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ABSTRACT

The aim of this study was to extract polysaccharides from tofu processing wastewater obtained
from tofu factory located at the outcast of Wuxi city, PR China. The extracted polysaccharide was
used as wall material for microencapsulation processes in the food industry. This is expected to
serve as an environmentally friendly research approach as it converts wastewater into useful
polysaccharides that could be used in food industries. This study used vegetable oil as core
material, which is used as a test case to ascertain whether a successful encapsulation process can
be achieved — an indication of the possibility of the encapsulation of oil soluble minerals and
vitamins.

The polysaccharides extracted from tofu processing wastewater were used as wall materials for the
encapsulation of vegetable fat load. The basic method applied in the microencapsulation process is
indicative of the fact that with the addition of polysaccharides, the interfacial coacervation between
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to room temperature.

microencapsulation in food industries.

the protein and the polysaccharide around the oil droplets induces the formation of microcapsules.
The Seagull Model Z-Series Photomicrographic equipment was used to obtain Photomicrographs
of the various phases in the development of microcapsules. Microencapsulation efficiency, the
peroxide value and visual observation on spray-dried microcapsules were studied.

Microencapsulated capsules were produced through thermal solidification of the coating to form
self-sustaining entities or microcapsules. Photomicrographs were used to clearly visualize the
microcapsules. The Microencapsulation efficiency of the microcapsules was studied and results
showed that the highest MEE (93.04%) was obtained with a comparatively low vegetable fat load.
This shows that there is a relationship between percent fat load and MEE as the higher the
vegetable fat load the lower the microencapsulation efficiency. Studies conducted on the Peroxide
value of the microcapsules indicated shorter shelf-life at elevated temperatures of 38°C compared

Polysaccharides extracted from tofu processing wastewater could be used as wall material for

Keywords: Tofu wastewater
microencapsulation.

polysaccharides;

1. INTRODUCTION

Microencapsulation is a packaging technology by
which small droplets of liquid or solid particles
are packed into continuous individual shells. The
shells (walls) are designed to protect the
encapsulated material from factors which may
cause its deterioration; e.g. oxygen, moisture and
light. Another important feature of encapsulation
is that the walls of the encapsulated materials
are designed specifically to enable a controlled
release of materials encapsulated under desired
conditions [1]. This technology, according to
Bakan [2] and Dziezak [3] has made it possible
for the production of a wide variety of
encapsulated ingredients which are useful in
today's food industries. Such ingredients are
products of a process that totally envelopes the
ingredient in a coating or capsule, thereby
conferring many useful and otherwise unusual
properties to the original ingredient [4]. Food
industries apply microencapsulation for a number
of reasons which include:

1. to stabilize the core material;

2. to control the release of the core material
(both the rate of release and the
commencement of release);

3. or to separate reactive or incompatible
components of a formulation.

Under normal circumstances, the microcapsule is
expected to offer the food processor a means to
protect sensitive food components, prevent or
minimize nutritional loss, utilize otherwise
sensitive ingredients, incorporate unusual or
time-release mechanisms into the formulation,
mask or preserve flavors and aromas, and

utilization of wastewater polysaccharides;

transform liquids into easily handled solid
ingredients [5]. Another important application of
microencapsulation in the food industry is that it
enables the addition of vitamins and minerals to
nutritional dry mixes [6]. This is used to fortify a
variety of foods including breakfast cereals, dairy
products, infant formulas and animal feeds. It
also makes it possible for the encapsulation of
both fat- and water-soluble vitamins and minerals
which provide a lot of advantages for the food
processor [7,8]. Encapsulation obviously reduces
off-flavors contributed by certain vitamins
specifically under extreme temperatures and high
moisture conditions [9]. Food items that have
benefited from microencapsulation techniques
include; natural colors, flavoring agents and
spices, leavening agents, sodium chloride,
sweeteners, vitamins and minerals, etc.

It has also been noted that one of the most
important industrial applications of the interfacial
properties of protein-polysaccharide complexes
is the formation of microcapsules or micro
particles. The formation of micro gel or
microencapsulation results from the ability to
form a solid film around emulsion droplets
containing the product to be encapsulated
(microcapsules) and also the possibility of
entrapping solvent molecules into the coacervate
(micro gel). Schmitt and others [10,11] have
investigated the  utilization of  protein-
polysaccharide complexes in microencapsulation
and have concluded that the most widespread
method of encapsulation is to produce emulsion
stabilized with protein. It was therefore with this
background that this research was dedicated to
the investigation of the possible utilization of
polysaccharides extracted from tofu processing
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wastewater in microencapsulation processes. A
successful production of microcapsules using the
extracted polysaccharides will serve as a cheap
source of obtaining wall materials for
encapsulation processes.

2. MATERIALS AND METHODS

Polysaccharide was extracted from tofu
processing wastewater (PTW) obtained from the
tofu processing factory located at the outcast of
Wouxi, Jiangsu Province, PR China [12]. Pure
soybean salad oil produced by East Ocean Oils
and Grains Industries, Zhang Jiagang, Jiangsu
Province, P.R. China. Other materials and
chemicals used were either obtained from the
chemical store of JiangNan University or from
other laboratories. Equipment used were
common laboratory equipment. The method
used for the encapsulation process was a
modified form of methods described by Schmitt
[11] and Bakan [2]. According to Schmitt [11] the
commonly used method is where an emulsion is
produced and stabilized with protein. The
dispersed oil droplets contain the desirable oil
soluble product. This study only used oil as core
material, which is used as a test case to
ascertain whether a successful encapsulation
process can be achieved — an indication of the
possibility of the encapsulation of oil soluble
minerals and vitamins.

2.1 Microencapsulation Process

The basic principle
microencapsulation process is that with the
addition of polysaccharides, the interfacial
coacervation between the protein and the
polysaccharide around the oil droplets induces
the formation of microcapsules. This principle
was used along with the method described by
Bakan [2] and Ayoub and co-worker [9], which
involved the following steps:

applied in  the

1. Formation of three immiscible chemical
phases — a liquid manufacturing vehicle
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phase, a core material phase, and a
coating material phase;

2. Deposition of the liquid polymer coating
around the core material. This was
accompanied by controlled physical mixing
of the coating material (while liquid) and
the core material in the manufacturing
vehicle;

3. Thermal solidification of the coating to form
self-sustaining entities — microcapsules.

Based on the above steps the
microencapsulation process was carried out as
follows: 200 ml of de-ionized water used as the
liquid vehicle was put into a 400 ml beaker,
placed in water bath and temperature adjusted to
55°C The following are the percentage
composition of both core and wall materials
added to the liquid vehicle in the order in which
they are listed at an interval of 15 minutes
agitation after each addition. PTW was the main
wall material.

The emulsion was agitated for .5 hrs after the
addition of the vegetable fat load using a variable
speed agitator. Photomicrographs of the various
phases in the development of microcapsules
were obtained using the Seagull Model Z-Series
Photo micrographic equipment produced by
Shanghai 3", Camera Factory, P. R. China. The
solidification of the coating was done by spray
drying to form self-sustaining entities known as
microcapsules.

2.2 Determination of Microencapsulation
Efficiency

Microencapsulation  efficiency (MEE) was
determined using a modified form of the method
described by Matsuno and co-worker (14). 2g of
sample was put into a 50 ml conical flask with
known weight and 30 ml of petroleum ether was
added. Using a stirring rod, the mixture was
stirred vigorously for 30 min. The resulting
solution was then filtered into a beaker using a
funnel and a filter paper of known weight. After

Table 1. Percent composition of core and wall materials

Test Material (wall + core) %

No. Malto dextrin Gum arabic PTW! VFL®
DE 20

1 25 5 40 30

2 15 5 40 40

3 10 5 40 45

PTW" = polysaccharides extracted from tofu processing wastewater
VFL? = vegetable fat load
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filtration the filter paper was carefully removed
and put into a conical flask of a known weight
and then put into an oven at 70°C for 15 min. It
was then removed from the oven and put into a
desiccator for 15 min and weighed. The following
formula was used to calculate MEE:

m%"0N1+VWJ
W, +VFL

x100

MEE (%) =

Where W, = weight of empty conical flask; W, =
weight of filter paper; W3 = weight of sample +
conical flask (after evaporation); W, = weight of
sample

VFL was calculated as follows:

core

— %100
core + wall

VFL(%) =

2.3 Visual Observation on Spray-Dried
Microcapsules

Visual observation was also carried out on the
spray-dried microcapsules in an attempt to
establish MEE. 5g of sample was evenly spread
on a filter paper placed in a petri-dish and kept at
room temperature for 72 h and the filter paper
was observed for oil droplets.

2.4 Determination of the Rate of Peroxide
Value (POV) of Microcapsules

This chemical constant (POV) is a specific
characteristic of the oxygen bond as peroxide
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which can be found, for example, in the primary
products of autoxidation. For this reason the
peroxide value is one of the most important
chemical constants for appraising the degree of
deterioration of fats. The encapsulated oil
samples were therefore sealed in polyethylene
bags and kept at room temperature and at an
elevated temperature of 38°C for analysis of the
peroxide value. The peroxide values were
determined every other week for twelve weeks.

The initial stage of the determination of POV
involved breaking of the wall of the encapsulated
material so as to extract the entrapped oil. The
method used for breaking the wall was that
described by Gejl-Hansen and co-worker [13].
After breaking the wall and extracting the
entrapped oil POV was determined using
the extracted oil by the method of Gejl-Hansen
[13].

3. RESULTS AND DISCUSSION
3.1 Production of Microcapsules

The production of microcapsules using
polysaccharides recovered from tofu processing
wastewater was successfully achieved as shown
in Figs. 1 — 3.

Fig. 1 shows the gradual establishment of the
three-phase system as the first step in the
encapsulation process. The photomicrograph

shows the droplets to be coated, surrounded by
the coating material in liquid form, all dispersed
in the vehicle phase [14].

Fig. 1. Photomicrograph showing a gradual establishment of a three-phase system
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The photomicrograph in Fig. 2 shows the
deposition of the liquid coating around the core
material. This was achieved by the controlled
physical mixing of the coating material, in the
liquid state, and the core in the manufacturing
vehicle. The deposition of the polymer coating
around the core material occurred when the
polymer was adsorbed at the interface formed
between the core material and the liquid vehicle
phase — this sorption phenomenon serves as a
prerequisite to effective coating as shown in the
photomicrographs.

The solidification of the coating or encapsulation
process by spray drying completes the
microencapsulation process as shown in the
photomicrograph in Fig. 3.

Results obtained indicate that polysaccharides
extracted from tofu processing wastewater can
be used as a cheap source of coating material to

Sonda et al.; AFSJ, 21(3): 29-36, 2022; Article no.AFSJ.82606

encapsulate a variety of food and non-food
materials. Fat-soluble vitamins and other
functional food ingredients can be encapsulated
for both man and farm animals. Similar findings
have been reported by Good and co-workers
[15].

3.2 Microencapsulation Efficiency (MEE)

The visual observations made on the spry dried
microcapsules obtained from the 3 test samples
were positive as there were no visible signs of oll
droplets on the filter papers after 72 hrs (Table
2). This was clearly indicative of the fact that the
encapsulation was successful to some extent,
although the test cannot independently give a
reliable confirmation of the efficiency of any
encapsulation process.

The MEE of the various test results are shown in
Table 2.

Fig. 2. Photomicrograph showing the deposition of the liquid coating around the core material

Fig. 3. Photomicrograph showing the spray dried solidified microcapsules
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Table 2. Microencapsulation efficiency of extracted polysaccharides

Test number Visual observation

Microencapsulation efficiency — MEE (%)

1 NOD*
2 NOD*
3 NOD*

93.04
84.70
75.23

NOD = No visible oil droplets on the filter papers

Results from the calculation of MEE indicated
that the highest MEE (93.04%) was obtained in
Testl with a comparatively low vegetable fat
load. This is indicative of the fact that there exists
a relationship between percent fat load and MEE
as the higher the former the lower the latter.
Jyothi and Co-workers [10] and Mutka and co-
worker [16,17] also reported similar findings.

3.3 The Rate of Oxidative Deterioration
of Encapsulated QOil

Microencapsulation, no matter how successful
the process is achieved, can never be enough
unless the shelf life or the stability of the
encapsulated ingredients is encouraging. If the

300 1
250 1
200 1
150 1
100 1

50

Peroxide value (m eqg/kg fat)

0

encapsulated material is unstable then the extent
to which it is used is minimized. For this reason
the peroxide value which is considered one of
the most important chemical constraints in
appraising the degree of fat deterioration, and
hence the degree of utilization of microcapsules,
was determined. The determination was carried
out at room and an elevated temperature.
Results obtained are shown Fig. 4.

The peroxide value of encapsulated lipid was
fairly stable. Gradual increase in peroxide value
was observed during the first 4 weeks when a
sharp increase occurred between the 4™ and 6"
weeks.

0 5
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Storaage time (weeks)

Fig. 4. Fat peroxidation in encapsulated sample stored at room temperature over time (weeks)
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Fig. 5. Fat peroxidation in encapsulated sample stored at 38°C over time (weeks)
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The results in Fig. 5 show that the encapsulated
lipids were sensitive to elevated temperature of
38°C as the POV values obtained over the same
period were much higher than those obtained at
room temperature. This means that food
materials requiring elevated temperatures are not
suitable for the encapsulation process as the
shelf life of the encapsulated lipid is shorter at
storage temperatures of 38°C which is in
accordance with the findings reported by Jyothi
and others [11].

4. CONCLUSION

The use of polysaccharides extracted from tofu
processing wastewater as wall materials for
encapsulation of oil has been successfully
demonstrated. This has opened the door for
further investigations for the possibilities of
encapsulating other essential food ingredients.
An encapsulation efficiency of about 90% was
achieved. The shelf life for the micro gels
produced could be up to 6 months. The waste
material recovered could be used as a cheap
source of wall material for the encapsulation of
fat-soluble minerals and vitamins.

ACKNOWLEDGEMENT

My sincere appreciation to the Chinese
government for providing the scholarship to
conduct this experiment. Sincere thanks to my
colleagues who helped in different ways to make
this work a success.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Rosenberg M, Kopelman 1J, Talmon Y. A
scanning electron microscopy study of
encapsulation. J. Food Sci. 1985;50:139-

144

2. Bakan JA. Microencapsulation of foods
and related products. Food Technol.
1973;27(11):34-44.

3. Dziezak JD. Microencapsulation and
encapsulated ingredients. Food Technol.
1988;2(4):136-151.

4. Balassa LL, Fanger GO. Encapsulation in

Reviews in
1971;2:245-

the food industry. Critical
Food Science & Nutrition.
265

35

Sonda et al.; AFSJ, 21(3): 29-36, 2022; Article no.AFSJ.82606

Choudhury N, DaskK.
Microencapsulation: overview on
concepts, methods, properties and
applications in foods. Food Frontiers. 2021;
2:426-442.

Can Karaca A, Low NH, Nickerson MT.
Potential use of plant proteins
in the microencapsulation of
lipophilic materials in foods. Trends in
Food Science & Technology. 2015;42(1):5-
12.

Gharsallaoui A, Roudaut G, Beney L.
Properties of spray-dried food flavours
encapsulated with two-layered
membranes: Role of interfacial interactions
and water. Food Chemistry. 2012;132:
1713-1720.

Crocker GC, Pritchett DE. Improved
encapsulated citrus oils. Food Technol.
1978;32(1):36-45.

Graves RE. Uses of microencapsulation in
food additives. Cereal Sci. Today. 1972;
17(4):107-109.

Ayoub A, Sood M, Singh J, Bandral
JD, Gupta N, Bhat A. Microencapsulation
and its application in food industry.
Journal of Pharmacognosy and
Phytochemistry. 2019;8(3):32-
37.

Jyothi NVN, Prasanna PM, Sakakar SN,
Prabha KS, Ramaiah PS, Srawan GY.
Microencapsulation Techniques, factors
influencing encapsulation efficiency.
Journal of Encapsulation. 2010;27(3):187-
197.

Schmitt C, Sanchez C, Desobry-Banon S,
Hardy J. Structure and technofunctional
properties of protein-polysaccharide
complexes. Critical Reviews in Food
Science and Nutrition. 1998;38(8):689-
753.

Sonda TS, .
Physicochemical Properties of
polysaccharides extracted from tofu
processing wastewater. Journal of Food
Science: Food Chemistry and Toxicology.
2002;67(5):1682-1687.

Gejl-Hansen F, Flink JM. Freeze-dried
carbohydrates  containing  oil-in-water
emulsions:  microstructure  and  fat
distribution. J. Food Science. 1977;42(4):
1049-1055.

Matsuno R, Adachi S. Lipid encapsulation
technology and application to food. Trends
in Food Science and Technology. 1993;
4(8):256-261.

Meghwal M,

An

10.

11.

12.

13.

H

Kain RJ, Yao

14.

15.


https://www.sciencedirect.com/science/article/abs/pii/S092422441400257X#!
https://www.researchgate.net/profile/Gaelle-Roudaut

Sonda et al.; AFSJ, 21(3): 29-36, 2022; Article no.AFSJ.82606

16. Goud K, Desai H, Park H.J. Recent 17.

developments in microencapsulation of
food ingredients. Drying Technology. 2005;
23(7):1361-1394.

Mutka JR, Nelson DB. Preparation
of encapsulated flavors with high
flavor level. Food Technol. 1988;42:154-
157.

© 2022 Sonda et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/82606

36


http://creativecommons.org/licenses/by/2.0

