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adsorption approaches this state. Assuming a Maxwellian 
distribution of energy among the adsorbed molecules of 
oxygen, then only those molecules possessing the necessary 
energy of activation, E, will react with the carbon surface; 
thus, 

Ae-EIRT = K (Q’ - Q) 

Since the energy of activation, E,  of the reaction is probably 
constant after the induction period during which the active 
points on the surface are destroyed, then log A/@‘ - Q)  
should be practically a linear function of 1/T. The values 
of A/@’- Q) are plotted semi-logarithmically against the 
reciprocal temperature in Figure 3 for various types of carbon. 
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FROM XYLOSE BY ASPERGILLUS FLAVUS 

NUMBER of investigators (4, 7, 9, 10, 
13, 14,22, 23, 26,2841) have shown that 
kojic acid, 2-hydroxymethyl-5-hydroxy- 

?-pyrone, is produced during the growth of different species 
of Aspergilli upon solutions of a variety of organic substances. 
Of the carbon sources tested, xylose was used with varying 
success as to the yields obtained (1, 2, 3, 6, 8, 11, 27). 

The purpose of this investigation was to  determine the 
effects of environmental changes upon the quantity of kojic 
acid produced by a strain of Aspergillus flavus growing upon 
xylose solutions and to learn if any change occurs in the 
stability of that  strain of A .  flavus over a period of 4 years 
with regard to kojic acid production. One series of experi- 
ments was carried out in 1931, a second in 1935. 

The mold employed was probably introduced into the 
laboratory on pods of Gymnocladus sp.  and was identified as 

The experimental results of a study of 
the effects of environmental changes 
upon the ability of a strain of Aspergillus 
flavus to produce kojic acid from xylose 
are presented. Yields corresponding to 
over 20 per cent weight per weight conver- 
sion of xylose were obtained consistently. 
The fermentation process is similar to 
that in which citric acid is made commer- 
cially and, likewise, could probably be 
adapted to the production of kojic acid 
in commercial quantities. 

The structure of kojic acid is such that 
it lends itself to the preparation of nu- 
merous derivatives ; probably this acid will 
prove a useful substance either through 
its known derivatives or those- to be pre- 
pared in the future. 

H. N. BARHAM AND B. L. SMITS 
Kansas State College, Manhattan, Kans. 

an A .  JEavus by Charles Thom of the Bureau of Chemistry, 
United States Department of Agriculture. 

Xylose, procured from the Swann Corporation, Birming- 
ham, Ala., was a technical product containing a slight acid 
residue and a small quantity of a second impurity which 
reduced Fehling solution and was optically active. Quantities 
obtained at different times varied to some extent as to the 
quantity of acid required to bring fermentation media to a 
given initial pH. 

Methods 
Stock cultures were maintained continuously on a dextrose- 

corn meal agar medium of the following composition in grams 
per liter: ammonium nitrate, 1.0; potassium dihydrogen phos- 
phate, 0.6248; MgS0d.7Hz0, 0.5; dextrose, 200; gelatin powder, 
10; and Bacto corn meal agar, 19. Transfers were made at regu- 
lar intervals. Previous to the fermentation experiments, the 
stock mold was transferred to  and grown for several generations 
upon a xylose-corn meal agar medium, the composition of which 
was the same as that just given, except that the dextrose was re- 
placed by 150 grams of xylose per liter. Spores developed on 
this medium were used to inoculate the xylose solutions to be 
fermented. 

Fifty cubic centimeters of prepared xylose solutions were fer- 
mented in 125-cc. Erlenmeyer flasks in which the ratio of area to 
volume was approximately 0.6, and the flasks and contents were 
autoclaved for 15 minutes at 15 pounds per square inch (1.05 kg. 
per sq. cm.) pressure before inoculation. All fermentations were 
run in duplicate and all runs were repeated. 

Evaporation and absorption by the mycelial mats somewhat 
reduced the volume of the solutions from the original 50 cc. 
When fermentation was complete, the mats were removed and 
washed with water sufficient to restore the original volume. Two 
separate 5-cc. uliquots were taken from the fermented liquor of 
each flask, and each one was diluted with water to  50 cc. The 
kojic acid in one aliquot was measured by titrating with 0.1 N 
sodium hydroxide, using phenolphthalein as an indicator, and 
titrating to full red color over a source of diffused light. In the 
second aliquot the kojic acid was neutralized with 0.1 N sodium 
hydroxide and precipitated with 0.1 N copper acetate; the pre- 
cipitate was dried at 100’ C. and weighed as its copper salt 
Cu(C6H60&1/2 HzO (18). With solutions of carefully purified 
kojic acid, these methods checked well with each other and with 
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TABLE I. EFFECT OF PHOSPHATE VARIATION (1931) 
(Composition of media, grams per liter: xylose, 150; ",Nos, 2.25; 

MgSOe7Hz0, 0.5) 
KHzPO4, Grams per Liter: 

Time, 0.469 0.625 0.781 0.937 1.093 1.250 1.406 1.562 
Days I Kojic Acid, Grams per Culture 

6 
7 
9 

11 
12 
13 
14 

0.19 
0.46. 
0.79 
1.01 
1.19 
1 .41  
1.37 

0.47 
0.69 
0 .97  
1 .11  
1.30 
1.44 
1 .31  

0.62 
0 .71  
0.99 
1 .12  
1 .26  
1.29 
1.23 

0 . 6 1  
0 . 7 5  
0 . 9 8  
1 . 0 7  
1 .10  
1.13 
1 .10  

0 .62  
0 .82  
0 .98  
1 . 1 1  
1 , 1 4  
1 .06  
1 .04  

0.67 
0.89 
1.09 
1 . 1 0  
1.14 
1.09 
0 .94  

0.47 
0.69 
1 .04  
1.05 
1.05 
1 .11  
1 .08  

0 .50  
0 .74  
0.93 
0.99 
1.02 
1 .04  .. 

TABLE 11. EFFECT OF PHOSPHATE VARIATION (1935) 
(Composition of media, grams per liter: initial pH extremes, 3.5 to  3.7; 

xylose, 150; NHaNOa, 1.0; MgSOc7HzO. 0.5) 

Time, 0 .0  0 . 2  0 . 4  0 . 6  0 . 8  1 . 0  1 . 2  1.4 1 . 6  1 .8  
KHsPOa, Grams per Liter: - 

Days - .Kojic Acid, Grams per Culture - 
" = a  a o o  a a a a 0  
1 

6 a 0.24 0 .55  0 .55  0.43 0.43 0 .30  0 .42  0.38 0 . 3 1  
8 a 0 . 6 0  0 .95  1 . 0 5  0 .89  0 . 8 0  1.12 0.89 1 .21  0 . 8 0  

10 a 1.17 1.37 1.33 1 . 3 1  1.20 1 .21  1.48 1.06 1 .09  
13 a 1.48 1.27 1 . 3 1  1 .26  1.26 1 .30  1 . 3 8  1.27 1.32 
16 a 1.04 0.72 0 .82  0.75 0.73 1.09 0 .80  0.83 0 .82  

a No more than traces of kojic acid. 

TABLE 111. EFFECT OF AMMONIUM NITRATE VARIATION (1931) 
(Composition of media, grams per liter: xylose, 150; KHzPOa, 0.625 and 

1.250; MgS04.7Hz0, 0.5) 
NHaNOs, Grams per Liter: - 

Time 0 .50  1.00 1.50 1.75 2.25 2.75 3.25 3.75 
Days' I Kojic Acid, Grama per Culture 

0.625 Gram KHzPOa Der Liter 
7 . .  .. . .  . .  0.21 0.07 0.04 
9 0 .60  0.64 0.56 

11 1:29 0:SQ 0:85 
13 0:23 2:07 1:65 1:66 1.45 1.02 0.67 
16 1 .31  0 .77  0 .43  

i o  o:iz i : i o  a:& i'.3i 

17 o : i ~  i : Q 3  i:ii i : i 7  . .  . .  . .  
1.250 Grama KHzPOa per Liter 

7 . .  . .  . .  . .  0 .67  0 . 7 3  0.57 0.33 
8 0.83 0 .79  0.58 0.28 

10 0:09 1:45 1:54 1146 
11 1:Ol 0:68 0:34 0:64 

17 0.20 1.60 0 .82  0.74 . .  . .  . .  .. 13 o : i2  i:Ss i :37 1122 . .  . .  . . .. 

TABLE IV. EFFECT OF AMMONIUM NITRATE VARIATION (1935) 
(Composition of media, grams er liter. initial H extremes, 3.45 to  3.50; 

xylose, 150; KHzgOd, 0.625; MgS&.7H20, 0.5) 

Time,0.00 0.25 0 . 5 0  0.75 1.00 1 .25  1.50 1.75 2.00 2.25 
Days I Kojic Acid, Grams per Culture 

NH4NOa, Grams per Liter: 

4 .. * .  . .  
6 . .  .. . .  0:24 0:85 0:SO 0:55 0140 0:bO 0143 
8 .. . .  . .  0.38 1.35 1.11 1.11 1 .04  0 .71  0 .40  

10 .. . .  . .  0.84 1.49 1 .29  0.92 0.92 0.84 0.86 
13 .. . .  1 . 2 5  1.24 0.87 0 . 4 3  . .  . .  . .  
16 .. .. 0:46 1 .27  0.82 0 .40  . .  , .  . .  .. 

TABLE v. EFFECT OF pH VARIATION (1935) 
(Composition of media, grams per liter: x lose, 150; NHaNOs, 1.0; 

KHzP04, 0.625; MgSOu'IHzdr, 0.5) 
Initial pH: 

Time, 2.25 2.50 2.75 3.20 , 3 . 4 5  4.60 5 .10  5.40 5.75 6.90 
Days I Kojic Acid, Grams per Culture 

4 
6 0'81 0'57 0 '52 0:42 0:37 0:ZS ' '  " ' '  " 

13 1 .82  1.79 1.11 1.14 1.50 1.64 1 . 6 5  1.70 1.66 1.42 
i o  i : 5 9  1176 i : o i  1 .41 1.57 1.30 1145 i:is i:Oz 0:+7 

calculated values. With experimental solutions, however, the 
titration method gave results which were high approximately 
to the extent of the buffer effect, which varied with the conditions 
of the experiment from 0.4 to 1.5 cc. After the sixth day of fer- 
mentation the difference between analyses of a sample by the 
two methods was no greater on the average than 0.7 CC. The 
kojic acid analytical data listed in the tables were obtained by 
the copper precipitation method and represent averages. 

Residual xylose, when measured, was determined by means of 
the polariscope. The pH adjustments of solutions t o  be fer- 
mented were made by additions of 0.1 N sulfuric acid or 0.1 N 
potassium hydroxide. The pH measurements of fermented solu- 
tions were made with the quinhydrone electrode. The tempera- 
ture of fermentation was 35" C. 

The following factors affecting mold growth were varied indi- 
vidually: potassium dihydrogen phos hate, ammonium nitrate, 
pH, xylose, MgSOa.7H90, Fe(NOs~.9Hz0, Ca (NO&4H20, 
ZnSOr.7H20, and time of fermentation. The results obtained 
in 1931 and 1935 are presented. Because of the necessity of 
checking back on the variables in the earlier part of the work, the 
1931 results cannot always be compared with each other or with 
those of 1935. The 1935 results a,re comparable. 

Influence of Phosphate Concentration 
The ammonium nitrate concentration used in the 1931 

phosphate experiments was chosen because it had been found 
to give the best kojic acid yield over an arbitrarily chosen 
10-day period. In subsequent experiments of the same year, 
the smaller concentration (1.0 gram per liter) was found to 
be optimal and was used, therefore, in the 1935 experiments. 

The general effect of phosphate increase from a certain 
minimum was to increase the rate of fermentation and to 
decrease the yield. However, within the range of phosphate 
concentrations used, there developed consistently in the 1931 
experiments (Table I) two concentrations favorable to 
kojic acid formation a t  roughly 0.6 and 1.2 grams potassium 
dihydrogen phosphate per liter. It was thought desirable 
to use both of these concentrations as a basis for the variation 
of the other constituents even though there was considerable 
difference between the kojic acid yields corresponding to 
the two apparent maxima. A repetition of the phosphate 
experiments in 1935 (Table 11) showed a widening of the in- 
terval between the maxima. 

Influence of Ammonium Nitrate Concentration 
In preliminary experiments, different inorganic salts con- 

taining the ammonium and nitrate radicals were tested for 
their suitability in this fermentation. Salts containing the 
ammonium group were found to be much the better (6),  and 
ammonium nitrate seemed to be particularly well adapted 
(3, 13, 26). 

The data given in Tables 111 and IV afford a good com- 
parison between the 1931 and 1935 fermentations. The most 
favorable ammonium nitrate concentration was 1.0 gram 
per liter, above which the yield gradually decreased. This 
behavior held for both low and high phosphate concentra- 
tions, although the low phosphate gave a slightly higher 
maximum yield. Increased kojic acid production resulting 
from the use of lower concentrations of available nitrogen 
than are usually employed in culture media appears to bear 
out the observations of Kinoshita ( I O ) ,  Kluyver (li), and 
Currie (6). 

Influence of pH Variation 
Results of the 1931 experiments led to the conclusion that 

the optimum pH for kojic acid production was the lowest 
that the strain of mold would tolerate. In  almost all trials 
the most favorable initial pH was approximately 3.5; however, 
in a few isolated cases yields were obtained as high as that 
corresponding to 36 per cent weight per weight conversion 
of xylose in solutions where the initial pH was well down 
toward 2.0. Tamiya (26) concluded 5.5 to be the optimum 

The 1935 data (Table V) confirm this conclusion generally 
but give the additional information that good yields re- 
sulted not only a t  the initial pH 3.5 but also consistently 
within the lower 2.0 to 3.0 pH range (8, 9, 11). 

PH. 
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Influence of Xylose Concentration 
In the conversion of xylose into kojic acid, there was little 

difference between the 150 and 200 grams per liter xylose 
concentrations on the low phosphate concentration (Tables 
VI and VII) ; however, on the high phosphate concentration 
the 200-gram concentration was the more efficient (Table 
VI). Where only 50 grams of xylose per liter were used, all 
of the sugar was utilized by the organism for vegetative 
growth and as a source of energy. Xylose disappeared entirely 
from those solutions containing 150 grams or less per liter 
when fermentation was allowed to proceed 22 days. 

Influence of Magnesium Concentration 
After a minimum concentration of MgS04.7H20 (0.1 gram 

per liter) was reached, further increase had relatively little 
effect although a continuous increase or decrease in yield 
did not follow a continuous increase of MgS04.7Hz0 (Table 
VIII). 

The fermentation of xylose solutions with this strain of 
A .  $avus was almost always accompanied by the formation 
of a small quantity of a yellow compound with indicator 
properties. The quantity of this substance was appreciably 
increased in those solutions, the MgS04.7Hz0 concentration 
of which ranged between 0.00 and 0.05 gram per liter. 

Influence of Iron and Calcium Concentrations 
Additions of iron as Fe(N0&.9Hz0 and calcium as Ca- 

(NOa)2.4H20 were inhibitory in an irregular manner except 
a t  one calcium and two iron concentrations where there were 
no appreciable effects. This behavior does not eliminate 
possible stimulating influences of traces of iron and calcium 
which might have been present in the materials of which the 
solutions were made. 

These results are in harmony with Currie's conclusion (6) 
regarding the influence of iron in citric acid production but not 
with that of Di Capua (7)  regarding the influence of iron in 
kojic acid production. 

The data in Table IX show also that continuous increases 
in the concentrations of iron and calcium did not occasion a 
continuous increase or decrease in yields. 

Influence of Zinc Concentration 
An accumulation of experimental evidence indicates that  a 

small concentration of zinc stimulates the growth of A .  niger 
(12, 16, 18, 20) and A .  flavus (15), and is even required for 
normal growth and development (19, 2%). Porges (17)  
showed that zinc favors acid production by A .  niger although 
Currie (6) had concluded earlier that  zinc is unnecessary for 
that  purpose. 

Because of the seeming importance of zinc in mold metabo- 
lism, comparative experiments were carried out to find what 
influence zinc might have upon kojic acid production from 
xylose by A .  javus .  For this purpose a concentration of 
2 to 3 parts per million of zinc ion furnished by ZnSOa.7Hz0 
was chosen. Previously this concentration of zinc with the 
same strain of A .  flavus had markedly increased kojic acid 
yields with another carbon source (24). 

The results of the experiments with xylose media containing 
zinc were identical with those without zinc, showing that zinc 
a t  this concentration range has no effect upon the production 
of kojic acid from xylose. Spore formation was retarded to 
some extent; the mats were somewhat thinner and possessed 
a whitish appearance, especially in the earlier stages of fermen- 
tation. 

TABLE VI. EFFECT OF XYLOSE VARIATION (1931) 
(Composition of media, grams per llter: "4x08, 2.25; KHzPOa, 0.625 

and 1.250) 
Xylose, Grams per Liter: 

150 200 250 300 150 200 250 300 
Time, Per Cent Yield Kojic Acid, Weight 
Days Der Weight Kojic Acid, Grams per Culture 

6 
8 

10 
12 
16 
1s 

0.29 
0.63 
1.13 
1.42 
1.63 
1 .34  

0 .14  
0 .56  
1.16 
1.60 
2.17 
2 .05  

0.625 Gram KHzPO4 Der Liter 
0 . 0 3  
0 .33  
0 .96  
1.79 
2.54 
2.39 

o : i 1  
0 .87  
1.27 
2 .50  
2.54 

3 .90 -  
8 .40  

15.10 
18.90 
21.70 
17.90 

1.40 
5 .60  

11.60 
16.00 
21 ,70  
20.50 

1.250 Grams KHzPOa Der Liter 
4 .10  2.00 6 0.31 0.20 0.22 

8 0.92 0 .69  0 .84  0162 12.30 6 .90  
10 0 .95  1.03 1 .41  1.17 12.70 10.30 
12 1.04 1 .68  2 . 1 1  1 .99  13.90 16.80 
16 0 .93  1 . 8 5  2.29 2 .71  12.40 18.50 
18 0 . 9 1  1 . 6 5  1 . 7 4  2 . 4 5  12.10 16.50 

0 . 2 5  . . .  
2.60 1.40 
7.70 5.80 

14.30 8 .50  
20.30 16.70 
19.10 16.90 

1 . 7 5  . . .  
6 .70  4 .10  

11.30 7 .80  
16.90 13.30 
18.30 18.10 
13.90 16.30 

TABLE VII. EFFECT OF XYLOSE VARIATION (1935) 
(Composition of media, grams per liter: initial p H  extremes, 3.5 to  3.9; 

NHaNOa, 1.0; KHzPOr, 0.625; MgS04.7Hz0, 0.5) 
Xylose, Grams per Liter:- 

50 100 150 200 250 50 100 150 200 250 
Time, Per Cent Yield Kojjc Acid, Weight 
Days Kojic Acid, Grams per Culture per Weight 

4 . .  . .  
6 . .  0 : i O  0185 0187 : :  , .  ik:Oo i i : i o  S : i o  ::: 

10 . .  0 .62  1.56 1.80 1.52 . .  12.40 20.80 18.00 12.20 
13 . , , . 1 .31  1 . 9 3  2.19 . .  . . . 17.40 19.30 17.60 

TABLE VIII.  EFFECT OF MgS04.7Hz0 VARIATION (1935) 
(Composition of media, grams per liter: initial p H  3.55; xylose, 150; 

Time, 0 .00 0.005 0.01 0 . 0 5  0.10 0.30 0.50 0 .70  0 .90  1.10 

NHaNOs, 1.0; KHzPOa, 0.625j 
c hlgSOa.7Hz0, Grams per Liter: 

Days Kojic Acid, Grams per Culture --. 
4 . .  . .  . .  
6 . .  . .  0:47 0 : 6 0  0:54 0 : 6 0  0:63 O:e4 0:65 

10 , .  . .  0 : 8 0  1 .26  1.58 1 .51  1 . 6 5  1 . 5 3  1 . 6 5  1.60 
13 . .  . .  1.66 1 . 1 4  1.36 1.36 1 . 5 6  1 . 6 5  1 . 5 5  1.56 

TABLE IX. EFFECT OF Fe(NO&9Hz0 and Ca(N0s)1+4H20 
VARIATION (1935) 

(Composition of media grams per liter: xylose 150; NHaN03, 1.0. 
MgSOa.7Hz0, 0.5; K H z h h ,  0.625; PH extremes, i .05 to.3.60 when irod 

was varied, 3.50 to 3.55 when calcium was varied) 
--Fe(NOs)vgHzO or Ca(N03)~4Hz0 ,  Grama per Liter:-- 

~i~~ 0.005 0.01 0.05 0 .25  0.50 1.00 1.50 2 . 0 0  2 .50  
Metal Day; I Kojic Acid, Grams per Culture 

Fe  6 0 43 0 . 5 7  0.41 0 .21  0 26 0 65 

Ca 6 0 57 0 60 0.37 0 . 3 5  0.18 
13 1:41 1.24 1.26 1.07 0:94 1:32 1147 1136 : :  
13 1:36 1143 1 .20  0140 1 14 0 92 0 : S O  0:72 0:68 

TABLE X. EFFECT OF TIME VARIATION (1931) 
(Composition of media grams per liter: initial pH 3 4. xylose, 150; 

NHINOJ, 2.i5; KHzP04, 0.625; MgSOa.7&0; 6.5) 
Kojic Acid Xylose Weights of 

Time per Culture Consumed Mats PH 
D a y s  Grams P e r c e n t  G r a m  

3 
4 
5 
6 
7 
8 

10 
11 
12 
13 
14 
15 
16 

. .  
o : i 4  
0 .48  
0.56 
0.93 
1 .43  
1.54 
1 .63  
1.58 
1.44 
1 .33  
1 , 3 2  

10.7 
21.2 
32.0 
43.8 
48.3 
68.0 
92.3 
93.1 
93.4 
94.5 
94.5 
9 6 . 1  
97 .5  

0.0896 
0.2960 
0.3840 
0.3845 
0.3820 
0.4600 
0.6679 
0.7902 
0.7973 
0.8365 
0.8787 
0.8401 
0.8451 

3.06 
2.11 
2.13 
2.29 
2.50 
3.60 
4.17 
4.19 
4.29 
4.04 
4.04 
3 . 9 0  
3 .85  

TABLE XI. EFFECT OF TIME VARIATION (1935) 
(Composition of media in gramsJer fiter: initial pH, 3.5; xylosa, 150; 

NHINOI, 1.0; KHzP 4, 0 625; MgSOc7Hz0, 0.5) 
Kojic Kojic 

Acid per Acid per 
Time Culture p H  Time Culture p H  
D a y s  Grams D a y s  Grams 

1 . 6 5  4.00 
13 4.10 

4.25 
lo 1.36 

4 2 .45  
6 0:so 3 .50  
8 1.15 3 .90  16 0 .77  
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Influence of Time Variation 
The rate of kojic acid production was not constant during 

the progress of fermentation. In 1931 experiments (Table X) 
an initial 5-7 day unproductive period was usually found. 
This period was accompanied by a slow rate of sugar consump- 
tion and a slow rate of increase in mycelial weight. During 
this period there was considerable pH adjustment. In the 
1935 experiments (Table XI) the lag was formed somewhat 
earlier. There was also a marked drop in pH consistently 
from the original over the first 3 or 4 days, and, until there 
had been a certain amount of pH recovery, fermentation 
proceeded slowly. 

In 1931, maximum yields were obtained on the twelfth or 
thirteenth day; in 1935 they were obtained on about the 
tenth day. The fact that the 1931 and 1935 maximum yields 
are approximately equal is not interpreted as indicating that 
the concentrations of 1.00 and 2.25 grams of ammonium 
nitrate per liter are equally favorable, since these and other 
data (Tables I11 and IV) appear to show that 4 years of 
culturing decreased moderately the maximum yield and 
increased the rate of fermentation. 

Discussion of Results 
The fermented solutions were analyzed for kojic acid by 

two different methods-titrating with standard alkali and 
weighing as the copper salt. The fact that the analytical data 
for individual samples checked within the limits of the buffer 
effect leads us to the conclusion that acidic organic com- 
pounds other than kojic acid, if present, were in negligible 
quantities. 

Examination of the 1931 and 1935 results shows that 4 
years of culturing modified moderately the strain of A .  JEavus 
in its ability to convert xylose into kojic acid. The interval 
between the phosphate maxima increased from about 0.6-1.2 
in 1931 to 0.2-1.4 in 1935, the organism became tolerant to a 
greater hydrogen-ion concentration, and the maximum yield 
was lowered appreciably. 

In a number of instances during the course of these experi- 
ments, a continuous increase or decrease in yield of kojic acid 
did not accompany a continuous increase of one of the 
variants. This behavior was particularly apparent in thevaria- 
tion of the initial pH, iron, calcium, and, to some extent, phos- 
phate and magnesium. It may be objected that in some cases 
the differences noted are too small to be significant. But in 
view of the consistency with which repeated experiments 
indicated this behavior, such variations in yields can scarcely 
be fortuitous although they msy be relatively unimportant 
numerically. Similar observations were made by Lohmann 
(12) who found optimum zinc concentrations for A. n i g e r  
at 0.8 and a t  132 mg. per hundred, and by Rossi and Scandel- 
Iari (21) who found that continuously increasing ammonium 
nitrate and potassium dihydrogen phosphate concentrations 
gave first an increase, then a decrease, and finally an increase 
of invertase production by A. n iger .  A possible explanation 
may be suggested for this behavior. It is recognized that the 
availability of phosphate to plant life in general is dependent 
upon the form in which the phosphate exists which, in turn, 
is partially dependent upon the heavy metal and hydrogen- 
ion concentrations. It is conceivable that the combined effects 
of the heavy metals and hydrogen ion may modify the avail- 
ability or utilization of phosphate in fermentation processes 
which may govern the production of invertase or other neces- 
sary enzymes, as suggested by the work of Rossi and Scan- 
dellari ($0, $1). 

Summary 
1. The fermentation of xylose solutions with a strain of 

A .  flaws was carried out over a period of 4 years. The acidic 

organic product was almost exclusively kojic acid. The 
medium most favorable to kojic acid production at 35" C. 
had the following composition in grams per liter: xylose, 150; 
ammonium nitrate, 1.0; potassium dihydrogen phosphate, 
0.625; and MgS04.7H20, 0.5. 

2. There were two optimel pH vaIues, approximately 2.5 
and 3.5. 

3. Maximum yields were obtained over intervals of 13 
(1931) and 10 (1935) days. 
4. A minimum of 150 grams of xylose per liter was re- 

quired for good kojic acid yields. When fermented for 22 
days, the sugar disappeared entirely. 

5. The ammonium radical was much better than the 
nitrate radical in furnishing nitrogen. Ammonium nitrate 
served excellently for this purpose. 

Iron and calcium were inhibitory except a t  one calcium 
and two iron concentrations where there was no appreciable 
effect. Zinc exerted no influence. 

In the phosphate, iron, calcium, magnesium, and pH 
experiments the continuous increase of a variant was not 
followed by a continuous increase or decrease in yield of 
kojic acid, possibly because of variations in the availability 
of the phosphate. 

8. Low magnesium concentrations favor the formation of 
a yellow compound with indicator properties. 

9. Over a period of 4 years there was a moderate change 
in the stability of the mold with respect to kojic acid produc- 
tion. The interval between phosphate maxima widened, the 
tolerance of the mold to acid increased, and the maximum 
yield decreased. 

6. 

7. 
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