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CARBOHYDRATE FERMENTATION REACTIONS OF
STAPHYLOCOCCI *

GEORGE H. CHAPMAN AND MERRITT H . STILES

Clinical Research Laboratory, New York, N. Y .

A survey of the literature indicates that wide variations in
technic and in the incubation period may have been chiefly re-
sponsible for extreme differences in the proportion of staphy-
lococci fermenting certain carbohydrates, and differences in the
association between carbohydrate fermentation reactions of
staphylococci and other properties of the cultures .

Hoffstadt and Youmans1,2, Pinner and Voldrich3, Haberman4
and others have shown that staphylococcal cultures may disso-
ciate into variants which differ in their fermentative properties .

Thus, it is possible that, during the prolonged incubation period
(5 to 30 days) often used in studying the fermentation reactions of
staphylococci, dissociation of the cultures may occur which

might affect the fermentation reactions . The advantages of a

shorter incubation period do not appear to have been recognized
until Chapman, Lieb and Curcio5 reported that staphylococci
which ferment mannitol on the surface of plates of Bacto phenol
red mannitol agar usually produce detectable acid after overnight

incubation. This brief interval eliminated the influence of vari-
ants having fermentative properties differing from those of the

parent cultures . Thygesone found that this technic gave more

reliable results than did previous methods . The results agreed

with those of the coagulase test in 98 .2 per cent of 168 strains and
with the power to produce conjunctivitis-producing toxin in

97.4 per cent of 196 cultures .
In the investigation to be described the method was applied to

the study of the fermentation of other carbohydrates by staphy-
lococci and the results were compared with certain reactions of
the cultures usually associated with pathogenicity .

* Received for publication, March 6, 1939.
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FERMENTATION REACTIONS OF STAPHYLOCOCCI 38 1

Technic

The base medium used in the fermentation studies (Bacto phenol red agar
base) had the following composition :

grams

Bacto beef extract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Bacto tryptose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

Sodium chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
Bacto agar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

Bacto phenol red . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.025

Enough water was added to make the total volume 1000 cc. after adding the
carbohydrate solution. The reaction was adjusted so that after sterilization
and when ready for use the pH was 7 .4 .

Concentrated solutions of the carbohydrates were filtered through Seitz
filters and added to the cooled base medium to make 1 .0 per cent concentration
and poured immediately into Petri dishes . The poured plates were set aside
in the refrigerator until the following day to reduce running of growths caused
by condensation.

The cultures were streaked across the surface of the media and incubated
at 37°C . After overnight incubation the plates were inspected for evidence
of fermentation, as indicated by the appearance of yellow zones around the
growths . If the results were negative the plates were returned to the incubator
and re-examined daily. The plates were discarded after 5 days because only
an occasional change occurred after 48 hours, and later changes were likely to
have been caused by the development of variants in the cultures .

Because there is general agreement that the power of a culture to coagulate
human or rabbit plasma, produce orange pigment, hemolyze rabbit blood agar
in 18 hours and produce orange or violet growths on crystal violet agar* is
closely associated with the pathogenic properties of the culture for man and
rabbits, these reactions were used as "in vitro" indicators of "pathogenicity."

Cultures use d

Staphylococci recently isolated from persons suspected of having chronic
infection were classified as follows :

Pathogens (70 cultures) : Producing orange pigment . Hemolytic on
rabbit blood agar after overnight incubation . Coagulating human or rabbit
plasma within 18 hours. Producing violet or orange growths on crystal
violet agar.

Degenerate pathogens (22 cultures) : Coagulating human or rabbit plasm a

* It has been called to our attention that Epstein' described a crystal violet
agar reaction, usually referred to as the "Epstein phenomenon," which is similar
to the crystal violet agar reaction of Chapman and Berens .$
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382 GEORGE H. CHAPMAN AND MERRITT H. STILES

within 18 hours, but lacldng one or more of the other properties characteristic
of pathogenic staphylococci .

Non-pathogens (33 cultures) : Not coagulating human or rabbit plasma .

TABLE 1
PROPORTION OF CULTURES FERMENTING DIFFERENT CARBOHYDRATES

CARBOHTDRATID

PATHOO

P

HNIOCIIL

ER CENT

TVRE9, DEGEN
GEN

ERATE P
S, PER C

ATHO -
ENT

NON-PA

TUB

THOOENI

ES, PEH C
CCIIL -
ENT

+ f 0 + 0 + f 0

Dextrose . . . . . . . . . . . 100 100 100

Levulose . . . . . . . . . . . 100 100 97 3

Saccharose . . . . . . . . . 100 100 94 3 3

Glycerol . . . . . . . . . . . 100 100 97 3

Maltose . . . . . . . . . . . . 100 100 97 3

Lactose . . . . . . . . . . . . 95 3 1 86 8 9 94 3 3

d-Galactose . . . . . . . . 95 1 3 68 9 23 82 9 9

d-Mannose . . . . . . . . . 98 2 90 5 5 45 27 27

d-Mannitol . . . . . . . . . 100 73 9 18 42 3 55

Trehalose . . . . . . . . . . 100 73 9 18 33 12 54

Dextrin . . . . . . . . . . . . 100 100 100

Cellobiose . . . . . . . . . . 3 3 94 100 100

Salicin . . . . . . . . . . . . . 4 2 94 100 3 97

Inulin . . . . . . . . . . . . . 1 99 100 10 0

i-Inositol . . . . . . . . . . 100 100 10 0

Dulcitol . . . . . . . . . . . 1 99 100 100

1-Arabinose . . . . . . . . 1 99 100 3 9 7

l-Xylose . . . . . . . . . . . 1 99 100 3 97

Raffinose . . . . . . . . . . . 1 99 100 100

Rhamnose . . . . . . . . . 1 99 100 100

Starch . . . . . . . . . . . . . 1 99 100 100

Melibiose . . . . . . . . . . 100 100 100

Adonitol . . . . . . . . . . . 1 99 100 100

d-Sorbitol . . . . . . . . . . 1 99 100 3 97

Melezitose . . . . . . . . . 4 96 10 90 9 91

Results obtained

The carbohydrates were fermented more easily by the pathogenic group,
although there was no close relationship between the fermentation and in vitro
reactions of a particular culture except in the case of d-mannitol, trehalose and,
to a lesser extent, d-mannose.

A ll cultures fermented dextrose and glycerol, and all except one fermented
maltose, saccharose and levulose . Lactose was fermented by 121 of the 125

cultures. d-Galactose was fermented less easily than lactose, 10 cultures giving
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TABLE 2
ASSOCIATION AMONG REACTIONS OF DIFFERENT CARBOHYDRATE s

PER CENT OF CULTURES SHOWING

Agreement tial Disagreement
agreement

(a) + + f f 0 f 0 To- + 0 Total
(b) ~- t + ~ 0 Total 0 f tal 0 +

(a) Lactose 87 3 2 3 95 2 2 3 3
(b) d-Galactose

(a) d-Mannose 73 2 . 1 3 81 8 8 6 5 11
(b) d-Mannitol

(a) d-Mannose 72 3 1 1 2 79 7 1 8 8 5 13
(b) Trehalose

(a) d-Mannitol 74 2 1 1 13 91 1 2 3 4 3 7
(b) Trehalose

+, fermentation within 24 hours ; f, fermentation within 48 hours ; 0, no

fermentation in 5 days .

TABLE 3

REACTIONS OF CULTURES WITH FERMENTATION REACTIONS DIFFERING FROM

THOSE OF THE MAJORITY OF CULTURE S

Reactions of lactose, d-galactose, trehalose, d-mannose, d-mannitol and
melezitose are not considere d

CARBOHYDRATES
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6687 -I- -F . -h

-
-F-
-
. -h -t- =E '

-
+ 0 0 0 0 0 0 t 0 0

6705 -F- -h . . . -I- -F . . 0 0 . -h -h 0 -4- 0 f f
6755 -I- -F- . -F -i- -f- -f- . . . 0 0 0 0 0 0 0 0 0

6771 -}- -F . -}- -I- . -I- -I- 0 -{- 4-1 0 0 0 f$ 0 0 0 0

6779 -F -I- -I-- -F -i- -h -#- . . . 0 0 0 0 0 0 0 0 0

6763 -I- 0 0 0 -i- -I- -f- f 0 0 0 0 0 0 0 0 0 0 0

6690 -{- -I- 0 -}- -h -4- 0 -h 0 0 0 0 0 0 0 0 0 0 0

6749 0 0 0 0 0 0 -F -I- 0 0 0 0 0 0 0 0 0 0 0

6714 0 -h 0 0 - } - . -I- -I- 0 0 0 0 -I- + 0 0 0 0 +
6780 0 0 0 0 -I- -h -F -#- 0 -{- 0 0 0 0 0 0 0 0 0

f, reactions occurring in 48 hours or later. The three reactions observed after
48 hours are indicated by superscript numerals which denote the number of days
after inoculation.

383

Copyright © Price-Pottenger Nutrition Foundation. All rights reserved. 
 No part of this research may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying, recording, 

or by any information storage and retrieval system, without permission in writing from the publisher. Visit http://ppnf.org for more information.



384 GEORGE H. CHAPMAN AND MERRITT H . STILE S

negative results but the distribution, like that of lactose fermentation with
which it was parallel in most instances, was unrelated to the in vitro tests of the
cultures . d-Mannose, d-mannitol and trehalose were fermented more fre-
quently by pathogenic type cultures (table 1) .

Only exceptionally did a culture ferment dextrin, i-inositol, melibiose,
inulin, dulcitol, 1-arabinose, 1-xylose, raffinose, rhamnose, starch, adonitol or
d-sorbitol . Melezitose was fermented by 8 cultures but these included patho-
gens, degenerate pathogens and non-pathogens. Cellobiose was fermented by

4 pathogens . Salicin was fermented by 4 pathogens and 1 non-pathogen .
Certain associations between the fermentation of different carbohydrates

appeared to be significant . There was agreement between lactose and d-
galactose fermentation in 119 cultures and partial agreement in 2 cultures
(table 2) .

d-Mannitol and trehalose showed similar reactions in 113 cultures and
closely related results in 3 . d-Mannose and d-mannitol reactions agreed in 101
cultures and were closely related in another 10 (table 2) .

The two strains fermenting 1-arabinose also fermented 1-xylose and d-sorbitol .

Two cultures (6705 and 6771) which produced atypical colonies fermented
carbohydrates not fermented by most cultures. These associations are detailed

in table 3 .
Delayed fermentation (later than 18 hours) occurred in 3 of 103 fermenters

of d-mannitol, 11 of 115 d-mannose, 6 of 103 trehalose, 4 of 120 lactose, 6 of 105
d-galactose and in 2 fermenters of raffinose . It occurred only once in each of

the following : saccharose, glycerol, cellobiose, starch, rhamnose, adonitol,
d-sorbitol, inulin and salicin . With three exceptions, all cultures that fer-
mented any of the carbohydrates did so within 48 hours .

DISCUSSIO N

A few pathogenic strains had such vigorous fermenting power
that they fermented certain carbohydrates not fermented by
the majority of strains . Conversely, the fermentative power of
a few non-pathogenic cultures was so reduced that they failed
to ferment certain carbohydrates readily fermented by the ma-

of strains . Although the power to ferment. carbohydratesjority
was more active in pathogenic than non-pathogenic cultures,
fermentation reactions were parallel with in vitro properties
only in d-mannose, d-mannitol and trehalose .

The association of fermentation of d-mannose, d-mannitol
and trehalose, particularly the two latter, is of considerable in-
terest in view of the finding of many investigators that fermen-
tation of d-mannitol is a characteristic property of pathogenic

L
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FERMENTATION REACTIONS OF STAPIiYLOCOCCI 385

staphylococci. Fewer non-pathogens fermented trehalose than
d-mannitol in 18 hours. All highly pathogenic cultures fer-
mented d-mannitol and trehalose within 18 hours, while a num-
ber of degenerate pathogens failed to ferment these two carbo-
hydrates. Because these three carbohydrates give such con-
trasting results among different strains, they should prove valu-
able in dissociation studies .

Contrary to common opinion, lactose fermentation was found
unrelated to the in vitro properties. Lactose was fermented by
98 per cent of pathogens, 91 per cent of degenerate pathogens
and 97 per cent of non-pathogens . Chapman, Berens, Nilson
and Curcio9 found that slightly more pathogens than non-patho-
gens fermented lactose under similar conditions (100 and 80 per
cent, respectively) .

CONCLUSION S

Most staphylococci, regardless of their in vitro reactions, fer-
ment dextrose, levulose, saccharose, glycerol and maltose within
18 hours and fail to ferment dextrin, cellobiose, salicin, inulin,
i-inositol, dulcitol, 1-arabinose, 1-xylose, raffinose, rhamnose,
starch, melibiose, adonitol, d-sorbitol and melezitose within 5
days, when tested on the surface of a tryptose, beef extract agar
with phenol red indicator .

Pathogenic strains as a group had greater fermenting power

than the group of non-pathogenic strains, conforming to the
generally accepted principle that pathogenic strains of staphy-
lococci show greater metabolic activity than non-pathogens .

Lactose and d-galactose gave parallel results in 119 of 125
cultures but the reactions were not associated with the coagulat-
ing, chromogenic, hemolytic and crystal violet agar properties
of the cultures .

Fermentation of d-mannose, d-mannitol and trehalose was
more closely associated with these in vitro properties, the degree
of correlation increasing in that order .

Two cultures, producing atypical growths, fermented carbo-
hydrates which were not fermented by 97 per cent of the cultures .

The 4 cultures which fermented cellobiose and 4 of the 5
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386 GEORGE H . CHAPMAN AND MERRITT H . STILES

fermenters of salicin had in vitro properties characteristic of
highly pathogenic staphylococci .
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