
9.90 485,00
¢.9C 455,00
1C.10 499,00
12.30 612,00
10.60 519.00
9.60 470,00
10.20 499,00
10.30 504,00
10.60 519.00
10.10 494,00
9.60 463,00
502.00

10.20

GT



unesterified organic acids in material such as silage because of the
variable concentration of the water and the many volatile compounds
that are usually present.

To compare the two procedures, 36 silage samples were analyzed
by the celumn chrgmatographic procedure and gas—liquid chromato~
graphic¢ procedure. Tables &, 10, 11, and 12 show the actual results
expressed in micro-equivalents and Figures II and II1I shew the actual
comparison of the samples determined by the two procedures.

The results of the two procedures compare quite favorably and,
as a general rule, the coclumn chromatographic results are slightly
lower than those of the gas-liquid chromatographic results, There
are three exceptions where there was no close relationship between
the two methods of determination., In trying to determine the cause
of the variation, sample number 5 was analyzed again using both meth-
ods of determination, but the results came out identical to those of
the first determination, Therefore, there is no easy explanation as
to why there was so much variation in the determination of this sam=

ple,

Method of Analvsis

The formation of the methyl ester of the organic acids was not
used as a method of analysis because of the following four reasons:
(1) lactic acid and other organic acids are in micro-equivalent quan—
tities, and losses resulting from handling during the esterification

process may become excessivej (2) under laboratory conditions, it was



Table 9. Column Chromatographic Analysis

For Crganic Acids in Silage

Silage Butyric Propionic Acetic Foraic Lactic Succinic
Sample Number Acid¥ Acid¥ JAcid¥ Acid* _Acid¥ Acig*
1 i # 106.C0 # i #
2 El " 120.00 # 330.00 i
3 i P 300.00 # 380,00 "
4 4 # 330.00 170.C0 160.00 W
S i€ i 540,00 150.00 30000 i
6 i i 160.00 320C.60 320.00 i
7 Trace - 1060.00 50.00 360.00 i
& # o 160.00 90.00 300,00 #
Q u i 250.00 Trace 320.00 o
10 i i 100,00 Trace 360.00 +
11 i # 220.00 50.00 60.00 d
12 o A 70.00 Trace 80.00 i
13 # A 40.00 140.00 30.00 #
14 it # - ' 100.00 410,00 #
1% i 4 1G0.00 - - #
16 i # 469,00 Trace 180,00 #
17 it o 150.00 Trace 220,00 i
1& # i 240.00 Trace 240,00 #
19 # # 150.60 Trace 160.00 #
20 # F 120,00 Trace 510,00 i
21 i # 100.00 100,00 472,00 i
22 i i 1060.00 Trace 360.00 4
23 # i 150.00 Trace 420,00 #

*Expressed in micro-equivalents.

iiNot of sufficient quantity for quantitative determination.

-Separated acid was lost in analysis.

Lz



Table 10.

Colusn Chromatographic Analysis

For Crganic Acids in Silage

Silage Butyric Propionic Acetic Formic Lactic Succinic
28uple Humber Acig® Acid® Acid* Agid Acid® Acid*

24 # # 110.00 Trace 20.00 i

5 # i 100.00 Trace 240.00 i

26 # P 170.00 50.00 460.00 4

27 ks B 150.00 Trace 320,00 4

2t i+ # 250.00 Trace 170.06 #

29 # o 220,00 £0.00 300.00 #

30 # § 102.00 30.00 350.00 #

31 i ) 90.00 50.00 350.00 #

32 # # 130.00 70.00 360.00 ¥

33 i i 140.00 $0.00 330.00 #

34 B 4 40.00 330.00 30000 #

39 # i 130.00 80,00 120.00 70.00

36 # 150.00 40.00 . 100.00 350.00 #

37 # i 210.00 30.00 170.00 120.00

3k i @ 340.00 50.00 630.00 #

39 # i 410,00 70.0D 70.00 140.00

40 i 250.00 140.00 60.00 - i

41 i # 370.00 40,00 450.00 it

42 # # 430.00 Trace 430,00 i

43 fi # 250.00 Trace 250.00 @

*Expressed in micro—-equivalents.

ot of sufficient guantity for quantitative determination.

~-Separated acid was lost in analysis.
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Table 11. Gas~liquid Chromatographic Analysis
For Organic Acids in Silage

Acetic Exopionic 1o T E—

Sample Micro~ Micro- Micro—

1 32 8.2 100.00 Trace it Trace #
2 32 10.7 132.00 # 4 # i
3 6d 17.7 437.00 # i i #
4 64 14,0 345.00 g [ i i
5 32 12.4 153.00 i i # #
6 32 12.2 190.00 H # i #
i 32 9.3 114.00 W # i ¥
& 32 13.4 165.00 i i + #
9 64 10.6 261.00 i " i #
10 64 3.6 86.00 # # b 4
11 32 17.2 212.00 1.1 65.00 »3 10.00
12 64 3.7 91.00 i B it #
13 64 18.1 446 .00 i# i i i
14 G4 3.6 &6.00 o # it #
15 32 20.6 254,00 i it “ “
16 64 17.0 419,00 2 1.00 # #
17 32 12.3 151.00 i # # &
16 32 19.6 241.00 R 3 3.00 it it
19 32 9.2 113.00 # i " “
20 64 Sad 91.00 I i # it
21 32 10.0 123.060 # # # “
22 32 6.9 109.00 # it H &
23 32 13.6 168,00 “ it i i

*Change in instrument sensitivity.
#ot of sufficient quantity for quantitative determination.



Table 12,

Gas=~liquid Chromatographic Analysic
For Crganic Acids in Silage

Sample
Number _ Attenuation*
24 32
P 32
26 32
27 32
2 32
29 32
30 32
3l i€
32 32
33 32
34 64
35 o4
36 L4
37 32
36 32
39 32
i 32
41 32
42 32
43 3z

Acstic
Micro~
I VaLE

7.9 97.00
9,4 116,00
17.2 212.00
12.1 149,00
22.% 271,00
22.0 271,00
7.8 47,00
12.0 149.00
11.0 135,00
12.6 155.00
2.4 $32.00
7.2 177.00
17.1 422,00
2.6 321,00
10.7 132.00
12.3 151.00
17.6 217.00
10.0 120,00
30.3 345,00

i
Trace

£
o g

®

~2

;79.1

e
>

A% U W Y Op 2w Np Ny W WE B P Ny D S My WP S M

#*Change in instrument sensitivity.

ot of sufficient quantity for quantitative determinatiocn,
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Figure 11, The comparison o® colimn chromatographic and gas-liquid chromatographic
analysis in the determination of acetic acid in silage.
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found that it was difficult to form the esters of lactic acids (3) the
methyl esters of acetic, propionic, and butyric acids are very vela=
tile and are difficult to keep especially when quantitative analysis
is necessary; and (4) the mixture of the organic acids to be methyl-
ated must be completely anhydrous to prevent hydrolysis of the methyl
esters., At this time there is no such equipment available to use for

this part of the procedure.

Evaluation of the Pillot Studies
In determining the validity of the two series of silage sam—

ples, it was found on Table 13 that there seemed to be no direct re-
lationship between the two groups. Although all the determinations
of lactic acid were not made on two sets of samples, it was quite

obvious that there was no direct relationship.




Table 13. The Compariscn of Urganic Acid Concentration
In Controlled Pilet Studies

i —LPropionic Agetic Eoxmic Lactic
Control Control Centrol Contrel Control
~sarpled At A 2 ' 2. " § 2 A L i L

7 days 4 i # E *#150.0 * 62,0 *10.0 ¥10.0 *#226.0 #*200.0
14 days # # it # #100.0 *153.,0 % 5,0 #10.0 e #290.0
21 days i & # * 5,0 #%150.0 *130.0 * 5,0 #10.0 - *390.0
26 days i # i i *#250.0 *1%5.0 * 7.0 *10.0 #175.0 #160.0
35 days i # W * 5,0 #220.0 *542.,0 #15.0 #20.0 * 62.0 *160.0
42 days k) i " #10.0 #340.0 #*396.0 *17.0 *10.0 * 5,0 * 65.0

*Expressed in micro-equivalents.
ot of sufficient quantity for quantitative determination.



SUMMARY

The purpese of this work was to determine the quantity of
organic acids present in silage. To be sure that the methods of anal-
ysis were correct, two different procedures were used. The two pro-
cedures used were that of column and gas-liquid chromatographic anal-
ysis. To determine the actual quantities of the organic acids, 36
samples from various containers were used, The containers used were
concrete sileos, 55 gallon barrels, and alsc some samples were ana=
lyzed which were ensiled in pint, quart, and cne-half gallon jars.

It was found that there is no real definite amount of organic acid
produced in different silage fermentations.

The accuracy of the gas~liquid chromatographic analysis has
been well established as being practically without error., The only
exception to this is the error of the operator. It was found that
the column chromatographic nﬁalysis in some instances gave very exces-
sive recovery rates. However, in the actual field comparison studies,
the method seemed to be very accurate. The accuracy of the recovery
rate was very low when the minimum limit of 12 micro—-equivalents per
milliliter was reached. The accuracy increased and the recovery rate
was better as the amounts increased to 250 aicro-equivalents per milli-
liter. The results of Gherke and Lamkin (&) gave a recovery rate of
93 to 110 percent in the determinatiocns ¢f organic acid analysis by

gas—liquid chrematography. The results in this work showed a recovery

rate of 7¢ to 190 percent using column cChromateography. This included




the determination of maximum and minimun limits of standard number
I and II.

Both determinations are believed to be practical, although it
was felt that the column chromatographic procedure was more versatile
in that it can be employed to easily determine formic and lactic acids
in their unesterified form. The gas—liquid chromatographic analysis
requires the esterification of both formic and lactic acids, so that
they may be quantitatively determined. v

The time consumed is quite variable, especially with the ccl~
umn chromatographic procedure., If ovorything is prepared the dcy'
before, 15 samples may easily be determined in an eight hour day.
Since the methyl ester preparation of the corganic acids was quite
lengthy, it is doubtful i1f this many samples could be run using this
procedure. However, an undetermined number of samples, exceeding 30,
may be easily determined in the unesterified form using gas-liquid
chromatography. This determinatiocn would include the analysis of
butyric, propionic, and acetic acids.

The validity of the small scale pilot studies under controlled
conditione was definitely established as not being valid., The most
probable explanation for this is that no twe fermentations proceed in

the same exact manner.




CONCLUSION

It appears that the quantity of organic acids in silage is
variable. The fleld studies and the controlled pilet studies indicate
that it is inadvisable to try to establish predictable levels of or-
ganic acids present in silage.

The column chromatographic analysies seems to be the ecasiest and
the most timesaving method for determining silage acids. If it is
desired to determine only butyric, propienic, and acetic acid, there
is no question as to the rapidity and effectiveness of the gas-liquid

chromatographic procedure,
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Figure I. Apparatus used in column chromatographic analysis
of silage
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