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The production of citric acid by Aspergillus luchuensis Inui was studied when
copper, manganese, zinc and iron were added separately to the fermentation
medium. -All four trace elements were found to be essential for the maximum
production of citric acid. The amount of copper and manganese required
were comparatively smaller than those of iron and zine. Excessive amounts
of these trace elements in the fermenting medium interfered with the accu-
mulation of citric acid. Zinc at a concentration of (-5 ppm, iron at 1-0 ppm,
copper at (0-025 ppm and manganese at 0-1 ppm gave a maximum yield of
citric acid. Iron and manganese were more essential than copper and zinc.

The essentiality of metallic ions in the nutrition of fungi has been recog-
nized since the very first studies dealing with the cultivation of filamentous
fungi. Raulin (1869) for the first time definitely demonstrated that iron
and zine are indispensable for the growth of Aspergillus niger. Steinberg
(1919, 1935, 1939, 1950) fully established that heavy metals exert consider-
able influence on growth and fruiting of 4. niger. A search through the
available literature shows that there are conflicting opinions regarding the
influence of metallic ions on the production of citric acid by A. muger.
Bortels (1927) was first to indicate the need for copper. Wolff and Emmerie
(1930) and Mulder (1939) confirmed the essential nature of copper. Porges
(1932) and Shu and Johnson (1948) employed zinc and iron in their media in
order to obtain high yields of citric acid. Bernhauer ef al. (1941) reported
that manganese salts have no constant effect. Shu and Johnson (1948) ob-
served that manganese in very low concentration caused marked decrease in
yields of the acid. Porges (1932) found that manganese and copper were
inhibitory to acid production. These reports clearly indicate that tht metallic
ion content of the medium may markedly affect the production of citric acid
by this organism.

* Part of the thesis approved for the Ph.D. of the Allahabad University.
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Recently, a comparison of the citric acid producing power of four black
moulds, viz. Aspergillus niger, A. awamori, A. phoenicis and A. luchuensis,
was made by the author. Out of the species tested, A. luchuensis was found
to be the best for citric acid production. It was, therefore, thought worth
while investigating the effect of different nutritional conditions on the citric
acid producing capacity of this strain of 4. luchuensis. The present work
was carried out to determine whether or not zine, iron, copper and manganese
are essential for maximum citric acid production by involving the growth of
the fungus.

MATERIALS AND METHODS

The fungus selected, Aspergillus luchuensis Inui, was originally isolated
from the soil (pH 8-3) from the Botanical Garden, Allahabad University.

TaBLE 1

The effect of different concensrations of copper on production
of acids and dry weight

Citric acid Ozxalic acid Dry weight

Concentration
D

(ppm) ays ® ® ®
0-025 5 0-3312 0-0830 0-3618
10 0-8340 0-0620 14425
15 1-1174 0-0180 1-9420
20 1-8502 — 2-2053
0-05 5 0-0321 0-8100 0-3219
10 0-0824 0-6700 0-2136
15 1-0292 102800 1-9924
20 1-6422 0-1000 2-4913
01 5 0-2844 0-1000 0-3362
10 0-5821 0-5020 1-4213
15 0-9288 0-3100 1-9456
20 1-4952 — 2-6799
0-3 5 0-3412 0-6200 0-3720
10 0-6377 0-3300 1-3082
15 0-8922 0-1000 1-8417
20 1-4952 — 2:6759
0-5 5 0-4540 0-1122 0-4428
10 0-6729 0-0820 1-4629
15 0-8725 0-0320 1-9529
20 1-4492 — 2-6684
Control 5 0-0431 0-5486 0-4759
10 0-6842 0-4687 0-6480
15 0-8764 0-3264 0:8974
20 1-5764 0-2584 1-4678

3B



STUDIES ON ASPERGILLI 529

All glasswares were cleaned in sulphuric acid-potassium dichromate cleaning
solution, then well rinsed in tap water with a final rinse in distilled water.
Double distilled water was used for the preparation of the medium or trace
element solutions. Porges’ (1932) medium, containing 150 g sucrose, 1 g
KH,PO,, 0-5 g MgS0,.7H,0, 4 g NaNO; and 1,000 ml distilled water, was
selected as the culture medium. The medium was purified twice by the
method advocated by Donald et al. (1952). The experiment was done in

TABLE 2

The effect of different concentrations of manganese on production
of actds and dry weight

Concentration Citric acid Oxalic acid Dry weight
(ppm) oys (8 ® (g)
0-025 5 0-2429 0-056 0-2850

10 0-6828 — 0-7894
15 0-9882 — 0-9936
20 0-9778 — 1-8429
0-05 5 0-2732 0-046 0-3210
10 0-7249 — 0-8735
15 1-1829 — 0-8549
20 1-1943 — 1-3548
01 5 0-2840 0-035 0-2162
10 0-8245 - — 0-5492
15 1-8021 — 0-9294
20 2-4640 — 1-8407
03 5 0-2730 — 0-3410
10 0-8724 — 0-7249
15 1-2906 — 1-8720
20 1-2360 — 2-1746
0-5 5 0-2400 — 0-2842
10 0-7412 — 0-7529
15 0-9802 — 0-9870
20 1-0186 — 1-5783
Control 5 0-2541 0-6843 0-5439
10 0:4658 0-5437 0-8745
15 0-8753 0:3476 0-9853
20 1-3568 0-2138 1-4532

two parts. In the first part different media were prepared by adding different
concentrations of zine, iron, copper and manganese. These concentrations
were 0-025 ppm, 0-05 ppm, 0-1 ppm, 0-3 ppm and 0-5 ppm in the case of
copper and manganese and 0-25 ppm, 0-5 ppm, 1 ppm, 3 ppm and 5 ppm in
the case of iron and zine. In the second part the essentiality of these trace
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elements was determined by preparing six different media. The following
medium was employed: Sucrose 150 g, NaNO, 4 g, KH,PO, 1 g, MgS0,.7TH,0
0-5 ppm, CuSO.5H,0 0-025 ppm, MnSO,4H,0 0-1 ppm, FeSO,.H,0
10 ppm, ZnS0,7H,0 0-5 ppm and distilled water 1,000 ml. From this
a complete medium, with all the four heavy metals studied (-+All) and four

TABLE 3

The effect of different concentrations of iron on production of
acids and dry weight

Concentration . Citric acid Oxalic acid. Dry weight
ays .
{(ppm) (® (&) (@
025 5 0-2870 0-098 0-2481
10 0-8724 0-062 0-7420
15 1-0024 0-028 0-9824
20 1-2364 — 1-9195
05 5 0-2890 0-022 0-2329
10 0-8249 0-018 0-7249
5 1-0034 — 0-9876
20 1:2544 — 1-6332
1-0 5 0-3100 0068 02240
10 0-8863 0040 0-6492
15 1-2496 — 0-0431
20 2-5406 — 1:4951
3-0 5 0-2883 0-055 0-2201
10 0-9824 0-033 0-8459
15 1-:3426 — 1-2406
20 1:5344 —_ 1:2021
50 5 0-2934 0:050 0-2201
10 0-7689 0-026 0-8459
15 1-0024 0026 1-2406
20 1-4966 — 1-2013
Control 5 0-3528 0-8965 0-3578
10 0-5784 0-6328 0-5680
15 0-8742 0-4763 08659
20 1-0569 0-1879 1-3476

others in which iron, zinc, manganese and copper were omitted singly for
the respective deficient cultures (—Fe, —Zn, —Mn and —Cu series), was
prepared. The medium without any trace element served as control. 100
ml of the basal medium for the control series, or trace element supplemented
media, was apportioned in culture flasks and sterilized at 15 1b pressure for
15 minutes. The pH of the fermenting medium was adjusted to 2-0 after
sterilization as recommended by Doelger and Presscott (1934), The flasks
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were incubated by seeding 1 ml of a heavy suspension of conidia. The
inoculated flasks were incubated at 25° C for 20 days. At the end of the
fermentation period, the flasks were steamed for 20 minutes to kill the mould.
The filtrate was diluted to a volume of 100 ml. Aliquots of the diluted
filtrate were taken for titration. The mycelia were dried at 65° C for two
days and weighed. Titration of acidity was done by using N/10 NaOH
with phenolphthalein as the indicator. Citric and oxalic acids were deter-
mined gravimetrically as calcium salts. All the results reported represent
the average of triplicate flasks. The results were not statistically analysed.

EXPERIMENTAL

The effects of different concentrations of copper, manganese, iron and
zine on production of acids (in g) and dry weight (in g) are given in Tables 1 to 4.

TABLE 4

The. effect of different concenirations of zinc on production of
acids and dry weight

Concentration Days Citric acid Oxalic acid Dry weight
(Ppm) (g) (&) 4

0-25 5 02981 0-028 0-4296
10 09241 0031 0-2964
15 1-1123 — 1-9833
20 1-2526 — 1-9964
05 I53 0-2821 0:098 0-4101
’ 10 0-9429 0-050 1-3242
15 1-1982 — 1-6894
20 1-8519 — 2-7089
10 5 0-2404 0:3600 0-3872
10 08209 0-1560 1-1724
15 1-0010 — 1-2870
20 1-2065 o 1-9821
30 5 0-2465 — 0-3811
10 0-9724 - 1-6544
15 0-9734 - 1-1936
20 1-1580 — 2:5345
5-0 5 0-1782 — 0-37562
10 05292 — 0-9874
15 0-7883 -— 1-9620
20 08662 — 2-4390
Control 5 0-5438 0-7850 0-3468
10 0-6538 0-4329 0-6328
15 0-8742 0-2760 0-8975

20 1-1274 0-1753 1-2437
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A critical survey of Tables 1 to 4 shows that, when different concentrations
of copper, manganese, iron and zine were added, different results were
obtained. Copper at a concentration of 0:025 ppm, manganese at 0-1 ppm,
iron at 10 ppm and zinc at 0-5 ppm yielded a maximum amount of citric
acid. On the whole the production of oxalic acid was negligible in com-
parison to citric acid.

Essentiality of trace elements in the production of citric acid.—The results
are given in Table 5.

TasLE §

Showing titrable acidity, sugar consumption, production
of acids and dry weight

Trace Sugar Titrable Oxalic  Citric Dry

. . St
element used acidity a(cg1§1 a(c g1;1 We(lg%h

—Zn 10-:00 2350 0-0931 17529 1-9564
—Fe 10-40 1800 0-1105 1-2264 1-8596

—Cu 960 2100 0-1927 1-6429 2-1016
—Mn 821 176-0 0-0175 1-1020 1-8754
+All 12-00 280-0 0-1294 2-6254 1-8925
—All 9:50 165-0 0-1925 1-0692 1-5424

+ All == All the trace elements.

It is clear from the above table that omission of trace elements from
the complete medium had a marked influence on the production of citric
acid. Absence of iron and manganese sufficiently lowered the production of
citric acid. In case of zinc and copper the reduction was not so drastic.

Discussiow

The literature contains seemingly conflicting reports regarding the,
influence of trace elements on the production of citric or oxalic acid. Quilici
and di Capua (1932) have reported that the addition of 10 drops of a 1-1
N FeCL; solution per 100 ml of the medium was sufficient to decrease the
production of citric acid by one strain of Aspergillus niger but in other strains
the citric acid production was enhanced. Chrazaszez and Peyros (1935)
found that, when a few drops of ferric chloride were added to the fermenting
medium, the quantity of citric acid was increased from 44-6 to 84:6 per cent of
the available sugar. In the present investigation the addition of iron as
iron sulphate up to 1-0 ppm increased the production of citric acid and its
omission from the complete medium considerably reduced the production of

citric acid. This shows that its proper concentration in the medium is ab-
solutely essential.
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The importance of manganese in the production of citric acid has been
shown by a number of investigators (Perlman et al. 1946; Shu and Johnson
1947; Foster 1949). In the current study its absence from the medium
affected drastic reduction in the production of citric acid showing thereby
‘its essentiality.

It has been reported by several investigators (Molliard 1929; Perlman
et al. 1946; Shu and Johnson 1947) that the addition of zinc sulphate to
the fermenting medium was stimulative to citric acid production. On the
other hand Chrazaszez and Peyros (1935) and Currie (1917) found no stimula-
tion of acid production when zinc was added to the fermentation medium.
In the present study it did not appreciably reduce the yield of citric acid.

Bortels (1927), Wolff and Emmerie (1930) and Mulder (1939) stated that
copper is essential for acid production. However, negative results were
obtained by Porges (1932). In the current study it was not found to be
as esgential as iron and manganese are for the production of citric acid. The
finding that the excessive amounts of any of the four elements interfere
with the accumulation of citric acid is in agreement with the observations
of Porges (1932), Bernhauer et al. (1941) and Tomlinson et al. (1950).
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