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Abstract: Combining with our laboratory’ s isolation techniques (application of Mucor pusillus) , this article compared differ-

ent separation methods of 11S and 78 fractions in laboratory-scale. The principles of most separation techniques in early period

were mainly focus on “alkali extraction and acid precipitation” and “cold precipitation” effects, and then other physical or bi-

ological technologies were continuously supplemented for the purpose of improving the yield and purity of protein components.

Among them, Thanh’ s method was the first to realize the contemporary separation technique of soy protein components. Naga-

no’ s method and Wu’ s method were the classical methods quoted for many times. And the Deak’ s method got the best isola-

tion efficiency by using Ca’* as a precipitating agent.
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1 Introduction

Soy protein, an important vegetable protein, is
widely used in food industry. Two major components of
soybean protein are Glycinin (118) and B-conglycinin
(78), which account for approximately 40% and 30%
of total soybean protein, respectively'' ',

B-conglycinin is a glycoprotein containing 3. 8%
mannose and 1. 2% glucosamine with a molecular
weight of 126 to 171 kDa. It is composed of o', o,
and B subunits, which make up seven heterogeneity
proteins including B, (o’ BB ), B, (apB), B, (a’
aB),B;(a’'a’ B),B, (aaa’), B; (aaa) and By
(BBB) with hydrophobic and hydrogen bonding'*'.
Glycinin is a heterogeneous protein having a molecular

weight of 340 to 375 kDa> 7",

Main structure of the
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118 is a hexameric protein composed of several sub-
units, each subunit consists of an acidic (A) and bas-
ic (B) polypeptide chain connected by a disulphide
linkage (An—S-S—Bn) *'.

In order to make a thorough research on functional
or physiological activity of soy protein components, the
demand for raw materials should be resolved firstly.
Therefore, the isolation techniques of 7S and 11S com-
ponents in laboratory-scale have been extensively stud-
ied. This paper summarized the laboratory-scales
methods for separation 7S and 11S fractions, and ana-
lyzed and discussed the differences of these methods in

separating method, product yield and product purity.

2 Laboratory-scale Methods for separation
of 7S and 118 fraction

Detailed understanding of chemical or biological

Biography : XU Jing-ting(1983-) , Dorctor, engaged in the research of protein processing and Utilization.

Corresponding author: GUO Shun-tang, Professor. E-mail ; shuntang@ cau. edu. cn.



326 KX H

e 2 39

activity studies of 7S and 11S globulin are the main
purpose of laboratory-scale separation. So in order to
meet the requirements for the different use of isolates,
the additives and the technical routes which used in
the separation process are different. For instance, for
the purpose of studying the physiological activity of 7S
and 11S globulin, the Tris-HCI buffer was chosen for
keeping the nature protein structure. Adding the re-
ducing agent such as 2-mercaptoethanol (2-ME) or so-
dium bisulfite (SBS) in the extracting process to break
disulfide bonds between the protein components was

just for further improve the purity of isolates"” .

In or-
der to improve the product yield, the inorganic salt is
added for the “salting-out” effect breaking the electric
double layer of protein and promoting the protein
precipitation[m:

The research of 7S and 11S soy globulin separa-
tion technique was started in 1960s. Wolf and others
utilized the “cold precipitation” effects of 11S to get
the crude 11S faction, and then prepared a relatively
pure 11S globulin according to the classic method of
ammonium sulfate salting-out in 1962 however,
this method could not be used for separation of 7S
globulin at the same time''"”’.

Soy storage protein is a kind of alkali-soluble pro-
tein. Thus, it can be extracted from the defatted soy-
bean with alkaline solution. The pI of 11S globulin is
pH 6. 4, while the pl of 7S globulin is pH 4. 8-
4.9 With utilize the principle of different soy-
bean protein components could precipitate in its isoe-
lectric, Thanh and other'” ™' directly separated 113
globulin and 78 globulin by adjusting the pH. That is
the so-called “alkali extraction and acid precipitation”
method.

2.1 Common classical and improved methods

2.1.1 Method of Thanh Thanh and others''® a-
chieved the contemporary separation technique of soy
protein foremost. For the sake of stabilizing the reac-
tion system, keeping the nature state of protein and
improving the product purity, the protein was extracted
with the Tris-HCI buffer with 2-ME. This method is di-
vided into two steps: defatted soybean meal was ex-
tracted with 20 volumes 0. 03 mol « L~' Tris buffer
(pH 8.0) containing 0. 01 mol - L' 2-ME at room

temperature for 1 h. After insoluble fraction was re-

moved by centrifugation, the extract was adjusted to

pH 6.4. The 11S globulin is collected by centrifugat-
ing at 2 ~5%C. The supernatant was adjusted to pH
4.8 with HCl, and 7S glycinin-rich fraction was ob-
tained as the precipitated curd. The prepared 11S
globulin was washed with pH 6.4 0.03 mol + L' Tris
buffer, and then dispersed in the standard buffer ( pro-
tein content, 2% -3% ). NaOH solution was added
with stirring until the protein was dissolved (pH 7.8).
The protein solution was kept at 3-5°C overnight. A
trace of precipitate was removed by centrifugation and
the supernatant was just the 11S-rich fraction. Mean-
while, 2 mol - L~' NaOH was added to the 7S globu-
lin precipitate while stirring until the protein dissolves
(pH 7.6) , then adjust to pH 6.2 with 2 mol - L~
HCI, after the precipitate was removed by centrifuga-
tion, the supernatant was just the 7S-rich fraction.
Due to the first time to realize the contemporary
separation technique of soy protein, this method be-
came the classical method and the primary method of
extraction and separation of soybean protein compo-
nents in the laboratory-scale at present.
2.1.2 Methods of Nagano 7S and 11S globulin are
both subunit compounds and it is impossible to sepa-
rate them completely during the separate process. So
taking the elimination of cross- contamination between
two proteins as the starting point, Nagano and oth-
ers''” developed a three-step fractionation, discarded
the intermediate protein fraction,and improved the pu-
rity of 7S fraction. In addition, the method of Nagano
modified the method of Thanh from the following three
aspects: (1) Deionized water was replaced by the Tris
buffer as the extracted solution, and the pH was adjus-
ted to 7.5; (2) 980 mg - L' SBS was took the place
of 2-ME as the reducing agent; (3) 0.25 mol - L™
NaCl was added to the supernatant after the 11S rich
fraction was separated with the purpose of increasing
the precipitation rate of 7S rich fraction. It is also a
widely used method for laboratory-scale preparation of
soy protein components at the moment.
2.1.3 Method of Wu and the modified methods On
the basis of Nagano method, Wu'" modified the sepa-
ration methods of 7S and 11S fraction, and carried out
the pilot-plant fractionation successfully ( described in
the latter). It was also developed a wide range of ap-
plication method for separation. The only difference

with the Nagano’ s method was the dissimilitude of
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centrifugal speed in three steps (Table 1).

As the Wu-based method, Rickert'"”’ studied the
separation methods of soy protein in bench-scale and
pilot-plant-scale in 2004. The influences of pH, alco-
hol, temperature of reaction and flake-to-water ratios to
separating effects were studied, and the parameters
and optimized separation processes were determined.
Meanwhile, on the basis of Nagao and Thanh, Chun
Liu"™’ researched the optimal method for separation of
soy protein from the extracting solution, pH values,
temperature, flour/Tris-HCl ratio and the NaHSO,
concentration, and the parameters were also deter-
mined according to the final yield and purity of each
protein components. The optimized processes of each
method are shown in Tablel.

2.2 Separation methods with CO, as a volatile
electrolyte

Traditional ~ soybean-protein-purification  tech-
niques of 7S and 11S components often involve the use
of inorganic acids to adjust the pH and precipitate the
protein. However, when using acidic solutions such as
HCl and H,S0,"", the phenomenon of local excess
concentrations of precipitant can occur. And that phe-
nomenon may lead to many problems, such as copre-
cipitation of other unwanted species, irreversible dam-
age to protein structure, formation of many small high-
ly solvated particles and so on"” **'. As a kind of vol-
atile acid, carbon dioxide can be used to acidification
of the solution and can be carried out as the electrolyte
for soy protein separation technology. At the mean
time, the use of carbon dioxide is preferable over con-
ventional acids because no alkali is required for neu-
tralization , which occurs simply by release of pressure.
It is further simplify the separation technique and re-
duce the content of ash.

Russell Thiering>’ developed a 3-steps protein
separation method with CO, as the acidifier in 1999.
In order to enhance the protein yield, intermediate-
precipitate fraction was recovered to initial slurry. The
whole fraction process was achieved by regulating the
extracting protein solution concentration, pressure, re-
action temperature, adding volume of CO, and acidity
of solution. It was found that, the degree of acidifica-
tion strengthened as the pressure increased, precipita-
tion of the glycinin fraction was most efficient from

highly concentrated soy protein solutions at pH 6. 1

and production of B-conglycinin-rich precipitates was
best from dilute solutions at pH 4. 8.

Marijana Golubovic >’ employed CO, as a volatile
acidifier to prepare the pure 11S component in 2005 as
well, and his method is afterward modified by Rus-
sell'”). The differences between them were the initial
solution and pH for precipitation: Deionized water was
used in Russell while Marijana adopted 30 mmol -
L ™" Tris buffer (pH 8.0) with 10 mmol - L' 2-mer-
captoethanol as the extract solution; the pH for precip-
itate 11S rich fraction was 6. 1 for Russell method,
while it was 6. 4 for Mraijana’ s method. However,
this method was only extracted 11S rich fraction with-
out carrying out the separation research of 78S fraction.
2.3 Separation methods of Ca’" and Mg’" re-

place Na® as precipitating agent

In the study of separation 7S and 11S fraction,
some salt materials were added as the precipitating a-
gent before the step of precipitation 7S globulin. The
“salting-out” effect was used to destruct surface hydra-
tion layer and promote the precipitation of 7S. The
Na* was used as the precipitating agent mostly, while
Ca’*or Mg’" were still used in some researches.

Koshiyama'”' used 250 mmol - L' of CaCl, to
purify the supernatant remaining after cold precipitati-
on of a glycinin-rich fraction, but yields and purities of
this crude B-conglycinin fraction were not determined.
Saio and Watanabe **' added 10 mM of CaCl, to ex-
traction buffer and defatted soybean meal to first ex-
tract a 7S-rich supernatant and the residue was redis-
solved and centrifuged to obtain an 11S-rich fraction.
The purities on ultracentrifugal basis were about 60% .

Until 2006, on the basis of Wu method, Deak'*’
studied the separation effects of Ca’* unceasingly. But
the calcium salt was not effective in fractionating soy
proteins by merely adding it to the fractionation proce-
dure developed by Wu and others'®’. Then he
changed the pH of precipitate intermediate fraction to
pH 6.4, and the separation effects was better than oth-
ers and the dilution step was no longer employed to ob-
tain the B-conglycinin-rich fraction.

Meanwhile, Deak further modified the extract
method for protein solution, brought forward a two-step
fractionation, and studied the best concentration of SO,
and CaCl,. The optimal process was as below: after

the protein extracted supernatant was collected as the



328 KX H

e 2 39

method of Wu'"' | 5 mol - L' SO, and 5 mol -+ L'
CaCl, were added to the solution and pH was adjusted
to 6.4 with 2 mol -+ L' HCl. The resulting slurry was
stored at 4°C for 12 to 16 h and centrifuged at 14 000 r
- min ' and 4°C for 30 min. A 11S-rich fraction was
obtained as the precipitated curd, neutralized, and
freeze-drying. The supernatant was adjusted to pH 4.8
with HCI, stirred for 1 h, and then centrifuged at 14
000 r - min "' and 4°C for 30 min. A 7S-rich fraction
was obtained as the precipitated curd. Furthermore,
Deak carried out the components fraction research in
4°C (referred to as D4C) and 25°C ( referred to as
DRT) , discovering the yield and purity of isolated pro-
tein were significantly different in the different temper-

) Generally, the yield and purity of protein

ature
components produced by this method are better than
others.

" ‘made a comprehensive comparison of the

Tengm
protein separate efficiency by using Ca’* or Mg’ ",
which is based on the two-step fractionation of
Deak ™. 0.5 mmol - L™' Mg’* could achieve an ef-
fective protein separation by using Mg’ " as a precipi-
tating agent. 10 mmol -+ L' SBS and 5 mmol - L'
MgCl, were added to the protein extracting solution,
the resulting slurry was adjusted to pH 6.4 and stirred
for 1 h. The 11S-rich fraction was obtained as the pre-
cipitated curd after being centrifugalize at 3 000
r - min~' for 15 min, while the supernatant was then
adjusted to pH 4.8 with 2 mol - L' HCI and stirred
for 1 h.

r - min ' for 15 min, the precipitated phase was col-

After the third centrifugation at 3 000

lected as the 7S-rich fraction. Both fractions were re-
dispersed in deionized water and lyophilized.
2.4 Application of enzymes in components sepa-

ration

Protein aggregation has been observed when
phytate in soybean was hydrolyzed by phytase under
certain conditions, and the aggregate is mostly consists
of glycinin. Based on this characteristic, Tsutomu Sai-
to and others ' developed a novel method for separa-
ting B-conglycinin and glycinin by a phytase treat-
ment. The protein extract which was extracted in pH
7.5 was adjusted to pH 6.0 with 2 mol - L~' HCL
Phytase was added to this soymilk (1000FYT/100 g of
protein in the defatted milk). After that, the resulting

mixture was kept for 1 h at 40°C. The solution was

then centrifuged to separate the precipitate at room
temperature. The precipitate collected by centrifuga-
tion was dispersed in a 4-fold volume of distilled water
and neutralized to pH 7.0 with 2 mol - L~' NaOH
(the glycinin fraction). The supernatant was adjusted
to pH 5.0 with 2 mol - L' HCI and centrifuged. The
precipitate was dissolved in a 4-fold volume of distilled
water and neutralized to pH 7.0 with 2 mol - L~
NaOH (the B-conglycinin fraction).

Mucor pusillus is commonly used in milk

33 -34]

curd' . It can precipitate 47% protein by using in

the precipitation of soy protein, and the aggregate is

[35]

mostly consists of glycinin ™’. So our lab developed a
technology for separating soybean protein components
by using Mucor pusillus. The extract protein solution
was adjusted to pH 5. 6 after centrifugation, adding
rennase to 15U and incubating at 60°C for 40 min.
The insoluble 118 fraction was obtained by centrifuga-
tion at 3600r » min "' for 10 min. The supernatant was
adjusted to pH 4.5 (2 mol + L~' HCl), and then
centrifuged again at 3000r - min "' for Smin. The 7S

globulin was obtained as sediment.

3 Comparison of separation effects on var-

ious separation methods

According to the available separation techniques,
it seems that most methods were based on the princi-
ples of “alkali extraction and acid precipitation. ” and
“cold precipitation”. However, those fractionations
were obviously different in some details, such as sepa-
ration steps, pH value, precipitating agent, which also
lead to variation of the resultant products of 7S and
11S. Subsequently, the effects of various separation
techniques on the yield and purity of the product are
compared. With the different ways to express the isola-
tion efficiency in various articles, in order to facilitate
the comparison, this article take the yield, protein
content and purity of 7S fractions or 118 fraction as the
index. All the numbers were quoted from the original
articles or convert from the original data in the articles.

Table 2 presents the comparation of the classical
and modified methods. Thanh’ s method is a 2-step
fractionation. The yield of the 7S rich fraction and 11S
rich fraction were the highest in five methods, and the
purity of 78 rich fraction was relatively higher. Howev-

er, Iwabuchi'*® repeated Thanh’ s method, and repor-
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ted that there are about 6% B-conglycinin, and 15%
other components in 118 rich fraction beside 79% gly-
cinin, while 52% B-conglycinin, 3% glycinin, and
45% other protein components are in 7S rich fraction.
The subsequent researches which commented the isola-
tion efficiency of Thanh’ s method were almost followed
the results of Twabuchi **’.

On the basis of Thanh’ s method, Nagano devel-
oped a new method of 3-step fractionation, which dis-
carded the intermediate protein fraction and improved
the purity of 7S globulin. However, the yield of 7S
rich fraction was only 6% , which was one third less
than Thanh’ s method because of removing intermedi-

ate fraction. The purity of 7S and 11S fractions were

greatly improved to more than 90% .

Wu, Ricket and Liu modified the separating con-
ditions and parameters base on the methods of Thanh
and Nagano. The yield and purity of each fraction in-
creased markedly. In Liu’s method, the yields of 7S
rich fraction and 11S rich fraction were 14. 4% and
10. 7% , respectively; meanwhile, the purity of 7S
globulin was exceeded 95.5% (Table 2).

Beside the above classical methods and modified
methods in laboratory-scale separation method of 7S
and 11S globulin, the other separation techniques by
using Ca’*, Mg’", enzyme and CO, also produce dif-
ferent isolation efficiency, the results produced by

these methods were summarized in Table 3.

Table 1  Operating Process for Several Laboratroy — sale Methods in Separating 7S and 11S Fracation®
Operating process Nagano Wu Ricket Liu
Material DSF ,H20 @] O O
additive - - - 0.03 mol + L™" Tris - HC1
Stage 1 RML 1:15 o 1:10 o
extraction
pH 7.5 @) 8.5 8.5
Extract time 1h @) O 2h
Temp. Room Temp. O 45C 45°C
« min ! 14 « min "}
Centrifuge 9 000 r - min 300 r+ min Didnt show O
%30 min %30 min
Supl. O @] @)
Additive 0.98 ¢+ L' SBS O @) 0.01 mol - L ™" SBS
Step 1: pH 6.4 @] O O
118 Time overnight @] ©)
fraction Temp. 4°C O (@) O
6 500 r - min ! 7500 r - min "'
Centrifuge oo v O O
% 30min %20 min
Material Sup2. @] O O
Additive 0.25 mol - L~" NaCl O O
Stage 2
Step 2: pH 5.0 @) O 5.5
Separ- :
ation Intermei- React time 1h o o 0.5h
diate fraction
Temp. 4°C O @) O
.o . .-
Centrifuge 9 000 r + min 14 300 r - min o o
x 30min x 30 min
Material Sup3. @] O O
Additive 2-fold H,0 e} 3-fold H,0 @)
Step 3; pH 4.8 O @) @)
7S fraction Temp. 4C @] O O
R 7 T
Centrifuge 6 500 r + min 500 r + min o o
% 20min x 20 min

*Nagano, Wu, Ricket, and Liu represents the different methods named by the inventers, respectively; Lius method extracted protein solution twice

”»

and each time was 1 h; “O

represents the requirement process or condition is identical with the Naganos method. “-’

3

represents the process or require-

ment is not exist; DSF, defatted soybean flake; RML, ratio of material to liquid.

Table 2 Comparison of separation effects on classical and modified laboratory — scale preparation methods®

118 rich fraction

78 rich fraction

Methods
Yield/% Protein content/% Purity/ % Yield/ % Proteincontent/ % Purity/ %
Thanh 15.3 92.0 78.0 18.7 91.0 86.0
Nagano 12.0 - >90.0 6.0 - >90.0
Wu 12.9 94.7 95.7 9.8 96.7 77.6
Ricket 11.29 96.7 86.0 9.51 94.04 66.0
Liu 14.4 96.3 92.5 10.7 93.3 95.5

* Thanh, Nagano, Wu, Ricket, and Liu represent the different methods named by the inventers.
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Table 3 Comparison of separation effects on other laboratory — scale preparation methods®

118 rich fraction

78S rich fraction

Methods . Protein . X Protein .
Yield /% Purity /% Yield /% Purity /%
content /% content /%
Modification 12.9 91.8 90.1 15.2 75.8 100
Application Deak 15.5 96 85.0 23.6 90.0 81.0
of Ca®* D4C 15.5 98.9 81.0 23.1 90.0 85.6
DRT 15.7 96.6 71.0 23.3 91.2 78.6
Applicationof
) 22.4 - 88.9 16.2 - 81.4
Mg**

Application Phytase 18.0 88.9 >80.0 16 78.6 >80
of enzyme Mucor pustllus 19.8 93.4 93.0 9.5 95.1 88.4
Application Russell 28.0 - 95.0 4.8 - 80.0

of CO, Marijanal 34.0 85.0 98.0 - - -

*Deak, Russell, and Marijanal represent the different methods named by the inventers.

Deak modified Wu’ s method Ca’* as a precipitat-
ing agent firstly in 2006. The pH value of precipitating
intermediate protein fraction was changed to 6.4, and
the purity of 7S rich fraction was almost 100% . At the
mean time, the author developed a 2-step separation
technique by using Ca®* | this method gave the highest
yield of 7S rich fraction in all the current laboratory-
scale separation methods. Deak further studied the
effect of reaction temperature on separation and found
low temperature (4°C ) could increase the protein con-
tent and purity of each fraction due to the effect of
“cold precipitation”. Comparatively, when Mg’ " was
used as the precipitating agents, the yield and purity of
118 rich fraction was relatively high, up to 22.4% and
80% , respectively.

By the application of phytase, the yield of 11S
rich fraction and 7S rich fraction were higher than that
of the methods illustrated in Table 2. Meanwhile, the
cooling process and a reducing agent are not needed in
this method, so that the processing is simplified and
the consumption of resource is saved. As to using the
Mucor pusillus, the yield of 11S rich fraction was rela-
tively high. 11S is a stable hexagonal structure formed
by the corresponding interaction between six acidic
subunits and six basic subunits. Although the pl of
glycinin is 6.4, the pl of each subunit is different the
pH values nearby the pl of glycinin probable have a
role of precipitating 11S glycinin. The separation
method of using Mucor pusillus was carried out at pH
6.0. Though it is worked for the separate effect, it is
hard to conclude whether it is the role of pH value or
the enzyme. Hence, in order to explain the mecha-
nism, further studies of applying Mucor pusillus in
protein separation technique should be carried on.

Another particular method for separating soy pro-

tein is using CO, as the volatile electrolyte. Using the
pressure as a well-controlling process parameter, CO,
could acidification the pH of the solution according the
different requirement. Thus the protein components
could separation successful in their own pl. The results
of Russell’ s way showed this method was fit for the
separation of 118 rich fraction, whose yield and purity
were 28% and 95% , respectively. As to the 7S rich
fraction, although the yield was lower, the purity was
up to 80% . Thus, it is feasible for using CO, as the
volatile electrolyte in the protein separation technique
because the yield and purity of product can be guaran-
teed. Marijana further used CO, as a volatile electro-
lyte to separate and purify 11S glycinin and obtained a
high yield and purity of 118 glycinin (34% and
97.98% , respectively). The yield and purity of 11S
globulin in this method reached the highest in all the
laboratory-scale methods. Nevertheless, the author did
not separate the 7S globulin.

4 Discussion

The mainly purpose of separation in laboratory-
scale was to do researches, so it requires the raw main-
tains its nature structure as soon as possible. Mean-
while, how to simplify the separation steps under the
premise of ensure the product yield is also one of the
reasons to keep the continuous improvement of the cur-
rent laboratory isolation methods. This article was
mostly from the perspective of raw materials prepara-
tion to introduce the separation methods, and the other
techniques were required to make a further special
physiological activity research of protein components,
such as reversed-phase high performance liquid'™",
chromatography Fourier transform infrared ( FTIR )

method**’ and so on. In addition, besides the labora-
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tory-scale of separation 7S and 11S globulin, there

were many separate methods in pilot-plant-scale which

will be discussed in another paper.
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