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SUMMARY 

An optimized 25 litre scale protocol for the submerged batchwise 
preparation and recovery of calcium gluconate is devised. The optimal 
parameters of production envisaged the use of (a! glucose oxidase-rich 
Aspergillus niger strain, (b) salts-fortified high DE starch hydrolysate 
as the production medium, (c) pH 6.5 _+ 0.1, 29 + l”C, 250 _+ 10 rpm, (d) 
1.0-1.5 vvm rate of aeration over 24 2 2 h duration and (e! intermittant 
neutralization with calcium carbonate. The recovery pr-otocol comprised 
of,(a) charcoal decolourisation ( 2%, 6O”c, 1 h 1, (b) filtration and 
methanol-aided precipitation, (c) centrifugation (700 g, 27OC), (d) 
vacuum drying (700 mm of Hg, 45°C) and (e) pulverization to provide 80% 
recovery of calcium gluconate, passing Indian/British phar-macopoeial 
specifications for the tablet grade preparation. 

INTRODUCTION 

The production of calcium gluconate using an electrolytic process has 

been a closely guarded trade secret. Moreover, the process being 

capital-and energy-intensive, and electricity being costly in India, the 

continuation of electrolytic process for the production of calcium 

gluconat e needed reconsiderat ion, Furthermore, its preparation using 

crystalline dextrose monohydrate as the starting raw material was no 

more remunerative . To address these problems, we have devised a simple, 

cost effective and reproducible protocol of its fermentative production, 

an account. of which is given here. 
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MATERIALS ANDMETHODS 

Chemicals. Corn steep liquor (CSL), tapioca starch hydrolysate (96% DE, 
w/w!, and activated charcoal (Sarabhai M. Chemicals, Baroda), calcium 
carbonate (Sturdia Co., Bombay), Antifoamer H-601 (Hico Products, 
Bombay 1, methanol (GNFC Ltd., Bharauch), dicamol (.Amol Dicalite, Kadi), 
metal distilled (DM) water and analytical grade chemicals were used. 

Culture. Glucose oxidase-rich Aspergillus niger (SRC strain), obtained 
by UV mutagenesis (Shah et al., 1986) and preserved on PDA slants at 4°C 
was used (Shah et al., 1987). 

Tapioca starch hydrolysate (TSH). The hydrolysate of 96% DE (w/w) was 
enzymatically obtained by an optimized procedure discussed earlier 
(Shah et al., 1989). 

Media. Table 1 gives composition (w/v) of an optimized inoculum medium 
(IM) and production medium (PM), adjusted to pH 5.5 and 6.5, 
respectively. While the IM was sterilized at 121°C for 20 min. the PM 
was sterilized at 100°C for 10 min only. 

Table 1: Composition of IM and PM 

Ingredients 

TSH (96% w/w): addition on 
dextrose basis % 

IM PM 

5 20 

Diammonium hydrogen phosphate % 0.03 0.02 

CSL (presterilised 121°C. 30 min) % 0.2 0.04 

Potassium dihydrogen phosphate % 0.02 0.01 

Magnesium sulphate % 0.02 0.01 

Urea % o-01 0.04 

Antifoamer: H-601% 0.05 0.05 

Inoculum. A 10 ml suspension containing 1 x 10’ spores, prepared in 
0.01% aqueous Tween-80, incubated in a 500 ml Erlenmeyer flask 
containing 100 of IM, on a rotary shaker (220 rpm, 29 + l”C, 24 h) was 
scaled up to 2.5 litre to serve as an inoculum. A-10% inoculum was 
transferred to 25 litre PM in a 60 litre pilot bioreactor. 

Fermentation. Calcium gluconate production was standardized to 25 litre 
scale by undertaking 25 batches using 10% inoculum and above given 
production medium. While the optimal rate of agitation was 240 2 20 
rw, optimal rate of aeration was 1 volume of sterile air per volume of 
PM per min (vvm) for the first 12 h and 1.5 wm un,iil harvesting (24 : 2 
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h). Air pressure and temperature during fermentation were 10 psi and 29 
+ l-2, respectively. A 2% (w/v) calcium carbonate aqueous slurry, upon 
sterilization (121-C, 90 min), was added in three instalments such that 

(a) 600 g were added in the first 3 h, (b) 300 g during 13-16 h and (cl 
an adequate amount to adjust the pH from 3.4 + 0.1 to 5.4 upon 
harvesting (residual reducing sugar 0.3%, 22-26 h!. 

Post-fermentation processing. This was done broadly by an optimized 
protocol discussed by us earlier (Shah and Kothari, 1991). The spent 
liquor was heated (75-C, 10 min), filtered hot through a preformed 
riicamol bed in a filter press (60 x 60 cm, 3 plates) at a rate of 40 
L/h to remove the mycelial cake. Free gluconic acid content in the 
clearate was determined by hydroxymate method (IP, 1985) and accordingly 
it was neutralized with calcium carbonate slurry (6O”C, 1 h, pH 5.4 2 
0.1) by constant stirring. Subsequently, calcium gluconate was 
decolourized (2% charcoal, 60°C. 1 h, continuous stirring) and filtered 
hot through the filt.er press as above. Calcium gluconate (dissolved 
solids 18 + 2%, w/w) was optimally precipitated (15°C. 8 z 2 h! by the 
addition of 15% (v/v) methanol. The precipitate was charged to basket 
centrifuge (700 g, 27°C) and spray washed with methanol to obtain a snow 
white, fluffy, tasteless and odourless cake of calcium gluconate. 
Finally, it was vacuum dried at 45°C and pulverized to desired mesh 
size. All the operations after decolourization were performed in fribre- 
and dust-free area. Calcium gluconate, thus prepared, was analysed as 
per Indian and British Pharmacopoeia (IP/BP, 1985). 

RESULTS AND DISCUSSION 

Effect of fermentation parameters. The above protocol provided d simple 

and cost-effective batchwise mode of production of tablet grade calcium 

gluconate. A 10% (v/v) inoculum promoted faster conversion of dextrose 

from starch hydrolysate to gluconic acid, leaving least amount (0.3%, 

w/v) of residual reducing sugars at harvest period. This observation 

was significant since reducing sugars exceeding 0.5% at harvest period 

gave a yellowish preparation of calcium gluconate. Higher rate of 

aeration during the later period of fermentation (aft.er 12 h) expedited 

the harvesting period by 2-4 h. Thus, the glucose osidase-rich .4.aiger 

strain with optimized parameters affor-ded almost quantitative conversion 

of dextrose to gluconate. Indigenously avai lable fetmentors (U.S. $ 0.1 

million) vis-a-vis imported electrolyzers (U.S. $ 2 million! with the 

same production capacity rendered the present protocol cost-effect.ive. 
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Table 2: Profiles of calcium gluconate recovery as a function of 
processing steps 

Processing Volume Dissolved solids 
step i t, ) I x j 

Tot.71 
amount 

(kg) 

Recovery 
f x ? 

Spent liquor 

Filtration 
(inclusive of 
washing 1 

25 20 5.0 100 

29 16 4.7 94 

Charcoal 
treatment 

33 14 4.6 92 

Vacuum concen- 
t ration 

25 18 4.5 89 

Frecipitation, - 
washing and 
centrifugation 

4.0 80 

Crucial recovery steps. The pl-ofiles of recovery as a function of 

processing steps are summarized in Table 2. Most of the losses up to 

vacuum concentration step wer-e due to handling of large volumes of 

concentrated calcium gluconate with an overall 89% recovery. In .our 

opinion, the first crucial step in the recovery process was 

neutralization of spent liquor after the removal of mycelial cake, since 

pH 4.8 - 5.2 led to less recovery due to wasteful removal of fret 

gluconic acid during washing and pH above 5.5 led to turbidity caused by 

unutilized calcium carbonate. Also, the quality and quantity of 

charcoal used for decolourization played an important role to cause 

minimal changes in pH after neutralization, besides giving a colourless 

preparation. Addition of 15% (v/v) methanol not only promoted optimal 

recovery, but expedited drying also, avoiding formation of foul smell by 

fungal growth, noted during slow drying. 
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Applicability of starch hydrolysate. Traditionally, dextrose monohydrate 

(DMH) has been converted to gluconic acid by electrolytic process and 

its neutralization by calcium carbonate led to the production of calcium 

gluconate. Due to the increased cost of DMH, utilities and labour, the 

production of gluconic acid salts became non-remunerative. While 

analyzing the cost ingredients of calcium gluconate, it appeared that 

DMH alone accounted for 70% cost of the raw materials. It was, 

therefore, considered that any approach to reduce the cost of DMH, would 

automatically reduce the cost of calcium gluconate preparation. We 

realized that substitution of DMH by the use of high DE starch 

hydrolysate would be cost-effective, being spared of extra labour and 

utilities that go in the concentration of starch hydrolysnte to 7s-SO% 

(w!w?, its crystallization, centrifugation, drying and pulvrrization of 

DMH, besides the recovery of byproduct (hydrol or golden syrup), not to 

speak of reduction in capital investment. of about US $ 3 nlillion 

(evaporator, crystalliser, centrifuge etc.‘. With this rat ionale, 

utility of tapioca starch hydrolysate !TSH) of higher DE 196%‘!, w/w) in 

the production of calcium gluconate was examined. With the use of DMH, 

recovery of calcium glucnnate was 55% vis-a-vis SO% with the use of TSH. 

The reduced recovery by 5% could be attributed to the presence of 

maltose, ma1 to-t riose and nla1to-tetraose and 3 1-l uriidentified 

malto-saccharide (Nehete, 1999) present in 96% DE (dextrose 93-94%) TSH. 

Yet, considering the cost of DMH (US $ 0.64 per kg) vis-a-vis high DE 

TSH (US $ 0.45 per kg), the benefit : cost rat10 was in favour of 

utilization of starch hydl-olysate. Its use appeared technologically 

superior and economically remunerative proposition. The dragging effect 

exerted by the visc0sit.y of unutilized malto-snccharidrs tlur ing thr 

separation of calcium gluconate seemed to be another cause of reduced 

recovery. An Asperboillus ni.g?r strain endowed with an abi1it.y to 

39 



conve1-t residual malto-saccharides in the hydrolysate to tlestr-ose was 

hoped to afford recovery of calcium gluconate comparable to that 

afforded by DMH. 

Specifications of calci urn gl uconate. Calcium gluconate preparations, 

thus obtained from DMH as well a3 high DE starch hydrotysate, passed in 

all the tests as per IP/BP to qualify as tablet grade with 99.9% purity. 

Conclusion. Using an optimized production medium and physical 

parameters of production, glucose oxidasr-rich A.nigel- strain afforded 

almost quantitative conversion of dextrose into gluconate; considering 

the capital investment, fermentative mode of product ion was 

cost-effective vis-a-vis electrolytic method; optimized recovery 

protocol afforded 80% recovery of calcium gluconate passing 

pharmacopoeia1 specifications; suhstitution of DMH by high DE TSH 

imparted additional economy; cumulatively, these factors afforded a 

simple and cost-effective protocol for calcium gluconate preparation. 
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