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ABSTRACT

Fungi which were capable of producing gluconic acid were isolated from soil and tree leave samples,
which had been collected in Seoul and its vicinity.

Among the 19 strains isolated, a strain named arbitrarily KUF-O4 was selected as a test strain chiefly
because of its efficiency in gluconic acid production.

The strain was identified as an Aspergillus sp. through its morphological properties.

Optimum conditions for the gluconic acid production of KUF-O4 were investigated. The results obtained
are as follows.

1. An incubation period of at least 30 hours was required for a good yield of gluconic acid.

2. A medium containing 10% glucose needed at least 3 % CaCOj to maintain the optimum pH for the
production of gluconic acid during fermentation.

3. As a carbon source, glucose was the most effective one among the carbon sources tested.

4. As a nitrogen source, an ammonium salt was more effective than any other form of nitrogen
compounds.

5. As mineral source, a small amount of hoth KH;PO, and MgSO,; was found to be necessary to

increase the efficiency of the gluconic acid production.
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Table 1. Composition of the medium used for
pre-culture
Composition Quantity

Glucose (Crystal Powder) 30.0g
Corn Steep liquor (50% w/w) 20. 0g
NH,C1 9.0g
KH,PO, 2.0g
MgSO4 . 7H20 1. Og
CaCO3 10. 0g
Distilled water 1, 000. Om!

pH: 6.7
Sterilization: 30 minutes at 121°C

Table 2. Basal composition of the medium used
for the production of calcium gluco-
nate
Composition Quantity

Glucose (Crystal powder) 100. 0g
KH:PO, 0.2g
MgSO4 - 7H,0 1. 0g
(NH4) 2SO4 0. 2g
CaCOa 35. Og
Distilled water 1, 000. Om{
pH: 7.2

Sterilization: 30 minutes at 121°C
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Table 3. Production of gluconic acid by vari-
ous microorganisms

Residual [Gluconic

Microor-
. sugar acid Sources
ANISOT | /160 |/100m!
Aspergillus «
niger 2.70 4.70 K.U

KUF-01 0.39 7.08 Wha Kok-Dong
KUF-02 5.68 0.90 soil  #

KUF-03 4.83 0.23 ”
KUF-04%% | 0.45 7.82 "
KUF-05 5.56 1.39 ”
KUF-06 5. 00 1. 37 "
KUF-07 5. 62 0.28 ”
KUF-08 5.68 0.21 "

KUF-09 6.96 0.34
KUF-10 2.10 6. 40 pine leaves
KUF-11 5.84 0.32 Shin Do LimDong
KUF-12 6.34 0. 50 soil  #

oak leaves

KUF-13 5.74 2.13 ”
KUF-14 6.74 0.25 ”
KUF-15 5.18 1.12 ”
KUF-16 5.28 0.22 ”

KUF-17 7.24 0. 06
KUF-18 7.12 0.06 poplar leaves
KUF-19 5.22 1.20 soil

cherry leaves

*Strain from Dept. of Food Technology, College
of Agriculture, Korea University.
**KUF-04 was selected as test strain.
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Table 4. Morphological properties of KUF-04
strain

Aspergillus sp. * KUF-04
Hyphae + +
Septa + +
Conidia + +
Conidiophore -+ +
Foot cell -+ +
Vesicle + +
Vesicle globose globose
Conidial head globose globose

black or brownish black

black
Sterigmata one or two series two series
Ascocarp - —
Sporangiophore -~ -

*A typical Aspergillus sp.



.Fig. 1

Fig. 2.

" Photomicrographs of KUF-04 strain

A; Mycelium (X 600) B; Vesicle

%

(X150)

gonidiopnory

Ptomroé‘raphs of KUF—04 strain
C; Conidiophore and conidial head (X 50)
D; Conidia (X600)

&
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Culture broth

Filtering

Filtrate——adding 959% Ethanol
Mixing for 1 hour

Aging at 0°C for 3 days
Filtring

Washing with 95% Ethanol
Drying at 100°C for overnight

Product (Calcium gluconate)

Fig. 3. Diagram for the preparation of calc-
ium gluconate
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Fig. 4. Effect of incubation temperature on the
quantity of caleium gluconate prod-
uced.

1. Cultivation was carried out on a rotary
shaker (180 rpm) at the indicated temp-
erature for 86 hours.

2. A 50ml of the medium was charged into

each 500m/ shaking flask.
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Fig. 5. Variations of the quantity of calcium

gluconate produced with the length of
the incubation period used.

1. Cultivation was carried out on a rotary
shaker (180 rpm) at 28°C for 36 hours.
2. A 50m! of the medium was charged into

each 500m/ shaking flask.
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Table 5. Effects of carbohydrate sources on the quantity of calcium gluconate produced
by KUF-04 strain
Sources Consumed carbobydrate| Calcium gluconate Percentage yield* Conversion**
produced
(g/100m?) (g/100ml) rate

Glucose 9. 36 9.52 95. 2 92.7%
Sucrose 9.64 7.57 75.7 71.6%
Dextrose 8.74 4.36 43.6 45.5%
Soluble starch 9.10 3.67 36.7 36.7%

*Percentage yielp= calcium gluconate (g) %100

used carbohydrate (g)

gluconic acid (g)
consumed carbohydrate (g)

**Conversion rate=
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Fig. 6. Effect of CaCO; concentration on the

quantity of calcium gluconate produced.

1. Cultivation was carried out on a rotary
shaker (180 rpm) at 28°C for 36 hours.
2. A 50m! of the medium was charged into

each 500m!/ shaking flask.
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NaNOj;, urea ¥ peptone 52
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#EHtz (NHy) SO v Flew wastzs gl
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o]y fERE 53] A8H o] Egyptian Mold
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Table 6.
produced by KUF-04 strain

Effects of the nature of a nitrogen source on the quantity of calcium gluconate

Nitrogen sources Final pH of the Weight of carbohydrate | Weight of calcium
harvested broth consumed gluconate produced
(g/100m’) (g/100m?)

(NHy) 280, 5.70 9.67 11.34

NaNO; 5.25 9. 60 9.95

NHNO; 5.23 9. 80 11. 22

(NHy) HPO, 5.15 9.71 11.45

KNO; 5.55 9.65 9.62

Yeast extract 5.59 9.62 10.76

Peptone 5.83 9.29 9.62
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Fig. 7. Effect of (NH,),S0; concentration on
the quantity of calcium gluconate
produced.
1. Cultivation was carried out on a rotary
shaker (180 rpm) at 28°C for 36 hours.
2. A 50m! of the medium was charged into
each 500m! shaking flask.

R2E e ggtert, 0.2g/1,000ml kRS &
oA E BEs B FE calcium gluconate 4:
R 433 HAEE KiE, dry cell weight =
Binstes BREE M 29 o (Fig. 8).

ATE FE R Taha® 2] Higol A (NHy) HPO,
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Fig. 8. Effect of (NHy) HPO; concentration on

the quantity of calcium gluconate pro-
duced.

1. The experiment was carried out on a
rotary shaker (180 rpm) at 28°C for 36
hours.

2. A 50m! of the medium was charged inte
each 500m!/ shaking flask.

Tz 4% F g

(6) KHPOy 5] B4

KHPO.S] #in hiRel et A= iR
= A3k calcium gluconate Fo] 4RRE P o}
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= BAE = fgel I (Fig 9).
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Table 7. Effects of vitamins on the quantity of calcium gluconate produced

Vitamins Final pH of the | Weight of carbohy- | Weight of calcium Percentage
harvested broth drate consumed gluconate produced yield*
(g/100m?) (g/100ml)
None 6. 00 9.42 10. 37 103.7
Thiamine 5.85 9.43 10. 08 100. 8
PABA** 6. 25 9.45 8.9 89.4
Niacin 5.90 9.44 10.08 100. 8
Riboflavin 6.05 9.49 10.31 103.1
Pantothenic acid 5.95 9.46 10. 08 100. 8
Pyridoxin 5.65 9. 66 10.31 103.1
Biotin 6. 10 9.26 9.85 98.5
Folic acid 5. 80 9.60 9.74 97.4
*p - 14— _calcium gluconate (g)
ercentage yield wsed carbohydrate (g) X100
*¥Para—amino-benzoic acid
11.0) o 1.0
= 100 s E 10.0/\¢_—M’,\0——06.0 e
= — jo 4
g og S 90 -
w0 = e L g
g &0 b5 2 80 P0 g
o ] | S IO > >
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& 6.0r 53 % 6.0F 44.0 5
?; ok 2 5_;:“ 5.0b o——aCalcium gluconate s,
E Vo TSR 1.0 & % ) ¥e==-- % pH of the final broth -
4.()1- \\\ Poigl |8 (& 4.()I 43.0 =
. e VA el ) Iy )
0 0.2 0.4 0.6 0.8 .0 0 0.5 2.0 2.5°3.0 3.5 .0

Fig. o.

KH.PO, concentration{g '1000m})

Effect of KH,PO, concentration on the
quantity of calcium gluconate produ
ced.

1. Cultivation was carried out on a rotary

shaker (180 rpm) at 28°C for 36 hours.

2. A 50ml of the medium was charged to

each 500ml shaking flask

st o) Rt BAY A onl gluconate o] A
o] BAdE A4z nwstn YA FWEREE
o ke —FErt

(7) MgSO; #fre] &

MgS042] #pn hRel sk A EAEME]
T 2o ki Calcium gluconate 7} 4R o

MgSQ, -+ 7H.O concentration(g/1000ml)

Fig. 10. Effect of MgS0,;-TH,0 concentration

on the quantity of calcium gluconate
produced.

1. Cultivation was carried out on a rotary
shaker (180 rpm) at 28°C for 36 hours.
2. A 50ml of the medium was charged into

each 500m! shaking flask.

v MgSOq - 7H,O &) #:E 0.50g/1,000ml o] A 7}
Z EHer g e BEst wmEd R £ B
pite AL 2GoH(Fig 10). KRS Taha?”
E9] Bmo]A MgSOs- THO 9 JREZ 0. 156/
1, 000m! 7}#] 3= calcium gluconate 4 ggEro] Hin=
v BES #inEw BAEE A3 %4

— 100 —



Table 8. Effects of amino acids on the quantity of calcium gluconate produced

Calcium gluconate Calcium gluconate
Amino acids produced Amino acids produced

(g/100ml) (2/100md)
Glycine 9.97 Aspartic acid 9.17
Lysine 9.73 Valine 9. 85
Alanine 9.51 Isoleucine 8.02
Glutamic acid 9.73 Phenylalanine 9.51
Tyrosine 9.62 Tryptophan 9.17
Leucine 9.17 Serine 8.25
Histidine 9.73 Proline 9.37
Cystine 9.39 Threonine 7.79
Methionine 9.51 None 9.51
Arginine 9.05

Calcium gluconate &) A:EERS HinA7 7] 3t
o] MgSOse= BHES Bigoz A= MgSOy -
7TH:0 9] #EEE 0.52/1,000m L7 7le =l
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o] Fo Az YA G Rote K HE AR o
Sl AS TBRE $3e] M=l & Aoz
iR

A AR A JE S ARE iRty
o] 714 gluconic acid & 4:getto] BEHI Aspergi-
llus SP. 2 MEY YEML 2 KUF-042 w4
HWHE SHEste) of8)r)R] BFElE# e 2 gluconic
acid AEEEMES BZRSlY T

2 TE BRES ERs o 2o
1. BEZEGRILS 30RpRIN A 4085R] Ato]sl A

How 40RfEe] #@iEE =
4ekglet,

2. CaCOs: 10g/100ml 8] Glucose & #Eiiol 4] 3g
/100ml L) ko) Fin= o} o REFEFAT

3. REFE 22 = Glucose 9] chain 0] Z<E R
Begon glucose 7t 714 BEE AT

4. BEFRFo A= NHEB &7 NOB HHR
ZRac BEFG HREIF e 2 BEE NHy:
SO.2A 0.1g/1,000ml W=} 0. 5g/1, 000m? ©] §L
o

5. fEfE] o 2 A= KHoPOs: MeSO5 A& RN
A7 e o] 4Eke AR o BREE
FiEE 0.1g/1,000m! o] = #3E= 0.5g/1, 000m!
o} =t

9 HBENYEA Vitamin 8 amino acid

= BidE HRE Bad &+ 44k
Bkt 7] KUF-04E#%E & o] &gt ¢o

2 gluconic acid B TEo = AET £ & A

o2 #ifdeh

238 AR W

2 %

XK

1. fRIEH, « WEREI2E, 26, 90 (1978)

2. “7078D {vERRGA”, {LBBIFHEMRL HA&,p
789 (1978).

3. Boutroux, L.: Compt. rend., 91, 236 (1880).

4. Asai, T.: J. Agri. Chem. Soc. Japan, 11,
499 (1935).

5. Pervozvanskii, V.V.: Microbiology (U.S.S.
R.), 8, 149 (1935).

6. Lookwood, L. Tabenkin B. and Ward, G.E.:
J. Bact., 42, 51 (1942).

— 101 —



10.
11.

12.

13.

14.

15.
16.

17.

18.

19.

. Squros P.L. and Hartsell, S.E.: J. Bact.,

64, 811 (1952).

. Mollilard, M. : Copt, rend., 174, 881 (1952).
. May, O.E. Herrick, H. T. Thom C_ and Ch-

uch, M.B.: J. Biol. Chem., 75, 417 (1927).
Schreyer, : R. Biockem. Z., 240, 295 (1931).
Sakaki, Y. and Takao,: S. J. Agr. Chenm.
Soc. Japan, 28, 752 (1964)

Sakaki, Y. and Takao, S.: J. Agr. Chem.
Soc. Japan 32, 576 (1958).

Walker, T. K. and Ramachandran, K. : “Intern.
Congr. Biochem., Abstrs. of Communications.”
Ist Congr., Cambridge, Engl., p.556 (1949)
Thies, W. Parasitenk., Zentr. Bakt.: Abs.,
82, 321 (1930).

Currie: J.N. U.S. Patent 1896811 (1933).
Booth, : C. “Method in Microbiology,” Vol. 4,
Academic press, New York, p.66 (1971).

KRIBZL : “GHER”, HETR HRE, AL,
p. 486 (1975).
HigheE, RESA2 A “BRTERR”, £1

%, BRE, AL, p.74 (1971).
Carlile, M.J.: “Method in Microbiology,” Vol.

— 102 —

20.

21.

22.

23.

25.

26.

4, Academic press, New York, p.252(1971).
Holowitz, W.: “Method of analysis of A.O.
A.C., “Association of Official Analitical Che-
mists, Washington. D.C. 20044, p.574 (19
75).

“The Sadtler Standard Spectro,” Vol. 1, Sa-
dtler Research Lab. P.R. 108.

John N. Porter, : “Method in Enzymology,”
XL III, Academic press, New York, p. 37
(1975).

Raper K. B. and Fennell, D.L: “The Genus
Aspergillus,” Robert E. Krieger Publishing
Company, New York, p.20 (1971).

Booth, : C. “Method in Microbiology” Vol. 4,
Academic press, p.20 (1971).

Williams S. T. and Cross, T.: “Methods in
Microbiology,” Vol. 4, Academic press, New
York, p.320 (1971).

Sasaki, Y. and Takeo, S.: J. Ferment. Tech-
nol. 48, 368 (1970).

Egz Eldin M. Taha, Ahmed M. Gad and
Mahassen H. Abasy, Arohiv fur Mikrobiologie,
36, 109 (1960).



