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Process Development for the Enzymatic Hydrolysis of Food
Protein: Effects of Pre-treatment and Post-treatments on Degree
of Hydrolysis and Other Product Characteristics
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An enzymatic process was developed to produce protein hydrolysate from defatted soya pro-
tein. Various unit operations were tried, and the effects of pre- and post-treatments on the
product characteristics such as degree of hydrolysis (DH), free amino acid content (%FAA)
and average molecular weight (MW) were investigated. The use of acid washes showed no
difference in %DH. Increasing pH during pre-cooking gave lower %DH. Alkaline cooking
made too much insoluble protein, thus the protein yield was too small. A better hydrolysis
with more acceptable taste was obtained when the combination of Neutrase/Alcalase/Fla-
vourzyme was used in place of Alcalase/Flavourzyme combination. Untoasted defatted soya
was more effective on the proteolysis than toasted one. The MW of the evaporated and spray
dried product was higher than that of undried product, due to precipitation of low-solubility
components. When the product separation was carried out by ultrafiltration and the product
concentration by reverse osmosis, the solubility and the taste of the product were improved.
The difference between enzyme hydrolysate and acid hydrolysate was significant in free am-
ino acid composition, especially in tyrosine, phenylalanine, glutamine and asparagine.
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INTRODUCTION

Protein hydrolysates are widely utilized in food pro-
duction, particularly in soups, sauces, medical food
and processed foods [1-3]. The industrial production of
protein hydrolysate is usually carried out by hydroly-
sis of protein by acids or alkalis. Biological method us-
ing proteases has several advantages: mild reaction
conditions and avoidance of undesirable byproduct. En-
zymatic hydrolysis also yields products that are lighter
in color, contain lower salt, and have a milder savory
taste. The other use of proteases in the food industry in-
cludes the development of new functional properties of
proteins and the production of peptides [4-5]. However,
the use of the enzymatic method in the production of
protein hydrolysates has been limited because of re-
latively high enzyme cost. Recently the enzymatic hy-
drolysis has become attractive because the potentially
toxic substances existing in acid-hydrolyzed vegetable
protein were reported [6-7]. Many attempts to develop
cost-effective enzymatic processes were tried [8-9].

The enzymatic modification of food proteins is often
required to produce protein hydrolysates with more
desirable properties such as good solubility and desir-
able molecular weight distribution. However, un-
controlled degradation of the peptide chains causes the
formation of bitter peptides, which makes the hy-
drolysate unsuitable for use as food supplements [10].
It was generally known that the control of the hy-
drolysis process is deterministic to degree of hydrolysis
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(DH), functional properties and bitterness of peptides
[11].

In the present study, the enzymatic process using
protease treatment combined with various unit opera-
tions (pre- and post-treatments) was developed to pro-
duce soy protein hydrolysate. Different process para-
meters have been evaluated, such as process with car-
bon treatment, without acid washes, with acid or al-
kaline pre-cooking, with ultrafiltration, and with dif-
ferent raw materials.

MATERIALS AND METHODS
Materials

Defatted soya flakes were obtained from Dongbang
0il (Korea) and Cargill (USA) as raw materials for pro-
tein hydrolysis. Three types of protease manufactured
by Novo Nordisk A/S (Bagsvaerd, Denmark) were used
in the protein hydrolysis: Alcalase™ 2.4L from Ba-
cillus licheniforml;'sM Neutrase™ from Bacillus subtilis
and Flavourzyme = 1000 from Aspergillus oryzae. Ac-
tivated carbon was obtained from Jeil Carbon (Korea).
Other reagents were of analytical grade.

Pre-treatment

A diagram of the whole process is summarized in Fig.
1. Defatted soya flake (Dongbang) was dry-milled us-
ing Alpine 250 miller (Alpine Augsburg, Germany)
through 1 mm screen. 15 kg of the milled soya was
suspended with 135 kg of tap water and then pre-cook-
ed at 120°C for 10 min. The pH during the cooking was
varied: most of pH was natural (around 6.5), but a few
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Defatted soya flake
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Fig. 1. Process diagram for the enzymatic hydrolysis of
soy protein.

alkaline cookings (Trial no. 5, 7 and 8 in Table 1) were
performed at pH 8.5, and acid cooking was carried out
at pH 4.2. After the cooking, pH was adjusted to 4.2-4.5
by the use of HCl, which was followed by centrifugal
separation, and the centrifuge was discharged. Most
centrifugations were carried out using SC35 centrifuge
(Westfalia, Germany). In a few trials, the precipitate
was acid washed at pH 4.2-4.5 additional two times
(Trial no. 1, 6 and 9-11). The precipitate was re-
suspended with tap water, and the pH was adjusted to
7.5 for hydrolysis using NaOH.

Protein Hydrolysis

Enzyme hydrolysis was divided into two steps. In the
first step, one of the following enzyme combinations
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was applied: 1) Neutrase 0.5L (2.0%), Alcalase 2.4L
(0.1%) and Flavourzyme 1000 (1.0%); 2) Alcalase 2.4L
(0.5%) and Flavourzyme 1000 (1.0%). In all cases, the
enzyme dosage was measured according to the ex-
pected protein content in the reaction mixture. The hy-
drolysis was carried out at 55°C for 4 h. The reaction
mixture was stirred by a four-blade impeller at a speed
of 200 rpm.

In the second step, the pH was reduced to 5.0 by the
use of 30% HCI, after which Flavourzyme 1000 was
added to a concentration of 1.0% (w/w), based on pro-
tein content. Reaction temperature was held at 55°C.
The hydrolysis continued for another 4 h, in a few cases
(Trial no. 9 and 11) it was carried out for 16 h. During
the hydrolysis the pH was not adjusted. The enzyme
reaction was usually terminated by heating the reac-
tion mixture up to 90°C for 10 min.

Post-treatment

Soluble protein fraction was separated from the reac-
tion mixture by centrifugation (6000 g, 15 min). In
some cases, the centrifugate was ultrafiltered using
PCI ultrafiltration module (PCI Membrane Systems,
England) with FP100 membrane (MWCO=100,000) or
ENTA01 membrane (MWCO=1,000). The carbon treat-
ment was carried out using 1.0% activated carbon bas-
ed on protein content at 55°C for 30 min. After the car-
bon treatment, the solution was filtered on Orion filter
(Seitz-Werke GMBH, Germany) with 250/EKS plate.
In most cases, the products was concentrated to 30
Brix using LUWA L110 evaporator (LUWA AG, Switz-
erland) at 50-60°C under vacuum. In Trial no. 12, the
concentration of the product was carried out by reverse
osmosis (RO) using PCI module AFC30. In case the hy-
drolysate was produced as a spray dried form, the con-
centrated product was dried on Niro Atomizer P-6.3
spray drier (Niro Atomizer A/S, Denmark). Tin and
Tout were 220°C and 80°C, respectively.

Analytical Methods

Degree of hydrolysis (DH) was assayed by analytical
means, as the free amino groups in the peptides were
analyzed according to TNBS method [12]. Molecular
weight (MW) distribution and FAA composition were

Table 1. Various treatment methods for the production of protein hydrolysates

No. Raw Method of No. of acid Enzyme used in the UF Carbon Concentration Spray
Trial material® cooking®” wash first hydrolysis®  (MWCO"Y) treatment method” drying
1 T N 2 N/A/F - + EVAP +
2 T N 0 N/A/F - + EVAP +
3 T N 0 N/A/F - + EVAP -

4 T ACID 0 N/A/F - + EVAP -

5 T ALK 0 N/A/F - + EVAP -

6 T N 2 A/F - + EVAP +
7 U ALK 0 N/A/F - + EVAP +
8 U ALK 0 N/A/F (1,000) + EVAP +
9 T N 2 N/A/F (1,000) + EVAP +
10 T N 2 N/A/F - - EVAP +
11 T N 2 N/A/F (1,000) + EVAP +
12 T N 0 N/A/F (100,000) + RO +

YRaw material: T, toasted (Dongbang); U, untoasted (Cargill)

PMethod of cooking: N, natural cooking; ALK, alkaline cooking; ACID, acid cooking
9Enzyme used in the first hydrolysis: N/A/F, Neutrase/Alcalase/Flavourzyme; A/F, Alcalase/Flavourzyme

YMWCO: MW cut off

®Concentration method: EVAP, evaporation; RO, reverse osmosis.
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determined by gel permeation chromatography [13]
and reverse phase chromatography [14], respectively.
Total protein content was estimated from total ni-
trogen (TN) measured by Kjeldahl method [15].

RESULTS AND DISCUSSION

It was previously found that an exoprotease was re-
quired if an acceptable taste should be achieved (data
not shown). Thus, enzymatic hydrolysis was carried
out in two steps, first with a hydrolysis with com-
bination of endoproteases (Neutrase and Alcalase) and
exoprotease (Flavourzyme), followed by a second hy-
drolysis with an exoprotease. When used in con-
junction with endoproteases, exoproteases were re-
ported to produce non-bitter hydrolysates [16, 17].
Various unit operations were tried as shown in Table 1.
All products prepared with the experimental con-
ditions and some commercially available protein hy-
drolysates were analyzed to determine the MW dis-
tribution, free amino acid content (%FAA) and protein
content (%Protein), and %DH, which were sum-
marized in Table 2.

Pre-treatment

The use of acid washes (Trial no. 1 and 2) showed no
significant difference in %#FAA, %Protein and average
MW, as shown in Table 2. The number of acid washes
has been reported to have a clear influence on product
purity, as the protein content was increasing with in-
creasing number of washes [11, 17]. However, %DH
did show no significant effect of the number of acid
washes. The use of two acid washes seemed to reduce
the final yield, and taste was not affected positively by
the acid washes. The taste was changing somehow,
thus the best taste was observed without acid washes.
On the other hand, for some applications such as in pro-
tein-enriched beverages and clinical use, acid washing
two or three times was adequate to increase protein
purity and remove trypsin inhibitor [11].

The purpose of pre-cooking was to decompose the cell

Table 2. Degree of hydrolysis, %#FAA and %Protein of pro-
tein hydrolysates

Sample %DH

%FAA  %Protein average MW

Trialno.1 48.2 25 73.2 552
2 420 26 66.1 521

3 485 18 39.3 632

4 526 20 34.8 594

5 45.0 16 32.8 520

6 474 28 75.2 500

7 484 31 63.6 418

8 493 32 64.0 382

9 518 30 67.9 331

10 466 25 73.6 570

11 43.7 28 75.7 497

12 483 15 67.7 634

(aH1)" 85.1 14 19.4 220
(aH2) 62.0 30 50.7 252
(aH3) 54.5 24 424 303
(aH4) 71.7 27 415 282
(3H3/K) 57.5 31 23.5 372
(254/K) 57.2 27 24.5 436

D(): Commercial products

*aH1, aH2, aH3 and aH4 are acid hydrolysates.

*3H3/K and 254/K are enzyme hydrolysates of Nestle
(Switzerland).
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structure of soya flake, which would result in unfolding
of the peptide chains and a final breakdown of the
starch contained in soy [18]. Another point was to ster-
ilize the reaction mixture. Several trials (Trial no. 3-5)
were carried out to investigate the influence of pH dur-
ing pre-cooking on %DH. Three levels were tested, i.e.
pH 4.2 (acid cooking), 6.5 (natural cooking), and 8.5
(alkaline cooking). Increasing pH resulted in lower %
DH, probably by the difference of insoluble protein con-
tent due to the heat treatment.

Enzyme and Raw Material

There seemed to be a little difference between
Alcalase/Flavourzyme and Neutrase/Alcalase/Fla-
vourzyme treatments when %DH and MW were con-
sidered (Trial no. 1 and 6). The taste, however, was
better when Neutrase/Alcalase/Flavourzyme were
used in place of Alcalase/Flavourzyme, in addition the
%DH analysis indicated a better hydrolysis (higher %
DH) with Neutrase/Alcalase/Flavourzyme.

It appeared that something in the raw material in-
hibited the action of protease, as there was an in-
fluence on %DH in the preliminary experiments (data
not shown). Defatted soya flake obtained from Dong-
bang was toasted one. The purpose of toasting was to
remove trypsin inhibitor [19]. However, the solubility
of the toasted raw material was relatively low [PDI
(protein dispersibility index) was 46%]. It seemed
necessary to use highly purified and soluble raw ma-
terial. In Trial no. 7 and 8, “protein isolate” produced
from Cargill flour 200/90 with a PDI of 90% was hy-
drolyzed. In these trials, soya isolate was produced by
an alkaline pre-cooking followed by an acid pre-
cipitation: 1) First, the protein was suspended and
cooked at alkaline pH 8.5, followed by alkaline cen-
trifugation, whereby the proteins were isolated from
the fiber, 2) Second, the centrifugate was acidified to
pH 4.5 and a new separation was performed, in order
to isolate the protein from soluble sugars and ions. The
isolate was then suspended in water and the hy-
drolysis was then carried out as usual, followed by ul-
trafiltration with a membrane (MWCO0=1,000). It ap-
peared that there was very little impact of the ul-
trafiltration on %DH, %Protein and MW, but in both
cases %FAA were relatively high (Trial no. 7 and 8).
Unfortunately, the yields were too small (28.2% in Tri-
alno. 7 and 22.2% in Trial no. 8) since the alkaline cook-
ing made too much insoluble protein.

In Trial no. 5 and 7, the two raw materials (toasted
and untoasted) were compared each other. Untoasted
soya obtained from Cargill with higher solubility was
more effective on the proteolysis of soy protein (higher
%DH and lower MW). However, the toasted soya ob-
tained from Dongbang was shown to be more cost-ef-
fective than the untoasted one.

Post-treatment

The %DH of protein might be improved by ultra-
filtration with a suitable membrane, thus only short
peptides could penetrate through the membrane. The
permeate might then have desirable high %DH. In Tri-
al no. 9, the first hydrolysis was carried out as usual,
but the second was carried out over night for 16 h. Ul-
trafiltration was carried out simultaneously during
the second hydrolysis. The molecular weight of the UF-
permeate was quite low (MW=283), whereas it became
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Table 3. Comparison of free amino acid composition in
protein hydrolysates

; Acid 4 rial no. 9
Arn}no hydrolysate, Enzyme hydrolysate (T : )
acid aH2 UF-permeate Spray dried
Arg 6.51 8.07 8.21
His 2.27 2.11 221
Lys 6.71 6.45 6.89
Tyr 0.27 4.05 2.92
Trp - - -
Phe 3.27 6.55 6.17
Cys 0.22 0.96 0.74
Met 0.26 1.88 1.98
Ser 6.98 5.45 5.81
Thr 4.96 3.95 413
Leu 3.88 9.07 10.25
Ile 2.18 5.31 6.03
Val 4.79 5.83 6.64
Glu 25.24 12.26 12.58
Gln - 7.59 3.95
Asp 11.16 3.86 4.06
Asn - 10.57 11.1
Gly 5.17 2.01 2.15
Ala 7.94 4.02 4.19
Pro 7.45 1.12 0.45
Total 99.26 101.11 100.46

-: Not detected.

331 after spray drying. This might be due to that some
precipitation occurred during evaporation of the pro-
duct, as the precipitate could be free amino acids like
tyrosine, which had very low solubility. The pre-
cipitate was also causing difficulties when the spray-
dried product was resolubilized. In the case ultrafil-
tration was carried out after the second step hydrolysis
(Trial no. 11), it appeared that the precipitation was
less significant than the case ultrafiltration was per-
formed simultaneously with the second hydrolysis
(Trialno. 9).

Activated carbon was employed on the hydrolysates
to remove off-flavor including beany flavor. Carbon
treatment had only minor effect on the analytical
results (Trial no. 1 and 10).

Experiments were carried out to investigate the in-
fluence of water hardness and heat treatment on the
precipitation properties of the products (data not
shown). From the experiments with either deionized
water or tap water, the hydrolysis seemed independ-
ent of water hardness. The paste products, not spray
dried but just concentrated by evaporation, developed
haziness during cold storage. The precipitate could not
be dissolved unless the solution was heated.

Trial no. 12 was performed using a different UF mem-
brane (MWCO0=100,000). The concentration was car-
ried out using a RO module, followed by spray drying
at very mild conditions, i.e. 170°C in and 70°C out. The
solubility of the powder was improved. However, when
the solution was boiled, some precipitate occurred.
Again this could be overcome by adding citric acid to
lower pH. It was reported that the haze formation was
observed at higher pH values and caused by the pres-
ence of calcium ion when tap water was used for di-
lution [11].

Amino Acid Composition
The difference between an enzymatically hydrolyzed

product (Trial no. 9) and a commercial acid hydroly-
sate (aH2) was significant in amino acid composition

Biotechnol. Bioprocess Eng. 1998, Vol. 3, No. 1

as shown in Table 3. Comparing the amino acids such
as arginine, tyrosine, phenylalanine, leucine, iso-
leucine, glutamine, glutamic acid, asparagine and as-
partic acid, the difference of amino acid content was
evident. The lackness of glutamine and asparagine in a
commercial acid hydrolysate was probably due to the
deamination of them by acid hydrolysis. The acid-hy-
drolyzed product (aH2) appeared to be originated from
wheat gluten, since the contents of glutamic acid, as-
partic acid and proline were relatively higher than en-
zyme hydrolysates. The content of tyrosine might be a
main reason for precipitation during storage as the
solubility of this amino acid was very low. The low con-
tent of tyrosine in the commercial products indicates
also that this amino acid has been removed, for in-
stance by an intermediate storage and filtering before
final packaging. This coincided with the report that
the solubility of a protein is related to the content of hy-
drophobic amino acids like tyrosine, phenylalanine
and leucine [20].
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