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Technical Research of Industrialized 7S and 11S Soy Protein Fractionation
XU Jing-ting, REN Jian-hua, YE Ling-feng, GUO Shun-tang

(College of Food Science & Nutritional Engineering, China Agricultural University, Beijing 100083, China)

Abstract ; Combining with our isolation techniques ( method of Guo) , this article compared different separation methods of 11S
and 7S fractions with industrial methods. The principles of most separation techniques are “alkali extraction and acid precipi-
tation” and “cold precipitation” effects. Wu’s method succeeded in isolation 11S and 78 fraction for the first time, the later
researches mostly focus on its improvement. The method of Guo is the only method to extract protein in a neutral condition,
thus saved the usage of alkali and avoided the denaturation of protein. Meanwhile, this article pointed out the problems in the
current industrial production. Although lots of improvements were made on the separation process, problem still exist, such as
complicated procedures, low yields, high costs of production and so on. Therefore, the writer further proposed the directions
of efforts and improvement for the realization of industrial production.
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B,, By, By, By, B)™ 7.

teristic of “cold precipitation”.

1 Introduction Glycinin has the charac-

About 86% glycinin

Soy protein, an important vegetable protein, is

widely used in food industry. Two major components of
soybean protein are Glycinin (11S) and B-conglycinin
(7S), which account for approximately 40% and 30%
of total soybean protein, respectively'' ',

Glycinin is a heterogeneous protein having a mo-
lecular weight of 340 to 375 kDa'*™®'. Main structure
of the 11S is a hexameric protein composed of several
subunits, each subunit consists of an acidic (A) and
basic ( B) polypeptide chain connected by a disul-
phide linkage (An—S-S—Bn) """, The main body is a
stable hexagonal structure of two rings which is formed

by the interaction between six acidic subunits (A,
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can be precipitated when the defatted soybean protein
extracting solution is kept in ice bath (0 ~2°C) over-
night"'").

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 a’, o, and
B subunits, which make up seven heterogeneity proteins
including B, (a’ BB) ,B, (apB),B,(a’aB),B;(a’'a’
B),B,(aaa’),Bs (aaa) and By (BBR) with hydro-
phobic and hydrogen bonding'®'. Although the isoelec-
tric point (pI) of B-conglycinin is pH 4.8 —4.9"")
each subunit has its own thermal stability'?'. By the

same token, under the different pH and ionic strength,
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other characteristics, such as surface hydrophobicity,
thermal stability, solubility, thermal cohesion and e-
mulsifying capacity are substantial difference of each -
conglycinin subunit'"?’

As to physical, chemical and functional proper-
ties, 7S and 118 globulin are significantly different be-
tween their amino acid compositions and structures.
For instance, gel-forming ability and stability of 11S
globulin are superior to 7S globulin'®'. 11S globulin
presents superior elasticity, cohesion and extensibility
to 7S globulin, and it can form better gel with water-
holding capacity'"*'. With the increasing of 11S and
78 ratio, the hardness and viscosity of protein gel in-
creased " ' and emulsifying ability of soy protein
showned an inverse relationship with 11/7S ratio'"”’.
The derivatives of 7S globulin and 11S globulin hydrol-
ysates showed special physiological activity. It was re-
ported that glycopeptides hydrolyzed from B-conglyci-
nin are able to modulate the balance of gut microbiota.
It inhibited not only the adhesion of pathogenic bacteri-
a to intestinal cells but also the Salmonella typhimuri-
um translocation in Caco-2 epithelial cell monolay-

ers ® 7' The 7S globulin hydrolysates are also pres-

1[21 -2

ented to reduce blood cholestero "and plasma tri-

glyceride levels' >,

Therefore, no matter industrialized food ingredi-
ents and functional food productions, there is a wide
market prospect of 7S and 118 protein isolation. This
paper summarize the researches of 7S and 118 inclu-
ding separating method, product yield, product purity

and industrial production, and discuss the industriali-

zation of 7S and 11S separation technique.

2 Methods for industrialized separation of
7S and 118 fraction

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"”".

The pl of 118 globulin is pH 6.4, while the pl of
7S globulin is pH 4.8 —4. 9" %)

principle of different soybean protein components could

With utilizing the

precipitate in its isoelectric point, Thanh and oth-
er' ! directly separated 11S globulin and 7S globu-
lin by adjusting the pH. Soy storage protein is a kind
of alkali-soluble protein. Thus, it can be extracted
from the defatted soybean with alkaline solution.
Meanwhile, the 7S and 11S fraction can be obtained
respectively because they are precipitated in different
pl. That is the so-called “alkali extraction and acid
precipitation” method. It is the first time to separate
7S globulin and 11S globulin simultaneously and laid
the foundation for the subsequent separation technique
of the soy protein components.

Existed reports of separation technology indicated
the main purpose of separation involves two aspects;
one is to study the chemistry and physiological activity
of 7S and 11S globulin, and the other is to use their
special features for food industrial application. There-
fore, 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, adding the reducing agent such as 2-mercap-
toethanol (2-ME) or sodium bisulfite (SBS) in the
extracting process to break disulfide bonds between the
protein components was just for further improve the pu-

B In order to improve the product

rity of isolates
yield, the inorganic salt is added for the “salting-out”
effect breaking the electric double layer of protein and
promoting the protein precipitationBﬂ.

However, the purity requirements of 7S and 118
fraction are not so harsh if they are just applied in food
industry. For the industrial production, the principles
for choosing separation technique mainly contain cost
savings, high yield, simple separation steps and the
feasibility of industrial production as the principles for
the separation. Therefore, this article elaborates the
current separation methods of 7S and 11S fractions
from the laboratory-scale preparation and pilot-plant-
scale production.

2.1 The methods of Wu and Ricket

The methods of Thanh and Nagano are all the
classical method for laboratory-scale preparing 7S and
11S components; however, these two methods are hard
to reach the industrial produce for the reasons of dis-
continuous operation, cockamamie process and the use

of non-food grade chemical reagents. Wu'*! modified
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the method of Nagano'™

, developed the industrial
separation methods of 7S and 11S components in which
the amount of raw material consumption was 20 kg.

Wu changed the pH of basic extract step to 8.5,
and reextracted the flake residue for the purpose of im-
prove the protein yield. Though the purity of protein is
not high, it is still one of the important references for
the technological development of industrial production.
The Specific parameters and technological process were
shown in Table 1.

Based on the above-mentioned method, Wu'*'

developed the ultrafiltration membrane technology into

the industrial separation technique in 2000. By the
reason of separation 7S component, ultrafiltration and
reverse-osmosis membrane technology were operated on
the supernatant after extracted 11S globulin. Mean-
while, on the basis of Wu and the laboratory-scale (as
already described in detail) , Ricket**' researched the
pilot-plant separation technique and obtained the opti-
mal technology framework. Meanwhile, these two mod-
ified methods have the same capacity of handing raw
material (20 kg) with the Wu’s first method'**'. The

optimal process of each method is shown in Table 1.

Table I Operating Process for Several Industrial-sale Methods in Separating 7S and 11S Fracation®
Operating process Wu(1) Wu(2) Ricket
Material DSF ,H,0 O O
RML(1) 1:10 O O
RML(2) 1:5 O - -
Stage 1 pH 8.5 >8.0 O
Extraction Extract time( 1) 1h O O
Extract time(2) 0.5h O - -
Temp. 20C o 45°C
Centrifuge 5700 r + min "' ) 9800 r + min "'
Material Supl. 6] o}
Additive 0.98 g+ L' SBS O O
pH 6.4 6.0 O
Step 1 : Time Overnight O O
11S fraction Temp. 4°C 7C o}
Centrifuge 9800rpm o) O
Desalt RC-30 RC-100 O
Dry Spary dry o O
Material Sup2. - - o}
Additive 0.25 mol - L™! NaCl - - o)
Step 2 pH 5.0 - - O
Stage 2 Intermediate fraction React time 1h == O
Separation
Temp. 5C - - - -
Centrifuge 9800r + min ~' - - @)
Material Sup3. ) O
Additive 2-fold H,0 0.02M SO2 ; water 3-fold H,0
pH 4.8 7.0 O
Temp. 4°C o 7°C
Step 3;
7S fraction time Overnight - - (@)
Centrifuge 9800r + min ! - - O
Desalt RC-30 - - - -
Concentrate - - RC -100 - -
Dry Spray dry o O

*Wu(1), Wu(2), and Ricket represent the different methods named by the inventers, Wu developed two methods, called Wu(1) and Wu(2), re-

spectively; “ O represents the requirement process or condition is identical with the first method of Wu.

“

— " represents the process or requirement is not

exist; RML(1) and RML(2) represent the ratio of material to liquid for the first time and second time to extract protein solution, respectively. Time(1)

and Time(2) represent the extracting time for the first time and second time, respectively; RC-30/RC-100 represents membrane filtration system and a

30KDa/100KDa regenerated cellulose membrane; DSF, defatted soybean flake; RML.
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2.2 The method of Guo

In order to fully demonstrate the functional charac-
teristics of soybean protein components and the utiliza-
tion of 7S and 11S protein components in the actual
production, our laboratory studied the separation tech-
nique of soybean protein components in a pilot-plant-

scale™"

. The capacity of handing raw material of this
method was more than 300 kg. Meanwhile, it is the
first time to extract protein in a neutral way and avoid
the damage on the protein structure in an overmuch al-
kali. Simultaneously, it can save costs for the industrial
production.

The steps are as following: defatted soybean meal
was dispersed at a 1: 12 ratio of flakes to water and
stirred the slurry. After the protein was extracted, the
insoluble residue was separated by centrifugation with a
The ionic

decanter centrifuges (4000 r + min~').

strength and pH values of the extraction were adjusted
t00.05 mol - L™" and 5.5 mol - L~

and the food grade reducing agent was added to the ex-

, respectively,

traction. With the processes of stirring and keeping the
solution for a while, a decanter centrifuges (4 000 r -
min ") was used for separation of components. The su-
pernatant was just the 7S rich fraction while the precipi-
tation was the 118 rich fraction.

The supernatant was adjusted to pH 4. 8 with 2
mol + L™ HCI and centrifuged (4 000 r » min ") after
holding a slight time, the precipitation was just the 7S
rich fraction. Meanwhile, the precipitated glycinin was
redissolved in an aqueous solution acidulated to pH 6. 4
and centrifuged (4 000 r -
slight time. The precipitation was just the 11S rich

min~") after holding a

fraction. After that, the precipitated glycinin and-cong-
lycinin fractions were redissolved in an aqueous solu-
tion. Both fractions were centrifuged again before the
desalting process and neutralized and dried in a spray-
dryer.
2.3 Summary

The reported pilot-plant-scale separation tech-
niques of these four methods were mentioned above.
Comparatively, the first method used by Wu'**' was
more cockamamie, which adopted twice repeat extract
process for the purpose of improving protein yield, how-
ever, it is relatively complicated the operate process.

Only one exaction step was carried out in the method of

Ricket, with simple operating procedure than Wu meth-
od, and he set the requirement for the extraction tem-
perature. The second method of Wu'™*' used was rela-
tively simple, it was separated by 2 steps which omit
the process of removal intermediate fraction, and the
separation of 7S component was carried out by using ul-
trafiltration membrane so that the efficiency was im-
proved. Generally, the biggest problem of ultrafiltration
protein liquid was the membrane contamination, howev-
er, this method was not discussed in detail about this
problem. The 7S rich fraction and 11S rich fraction
were collected separately before the curd components
were separated in the method of Guo, for this method,

the operation is relatively simple, the requirement of e-

quipment is not so high.

3 Comparison of separation effects on
industrialized production technology
methods

According to the available separation techniques,
it seems that most methods were based on the principles

” and “cold

However, those fractionations were ob-

of “alkali extraction and acid precipitation.
precipitation” .
viously different in some details, such as separation
steps, pH value, precipitating agent, which also lead
to variation of the resultant products of 7S and 11S.
Subsequently, the effects of various separation tech-
niques on the yield and purity of the product are com-
pared.

At present, the researches for the industrial-scale
separation technique are mainly four methods illustrated
in Table 2. Wu studied the separation technique of pro-
tein components in pilot-plant-scale for the first time
(Wu(1l) in Table 2). The yields of 118 rich fraction
and 78 rich fraction of this method were relatively low
(9.5% and 10. 7% , respectively). But the purity of
11S globulin was up to 90% .

On the basis of the previous studies, Wu simpli-
fied the separating procedure of 11S globulin and 7S
globulin by the combination of ultrafiltration membrane
technique and the principle of pl precipitation (Wu(2)
in Table 2). The ultrafiltration membrane was used to
separate and purify 7S rich fraction. In the both two
methods, the yield of method 2 was almost at twice as
that of the method 1, because the intermediate fraction

was kept in the supernatant (after removing 118 precip-
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itation fraction ), while the purity of 7S rich fraction
was only 62.6% , which was also caused by the exist-
ing of intermediate fraction. However, it is feasible to
use method 2 in industrial production because the sim-
ple operating process and the low requirement for purity
of the raw material.

Meanwhile, Rickert put forward another pilot-plant
fractionation technique according to the first method of
Wu. This method was relatively simple with keeping
the temperature of protein extraction at 45°C and omit-
ting the second extracting step. The yields of 11S and
7S rich fractions were higher than that of Wu’s method
due to the reason of high temperature could promote the
extracting efficiency of protein. The purity of 7S rich
fraction was 68% , which was lower than Wu’s method ,
and the purity of 11S globulin was not reported.

The method of Guo which was put forward by our
laboratory is very different from others on the process of
separate protein components. The yield of 11S fraction
was 2 times higher than Ricket’s method and 3 times
higher than Wu’s method, while the yield of 7S rich
fraction was just 5. 5% . The purity of 7S component
and 11S component were lower than others. It was
probably caused by the low-speed
(4,000 r - min~").

centrifugation

Comparatively, because of the

high yield of 11S component, it is an effective method

for the industrialized production.
4 Discussion on the industrialized production

Generally , the separation techniques vary with the
different research purposes. Thus, whether the reported
pilot-plant-scale production was suitable for industrial
production?

Besides the feasibility of industrial production, any
product which wants to realize the industrial production
has to meet the following requirements as much as pos-
sible: (1) low production cost and resources consump-
tion; (2) easy operation; (3) high output; (4) little
environmental pollution

Any change could lead to a great impact on pro-
duction costs. As to the operation processes of the four
methods (Table 2) , the first method of Wu is a 2-step
extracting protein solution and 3-step separation proce-
dure, while Ricket’s method simplified the process with
extracting protein solution only in one step. Although
the second method of Wu carried out a 2-step extracting
protein solution procedure, the 2-step fractionation was
adopted to simplify the process, thereby saving the

costs for the operation.

Table 2 Comparison of separation effects on industrialized production technology methods®

118 rich fraction

78S rich fraction

Methods
Yield/% Protein content/ % Purity/ % Yield/% Protein content/ % Purity/ %
Wu(l) 9.5 91.1 90.6 10.7 97.7 70.4
Wu(2) 9.7 91.2 92.8 19.6 91.6 62.6
Ricket 11.7 99.8 - 12.25 91.3 68
Guo 28.5 94.46 86 5.5 93 65

*Wu(1), Wu(2), and Ricket represents the different methods named by the inventers, Wu developed two methods, called Wu(1) and Wu(2),

respectively.

The material to water ratio in process markedly af-
fects the consumption of resource. Obviously, the more
water is used, the more resource is consumed. At this
point, Ricket’s method adopted a smallest material to
water ratio (1: 10), thus saving the costs correspond-
ingly. Water just plays a role of media in the whole
separation process. The discarded waste-water would
increase if the water is used too much, and then cause
a relatively great environmental pollution. Neverthe-
less, Ricket’s method put forward a demand of constant

temperature for extraction (45°C ) and required temper-

ature reduction quickly after finishing extraction step.

From the perspective of industrialization, the treatments
of heating or cooling will increase the energy consump-
tion and the costs and acid production. The precipitati-
on principle of the methods of Wu and Ricket was “al-
Thus, these

methods require a large amount of alkaline and acid.

kali extraction and acid precipitation”.

Feasibility is a prerequisite for the realization of
industrial production. The method of using ultrafiltra-
tion membrane is a simple process with high yield.
However, it is easy to cause membrane contamination.
Although many researches have been done on mem-

brane technology, it is still hard to apply it on the in-
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dustrial production for the membrane contamination.
On the other side, Guo’s research was carried out the
pilot-plant-scale experiments by produce line in
Tianyuan Group in Gansu Province and High Technolo-
gy Group in Heilongjiang Province, respectively. It was
just dedicated to meet the needs of industrial production
and the results showed it was feasible and it can be
committed to the promotion of industrialization.

In summary, each method has its strengths and
weaknesses, both of which should have to keep its own
advantages, make up the disadvantages, minimize the
production costs and improve yield as much as possible

for the purpose of realize the industrial production.
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