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Whole-cell suspensions of Lactobacillus plantarum grown on
lactose in the presence of citrate did not produce acetoin and
diacetyl (AD) (D) from citrate in succinate buffer, pH 4.4 unless
both a source of energy and nitrogen was present, but did from
pyruvate. The total AD and the amount of D, produeed by citrategrown cells, from citrate were about two times the amounts
formed from pyruvate, ealculated on a molar basis. It appears,
that AD are formed not only from pyruvate resulting from cleavage of citrate but also from acetyl-coenzyme A arising during a
probable breakdown of citrate in a reversible reaction of citrate
synthetase. Neither acetate nor acetaldehyde had any effect on the
total AD or the amount of D produced from pyruvate by pyruvate-grown cells. The rates of AD production from pyruvate by
whole-cell suspensions of pyruvate-grown L. plantarum and
Streptococcus subsp. diacetylactis represented only 69.7 and
6.6%, respectively. of that produced by Lactobacillus casei.
These were 0.075 f.Lmo1es/mg dry wrl mI- 1 min- l for L. casei,
0.053 for L. plantarum and 0.005 for S. lactis subsp. diacetylactis.

L. plantarum and L. easel used in these experiments were isolated from
salted raw milk and identified by Hegazi (15). The organisms were maintained by subculture every month at 30°C in deep MRS agar (9) and then
stored them in a refrigerator. S. lactis subsp. diacetylactis was propagated
routinely at 30·C in sterile litmus milk and subcultured in tryptone-yeast
extract-lactose broth (TYL) of Broome et al. (3).
The materials used and the methods adopted are des,cribed elsewhere
(1],12),

--

Many strains of Lactobacillus casei and Lactobacillus
plantarum use citrate, presumbly in the same way as Streptococcus lactis subsp. diacetylactis (13). The two species
most frequently share the responsibility of ripening many
sorts of cheese, including white pickled cheese.
There have been few reports on the ability of lactobacilli
to produce diacetyl. Bassette et a1. (1) reported diacetyl
production by L. casei when grown in milk cultures. Drinan et a1. (10) studied acetoin production by L. plantarum
in MRS broth. Christensen and Pederson (7), Radler (18)
and Whiting (19) have shown that extensive growth of
Lactobacillus brevis and L. plantarum in fruit juice causes
spoilage by production of diacetyl from the citrate present
in the juice. Since diacetyl is produced in Cheddar cheese
and reportedly contributes to the typical Cheddar flavor in
low levels (4,5,16), the research reported herein was designed to determine the qualitative and quantitative aspects
of acetoin and diacetyl production by L. plantarum isolated
from salted milk and common to white pickled cheese.
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Figure 1. Acetoin and diacetyl production by whole-cell suspensions of citrate-grown L. plantarumfrom: citrate + MRS broth
- - , citrate + lactose - - - -, citrate alone ........ , pyruvate
alone-.-.-.-,-.-.

RESULTS AND DISCUSSION

Effect of supplements and substrate on acetoin and diacetyl
(AD) production
Whole-cell suspensions of L. plantarum which had been
grown on lactose in the presence of citrate were unable to
form acetoin and diacetyl from citrate when suspended in
a succinate buffer, pH 4.4 (Fig. l), resembling in this respect S. lactis subsp. diacetyiactis DRC3 (12). Lactose
only slightly stimulated AD production, whereas inclusion
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TABLE 1. Acetoin and diacetyl production (ILmo/eslmg dry wrl mtl) from pyruvate, in the presence of acetate and acetaldehyde, by

whole-cell
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0.78
0.85
0.94

0.03
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0.05
0.05
0.05
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Both citrate- and pyruvate-grown cells produced AD
from pyruvate immediately after its addition to the assay
mixture (Fig. 1 and Table 1). The maximum amount, however, never reaching that produced from citrate, but it was
greater in pyruvate- than in citrate-grown cells. The total
AD and the amount of diacetyl (D), produced by citrategrown cells, from citrate (Fig. 1 and 2) were about two
times the amounts produced from pyruvate, calculated on
a molar basis. It appears, therefore, that AD are formed
not only from pyruvate resulting from cleavage of citrate,
but acetyl-coenzyme A, arising during a probable breakdown of citrate in a reversible reaction of a citrate synthetase, may also be involved in their synthesis. Conversion
of certain citric acid cycle intermediate compounds to citrate in a citrate synthetase reaction has been reported in the
related species, L. casei (2).
Unlike S. lactis subsp. diacetylactis and L. casei subsp.
pseudoplantarum (11,12), neither acetate nor acetaldehyde
had any effect on either the total AD or the amount of D
produced from pyruvate by pyruvate-grown cells (Table
1). This may be attributed to a capability of the strain to remove added aldehydes by their reduction to the corresponding alcohols (14). Pyruvate-grown cells produced only
a very little amount of AD from citrate.
The abilities of whole-cell suspensions of pyruvategrown cells of L. easel, L. plantarumand S. lactis subsp.
diacetylactis to produce AD from pyruvate were compared. The results are shown in Table 2. L. casei showed
considerable higher activity than either L plantarum or S.
lac tis subsp. diacetylactis. The rates of AD production by
L. plantarum and S. lac tis subsp. diacetylactis represented
only 69.7 and 6.6%, respectively, of that presented by L.
casei. These were 0.075 IJ.moles/mg dry wrl ml- 1 min-l
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Figure 2. Diacetyl production by whole cell suspensions of citrate
grown 1. plantarum from: citrate + MRS broth - ; pyruvate
alone -.-.-.-.-.

of 0.5 ml of MRS broth in the buffer was essential for high
AD production. Like S. lactis subsp. diacetylactis, failure
to use citrate may be attributed to loss of the ability to
transport citrate into the cells (8) due to rapid disintegration
of an inducible citrate permease. Presence of both a source
of energy and nitrogen was necessary for reformation of
the enzyme. Pinsky and Stokes (17) found both types of
substances to be quite essential for formation of the inducible formic hydrogenlyase of Escherichia coli. Cogan et al.
(6) reported no detectable acetoin production in phosphate
buffer at pH 6.1, whereas acetoin production occurred in
acetate at pH 6.1. Species of buffer could be another
reason for failure of L. plantarum to use citrate.

TABLE 2. The rate of acetoin and diacetyl production (!J.moles/mg dry wrl mt 1 min-') from pyruvate by whole cell suspensions of pyruvnt.p_ormAm
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and S. lactis
AD

L. casei
L. plantarum
S. lactis

0.D75
0.053
0.005

·Set as arbitrary 100% standard.
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LACTOBACIllUS PLANTARUM PRODUCES ACETOIN/DIACETYL

for L. easei, 0.053 for L. plantarum and 0.005 for S. laetis
subsp. diaeetylaetis.
REFERENCES

Myers et aI.,

10. Drinan, D. F., S. Tobin, and T. M. Cogan. 1976. Citric acid
metabolism in hetero- and homofermentative lactic acid bacteria.
Appl. Environ. Microbio!. 31:481-486.
11. EI-Gendy, S. M., H. Abdel-Galil, Y. Shahin, and F. Z. Hegazi.
1983. Acetoin and diacetyl production by L. easel subsp. pseudoplantarum. J. Food Prot.
12. EI-Gendy, S. M., H. Abdel-Galil, Y. Shahin, and F. Z. Hegazi.
1983. Acetoin and diacetyl formation by Streptococcus i(K'tis subsp.
diacetylactis DRC3. J. Food Prot.
13. Fryer, T. F. 1970. Utilization of citrate of lactobacilli isolated from
dairy products. J. Dairy Res. 37:9-15.
14. Harper, W. J. 1965. The metabolism of some carbon-14 labelled
substrates in certain cheeses and in cultures of lactic acid bacteria.
Wilchwissenschaft 20:354-357.
15. Hegazi, F. Z. 1982. Characteristics and use of lactic acid bacteria in
the manufacture of some fermenting dairy products. Ph. D. Thesis,
Univ. of Assiut, Egypt.
16. Manning, D. J., and H. M. Robinson. 1973. The analysis of volatile
substances associated with Cheddar cheese aroma. J. Dairy Res.
40:63-75.
17. Pinsky, M. J., and J. L. Stokes. 1952. Requirements for formic hydrogenlyase adaptation in nonproliferating suspensions of Escherichia coli. J. Bacterio!' 64:151-161.
18. Radler, F. 1975. The metabolism of organic acids by lactic acid bacteria. pp. 17-27. In J. G. Carr, C. V. Cutting and G. C. Whiting
(eds.), Lactic acid bacteria in beverages and food. Academic Press,
London.
19. Whiting, G. C. 1975. Some biochemical and flavor aspects of lactic
acid bacteria in ciders and other alcoholic beverages. pp. 69-85. In
J. G. Carr, C. V. Cutting and G. C. Whiting (eds.), Lactic acid bacteria in beverages and foods. Academic Press, London.

con't, from p. 502

bio!. Immuno!., vol. 5.
7. Hanna, M. 0., D. L. Zink, Z. L. Carpenter, and C. Vanderzant.
1976. Yersinia enterocolitica-like organisms from vacuum-packaged
beef and lamb. 1. Food Sci. 41: 1254-1256.
8. Hanna, M. 0., J. C. Stewart, Z. L. Carpenter, and C. Vanderzant.
1977. Effect of heating, freezing and pH on Yersinia enterocoliticalike organisms from meat. J. Food Prot. 40:689-692.
9. Klein, D., J. A. Spindler, and J. M. Matson. 1975. Relationship of
indole production and antibiotic susceptibility in the Klebsiella bacillus. J. C1in. Microbio!. 2:425-429.
10. Marshall, R. T., M. E. Anderson, H. D. Naumann, and W. C.
Stringer. 1977. Experiments in sanitizing beef with sodium hypochlorite. J. Food Prot. 40:246-249.
II. Mehlman, I. J., C. C. G. Aulisio, and A. C. Sanders. 1978. Problems in the recovery and identification of Yersinia from food. J.
Assoc. Off. Anal. Chern. 61:761-771
12. Mollaret, H. H., H. Bercovier, and J. M. Alonso. 1979. Summary
of the data received at the WHO reference center for Yersinia enterocolitica. Contr. Microbio!. Immunol. 5:174-184.
13. Myers, B. R., R, T. Marshall, J. E. Edmonsdon, and W. C.
Stringer. 1981. Isolation of pectinolytic Aeromonas hydrophila and
Yersinia enterocolitica from vacuum-packaged pork. J. Food Prot.

45:33-37.
14. Naemura. L. G., and R. J. Seidler. 1978. Significance of low temperature growth associated with the fecal coliform response, indole
production and pectin liquefaction in Klebsiella. Appl. Environ.
Microbio!. 35:392-396.
IS. Robach, M. C. 1980. Use of preservatives to control microorganisms
in food. Food Technol. 34:81-84.
16. Robach, M. C., J. L. Owens, M. W. Paquette, J. N. Sofus, and F.
F. Busta. 1980. Effects of various concentrations of sodium nitrite
and potassium sorbate on nitrosamine formation in commercially prepared bacon. J. Food Sci. 45:1280-1284.
17. Robach, M. c., and J. N. Sofos, 1982. Use of sorbate in meat products, fresh poultry and poultry products: a review. J. Food Prot.
45:374-383.
18. Speck, M. L. (ed). 1976. Compendium of methods for the microbiological examination of foods. American Public Health Association, Washington, DC.
19. Von Riesen, V. L. 1975. Polypectate digestion by Yersinia. J. C1in.
Microbio!' 2:552-553.
20. Wauters, G. 1979. Carriage of Yersinia enterocoiilica serotype 3 by
pigs as a source of human infection. Contr. Microbio!. Immunol.
5:249-252.

JOURNAL OF FOOD PROTECTION. VOL. 46, JUNE 1983

Downloaded from http://meridian.allenpress.com/jfp/article-pdf/46/6/503/1655894/0362-028x-46_6_503.pdf by guest on 25 May 2022

1. Bassette, R., R. E. Bawdon, and T. J. Claydon. 1967. Production
of volatile materials in milk by some species of bacteria. J. Dairy
Sci. 50:167-171.
2. Branen, A. L., and T. W. Keenan. 1970. Growth stimulation of
Lactobacillus easel by sodium citrate. J. Dairy Sci. 53:593-597.
3. Broome, M. c., M. P. Thomas, A. J. Hillier, and G. R. Jago. 1980.
Pyruvate dehydrogenase activity in group N streptococci. Aus!. J.
BioI. Sci. 33:15-25.
4. Calbert, H. E., and W. V. Price. 1949. A study of the diacetyl in
cheese. I. Diacetyl content and flavor of Cheddar cheese. J. Dairy
Sci. 32:515-520.
5. Calbert, H. E., and W. V. Price. 1949. A study of the diacetyl in
cheese. II. The changes in diacetyl content of Cheddar cheese during
manufacturing and curing. 1. Dairy Sci. 32:521-526.
6. Cogan, T. M., M. O'Dowd, and D. Mellerick. 1981. Effects of pH
and sugar on acetoion production from citrate by Leuconostoc lactis.
Appl. Environ. Microbio!. 41:1-8.
7. Christensen, M. D., and C. S. Pederson. 1958. Factors affecting
diacetyl production by lactic acid bacteria. App!. Microbio!. 6:319322.
8. Collins, E. B., and R. J. Harvey. 1962. Failure in the production of
citrate permease by Streptococcus dlacetilactis. J. Dairy Sci. 45:32·
35.
9. De Man, J. C., M. Rogosa, and M. E. Sharpe. 1960. A medium for
the cultivation of lctobacilli. J. App!. Bcterio!. 23: 130-135.

505

