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A gas chromatographic method was developed which could separate the isomers
isovaleric and 2-methylbutyric acid. Subsequent analyses revealed that most com-

mercially available samples of these acids were cross-contaminated; however, one

sample of each acid was found to be pure by this criterion. The growth response of
seven strains of cellulolytic rumen bacteria (three strains of Bacteroides succino-
genes, three strains of Ruminococcus flavefaciens, and one strain of R. albus) to
additions of isobutyric, isovaleric, 2-methylbutyric, valeric, and combinations of
valeric and a branched-chain acid was determined. Strains of B. succinogenes required
a combination of valeric plus either isobutyric or 2-methylbutyric acid. Isovaleric acid
was completely inactive. Either isobutyric or 2-methylbutyric acid was required for
the growth of R. albus 7. Strain C-94 of R. flavefaciens grew slowly in the presence
of any one of the three branched-chain acids, but a combination of isobutyric and
2-methylbutyric acids appeared to satisfy this organism's growth requirements.
None of the individual acids or mixtures of straight- and branched-chain acids
allowed growth of R. flavefaciens strain Cla which would approach the response
obtained from the total mixture of acids. Further work indicated that all three
branched-chain acids were required for optimal growth by this strain, although
isovaleric acid only influenced the rate of maximal growth. Either 2-methylbutyric
or isovaleric acid allowed growth of nearly the same magnitude as that of the posi-
tive control for R. flavefaciens B34b. The presence of acetic acid had little influence
on the rate or extent of growth of any of the strains except R. albus 7, for which the
extent of growth was markedly increased. Determination of the quantitative fatty
acid requirements for the three B. succinogenes strains indicated that 0.1 ,umole of
valeric per ml and 0.05 ,umole of 2-methylbutyric per ml permitted maximal growth.
However, with isobutyric acid as the branched-chain component, strains A3c and
B21a required 0.1 umole/ml in contrast to S-85 which exhibited optimal growth
at the 0.05 ,umole/ml level. By use of mixtures of isobutyric and 2-methylbutyric
acids, good growth ofC-94 was obtained at concentrations of 0.1 and 0.01 ,mole/ml,
respectively. About 0.3 ,umole/ml of each acid was required for satisfactory growth
of Cla.

Bryant and Doetsch (4) found that the factors
in rumen fluid required for the growth of Bacte-
roides succinogenes in a defined medium were a
combination of a straight-chain volatile fatty acid,
such as valeric or caproic, and a branched-chain
acid, such as isobutyric, isovaleric, or 2-methyl-
butyric. Later studies by Allison, Bryant, and
Doetsch (1) and Bryant and Robinson (5) indi-
cated that the cellulolytic ruminococci also had a
volatile fatty acid requirement, which could be
satisfied only by a branched-chain acid such as

1 Approved for publication as Journal article 20-67
by the Associate Director of the Ohio Agricultural
Research and Development Center, Wooster, Ohio.

isovalerate. However, subsequent investigations
by Allson et al. (3) suggested that most commer-
cial samples of isovalerate were contaminated with
D-2-methylbutyrate, and that the growth response
of Ruminococcus albus 7 was not proportional to
isovaleric acid concentration, as it was with either
isobutyric or 2-methylbutyric acid. In addition,
this organism did not grow or incorporate radio-
activity when the only source of volatile fatty acid
was synthetic isovalerate-3-'4C. Although Bryant,
Robinson, and Chu (6) and Dehority (8) found
that a mixture of valeric and isovaleric acids satis-
fied the volatile fatty acid requirements of various
strains of B. succinogenes, Wegner (Ph.D. Thesis,
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Univ. of Wisconsin, Madison, 1962), working
with B. succinogenes S-85, was unable to obtain
growth or incorporate the label with isovalerate-
1-14C. The object of the present study was two-
fold: first, to develop a method for separating
isovaleric and 2-methylbutyric acids by use of a
commercially obtained gas chromatographic ap-
paratus, and, second, to determine the specific
volatile fatty acid requirements for seven strains
of cellulolytic rumen bacteria.

MATERIALS AND METHODS
Organisms and media. Strains A3c and B21a of B.

succinogenes and strains B34b and Cla of R. flave-
faciens were previously isolated and described in this
laboratory (8). B. succinogenes S-85, R. flavefaciens
C-94, and R. albus 7 were obtained from M. P.
Bryant, Department of Dairy Science, University of
Illinois, Urbana, and have been described in earlier
publications (6, 7). The organisms were grown over-
night in the complete medium of Scott and Dehority
(10) and centrifuged, the pellet was washed, and the
cells were then resuspended and diluted to an optical
density (OD) of 0.2 with the complete medium minus
volatile fatty acids. Each tube of test medium, con-
taining 10 ml, was then inoculated with 0.2 ml of this
suspension.
The basal test medium contained cellobiose, min-

erals, carbonate-bicarbonate buffer, B vitamins,
casein hydrolysate, and cysteine and was identical to
the complete medium of Scott and Dehority (10),
with all volatile fatty acids except acetate removed.
Whether the acids were added singly or in various
combinations, the following concentrations (per
milliliter) were used in all experiments except those
on quantitative requirements: acetic, 1.33 mg (22.17
MAmoles); isobutyric, 0.066 mg (0.75 Amole); and iso-
valeric, 2-methylbutyric, and valeric, 0.08 mg (0.78
umole).

Except for the acetic acid, which was analytical
reagent quality (J. T. Baker Chemical Co., North
Phillipsburg, N.J.), the volatile fatty acids were
obtained commercially from Eastman Chemical
Products Inc., Kingsport, Tenn. and Matheson
Co., Inc., East Rutherford, N.J. Several samples
from different lots were obtained from each company.
Growth was estimated turbidimetrically at 600

m,u on a Bausch and Lomb Spectronic-20 colorimeter.
Measurements were made at 0 hr, 12 hr, and then
every 6 hr until the cultures had obtained their maxi-
mal growth. For the data reported in Table 1, two
separate batches of each media were prepared, and
two growth experiments were run in duplicate for
each batch. Thus, each value represents the mean of
eight tubes of medium. The only exception to this
was in the case of Cla, for which only six values were
obtained. In all other portions of the study, each
combination was tested twice in duplicate.

Gas chromatography. An Aerograph Hy-Fy, model
600, equipped with a hydrogen flame ionization de-
tector, was used throughout this study. Helium was
used as a carrier gas. Columns were made of 8-ft
(2.4-meter) lengths of one-eighth inch (0.3-cm)

outer diameter Pyrex glass tubing and were packed
with the solid support containing the adsorbed liquid
phase.

Previous experimental work in this laboratory had
indicated that it was possible to obtain a partial
separation when mixtures of isovaleric and 2-methyl-
butyric acid were chromatographed on columns with
stearic acid as the stationary phase. Thus, for purposes
of this study, stearic acid was investigated as a pos-
sible stationary phase, and such factors as concentra-
tion, length of column, temperature, and carrier gas
flow rate were studied. Satisfactory separation of these
two acids was obtained on columns prepared by dis-
solving the required amount of stearic acid (to give a
final concentration of 5 to 6% stearic acid in the
stationary phase) in a minimal amount of ether con-
taining phosphoric acid (added at a concentration of
approximately 3% of the weight of stearic acid). The
previously weighed solid support (Gas Chrom Z
80/100 mesh) was added to this mixture, and the
slurry was stirred over a steam bath to evaporate the
ether. The dried material was then packed into the
column by means of vacuum and a hand vibrator.
The column was conditioned in the chromatograph
at 125 C with carrier gas passing through, until a
steady base line resulted, usually at 20 to 24 hr. For
these columns, optimal operating temperatures were
in the range of 96 to 106 C at helium flow rates of
16.5 to 17.0 ml/min. Resolution was improved with
longer columns and somewhat higher temperatures.

Gas chromatographic analysis of a number of
different commercial samples of isovaleric and 2-
methylbutyric acid revealed that most of them were
contaminated with varying amounts of the other.
However, one sample of each acid in which the pres-
ence of the other could not be detected by the tech-
niques used was found. Figure 1 presents a composite
photo of the gas chromatograms for all the acid
samples used in the requirement portion of this
study. The total amount of each acid injected was 30
,ug or 6 MAliters of a 0.5% solution. A series of studies
on the minimal concentration of isovaleric or 2-
methylbutyric acid which could be measured, re-
vealed that total quantities below 0.5 ,g were not
detectable with the equipment used. Thus, any con-
tamination below approximately 2% would not be
discernible on the chromatograms shown in Fig. 1.

Figure 2 presents a gas chromatogram illustrating
the separation of a mixture of the lower-chain volatile
fatty acids which was obtained on a 12-ft (3.8-meter)
column at 124 C and a helium flow rate of approxi-
mately 17 ml/min. Under these conditions, all the
acids are completely resolved, except isovaleric and
2-methylbutyric, for which, however, the overlap of
the two peaks is extremely small.

RESULTS

The growth response of the various strains of
cellulolytic rumen bacteria to the volatile fatty
acids is presented in Table 1. The three strains
of B. succinogenes (A3c, S-85, and B21a) required
a combination of isobutyric or 2-methylbutyric
acid with valeric acid for growth. The rate and
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FIG. 1. Gas chromatograms of the individual
commercial acids used to study the volatile fatty acid
requirements of rumen cellulolytic bacteria. These
separations were obtained on an 8-ft (2.4-m), 5%
stearic acid column at 105 C temperature and a helium
flow rate of 17 ml/min.

extent of growth with either of these combinations
was almost identical to the response obtained
with the control medium which contained all the
acids. Except for a limited growth response by
strains A3c and S-85 to isobutyric acid alone, none
of the other acids or combinations would satisfy
the volatile fatty acid requirement of these strains.

Response of the three R. flavefaciens strains
(C-94, Cla, and B34b) to the different acids
showed a great deal of variation. Results with
strain C-94 indicated that this organism has an
absolute requirement for volatile fatty acids. Al-
though growth occurred in all media which con-
tained the branched-chain acids, alone or in
combination with valeric acid, both the rate and
extent of growth were less than observed when
all acids were present. The extent of growth in
the presence of isobutyric acid approached the
maximal growth obtained in the control medium,
but the time required was slightly more than
doubled. Isovaleric and 2-methylbutyric acids
allowed partial growth, but only after a prolonged
lag phase.

Strain Cla also showed an absolute requirement

for volatile fatty acids; however, the only indi-
vidual acid which appeared to have any activity
was isobutyric. This response to isobutyric acid,
alone or in combination with valeric acid, was
very small and required an extended incubation
period.

In a previous study (8), it was found that R.
flavefaciens B34b was capable of some growth in
a medium devoid of volatile fatty acids, providing
that casein hydrolysate was present. However,
the lag phase under these conditions was ex-
tremely long, between 48 and 72 hr. Inspection
of the data in Table 1 for strain B34b reveals that
growth occurred in all media, but the only acids
which stimulated growth at a similar rate and
extent to the control were 2-methylbutyric and
isovaleric.
The response of R. albus 7 to the various volatile

fatty acids appears to be quite uncomplicated.
The presence of either isobutyric or 2-methyl-
butyric acid was required in the medium for
growth comparable to that obtained in the control
medium. Neither valeric nor isovaleric acids
showed any ability to meet this organism's vola-
tile fatty acid requirement.

Several earlier studies by Allison, Bryant, and
Doetsch (1) and Bryant and Robinson (5) had
indicated that with some strains of ruminococci
the time required to reach maximal growth was
extended considerably when acetic acid was not
present in the medium. Since acetic acid was in-
cluded in all of the media in the first phase of this
study, an experiment was devised to evaluate this
possible effect with the present strains. These re-
sults are presented in Table 2. For the three strains
of B. succinogenes, the presence of acetic acid in
the medium resulted in slightly higher optical
densities, which reached their maximal values
several hours earlier than those obtained in an
identical medium without acetic acid. The magni-
tude of these differences, except for possibly A3c,
was relatively small. R. flavefaciens C-94 showed
a response to acetic acid similar to that observed

FIG. 2. Separation of a known mixture of volatile
fatty acids by gas chromatography. (1) Acetic acid,
(2) propionic acid, (3) isobutyric acid, (4) butyric acid,
(5) isovaleric acid, (6) 2-methylbutyric acid, and (7)
valeric acid. Operating conditions for the 12-ft (3.8-m),
5% stearic acid column were 124 C and a helium flow
rate of approximately 17 ml/min.
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with B. succinogenes, whereas the rate and extent
of growth for strains Cla and B34b were not con-
sistently influenced by the presence or absence of
this acid. On the other hand, the extent of growth
of R. albus 7 (as measured by an increase in OD)
was markedly increased when acetic acid was
included in the medium. The time required to
reach maximal OD, however, was not changed.

Since none of the branched-chain acids alone,
or in combination with valeric acid, supported

growth of R. flavefaciens Cla comparable to that
obtained from a mixture of all the acids, the possi-
bility of a requirement for more than one of the
branched-chain acids was suggested. Allison,
Bryant, and Doetsch (2) have reported that opti-
mal growth of R. flavefaciens C-94 could be ob-
tained with a combination of isobutyric and iso-
valeric acids, but not with either acid alone. The
data in Tables 1 and 2 support the observation
that none of the branched-chain acids alone will

TABLE 1. Growth response of seven strains of cellulolytic rumen bacteria to the addition of various volatile
fatty acids

Acids added'

None ....................

All ......................

Valeric..................
Isobutyric...............
2-Methylbutyric ..........

Isovaleric ................
Valeric + isobutyric.....
Valeric + 2-methylbu-

tyric ..................
Valeric + isovaleric....

Optical density

Bacteroides succinogenes

A3c

0 (62)b

1.53 (26)
0 (62)
0.74 (59)
0.04 (51)
0 (62)
1.47 (26)

1.50 (28)
0 (62)

S-85

0 (62)
1.40 (20)
0.05 (40)
0.60 (64)
0 (62)
0 (62)
1.38 (19)

B21a

0 (62)
1.37 (21)
0 (60)
0.06 (45)
0.03 (45)
0 (60)
1.38 (24)

1.38 (19) 1.34 (18)
0.13 (47) 0 (60)

Ruminococcus flavefaciens

C-94

0 (62)
.85 (26)
0 (64)

.75 (63)

.57 (150)

.54 (100)

.76 (59)

.57 (151)

.54 (112)

Cla

0 (67)
.68 (17)
.03 (73)
.27 (135)
.04 (75)
.08 (103)
.37 (91)

.05 (83)

.15 (115)

B34b

.27 (118)

.69 (28)

.49 (92)

.22 (67)

.69 (31)

.62 (36)

.38 (51)

.60 (35)

.62 (39)

R. albus 7

0 (54)
.75 (25)
0 (54)

.72 (30)

.78 (27)
0 (54)

.86 (22)

.82 (25)
0 (54)

a Acetic acid was added to all media at a concentration of 1.33 mg or 22.17,umoles per ml. The volatile
fatty acids under investigation, whether singly or in combination, were added at the following concen-
trations (per milliliter): isobutyric, 0.066 mg or 0.75 ,umole; isovaleric, 2-methylbutyric, and valeric,
0.08 mg or 0.78 ,umole.
bThe figure in parentheses indicates the hours of incubation required.

TABLE 2. Effect of acetic acid on the growth response of seven strains of cellulolytic rumen bacteria to
volatile fatty acids

Optical density

Acids addeda Bacteroides succinogenes Ruminococcus flavefaciens
R. albus 7

A3c S-85 B21a C-94 Cla B34b

Isobutyric ................ .76 (48)b .24 (92)
Acetic + isobutyric ...... .94 (52) .21 (92)
2-Methylbutyric .......... .66 (34) .66 (20)
Acetic + 2-methylbu-

tyric .76 (30) .98 (22)
Valeric + 2-methylbu-

tyric ................... 1.44 (22) 1.38 (21) 1.41 (24)
Acetic + valeric + 2-
methylbutyric .......... 1.58 (20) 1.46 (16) 1.47 (18)

All (isobutyric, 2-methyl-
butyric, valeric) ........ 1.45 (26) 1.45 (21) 1.48 (24) .85 (28) .72 (18) .72 (30) .62 (21)

Acetic + all acids...... 1.68 (21) 1.56 (20) 1.57 (21) .90 (22) .67 (18) .69 (30) .90 (21)

a Acetic, isobutyric, 2-methylbutyric, isovaleric, and valeric acids were added at the same levels as
given in Table 1, footnote a.

b The figures in parenthesis indicate the hours of incubation required.
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allow optimal growth of this strain. Table 3 pre-
sents the growth responses of R. flavefaciens Cla
and C-94 to all possible combinations of the three
branched-chain acids.

For strain Cla, none of the branched-chain
acids alone or in combinations of two supported
the same growth rate as all three combined. How-
ever, the combination of isobutyric and 2-methyl-
butyric acids promoted growth to an equal OD
after an additional 10 hr of incubation. Some
slight response was observed with a mixture of
isobutyric and isovaleric acids, whereas the com-
bination of isovaleric and 2-methylbutyric was
essentially inactive.
As mentioned previously, isobutyric acid pro-

moted growth of strain C-94 to an OD compa-
rable with that of the positive control, but re-
quired almost twice the incubation period. After
an even more extended incubation, a partial re-
sponse was obtained from each of the other acids.
The response to a combination of isobutyric and
2-methylbutyric was similar to that obtained with
all iso acids. The other two combinations were
no better than the highest growth-promoting acid
of each mixture alone.
These results suggest that strain Cla has a re-

quirement for all three branched-chain acids.
Based on the data obtained with combinations of
two, it appears that the requirement for isobutyric
acid can almost be considered as absolute. In the
presence of isobutyrate, 2-methylbutyrate is highly
stimulatory, whereas the response to isovalerate

TABLE 3. Growth response of Ruminococcus flave-
faciens Cla and C-94 to branched-chain volatile

fatty acids singly and combined

Optical density
Acids addeda

Cla C-94

None ................... .03 (80)b .05 (53)
All iso acids + valeric... .57 (16) .77 (28)
All iso acids............. .61 (14) .89 (23)
Isobutyric ............... .22 (169) .87 (48)
2-methylbutyric .......... .11 (95) .60 (101)
Isovaleric ................ .09 (92) .64 (95)
Isobutyric + 2-methyl-

butyric ................ .62 (25) .91 (29)
Isobutyric + isovaleric... .38 (71) .85 (42)
2-Methylbutyric + iso-

valeric .17 (124) .55 (88)

a Acetic acid was included in all media at a
level of 1.33 mg or 22.17 ,umoles per ml. The vola-
tile fatty acids under investigation were added at
the same levels as listed in Table 1, footnote a.

I The figure in parentheses indicates the hours
of incubation required to reach maximal optical
density.

is of a much smaller magnitude and appears to be
primarily concerned with rate. On the other hand,
any of the three acids will support growth of
strain C-94, although not at the rate or extent of
all three combined. With this strain, however, a
combination of isobutyric and 2-methylbutyric
acids supported optimal growth, and no require-
ment was observed for isovaleric acid.

Aside from the reports by Bryant and Doetsch
(4) on B. succinogenes S-85, by Allison et al. (3)
on R. albus 7, and by Allison, Bryant, and Doetsch
(2) on R. flavefaciens C-94, no studies on quanti-
tative volatile fatty acid requirements have been
conducted. Since the qualitative requirements had
been elucidated in the present work, it was desir-
able to quantitate these for several strains. Table 4
presents the quantitative requirements of strains
A3c, B21a, and S-85 of B. succinogenes for valeric,
isobutyric and 2-methylbutyric acids. Since two
acids were required for growth, one acid was
added to the basal medium at a constant level
(0.5 ,umole/ml), and the second acid was added
at increasing concentrations from 0.0 to 0.5
,umole/ml. Optimal growth of all three strains
occurred with valeric acid present in the medium
at a concentration of 0.1 ,mole/ml. Isobutyric
acid was required at 0.1 ,umole/ml for strains A3c
and B21a; however, 0.05 ,umole/ml appeared
optimal for S-85. A concentration of 0.05 Amole/
ml of 2-methylbutyric acid allowed maximal
growth of all three strains.

Table 5 reports the results of quantitative re-
quirement studies with R. flavefaciens Cla and
C-94 for isobutyric and 2-methylbutyric acids.
With these strains, a gradual increase in OD and
decrease in incubation time was observed as acid
concentration increased. Under these experi-
mental conditions, with one acid present at a
constant level (0.5 ,umole/ml) and with increasing
levels of the other acid, good growth of C-94 in a
normal incubation time was achieved with 0.05
to 0.1 ,umole of isobutyric acid per ml and 0.01 to
0.05 ,umole of 2-methylbutyric acid per ml. On the
other hand, about 0.3 ,mole of each acid per ml
was required for good growth of Cla.

DIscussIoN

Results of the present study substantiate the
findings of Wegner (Ph.D. Thesis, Univ. of Wis-
consin, Madison, 1962) on the inability of iso-
valeric acid to satisfy the branched-chain portion
of the fatty acid requirement of B. succinogenes
S-85. Since identical results were obtained
with two additional strains of B. succinogenes,
these facts together suggest that isovaleric
acid is probably inactive for all strains of this
species. Based on the gas chromatographic analy-
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TABLE 4. Quantitative requirementts of Bacteroides succinogenes strains A3c, B21a, and S-85 for isobutyric,
2-methylbutyric, and valeric acids

Optical density
Acids in basal mediuma Acid added Concn (umoles/ml)

of added acid
A3c B21a S-85

Isobutyric Valeric 0 0.66 (66)b 0.14 (46) 0.68 (55)
0.05 0.91 (19) 0.84 (17) 1.09 (17)
0.1 1.36 (16) 1.38 (19) 1.42 (14)
0.2 1.41 (14) 1.40 (14) 1.39 (15)
0.3 1.45 (15) 1.42 (19) 1.40 (15)
0.5 1.45 (15) 1.49 (17) 1.40 (14)

Valeric Isobutyric 0 0.07 (9) 0 (25) 0.02 (15)
0.005 0.05 (8) 0 (25) 0.16 (8)
0.01 0.08 (8) 0 (25) 0.27 (8)
0.05 0.76 (18) 0.23 (9) 1.39 (15)
0.1 1.42 (18) 1.39 (19) 1.52 (17)
0.3 1.55 (20) 1.46 (17) 1.51 (16)
0.5 1.58 (19) 1.43 (15) 1.54 (16)

Valeric 2-Methylbutyric 0 0.05 (9) 0 (25) 0 (23)
0.005 0.22 (12) 0.05 (10) 0.41 (8)
0.01 0.39 (12) 0.34 (8) 0.66 (9)
0.05 1.44 (15) 1.44 (15) 1.51 (17)
0.1 1.56 (17) 1.46 (15) 1.54 (16)
0.3 1.56 (18) 1.42 (17) 1.52 (15)
0.5 1.59 (16) 1.49 (15) 1.50 (15)

a Acetic acid was included in all media at a concentration of 20 ,moles/ml. The level of isobutyric or
valeric acid, when added to the basal medium, was 0.5 jumole/ml.

b The figure in parentheses indicates the hours of incubation required.

TABLE 5. Quantitative requirements of Ruminococ-
cus flavefaciens strains Cla and C-94 for

isobutyric and 2-methylbutyric acids

Concn Optical density
Acids in ba- Acid added (umoles Cla C-94
slmediuma cd de /ml)of- ____

acid Cla C-94

2-Methyl- Isobutyric 0 .05 (113)b .04 (154)
butyric 0.005 .22 (115) .56 (151)

0.01 .31 (99) .49 (66)
0.05 .51 (53) .66 (28)
0.1 .60 (42) .79 (35)
0.3 .71 (31) .85 (32)
0.5 .72 (31) .91 (31)

Isobutyric 2-Methyl- 0 .42 (133) .72 (133)
butyric 0.005 .46 (84) .79 (38)

0.01 .48 (63) .84 (34)
0.05 .54 (53) .87 (31)
0.1 .66 (34) .94 (30)
0.3 .78 (30) .97 (28)
0.5 .83 (27) .93 (27)

a Acetic acid was included in all media at a concentration
of 20 ,umoles/ml. The level of 2-methylbutyric or isobutyric
acid, when added to the basal medium, was 0.5 ,umole/ml.

b The figure in parentheses indicates the hours of incubation
required.

sis of a number of commercial samples of iso-
valeric acid, it can be assumed that the growth-
promoting effect of this compound previously
reported is probably a result of 2-methylbutyric
acid contamination.

Strains A3c and S-85 both showed a partial
response to isobutyric acid alone (Tables 1 and
4) after a prolonged lag phase. The explanation
for this is not immediately obvious. If the basal
medium itself were contaminated with valeric
or another straight-chain acid, some growth re-
sponse should have occurred with 2-methylbutyric
acid. On the other hand, if the isobutyric acid
itself were contaminated, which was not detected
by gas chromatographic analysis, then strain
B21a should have shown similar growth. If the
valeric acid requirement for B21a were different
from A3c and S-85, which is not indicated in
Table 4, and if the isobutyric acid were contami-
nated with valeric acid below the 2% lower limit
of the gas chromatographic analysis, the maximal
amount of valeric acid which could be present
would be 0.01 ,mole per ml of medium.
The minimal concentrations of valeric and iso-

valeric acids allowing good growth of B. succin-
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ogenes S-85 for Bryant and Doetsch (4) were about
0.3 and 0.15 .umole/ml, respectively. The lower
branched-chain acid requirement in the present
study was expected, since their isovalerate activity
was presumably due to contaminating 2-methyl-
butyrate; however, no obvious explanation is
available for the lowered valeric acid requirement.
The one basic difference between the two studies
is that Bryant and Doetsch did not include acetic
acid in their basal medium. Perhaps, acetate has
some sparing effect on the n-valerate requirement,
although it cannot entirely replace this acid.

Bryant, Robinson, and Chu (6) observed in
1959 that B. succinogenes S-85 had not lost its
two component volatile fatty acid requirements
after being maintained in the laboratory for over
5 years. It is of extreme interest that this require-
ment has remained consistent over an additional
7-year period of laboratory propagation.
Requirements of the ruminococci for volatile

fatty acids differed quite markedly between the
strains. These results would appear to parallel
the findings of Bryant and Robinson (5), when
they observed that the vitamin requirements of
the different strains of ruminococci did not corre-
late well with the other variable characteristics
within the genus. Although Allison, Bryant, and
Doetsch (1) and Bryant and Robinson (5) were
able to meet the volatile fatty acid requirements
of nine different strains of ruminococci with a
mixture of acetic acid and commercial isovaleric
acid, the present study indicates that isovaleric
acid is not effective for many strains. The prob-
able reason for the marked responses obtained
from commercial isovaleric acid have already been
discussed; however, it should be noted that iso-
valeric acid itself did exhibit some ability to satisfy
the growth requirements of R. flavefaciens Cla,
C-94, and particularly B34b (Tables 1 and 3).
A direct comparison with the results of Allison,

Bryant, and Doetsch (2) on the quantitative re-
quirements of R. flavefaciens C-94 is difficult,
since they tested increasing levels of isovalerate
with a constant level of isobutyrate (0.1 ,umole/
ml) in the medium. With their isovalerate sample,
a level of 0.1 to 0.2 ,umole/ml of medium was re-

quired for maximal growth, which is markedly
higher than the concentration required in the
present work.

In general, the results of this and previous stud-
ies would indicate that the volatile fatty acid re-
quirement of cellulolytic rumen bacteria can be
divided into three main types: (i) All strains of B.
succinogenes investigated have a two component
requirement for volatile fatty acids, consisting of

a straight-chain and a branched-chain acid.
Valeric acid or a number of longer carbon
straight-chain acids can satisfy the straight-chain
requirement, and either isobutyric or 2-methyl-
butyric acid, but not isovaleric acid, can satisfy
the branched-chain requirement. (ii) Several
strains of R. flavefaciens appear to require two or
more branched-chain acids for optimal growth.
Of the three acids commonly used to satisfy this
requirement, their level of activity, in descending
order, would be isobutyric, 2-methylbutyric, and
isovaleric. (iii) Some strains of R. flavefaciens and
all strains of R. albus (3, 9) tested require only one
branched-chain acid. In the case of R. albus 7, iso-
butyric or 2-methylbutyric acids are equally
active, whereas isovaleric was completely inactive.
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