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An Innovative Process for High Fructose Corn Syrup Production Coupled
with Direct Saccharification of Raw Corn Starch in a Bioattritor
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Abstract — An innovative process for high fructose corn syrup (HFCS) production coupled with
direct saccharification of raw corn starch in the agitated bead enzyme reactor (bioattitor) was
investigated. The required high concentration/purity of glucose solution suitable for isomerization
was produced directly in a bioattritor, without condensation of hydrolyzate, 398 g glucose/l and
98% glucose content from 400 g/l (w/v) of raw corn starch after 24 hours. The unsaccharified
residual starch could be separated easily upon centrifugation, and resaccharified. The obtained
solution also possessed other desirable requirements as substrate for isomerization, such as, low
concentrations of denatured protein and calcium ions, thereby, simplified the purification step.
The obtained glucose solution was isomerized in an enzyme reactor paked with immobilized glucose
isomerase to evaluate the suitability as a substrate. The proposed new HFCS process seems to
have many advantages over the conventional process via liquefaction-saccharification steps. The
follow-up investigations of the proposed process need to be conducted to evaluate the feasibility

of industrial application.
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Fig. 1. Schematic diagram of immobilized glucose iso-
merase reactor used for continuous production of high
fructose corn syrup.

1. immobilized glucose isomerase reactor, 2. water
bath, 3. thermostat, 4. glucose solution reservoir, 5.
peristalfic pump
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Table 1. Effect of raw corn starch concentrations on glucose production in cooked and uncooked saccharifica-

tions
Starch Reducing Glucose Glucose Glucose Half sacchari-
COIC. sugar conc. content COnc. yield fication time
(g/1) (g/D) (%) (g/1) (h)
Cooked saccharification
150 164 0.96 158 0.96 1.5
225 247 0.95 235 0.95 2.6
300 318 0.95 303 0.91 3.7
350 320 0.94 301 0.78 5.8
400 318 0.94 298 0.68 74
450 281 0.93 261 0.53 19.5
o0 - — — — —
Uncooked saccharification
150 164 0.98 160 0.97 3.1
225 243 0.98 238 0.96 3.5
300 314 0.98 308 (.92 3.9
350 354 0.98 347 0.90 4.8
400 398 0.98 390 (.88 6.3
450 399 0.97 387 0.78 7.2
500 371 0.96 356 0.65 10.8
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Fig. 2. Comparison of batch and fed-batch wise feed-
ings on the progress of saccharification of raw corn
starch in a bioattritor,
400 g/l(w/v) of corn starch, 2 g of glass bead/g starch,
Termamyl 410 [U/g starch, AMG 3,120 IU/g starch, 50
C, pH 4.5, and 200 rpm.
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Fig. 3. Comparison of the progress of hydrolysis of
raw corn starch and separated residual starch by centri-
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400 g/i(w/v) of starch, 2 g of glass bead/g starch, Ter-
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Table 2. Removal efficiency of denatured protein and calcium ion in each purification step

Cooked saccharification

Uncooked saccharification

Purification step Soluble protein

Calcium 1on

Soluble protein Calcium 1on

(mg/mi) (mg/l) (mg/m/) (mg/l)
Centrifugation 1.700 31.000 1.435 1.000
Activated carbon treatment 0.095 26.500 0.095 —
Ion exchange chromatography 0.050 5.200 0.050 -

*Ca®" was measured by titrimetric method in AOAC Official Methods of Anaylsis (1984).
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