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When corn flour hydrolysate filtrate (CFHF) was treated with 100%
(w/v) (NH,),SO, for purification, 80.5% of the protein was removed.
Among the pH values studied, at pH 1.5, 90.2% of the total protein
was precipitated from CFHF and supernatant was removed by decan-
tation. The corn flour hydrolysate was purified with Amberlite and
DEAE-cellulose after precipitating the protein at pH 1.5. Charcoal
was better than cation- and anion- exchange resins for the removal of
proteins, amino acids and pigments from the hydrolysate.

Zweistufen-Verfahren zur Reinigung von Maismehlhydrolysat.
Wenn das Filtrat von Maismehlhydrolysat (CFHF) mit 100% (w/v)
(NH;),SO, zur Reinigung behandelt wurde, wurden 80,5% des Pro-
teins entfernt. Unter den untersuchten pH-Werten wurden bei pH 1.5
90,2% des Gesamtproteins aus CFHF und der iiberstehenden L6-
sung niedergeschlagen und durch Dekantation entfernt. Das Mais-
mehlhydrolysat wurde mit Amberlit und DEAE-cellulose nach Nie-
derschlagung des Proteins bei pH 1.5 gereinigt. Aktivkohle war besser
als Kation- und Anionaustauscherharze fiir die Entfernung von Pro-
teinen, Aminosduren und Farbtoffen aus dem Hydrolysat.

1 Introduction

Current procedure for dextrose production from starch can be
separated into starch hydrolysis, refining, evaporation, crystal-
lization, centrifugation, washing and drying [1-5]. Different
works have been reported for the hydrolysis of purified starch
preparations [6] and direct use of starch containing raw materi-
als [7, 8]. Preparation of dextrose, maltose or corn syrup re-
quire purification steps after saccharification. Direct use of
starch containing raw materials introduces more impurities
than purified starch. However, in both situations down-stream
processing is essential. Thus direct use of starch containing
raw material may reduce the cost required for the primary
step, i.e. starch purification from raw material.

Preparation of dextrose syrup by the synergistic action of
a-amylase and glucoamylase from raw starch in corn flour has
already been achieved [7]. This paper describes the studies
made on the purification of corn flour hydrolysate to obtain
dextrose monohydrate crystals of high purity level.

2 Experimental
2.1 Materials

Corn was purchased from local market and pulverized.
a-Amylase (Termamyl®, activity 67 KNU - ¢! [9]) and glu-
coamylase (Spiritamylase®, activity 150 AGU g~! [10]) were
from NOVO Industries (Denmark). Charcoal (decolourizing
powder, activated, BDH Chemical Company Ltd., London),
DEAE-cellulose (anion-exchanger, Sigma Chemical Com-
pany, U.S.A) and Amberlite IR-120 (NA) (Avondale Laborato-
ries, England) were used for purification.

2.2 Analytical methods

The reducing sugars in the hydrolysate were determined by
3.5-dinitrosalicylic acid method [11] and represented in terms
of glucose. Protein was determined by the modified method of
Lowryetal.[12]. Total amino acids present in the samples were
estimated by the method of Rick [13] and the pigment as esti-
mated as described elsewhere [14].

2.3 Preparation of corn flour hydrolysate
filtrate (CFHF)

Corn flour was hydrolyzied by the synergistic action of a-amy-
lase and glucoamylase [11]. The hydrolyzate was strained
through a muslin cloth, pH was adjusted to 4.5, filtred through
a Whatman No. 1 filter paper and used for the experimants
[14].

2.4 Purification of CFHF
2.41 Ammonium sulphate precipitation

Varying amounts of ammonium sulphate were used to precipi-
tate the protein from CFHF and the protein removed by the
precipitation was estimated.

2.4.2 By isoelectric precipitation

The pH of CFHF was adjusted from 1 to 14 with 0.5 pH unit
difference. Protein content of the precipitates and superna-
tants were estimated.

2.4.3 By anion-exchange resin

To remove the impurities, CFHF after precipitating the pro-
teins at pH 1.5 (CFHF-1, at pH 11.5) was treated in batch pro-
cess with varying amounts of activated DEAE-cellulose for 3h
at 30°C.

2.4.4 By cation-exchange resin

The CFHF-1 (at pH 1.0) was mixed with different amounts of
activated Amberlite IR-120 (NA) to remove the impurities.

2.4.5 By cation- and anion-exchange resins

The CFHF-1 (at pH 1.0, CFHF-11) was first treated with opti-
mum amount of activated Amberlite IR-120 (NA) for 3h at
30°C and the pH of the decant (CFHF-111) was adjusted to
11.5 (CFHF-1V), mixed with optimum amount of activated
DEAE-cellulose for 3h at 30°C. The supernatant was decanted
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(CFHF V). CFHF-11, 111, IV and V were analyzed for pro-
teins, pigments, amino acids and reducing equivalents as de-
scribed in the preceding.

2.4.6 By activated charcéal

CFHF-1 was treated with different amounts of activated char-
coal at 30°C for 15min.

3 Results and Discussion

Important step in the downstream processing of CFHF is the
removal of impurities [2]. To purity the CFHF, different alter-
natives were studied. From previous results [14] (effect of pH
on the filtration rate), it was found that the change in pH has
affected the filtration rate and was assumed that the proteins
could be the main reason for the defective filtration rate.
Hence proteins were precipitated with ammonium sulphate.
However, addition of high concentration of ammonium sul-
phate was not efficient in precipitating proteins from the
CFHF (Figure 1), because the protein precipitated by 50%
(w/v) and 100% (w/v) ammonium sulphate were 66% and
80.5%, respectively. This method is not preferred as it intro-
duced 100% (w/v) ammonium sulphate salt while removing
80.5% of protein.
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Figure 1. Removal of proteins from CFHF as a function ol ammo-
nium sulphate concentration.

When the pH of the CFHF was adjusted from 1 to 14 and left
at 4°C, most of the acidic and basic proteins were precipitated
in the pH range from 1.5 to 3.5 and from 8.0 to 11.0, respective-
ly (Figure 2). Thus, isoelectric pH of the acidic and basic pro-
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Figure 2. Effect of pH on the precipitation of protein from the CFHF.

Protein in the supernatant (closed circle) and protein in the precipi-

tate (open circle).

teins were in the range from 1.5 to 3.5 and 8.0 to 11.0, respecti-
vely. For the precipitation of proteins, pH 1.5 was selected.
When the proteins were settled to the bottom, the supernatant
was taken for further studies. Since the isoelectric pH range
was wide, it was decided to remove the proteins by ion-ex-
change resins and the pH values 1.0 and 11.5 were respectively
chosen to remove the acidic and basic proteins from the
CFHF-1.

DEAE-Cellulose (20-50%, w/v) removed 55-63% of the total
proteins, 48-55% of the total amino acids and 20-82% of the
total pigments present in the CFHF-1 (Figure 3). Whereas
Amberlite (20-50%, w/v) removed 48-55% of the total protein,
39-45% of the total amino acids and 60-70% of the 1otal pig-
ments present in the CFHF-1 (Figure 4). From these experi-
mental results 0.25g of DEAE-cellulose and 0.2g of Amberlite
were used per ml of CFHF-1. Treatment with ion-exchange
resins did not affect the sugar content. Use of cation-exchange
resin Duolite C-26 was previously reported for the purification
of corn syrup [5].
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Figure 3. Effect of varying amounts ol DEAE-cellulose on the re-
moval of @ pigments, _ proteins and  amino acids from the CFHF-
1.

Figure 4. Effect ol varying amounts of Amberlite IR-120 on the re-
moval of @ pigments, O proteins and /\ amino acids from the CFHF-
1.

Treatment of CFHF-1 with Amberlite (at pH 1.0, 20%, w/v)
and then with DEAE-cellulose (at pH 11.5,25%, w/v) respecti-
vely removed 50% and 50% of the protein, 4.5% and 15.1% of
the amino acids and 62% and 17.3% of the pigments (Table 1).
CFHF-1 treated with ion-exchange resins contained 2.2% of
protein, 43% of amino acids and 22% of the pigments of which
were present originally. Sugar content in the CFHF was unaf-
fected by the ion exchange resins.
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Table 1. Glucose, Proteins, Amino Acids and Pigments Contents in
CFHF-1 Before and After the Treatment with Cation- and Anion-Ex-
change Resins.

CFHF pH Protein

Amino acid Pigment  Glucose

(mg - mI™" (mg- mlI™" (440nm) (%, w/w)
I1 1.0 0.02 2.78 0.250* 18
I11 1.0 0.01 1.62 0.095* 11.3
v 1.5 0.01 1.62 0.290** 11.3
\"% 11.5 0.005 1.02 1.165%% 113

* At pH 1.0 the untreated CFHF-1 had the optical density of 0.25 at
440nm against distilled water.

** At pH 11.0 the untreated CFHF-1 had the optical density of 0.75 at
440nm against distilled water.

Note: Increase in optical density of CFHF IV and V than CFHF I1

and III after the treatment with cation exchange resin was due to the

change in pH.

As an alternative to ion-exchangers, effect of activated char-
coal was studied. Optimum charcoal concentration was 1%
(w/v), which had removed 96.7% of the protein, 98.3% of the
amino acid and 98% of the pigments present in the CFHF
(Figure 5). An activated carbon preparation (1.0%, w/v) had re-
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Figure 5. Effect of charcoal concentration on the removal of @ pig-
ments, O proteins and A amino acids from the CFHF-1.

moved 99.5% protein and 84% colour from sugar syrup [15].
Purification of the CFHF-1 by activated charcoal took 15min.
On contrast purification by ion-exchange resins took two days.
(The time includes activation of the resins and purification
steps). Hence, the purification by charcoal was faster and left
few impurities than by ion-exchange resins. From these re-
sults it was decided to use 0.0lg activated charcoal per ml of
CFHF to remove the impurities. Earlier reports state that
syrup could be treated with activated powder carbon 0.5 or 1%
followed by ion-exchangers (with a strong cation and week an-
ion resins) [16]. As the purification was not sufficient two con-
secutive carbon treatments followed by ion-exchanger expo-
sure were made [16, 17].

4 Conclusion

The direct use of starch in corn flour to produce glucose by
adopting the synergistic hydrolysis using a-amylase and glu-
coamylase is'made feasible by following this cheap and easy
method of purification. From this work, it was found that first
the pH of the hydrolysate filtrate should be reduced to 1.5 and
then after removing the precipitate, the supernatant should be
treated with charcoal to achieve good purification. The feasi-
bility of this process should be studied in large laboratory
scale.

Acknowledgements

The authors would like to thank the University of Jaffna and IPICS,
Sweden, for the financial assistance.

Bibliography

[1] Norman, B.E.: “Microbial Polysaccharides and Saccharidases.
Ed.R. C.w. Barkely, G.W. Gooday and D. C. Ellwood, Academic
Press, London 1979, 339-376.

[2] Srikanta, S., S. A. Jaleel, A. A. M. Kushi, F. Rene, N. P. Gnildyal,
and B. K. Lonsane: Starch/Stirke 41 (1989), 196-200.

[3] Karkalas, J.: Starch/Stirke 19 (1967), 338-345.

[4] Herve, D.: Process Biochem. 9 (5) (1974). 31-34.

[5] Saucer, C. A.: Starch/Stirke 35 (1983), 62-65.

[6] McMullen, N. H., and R. Andeno: US Pat. 4, 017. 363 (1977).

[7) Arasaratnam, V., and K. Balasubramaniam: Starch/Stirke 45
(1993), 231-233.

[8] Bos. C., and N.J. Norr: Starch/Stirke 26 (1974). 181-216.

[9] Novo Product information, AF-9 (1978).

[10] Novo Product information, AF-22 (1980).

[11] Miller, G.L.: Anal. Chem. 31 (1959), 426-428.

[12] Hartree, E.F.: Anal. Biochem. 48 (1972). 422-427.

[13] Rick, W.: “Method in Enzymatic Analysis”, Vol 2. Ed. H.V. Berg-
meyer, Academic Press, New York 1974, 1013-1015.

[14] Arasaratnam, V., and K. Balasubramaniam: Journal of the Sci-
ence Society of Thailand, in print.

[15] Aschengreen, N. H., B. H. Nielsen, P. Rosendal, and J. Ostergaard:
Starch/Stdrke 31 (1979), 64-66.

[16] Norman,E. L., and W.J. Nelson:“Starch Chemistry and Technolo-
gy”, Ed. R.L. Whistler, J. N. BeMiller, and E.F. Paschall, Aca-
demic Press, New York 1984, 611-633.

[17] Aschengreen, N. H., B. H. Nielsen, P-Rosendel, and J. @ftmgaa/d
Starch/Stdrke 31 (179), 64-66. 3

[18] Norman, E. L.,and W. J. Nelson:“Starch Chemlslr\ and Techno]o~
gy”, Ed. R.L. Whistler, J. N. BeMiller and E: E._Paschall, Aca-
demic Press, New York 1984, 611-633

Address of authors: Dr. (Miss) Vasanthy Arasaratnam* Kirubahary
Sritharan, and K. Balasubramaniam. Department of Biochemistry,
Faculty of Medicine, University of Jaffna. Koukuvil. Sri Lanka.

(Received: October 17, 1994).

*) All correspondence.

184

starch/starke 47 (1995) Nr. 5, S. 182-184




