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Study on the production of snacks from composite flour of full fat soy flour
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Project Code: PG2/036/2538

Project Title: Development of products from Coconut

Investigators: Pramote Tammarate*, Tongchai Kampee™, Thamrongrat Mungcharoen***,
Somkid Tammarate****, Varawut Krusong*****, Siriporn Stonsaovapak®, Kufvadee Trongpanich*
and Marudee Pongpipatpong® : “Inst. of Food Research & Product Development, **Faculty of
Science, ™"Faculty of Engineering: Kasetsart University, ***Division of Agricultural Chemistry,
Department of Agriculture. Faculty of Agricultural Technology, *****King Mongkut Institute of
Technology, Ladkrabang: Bangkok, Thailand. email address: ifromt@nontri ku.ac.th

Project Duration: Phase |: November 1994 - April 1995; Phase II: October 1995 - Qctober 1998
Objectives: To create new jobs, increase money income for farmer, and to decrease water
pollution which cause by cocenut water, by develop and promote the utilization of coconut water as
raw material for Nata de coco production. Development of new products from Nata de coco
(bacterial cellilose). Development of technelogy for small scale Nata de coco production. Setup
pilot plant for demonstrate the production of raw Nata de coco, its products and coconut products.
Methodology: Survey and study about Nata de coco in Thailand. Collection and selection of
bacterial strains for Nata de coco production. Microbial spoilage of Nata de coco and their
prevention. Develop processes for small scale Nata de coco production. Development of new
products from Nata de coco. Setup pilot plant for the production of Nata de coco and its products.
Results: Various aspect of technology for the small scale production of Nata de coco from ripe
coconut water for farmer were developed. Technology transfer to farmer has been done
successfully, Nata de Coco products become popular in Thailand. Pilot plant of Nata de Coco
production, at production capacity of 100-200 kg/day, was established at Institute of Food
Research and Product Development, Kasetsart University, Bangkok. The pilot plant is open for
farmer and people who would like to visit and/or invest on Nata de Coco production as a new main
job or as part time job. in selving the problem of labor intensive in cutting Nata de coco. the rotary
knife type Nata de coco cutting machine, was developed and ready to fransfer technology. In order
to promote the ufilization of Nata de coco, various new industrials food products made from Nata
de coco were developed, and 27 recipes of Nata de coco food dishes and dessert were
formulated. Processes for the production of dietary fiber from Nata de coco, was invented. The
invention, an international patent pending, is open to private company and/or investors for patent
licensing and manufacturing.

Discussion and conclusion: Various technology on small scale production of Nata de coco for
farmer were successfully develeped. Technology transfer and promotion of Nata de coco
production and utilization lead into the popular of Nata de coco products in Thailand. An
International patent pending product, a dietary fiber, is ready for Iicensing' and manufacturing.

Keywords: Coconut water, Nata de coco, Acefobacter xylinum, Dietary fiber.
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Dear Sirs
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IMPROVED PROCESSES FOR THE MODIFICATION AND
UTILIZATION OF BACTERIAL CELLULOSE

HOWARD KENNETH SCHULZE and THE THAILAND
RESEARCH FUND
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PROCESSES FOR THE-MODIFICATION AND UTILISATION OF BACTERIAL CELLULOSE

Field of the invention

The present invention relates to a modified bacterial cellulose and to a method
of manufacture of bacterial cellulose.

Description of the Belated Art
Bacterial cellulose can be preduced by micro-organisms af the
Acetobacterium, Rhizobium, Alcoligenes, Agrobacterium and Pseudomonas
types (see, for example, Brown, Jr et al Applied Polymer Science: Polymer
Symposium (1983) V.37, (pp 33-78).

The term "bacterial cellulose" as used in this specification means cellulose
produced by any of several bacteria of which Acetobacter xylinium is only one
example. Bacteria can produce cellulose fibre while being cultivated in a still
plate, where cellulose fibre is produced on the surface of nutrient which
contacts air. Cellulose fibre can also be produced while being cultivated in
agitated aerabic conditions (see, Byrom, U S Patent No. 5273891).

Bacterial cellulose from Acetobacter xylinium and from other bacterial sources
is dietary fibre, which is not digested in the gastrointestinal tract. Until now
bacterial cellulose when it is dried under certain pfonditions becomes very
hard.and has a horn-like character (see, Stephens, et al, U S Patent No,
4960763). This characteristic limits the usefulness of the fibre.

One way of overcoming this limitation is to freeze dry the product. Another is
to dry it subsequent to treatment with a polyol which serves as a "bulking”
agent. The polyol replaces in part or {otally the water which holds the material
in its original physical form. Since the bulking agent is non volatile under
drying conditions it largely prevents the collapse of the microstructure when
the water is removed. The bulked product can be either conventionally dried
or freeze dried. Stephens also freeze dries the product at dry ice témperature

- (approximately -55°C).
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Brown U S Patent No. 4924128 discloses a method for producing medified

potysaccharide derivati\'{e such as carboxymethyl cellulose (CMC) with
celiutose producing micro-organism. Substantially dried cellulose resulting
from this procedure is highly absorbent. For example, a dry piece weighing

0.0134 grams absorbed distilled water and constituted a total weight of 1.479
grams.

It has been previously considered that the toughness of the fibre is the

property of the microstructure of the cellufose itself and that celiulose cannot
be produced without this property.

An object of this invention then is to provide a method of production of -
bacterial cellulose which can resuit in bacterial cellulose which is more useful
than produbts that have hitherto been produced or at the ieast, offer the public
a useful alternative to product that is qurrently'available. )

The present invention has resulted from a discovery that contrary to previous

opinions, the material that causes toughening of the product is separate from
the cellulose itself, .

Accordingly there is proposed a method to produce gelatinous bacterial
celluiose so that the result is less tough and therefore more useful.

SUMMARY OF THE INVENTION T

According to this invention there is proposed a process for the modification of
a gelatinous bacterial cellulose, which comprises of the steps of:

- (1) treating gelatinous bacteriai cellulose to bring it into a form of micro
fibre,
(iy - and then heating the resulting material to an extent to effect a

softening of the material and then causing any remaining water to be
substantially evaporated from the resultant material.

The method then provides for the production of modified bacterial cellulose
where the quantity and characteristics of materials in the celiulose which
would make the product hard and stiff after drying are changed or reduced.

4
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Product resulting from this method is highly absorbent, and can be recovered
in its original form after passing through the human digesti\ie system,

Cellulose fibre produced from bacteria under agitated and non-agitated
conditions after drying conventionally will turn into hofn-like material (see,
Stephens et al, U S Patent No. 4960763). -

I have discovered that there are materials that make the dried product hard

“and tough in the bacterial cellulose fibre which is not the fibre itself. These

materials can be accessed from the fibre which has been broken into micro-
fibre form, This breaking up of the fibre can be achieved in different ways such
as by use of enzymes, chemicals other than enzymes or by mechanical action.

It has been previously believed that the toughness of the fibre was the

‘property of the microstructure of the celiulose and cellulose of this form could

not exist without this property. The present invention shows that it is possible

to consider separately and treat the materials that make the dried product hard
and tough apart from the fibre.

Cutting the cellulose sheet into small pieces and washing the pieces with
boiling water three times, each for about 10 minutes reduces several materials
absorbed in the cellulose, eg. sugars, acids, salts, minerals and other food
products. Bealing the cellulose into micro-fibre form in waler then further
provides release of some of the toughening materials, and some of these
materials will remain in the modified cellulose. Washing the cellulose pieces’
several times with water and drying the pieces after each washing, pressing
with screw press or separating water by decanter several times are examples
of methods that will reduce the quantity of remaining toughening materials '
further. Microfibre celiulose obtained this way has heen found to be able to
absorb water better, and when it is dried, the toughness is lessened.

We have discovered however that the bacterial cellulose can be modified into
soft dietary fibre by heatirjg the micro-fibre celiulose as obtained from the
process described above to an extent that will inhibit hydrogen bonding and

denature micro-fibril bonds. Such-a temperature has been found in preference
to be a temperature of above 100°C.

Water in the microfibre is also to be removed and this can be achieved either
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by continuing the heating to an extent necessary to caisse this or there can be
other techniques ‘used which can be used together with the heating or

independently from heating such as providing recjuced atmospheric pressure.

The microfibre treated at high temperature and having its water caused to be
gevaporated quickly will no longer be tough. When water is added to this
modified microfibre again and the result dried in an incubator at 60°C the
dried product will not harden.

Rapid evaporation of water at high temperature according to this invention

provides modified cellulose which does not harden when dry and can be used
in several fields. . ' ®

The method of heating can be varied but examples can be by use of a hot
drum drier, spray dryers, extruder, village texturizer, microwave oven, hot

oven, high temperature oven, and frying in hot oil. All these heating processes
produce modified cellulose which does not harden when dry,

The product of one of the preferred embodiments of the present invention is
dried by use of a hot drum drier.

The ;ﬁroduct is a soft and light fibre, easy 1o fold and can absorb a large
quantity of water, because the toughening materials have been modified.

DESCRIPTION OF THE PREFERRED EMBODIMENTS L

For a better understanding of this invention this will now be described with
reference to preferred embodiments which are now set out.

1. - Evaporation of water on a high temperature drum drier, with a single

or doubte rollers types, within a range of 100°-200°C and better results within
a range of 120°-170°C.

2: Evaporation of water in the atmosphere of hot air in a spray drier,
preferred inlet temperature is within the range of from 200°-250°C and the
outlet temperature is 130°-150°C, depending on the rate of feeding the fibre
into the drier and the amount of moisture in the fibre.

R
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3.  Evaporation by an extruder, }
4, Evaporation at high temperature and pressure in a village texturizer

at a preferred range from 100°-200°C, and at a pressure within the range of
from 200-700 psi.

5. Evaporation of water in a microwave oven until dry.
6. Rapid evaporation of water in a hot furnace or heated oven.
7. Evapqratjph of water.in a hot medium, by frying in hot oil.

The nutrient that has been used for culturing the said bacterium when dry will
also change to hard and tough materials because the toughening materials
will be mixed in the culture medium. This problem can also be eliminated by
evéporation of water at high temperature.

When the unmodified bacterial cellulose is mixed into other food materials, eg.
starch, protein, fat, vitamins, mineral or other foo&i additives, and modified by
extruding from an extruder the bacterial cellulose is modified oniy to a small
degree. The product is found to be still hard and brittle,

The modified bacterial cellulose according to thé present invention has very
good swelling property. One gram of the above cellulose, modified by hot
drum drier, after absorption of water swells to 24.5 mi in 30 minutes, and
swells to 28.0 ml in 18 hours. One gram of the said cellulose modified by a
hot village texturizer at high pressure, after absorption of water swells to 22.5
ml in 30 minutes, and swells 10 24.5 mlin 18 hours, which is lighter than fibre
obtained from grain husks according to Holmgren, U S Patent 4951960.

The modified cellulose of the present invention is ground into powder and fills

'into hard gelatine capsule No. 0. The dietary products have been swallowed

as a part of normal diet by volunteers. The patients feel satisfied by taking

less food than normal and losing some weight after taking the dietary
products.

The modified celluiose fibre accor'ding to this invention after it was eaten will
pass through the human digestive tract and according to our tests will remain
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Examples of preferred embodiments are as follows:

Exampie 1

In this first example the modification of the bacterial cellulose is made by first
waéhing the gelatinous bacierial celiulose of Acetobacter xylinium bacteria
with water, cutting this into small pieces about 1 X 1 cm, washing these pieces
with purified-water, heating these in boiling water three times each for about

10 minutes to dissolve acetic acid, sugars and other food materials from the
celluiose. ' ' Y

The clean cellulose fibre is then mechanicaliy agitated to be broken up until
micro-fibrillated fibre (micro-fibre) is obtained. This micro-fibre is then washed
three times with water and the fibre dried on fitter paper. The fibre is filtered oft
and washed again with water and the remaining water decanted from the fibre
with a decanter. Repeating the decantation steps 2 or 3 times will increase
water absorption properties and decrease the toughening properties of the
fibre, The fibre obtained from the above method is then heat treated as will be

.. described hereinafter. The cellulose after being treated as described above

25

30

will be able to be modified mare easily than the ceilulose that has not been
treated this way.

Example 2 L

Processes for the separation of toughening materials frem cellulose fibre

The bacterial cellulose of this example was produced in non-agitaied culture
by a strain of Acetobacter xylinium. The foliowing medium was used in the
culture: coconut milk, 5% by weight of sugar, 0.5% by weight of ammonium
suifate. and the pH was adjusted to 5.0 with acetic acid.

After 10 days, the cellulose fibre thus obtained was collected, washed well

with water, cut into small pieces of about 1 X 1 X 1 cm, washed again with

water and boiled in water for 10 minutes, and the water is decanted. Repeat of -
this boiling process another 2 times dissolves sugars and other food materials.
The fibre was then blended in a high speed blender for 30 minutes. The
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micro-fibre obtained in this way was washed with water 3 times, and dried on

filter paper after each washing. The micro-fibre was filtered, washed with

water and then extracted with a decanter, ALFA LAVAL, Type NX207 S37) 3
times. The final cellulose fibre 'when tested did not harden when dry, and
couid absorb a large quantity of water.

Various drying treatments can be used, eg. using continuous centrifuge,
WESTFALIA SEPARATOR, TYPE NA 7-06-076 and also using screw press.

Drying with a decanter gave the best result and screw press gave a good
product. '

Example 3

Various processes for modification of bacterial cellulose and materials from

the cellulose

Difierent kinds of celiulose fibre that were used in various modification
processes.

1. Sheets of cellulose were used in various modification processes.

2. Celiulose fibre obtained from cellulose sheet by cutting into small

pieces, blended in a high speed blender without boiling to wash out various
food materials before blending and did not extract the toughening materials
from the fibre.

3. " Cellulose fibre obtained by cutting the cellulose sheets into small
pieces and boiled it to dissolve the food materials and blended in high Speed
blender, but did not wash off the toughening materials.

4. The cellulose. fibre from (3) which further wash off the toughening
materials.

Modification of bacterial cellulose by evaporation of water by hot air oven at
high temperature

‘Samples of bacterial cellulose with moisture content of 80% were modified by

heating in an oven at 100°, 150°, 250°, 300° and 350° for 1, 2, 5, 10, 15, 20,
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30 and 60 minutes respectively. The samples thicknesses were 1, 6, 10 and
20 mm respectively. The thinner samples of 1 mm dried quickly resulted in
soft fibre. One gram of the resulting fibre swelled in water to 12,5 ml in 18
hours. The thicker samples while heating at lower temperature, eg. 100° and
150°C were not well modified, while heating at higher temperature, eg. 350°C
were better modified. The best results were obtained by rapid evaporation of
water at high enough temperatures.

Samples of the same cellulose with moisture content of 74% were heated in
an oven at 250°, 300°, 350°, 450°, 550°, 600° and 800°C, in Thermolyne oven
Type F-A 1730, using temperature controller, Thermolyne FURNATROL

- Sybren corporation, for 0.5, 1, 2, 5, 10, 15, 30, 60 and 120 i‘ninufes : &~

respectively. The thicknesses of the samples were less than 3 mm. The
resulted products that were not charred showed the required soft
characteristic. '

Modification of bacterial celiulose by dry distillation to dryness under reduced
pressure '

Samples of the céllulpse were modified by rapid distillation of water to dryness
under reduced pressure (55 mmHg) at 125°C. The product was a good

quality fibre with a density of 5.195 g/ml. One gram of this fibre absorbed 17.5
mi and 21.0mi of water in 30 minutes and 18 hours respectively.

Modification of bacterial cellulose by evaporation of water in a spray drier €,

Samples of the cellulose were modified by spray drying in a spray drier, NJRO
AUTOMIZER, Denmark, with inlet temperatures of 200°-250°C and outlet
temperatures of 130°-150°C. The products were soft white powder with a

density of 0.310 g/ml. One gram of this fibre absorbed 9.0 m! of water in 18
hours. : |

|
L1

" Drying of the water that was squeézed out from the fibre and water from

bacterial culture, by spray drying

Samples of water were squeezed out from the blended fibre and water from
bacterial culture was spray dried in a spray drier. The products from both

~ samples with the inlet temperature at 300°C, and outlet temperature at150°C,
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Cellulose pieces about 2 mm thick were cut into small pieces about 2 X 2 inch,
and after blending, washing and squeezing of the water until 74% moisture
remained, were fried in vegetable oil at 100°-190°C, for 5-120 seconds . The

product was not hard, and 1 gram of this product could swell in water to 13 mi
in 18 hours. '

Bl

Modification of the cellulose by heating in a microwave oven

A sample of the cellulose that had been blended into micro fibre, with moisture
content of 80% was placed in a glass plate about 1 mm thick. This was heated
in a microwave oven. When il was dry this gave a soft fibre. One gram of this
modified fibre swelled in water to 12.5 ml in 18 hours.

Modification of the cellutose under high pressure and temperature using
village texturizer

<

Samples of the cellulose were modified in a village texturizer at 100°, 130°,
150°, 170° and 200°C, at 200, 400, 600 and 700 psi. All samples gave good
soft products that absorbed water very well. Samples modified at lower
temperatures and pressures, eg. 100°C, 200 psi also gave as good products
as samples that were modified at higher temperatures and pressures, but the
later samples had lower moisture contents. A sample moditied at 160°C, 600
psi had a density of 0.085 gfcc. One gram of this fibre swelled in water to 22.5
mil in 30 minutes and to 24.5 ml in 18 hours,

Modification of the celiulose at high temperature with an extruder

Samples of the cellulose fibre was modified in a twin screw extruder (Berstoff,

. EO, 0432/90) at 100°, 120° and 135°C. The cellulose fibre with moisture

content of 74% was mixed with a food product (KASET PRQOTEIN, a product
produced by the Institute for Research and Development of Food Products,
Kasetsant University, Bangkok), which contains defatted soy flour (ADM

. BASKERS NUTRISOY FLOUR 063-100, IL USA) as the main ingredient, in the

ratio of bacterial celiulose to the _sald KASET PROTECTION of 100:0, 90:10,

1
{
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50:50, 25:75, 10:90, 5:95 and 0:100 respectively. The product from 100%
cellulose had a diameter of 1.40 mm, with a density of 0.802 g/m!l. One gram
of this product swelled in water to 6.5 ml in 18 hours. The product from 90%
cellulose with 10% KASET PROTEIN had a diameter of 3.3 mm. The products
from 50, 25, 10 and 5% cellulose had the diameters of 3.2, 3.2, 3.3 and 3.6
mm respectively, while the product from 100% KASET PROTEIN without the
cellulose had a diameter of 4.0 mm. The addition of 5, 10, 25 and 50%
celiutose fibre into KASET PROTEIN made the products more brittle, and the
sample with higher content of the cellulose would be better modified.

Madification of the cellutose by hot Qrum drier

Samples of the cellulose were dried rapidly in a double drum drier (Behpony
25) at 100° {10 160°C. Both drums had diameters of 30 cm, with 45.5 cm
length. The drums speed were 45 second per round. Other celiulose samples
were dried in a single drum drier (P.I.V. Stufenlos, Type A SC 3) at 120°-
140°C. The density of the maodified fibre was 0.085 g/cc. One gram of this
fibre swelied in 100 ml of water to 28.0 ml in 18 hours. The product from the

single drum drier had similar properties. The preferred temperature of single
drum drier was 150°-170°C.

Celiulose samples drying in the drum dryers al lower temperature containing
about 51.1% moisture, after drying further in a hot oven at 60°C gave a
product of the same properties as the product obtained at higher temperature.

€

Digestion of bacterial celluioée-with chemicals under pressure, and
modification in drum drier

The further samples were treated by applying hea‘t at temrjeratures above 100
degrees C and these exhibited the features of good and soft dietary fibre.
Further alkali treated fibre also showed higher water absorption than the
treated fibre without alkali being used. The alkali was sodium hydroxide at
cancentrations in one case of 2% and in another 10% and digested in an
autoclave at 121 degrees C and 15 psi for one hour.
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Treatment of bacterial cellulose with homogeniser, and modification in the
drum drier '

Bacterial cellulose sheets which had been cleaned by boiling in hot water
were blended in a high speed blender and treated in an homogeniser {(Gaulin,
Type 265 M33 TPSX, Gaulin Corp, Everrett, Massachusetts, USA).

One sample was homogenised once at 2500 psi and the second sample was
homogenised twice at 2500 psi and once more at 3500 psi. The samples
were then treated separately in a drum drier in accord with this invention and
as has been previously described. The samples in both cases were softer
those that were not homogenised.

Other similar processes for breaking the cellulose into micro-fibriltated

celiulose can be fine media mill, agitaled fine media mill and sand mill as
disclosed in US Pat 4761203.

Example 4

The swelling properties of the fibre

Cellulose fibre prior to washing off the toughening materials was madified by
various methods as described in example 3. One gram of modified cellulose
from each process was put into a measuring cylinder, water at 20°C was
added until reaching 100 ml mark. The volume of swollen fibre in the
measuring cylinder was read after 30 minutes and 18 hours.

The densities and swelling properties of the modified fibres by various
methods are given in Table 1
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Table 1
Modification methods Density. Swelling properties
{g/ce) ml.
30 min. 18 hr.
Hot drum drier 0.085 245 28.0
High temperature and pressure _
(village texiurizer) 0.085 . 22.5. 24.5
Extruder 0.602 5.6 6.5
Spray Drier 0.310 - 8.5 9.0 .
Fried in hot oil 0.258 125 13.0 €
Heated in an oven-- - ' 0.075 12.5 12.5
Heated in a microwave oven - 0.080 12.5 12.5

Cellulose fibre modified by hot drum drier had very good 'éwelling property.
One gram of the said fibre swelled to 24.5 ml in waler in 30 minutes, and to
28.0 miin 18 hours. The fibre modified at high temperature and pressure by a
village texturizer had a good swelling property. One gram of such fibre
swelled to 22.5 ml in water in 30 minutes, and to 24.5 ml in 18 hours. The
swelling property of celiulose that modified by an extruder was not very good.
The fibre modified by a microwave oven and by frying in oil had quite good
swelling properties. The swelling properties also depended on the thickness 1
of the fibre, operating temperature and operating time.

J

{

Example 5

Effect of the modified cellulose when used as food additive

Samples of dietary fibre after being modified by various methods and ground
into micro-fibre with a pin mill were filled into hard gelatine capsules No. 0,200
mg each. Volunteers took these capsules together with normal diet from 2.0 to
2 X 2.0 grams a day for 4 months. The volunteers after taking the dietary fibre

“with normal diet would feel _full despite taking less food than normal, which

made them lose their weight aﬂer taking the fibre. The bowel movements of

- the volunteers were also easy. Well modified dietary fibre gave the above

mentioned effects better than the less modified fibre which had more
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toughening materials.

Efficiency of the dietary fibre after passing through human digestive tract

The well modified dietary fibre after passing thrdugh the human‘digestive tract
was recovered. It was found that the fibre had swollen to nearly 100 times its
dry state. i

Example 6

Inhibiting effect on various micro organisms by extracts from modified
celiulose

inhibiting effect on micro-organisms by extracts from modified cellulose was
studied as follows:

Two samples of the modified cellulosé weight one gram each, one sample
was added into 20 m! of alcchol while the other sample was added into 20 ml
of water. Both mixtures were shaken at 55°C for 48 hours, then filtered
through thin cloth and through filter paper respeclively. The solvents were
evaporated at 55°C to dryness and dissolve the residues in 0.5 ml of water.
The sensitivity tests were carried out by paper disk methad. The aqueous
solutions of the residues obtained above, 30 ml each was dropped on the
sterile paper disks placed on the culture disks which had been spread with
micro organisms 1o be tested on the surfaces of the nutrients.

Sensitivity iests were also performed with alcohol and water extracts from
unmodified cellulose, both from fresh cellulose before hardened and from
already hardened cellulose.

five species of bacterium were used in the sensitivity test. They were
Eschericia cofi, Bacillus cereus, Leuconostoe monocytogenes, -
Staphylococcus aureus and salmonella typhimurium. !t was found that
unmadified celluloses, both fresh cellulose before hardened and aiready

hardened cellulose, both from alcohol extract as well as water extract did not
inhibit the growth of all 5 species of bacterium.

Agueous extract of modified cellulose did not inhibit the growth of all 5
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bacterium, but alcoholic extract of modified cellulose did inhibit the growth of
staphylococcus. aureus providing a distinct clear zone with a diameter of 4.0
mm. This experiment showed that the modified cellulose allowed bacterial
inhibiting: to develop in the fibre or showing this activity in the fibre similar to

5  the product from dry distillation of certain. plant materials (Fukunaka T
European Patent No. 0809779 A1).

From the above it will now be seen that there has been provided an important
method of modifying gelatinous bacterial cellulose.
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CLAIMS

1. A process for treatment of gelatinous bacterial cellulose, which
includes the steps of :

(i) treating the gelatinous ceilulose to bring it into a form of micro-fibre,
(it) . and then heating the resulting material 1o an extent to effect a
softening of the material and then causing any remaining water to be
substantially evaporated from the resultant material.

2. A process for treatment of gelatinous bacterial cellulose, which
includes the steps of :

(i) treating the gelatinous cellulose to bring it into a form of micro-fiore,
(if) and then heéting the resulting material to an extent to effect a

softening of the material whereby the treated cellulose inhibits hydrogen
bonding and denatures micro-fibrils bond and then causing any remaining
water 10 be substantially evaporated from the resultant material.

3. A process for treatment of gelatinous bacteriat celluiose as in either
of claim 1 or 2 further characterised in that the heating is at a temperature of at
least 100 degrees centigrade.

4, A process for treatment of gelatinous bacterial. cellulose as in claim 1
further characterised in that the heating is at a temperature of at least 100
degrees centigrade and is continued for a sufficient time to be effective as the
sole reason for evaporation of moisture.

5. A process as in either claim 1 or 2 wherein the heating is applied
while the micro-fibre is subjected tc pressure higher than atmospheric
pressure.

6. A process as in claim 1, wherein the treatment of the gelatinous

celluiose in micro-fibre form lnciudes‘treaung- the micro-fibre with pressure
less than atmospheric pressure.

7. A process as claimed in.claim 1 wherein promotion of evaporation is
by heating which is achieved by using heating provided by any one of the i
following , an extruder, the surface of hot materials using a hot drum drier, hot
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air from a spray drier, a hot air oven, a microwave oven, or frying in hot oil.

8. A process as claimed in claim 1 wherein the cellulose is produced by

celiulose bacterium.
9. A process as cltaimed in claim 1 wherein the cellulose is obtained by
a culture under non-agitated condition.

10. . A process as claimed in claim 1 wherein the cellulose is obtained by
a culture in ripe coconut milk.

11, A process of manufacture of bacterial cellulose which includes the '
steps of treating gelatinous bacteria! cellulose by breaking the celiulose into a
micro-fibre form, and then heating the microfibre form to above 100°C so as to
modity it in a way which inhibits hardening of the resultant dried product.

12. A process of manufacture of bacterial cellulose as in claim 10 which
further includes the steps of cutting a cellulose sheet into small pieces and
washing the pieces with boiling water at least three times, each for about 10
minutes to reduce materials absorbed in the cellulose such as sugars, acids,
salts, miqerals and other food products, then beating the celiulose into micro- -
fibre form in water to further release some toughening materials, then further

washing said cellulose pieces several times with water and drying said pieces
after each washing.

13. A process for treatment of getatinous bacterial celiulose as in claim 2
further characterised in that the heating is at a temperature of at least 100
degrees centigrade.

14. A process as in claim 2 wherein the heating is applied while the
micro-fibre is subjected to pressure higher than atmospheric pressure.
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ABSTRACT

It was found from the study that there were possibilities in using nata de coco and its
leftover ferrnented juice as the raw materials for producing canned nata products i.e., nata pickle in
flavored vinegar, nata ‘picklc in miso, nata in syrup and beverage.

The products were evaluated by sensory evaluation and resulted in scores of laste panels’
preference and acceptance in the range 6.00-6.93, whilst the highest score of Hedonic scale

was 9.00.
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The resubt from the chemical analysis showed that the beverage from the leftover
fermented juice contained some numitional values as protein, fat, fiber, ash, carbohydrate, mineral

salts and vitamin B,.

Keywords : Nata de coco, Nata de coco and its leftover s products.
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Figure 1 Canned nata pickle in flavored vinegar.
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F:gure 2 Canned nata pickle in miso.
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Figure 4 Canned beverage from the leftover fermented medium.
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Table 1 Proximate analysis of beverage from the leftover of the nata de coco

fermented medium.

Pro‘cicn (%} 0.20
Fat (%) 11z
Fiber (%) 0.08
Ash (%) 0.16
Carbohydrate (%) 10.58
Moisture (%) 87.86
Calcium (mp/100 g} 7.03+
Phospherus (mg/100 g) 5.87*
Manganese (mgf100 g} 0.20*
Iron (mg/100 g} 0. 10*
Niacin (mg/100 g) 13.40*
Vit B2 (mg/100 g} L g.2*

* Analysed by Division of Biological Science, Ministry of Science, Technology and Environment

Table 2 Sensory Evaluation of products from nata de coco and its leftover

fermented medium.

Products Texture Color Odor Taste Acept Avg. LSD 5% | LSD 1%
ability

Na Pickle In | 633" | 7.08" 658" |608" 592" 640 | 092 1.22

fluvored vinegar

Ma pickle in | 6.33° 750 ° 717" les2™ 1™ 693 | 0.79 1.0

miso

Naainsymp | 625 | 717" 633" 6.88 " i 667 | L1 1.48

Beverage from - 6.08 " 6.08 " 575" 6.08" 600 | 136 §.82

the jefiover

fermenid

medium

In a lipear line, means followed by a common Jetter are not significantly different at the 5% level

by DMRT.
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Study on the production of snacks from composite flour of full fat soy flour'
by addition of nata de coco.

Somchai Prabhavat, Duangchan Hengsawadi and Tavidsa Lohana'
ABSTRACT

Sﬁacks were prepared from composite flour (made from full fat soy flour alone) or
composite flour’ (made from full fat soy flour adding 25% of rice flour) or composite flour’ (made
from fuil fat soy flour adding 25% of rice flour and 10% of defatted sesame flour) or composite flour’
{made from full fat soy flour adding 15% of mungbean flour, 25% of rice flour and 5% of defatied
sesame flour). The 0, 10, 20, 30 and 40% of nata de coco pressed cake were added into each
composite flour for snack making by using a village texturizer. The average score from sensory
evaluation of these snacks in term of color flavor, texture and acceptability showed that coated
barbecue snacks made from composite flour” or composite flour’ with or without adding 10% of nata
de coco pregsed cake were not sigrificantly different and were the best accepted in the level of like
very much when compared with the rest of the samples. The protein and fat contents of the best four
accepted coated barbecue snacks ranged from 24.10 - 26.39% and 23.59 - 26.49%, respectively. The
crude fiber content of the best accepted coated barbecue snacks made from composite flour’ and
composite flour’ adding 10% of nata de coco pressed cake were increasod from 1.69 to 2.47%
{(46.15%) and from 2.45 1o 3.58% (46.12%) in snacks made from composite flour' and composite
flour’ adding 10% of nata de coco pressed cake, respectively. The increasing of crude fiber ir; the
snacks were due to the added nata de coco pressed cake in the composite flour’ and composite flour’
before snack making. The protein quality of the best four accepted coated barbecue snacks showed
higher chemical score of methionine + cystine ranged from 74 - 80%, compared to chemical score
69% of coated barbecue snack made from composite flour' (made from full fat soy flour alone).
These were due to the added flours such as rice flour and defatted sesame flour which were rich in

methionine + cystine content.

Key words : snacks, composite flour, full fat soy flour, rice flour, nata de coco, village texturizer

! Institute of Food Research and Product Development, Kasetsart University, Bangkok 10903,

Thailand.



Introduction

Al present, snack is popular in Thailand. Most snacks are fun to eat but are low in nutritive
value. If they are eaten in large quantity, they can suppress an appetite for the main meal. For this
season snack which high protein value and high fiber should be developed for use as a supplementary
food to increase nutrient in the diet. But the snack must be acceptable at reasonable price. Soybean
and mungbean are considered to be a cheap sources of protein. The protein and fat contents of
soybean are 34.1 and 17.7%, respectively but the protein and fat contents of mungbean are 20 - 26%
and 0.7 - 1.5%, respectively. (Anon, 1987; Bressani and Elias, 1974). The protein quality of soybean
and mungbean are deficient in essential amino acid methionine + cystine but they are rich in essential
amino acid lysine (Anon, 1990; Bressani and Elias. 1974). Its protein quality can be improved by
fortification with the protein source from sesame and cereals such as rice which are rich in methionine
+ cystine but deficient in lysine. (Rao and Swaminathan, 1960; Swaminathan and Bhagavan, 1966;
Anon, 1990; Cheman ef al., 1992; Surendranath ez al., 1984.) The increasing of fiber in high protein
snack is also important to make healthy snack by addition of nata de coco as the source of fiber should
be considered. Nata de coco is one of the nontraditional cocoput by-products which have gained
popularity in both domestic and international markets. Nata production could play a vital role in the
development of cottage industries in coconut based communities. 1t is cellulosic white to creamy -
yellow substance formed by Acetobacter aceti sp. xylinum on the surface of sugar - enriched coconut
water. The most popular utilization of nata de coco is as a dessert (nata de coco cooked in synup or
nata de coco preserve). It is also used as an ingredient in other food products such as ice cream, fruit
cocktall and a new developed product which is candied rata. (Banzon er al., 1990). In Thailand nata
de coco is almost consumed as a dessert (nata de coco in syrup). The analysis from the Department of
Science service for nata de coco is 94.40% of moisture, 34.5 mg/100g. of calcium, 0.05% of fat, 0.20
mg/100g. of iron, 1.10% of crude fiber, 22.00 mg/100g. of phosphorus, 0.68% of protein, 0.01
mg/100g. of vitamin B,, 0.77% of ash, 0.02 mg/100g of vitamin B,, 3.00% of carbohydsate and 0.22
mg/100g. of niacin, It indicated that nata de coco contains high fiber content which is micro - fibril
cellulose. This micro - fibril cellulose is more delicate and softer than fiber which is found in fruit and
vegeolable. So nata de coco is suitable health food for the person who needs weight control and the
person who faces with the problem of excretory system due to its high fiber and low fat content. The

village texturzer was developed by Meals for Millions Foundation {(Anon, 1984; Prabhavat, 1989.)
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and it is originally designed for vegetable protein production at village level. The expansion of dough
upon sudden release of pressure, prpvode porous t_ex_tpre with crispness after drying. -
‘The purpose of this rescz;lrch is to develop the accepted low-cost high protein and high fiber
snacks from full fat soy flour with improvement of texture, protein quality and fiber by adding
mungbean flour, rice flour, defatted sesame flour and nata de coco pressed cake by using village
texturizer. The accepted product not only adds the value to the nata de coco produced in Thailand, but
also provides fow-cost high - protein and high - fiber snack to the people for different aged group and

for snack food industries in the future

Materials and Methods

Preparation of full fat soy flour, mungbean flour, rice flour and defatted sesame flour

Each of 4 kgs of selected soybean, mungbean, rice (Khao Dawk Mali 135 variety) and white
sesame seed were used for preparation of fiours. The mungbean was cracked with a hand grinder into
two parts and then the cracked mungbean, whole soybean, rice and sesame were separately washed 4
times with water until clean. The washed cracked mungbean was soaked in water at ambient
temperature for 3 hours and its hull was removed by washing with water until the mungbean dhal was
obtained. The soybean, mungbean dhal, rice and sesame were separately dried in a cabinet dryer at
50" - 60°C for 10, 12, 6 and 5 houwrs, respectively. The dried soybean was cracked with a hand grinder
and its hull was removed by using a bamboo pan to get soybean dhal. The dried sesame seed was
pressed with hydraulic press (Caver loboratory press, USA) at the pressure 10 - 11 tons for 5 times to
remove the sesame oil out and the pressed sesame cake was obtained. The obtained dried soybean
dhal, dried mungbean dhal, dried rice and pressed sesame cake were separately ground with pin mill
into flours (80 mesh). The full fat soy flour, mungbean flour, rice flour and defatted sesame flour

were obtained.

Preparation of composite flour from fall fat soy flour

Four formulae of composite flour from full fat soy flour (composite ﬂourl, composite flourz,
composite flowr’ and composiie ﬂour‘) were prepared from full fat soy flour, mungbean flour, rice
flour and defatted sesame flour {Table 5) and mixed weli in polyethylene bag for 3 minutes to get each

of 500 grams of composite flour.




Preparation of nata de coco pressed cake

Fresh nata de coco was washed 4 times will_l water until ¢clean, The washed nata de coco was
ground with meat g'ri-nder-. Th;n it was washed with water 4 times and the water was drained through
fine seive. The course ground nata de coco was obtained. Then it was biended with blender. The fine
ground nata de coco was obtained and then it was pressed heavily in fine cloth bag to remove the
water out as much as possible. The semidried nata de coco cake was obtained. Nata de coco and,-nata
de coco pressed cake and each individual flour were analyzed for chemical composition. The
laboratory of the Institute of Food Research and Product Development, Kasetsart University analyzed
for chemical composition by using the method of A.O.A.C (1984). The Department of Science
Service, Ministry of Science, Technology and Environment analyzed each individual flour for

essential amino acid composition

Preparation of high - protein high - fiber snack flours

Each of 0, 50, 100, 150 and 200 grams of nata de coco pressed cakes were added into 500,
450, 400, 350 and 300 grams of cach formulae of composite flour (composite fiour’, composite flour,
composite flour’ and composite flour'} and mixed well in kenwood mixer for 3 minutes to get each

500 grams of four formulae of spack tlour.

Preparation of sncks

Twenty five grams of cane sugar, 10 grams of salt powder and 2.5 grams of pepper powder
were dissolved In 135, 90, 30, 20 and 5 mis, of water, respectively for adding into each 500 grams of
each formulae of snack flour (each formulae of composite flour adding €, 50, 100, 150 and 200 grams
of nata de coco pressed cake), respeetively. Then each 500 grams of snack flour was mixed with
prepared ingredient solution in Kenwood mixer for 3 minutes. Each dough was divided into 10 gram
portions, rotied into a ball shape and pressed into circular shape before putting in the cup of the village
texturizer.

The temperature of the cup and the lid was 160° - 180°C. The lid was centered over the cup
and pressed with the pressure 400 psi and holding time for 10 seconds. Then the lid was relcased from
the cup. Moist snacks were obtained and they were cut into rectangular shapes (5X1 ¢m). Then they
were dried in a cabinet dryer at 50° - 60°C for 2 hours. The each five dried snacks samples (puffed,
crisp 1exture) made from snacks flours formular number | - 4 were obtained. Then they were packed

separately in sealed polyethylene bags for organolptic evaluation. The best accepted samples from
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each five snack samples were coated with barbecue flavor in rotary octa angle coated pot. (The ratio
of snack : soybean ¢il ; barbecue flavor were 20:2:1 by weight) and hot air was blown to dry the
barbecue coated snack. Then they were packed separately in sealed polyethylene bags for

organoleptic evaluation.

Organoleptic evaluation

The acceptability test was done, for each five snack samples (made from spack flours
formulae number 1-4) and the best accepted coated barbecue snacks from each five snack samples, by
10 panelists {researchers of the Institute of Food Research and Product Development, Kasetsart
University) for investigation of the different charactenistics in terms of color, flavor, texture and
acceplability by u.sing Hedonic scale : score ¢ - the extreme itke, and score |- extreme dislike. The
difference in statistics was determined by u_sing ANOVA and DMRT at 95% significant level. The
test was don;: for 6 times and the duration for each time was one day. The best accepted coated

barbecue snacks were analyzed for chemical and essential amino acid compositions.

Results And Discussion

The protein, fat, crude fiber and moisture contents of nata de coco pressed cake were 0.87,
0.58, 10.50, and 87.67% by weight, respectively and for‘original fresh nata de coco were 0.31, 0.21,
1.30 and and 98.05% by weight, respeetively as (Table 1). The protein, fat and crude fiber of nata de
coco were 15.90, 10.77, and 66.67% on dry weight, respectively (Table 2). The increasing in protein,
fat, and crude fiber of nata de coco in different form were due to the decreasing of water content in
nata de coco. The protein contents of full fat soy fléur, mungbean flour, rice flour, and defatted sesame
flour were 45.19, 27.99, 8.50, and 36.96% on dry weight, respectively and the fat contents were 23.69,
1.44, 0.50, and 38.15% on dry weight, respectively and the crude fiber were 2.01, 1.48, 0.00, and
4.95% on dry weight, respectively (Table 3). The crude fiber contents of each flours were lower than
crude fiber of nata de coco on dry weight due to the crude fiber of individual flour and nata de coco
were in the range of 0.00 - 4.95% and 66.67% on dry weight, respectively.

Essential amino acid composition of each individual flour with its Limiting amino acid was
shown in Table 4. This indicated that the protein of difference sources were incompleted. “The
cssential amino acid methionine + cystine were the limiting amino acid of protein from full fat soy

flour and mungbean flour whose chemical scores were 69 and 66%, respectively. But rich in essential
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amino acid lysine whose chemical score were 104 and 122%, respectively. The lysine were the
limiting amino acid of rice flour and defatted sesame flour whose chemical score were 64 and 46%,
respectively but rich in methionine + cystine comtent whose chemical score were 166 and 143%,
repectively. The essential amino acid contents and texture of protein of snack from full fat soy flour
could be improver.'l by adding two or more flours which were rich in methionine + cystine content such
as rice flour and defatted sesame flour together to make composite flours before snack making by

using a village texturizer (Table 5).

Table 1 Chemical composition of fresh nata de coco and nata de coco presed cake on percent by

weight
Chemical composition Fresh nata de coco Nata de coco pressed cake
(% by weight)

Moistures 98.05 87.67
Fat 0.21 0.58
Protein 031 0.87
Ash 0.00 0.03
Crude fiber 1.30 10.50
Carbohydrate 0.13 0.35
Energy, cal / 100 gram. 4 10

Table 2 Chemical composition of fresh nata de coco on percent dry weight

Chemical composition Fresh nalta de coco
(%) dry weight)
Moisture 98.05
Fat 10.77
Protein 15.90
Ash 0.15
Crude fiber 06.67
Carbohydrate 6.51
Energy, cal / 100 gram 187

T
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Table 3 Chemical composition of various kind of flours

Chemical composilion {% Dry weight)

Kinds of flour - Moisture Fat Protein Ash Crude Carbo Energy

fiber hydrate  Cal/
(%) (%) (%) (%) %) %) 100 gram
Full fat soy flour (FFSF) n 23.69 45.19 7.26 2.01 21.85 481
Mungbean flour (MBF) 6.77 .44 27.99 3.42 1.48 65.67 388
Rice flour (RF) 10.51 0.50 8.50 0.62 0.00 90.38 400
Defatted sesame 4.09 38.1% 36.96 5.08 4.95 14.86 551
{lour (DFSF)

Table4 Essential amino acid composition of various kinds of flours and FAQ/WHO standard.

T

Essential - Amino acid, mg / gm of protein of FAQ/

amino acid FFSF MBE RF DFSF WHO'
Isoleucine 35 37 a5 30 40
Leucine 70 77 78 62 70
Lysine 57004 67(122)' 35 (64) 25 (46)° 55
Methionine + Cejstine 24 (69)° 73 (66)’ 58(166)  50(143) 35
Phenylalanine + Tyrosine 82 9 90 77 G0
Threoning 37 33 34 34 40
Tryptophan 16 i4 18 16 10
Valine 37 43 30 38 50

I {-) Chemical scare (in parenthesis)

= amino acid content in protein of flour X 100
amino acid content in FAQ / WHO standard

2 (-) Limiting amino acid with chemical score

3 Source : Food Compeosition Table for use in East Asia (FAQ, 1972)
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Teble 5 Composition of four formulae of composite flours (composite flour ' ‘4)

for preparation of snacks.

Formula Composition, %

number FFSF MBF RF DFSF
| ’ 100 - - -
2 75 - 25 -
3 65 - 25 10
4 55 15 25 5

Essential amino acids composition of four formulae of composite flours (composite ﬂourH)
with its limiting amino acid were shown in Table 6. This indicated that the protein of composite flour'
(made from full fat soy flour alone) was deficient in essential amino acid methionine + cystine whose
chemical score was 69%. The chemical score of the protein of the composite fiour', cormposite flour’
composiie flour’ and composite flour’ were increased in the range of 74 - 83% due to the addition of
rice flour and defatted sesame flour (which were rich in essential amine acid metheonine + cystine)
into full fat soy flour to make composite flours before snack making.

The results of the organoleptie evaluation for different characteristics in term of color,
flavor, texture and acceptability of snacks made from composit flour' or composite flour’ or composite
flour’ or composit flour adding 0, 10, 20, 30 and 40% of nta de coco pressed cake by weight were
shown 1n Table 7, &, 9 and 10, respectively. It appeared that the snacks made from composite flour’
without adding nata de coco pressed cake were more accepted than the rest of samples but the snacks
made from composite ﬂOurz, composite flour’ and composite flour’ adding 0% and 10% of nata de
coco pressed cake were more accepted than the rest of snack samples from every each group of
composite flour with no signifcant difference in statistic at 95% level and the score were in the level of
like very much.

The organoleptie evaluation of the best accepted snacks (coated with barbecue flavor) were
shown in Table 11 and 12. It appeared that snacks made from composite ﬂourz, composite flour’
adding 10% of nata de coco pressed cake, composile ﬂour‘, composite flour’ adding 10% of nata de
coco pressed cake were the best accepted coated barbecue snacks when compared with the rest of

samples.
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Table 6 Essential amino acid composition of four formulae of composite flours (composite flour ')

and FAQO/WHOQ, standard.

Essential Armino acid, mg / gm of protein of
amino acid composite flowr formula number FAQ/
] 2 3 4 WHO'
Isoleucine l 35 35 35 35 40
Leucine 70 71 70 71 70
Lysine 57 (104)' 56 (102)' 52 (95)' 55 (100)' 55
Methionine + Cystine 24 (69) 26 (74) 29 (83)' 28 (80)' 35
Phenylalanine + Tyrosine 82 82 82 83 60
Threonine 37 37 37 36 40
Tryptophan 16 16 16 1] t0
Valine 37 38 38 39 50

1 (-} Chemical score (in parenthesis)

= aming acid content in protein of composite flour X 100
amino acid content in FAQ / WHO standard

2 (-) Limiting amino acid with chemical score

3 Source : Food Composition Table for use in East Asia (FAQ, 1972)

Table 7 Organoleptic evalvation of snacks made from corﬁposite flour’ adding 0, 10, 20, 30

and 40% of nata de coco pressed cake by weight

Characteristics Snacks from composite flour adding nata de coco pressed cake, %
0 10 20 30 40
Color 7.20° 6.40° 7.00° 6.20° 4.73°
Flavor 5.93° 533" 5.20° 5.33° 493
Texture 707" 6.20° 6.20° 5.60° 4.53°
Acceptability 6.60’ 573 573" 5.40° 4.60°

The figures on the same row with the same letter showed no significant difference in statistics at 35%

level
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Table 8 Organoleptic evaluation of snacks made from composite flour” adding 0, 10, 20, 30

and 40% of nata de coco pressed cake by weight

Characteristics Snacks from composite flour” adding nata de coco pressed cake, %
0 10 20 30 40
Color 7.13° 6.80" 6.53"° 6.40° 5.60°
Flavor 6.53° 6.47" 6.33" 5.73" 5.53°
Texture 733 7.00° 6.33" 5.60° 4.20°
Acceptability 7.20° 6.93° 6.20" 5.33° 4.47°

The figures on the same row with the same letter showed no significant difference in statistics at 95%

level,

Table 9 Organoleptie evaluation of snacks made from composite flour’ adding 0, 10, 20 30 and 40%

" of nata de coco pressed cake by weight.

Charactenstics Snacks from composite flour’ adding nata de coco ) pressed cake, %
0 10 20 30 40°
Color 7.33° 7.00" 6.67° 6.27° 5.47°
Flavor 6.33" 6.27" 6.33" 6.07° 5.27°
Texture 6.87" 6.40" 6.07" 5.47° 3.93°
Acceptability 6.73" 6.47° 6.07" 567 4.1%°

The figures on the same row with the same letter showed no significant difference in statistics at 95%

level.

Table 10 Organgleptic evaluation of snacks made from composite flour’ adding 0, 10, 20 30 and 40%

of nata de coco pressed cake by weight.

Characteristics Snacks from compaosite flour adding nata de coco pressed cake, %
0 10 20 30 40
Color 7.00° 7.00° 6.40° 573" 527"
Flavor 6.60° 6.53" 6.20% 5.87% 5.47°
Texture 727" 7.13° 6.60° 5.00" 427
Acceptability 6.93" 6.80" 647" 5.07° 4.53°

The figures on the same row with the same letter showed no significant difference in statistics at 95%

level.
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Table 11 Organoleptie evaluation of the best accepted coated barbecue snack made from composite
fiour' (CF‘) adding 10 and 20% of nata de coco pressed cake; composite flour’ (CFI)

or composite flous’ (CE’) or composite flour (CF") adding 10% of nata de coco pressed cake

by weight,
snack made from

Characteristics CF' adding CF’ adding CF’ adding CF' adding

nata de coco pressed cake 10% 10% 19%
10% 20% of nata de coco of naia de coco of nata de coco

pressed cake pressed cake pressed cake
Color 6.53" 6.40° 693" 7.00° 6.80™
Flavor 6.67° 6.73° 7.07 6.53° 6.93"
Texture 6.40° 6.53" 727 667" 7.40"
Acceptability _ 6.53° 6.60" 7.27" 6.60" 7.00°

The figures on the same row with the same letter showed no significant difference in statistics at 95%

level.

Table 12 Organoleptie evaluation of the best accepted snack coated with barbecue {lavor made from

comyposite flour (CF') or composite flour’ (CF") or composite flowr’ (CF) or compaosite

flour’ (CF“)
Characteristics snack made from
cr' cr’ CF’ CF'
Color 6.67° 7.13" 6.67 727"
Flavor 6.73" 6.93° 6.87" 7.00°
Texture 6.80° 6.87 627 7.00"
Acceptability 6.67" 673" 6.20° 6.80°

The figure on the same row with the same letter showed no significant difference in statistics at 95%
level.

The chemical composition of the best four accepted snacks (coated with barbecue flavor)
made from composite flour’ or composite flour’ with or without adding 10% of nata de coco pressed
cake were shown in Tabie 13. The protein and fat content of the best four accepted coated barbecue
snacks were in the range of 24.10 - 26.39% and 23.59 - 26.49% on dry weight, respectively, The
crude fiber content of the best four accepted coated barbecue snack made from composite flour’ m:ld
composite flour' were 1.69 and 2.45% on dry weight, respectively while that of the crude fiber

. . 2 .
contents of coated barbecue snacks made from composite flour” adding 10% of nata de coco pressed
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cake and composite 'ﬂ?ur4 adding 10% of nata de coco pre§sed cake were 247 and 3.58%,
respect_ively. The increasing of crude fiber content in the best a;:cepted coated barbecue snack were in
the range of 46.12 - 46.15% due to the addition of 10% of nata de coco pressed cake info conposite
flour before snack making by using the village texturizer.

The essential amino acid composition of the best four accepted coated barbecue snacks were
shown in Table 14. The chemical score of the limiting mino acid mettionine + cystine of coated
barbecue snack made from full fat soy flour alone (CF") was 69% while that of the chemical score of
essential amino acid methionine + cystine of the best four accepted coated barbecue snacks {made
from composite flour’ composite ﬂour4, composite flour’ adding 10% of nata de coco pressed cake and
composite flour ddding 10% of nata de coco pressed cake were increased to the range of 74 - 80%.
The increasing of chemical score of the best four accepted coated barbecue snacks were due to the
added flours such as rice flour and defatted sesame flour which were rich in essentia! amine acid
methionine + cystine content before snack making to improve the protein quality of the best four

accepte coated barbecue snacks.

Characteristics of the best four accepted coated barbecue snacks.

The color of the best four accepled coated barbecue snacks, made from composite flour”,
composite flour’ adding 10% of nata de coco pressed cake, composite ﬂour‘, and composite Aour’
adding 10% of nata de coco pressed cake, respectively, were light brown. Their flavor were optimun
salty, sweet and fatty taste with babecue flavor. In terms of texture, the coated barbecue snacks were
good soft crisp, puffy and porous. The color of coated barbecue snack, made from full fat soy flour
alone with or without adding 10% of nata de coco pressed cake, were dark brown. Its flavor was the
same as the best four accepted coated barbecue sncks and its texture was hard crisp and z little bit
porous. The addition of 25% of rice flour and 15% of mungbean flour into full fat soy flour to make
composite flour before snack making could improve the texture by increasing their softness, porousity
and crispiess of the best four accepted coated barbecue snack but the addition of nata de coco into
composite flour before snack making should not more than 10% in the form of nata de coco pressed

cake to increase the fiber content in the best accepted coated barbecue snacks.
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Table 13 Chemical compesition of the best four aceepted snacks (coated with barbecue flavor)

. ;'nade from cémposite flous (:CFz) or ‘composite flour’ (CF4) with or without adding 10%

of nata de ¢coco pressed cake.

Chemical composttion

Coated harbecue snack made from

(% Dry weight) CF CF' CF'+10% of CF4+10% of
nata de coco nata de coc.o
pressed cake pressed cake

Moisture 6.43 6.28 6.51 6.35
Fat 26.4% 25.04 25.86 23.59
Protein 26.39 24.23 2581 24.10
Ash 5.43 5.15 5.49 5.21
Crude fiber 1.69 245 2.47 3.58
Carbohydrate 40.00 43.13 40.27 43.52
Energy, cal / 100 gram 504 495 498 483

Tahle 14 Essential amino acid composition of the best four accepted snacks (coated with barbecue

flavor) made from composite flour’ (CF") or composite flour’ {CF") with or without

adding 10% of nata de coco pressed cake and FAO/WHO standard.

Essential Amino acid composition of protein of coated barbecue snack made from

amino acid cF' CF’ CrF' CE+10%of  CF+10%of  FAO/
nata de coco nata de coco WHOJ
pressed cake pressed cake

Isoleucine s 35 35 34 34 40

Leucine 70 71 71 70 70 70

Lysine 57(104) 5498’ 53(96)' 53(96)’ 52(95)" 55

Mcthioning + cystine  24(69)" 26(74)" 28(30)' 26(74)’ 28(80)’ 35

Phenylalanine 82 82 83 82 83 GG

+ Tyrosine

Threonine 37 37 36 37 36 40

Tryplophan 16 16 16 16 16 10

Vatine 37 33 39 38 39 50

1 {-) Chemical score (in parenthesis)

= amino acid content in protein of flour X 100
amino acid content in FAO / WHO standard

2 (-) Limiting amino acid with chemical score

3 Source : Food Composition Table for usé in East Asia {FAQ, 1972).
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Conclusions

The resutt from the preparation of snacks from composite ﬂour', composite flourl, composite
flour’ and composite flour’ with or without adding nata de coco pressed cake in these composite flour
before snack making by using village texturizer indicated that the best four accepied coated barbecue
snacks, made from composite flour’ with or without adding 10% of nata de coco pressed cake and
composite flour’ with or without adding 10% of nata de coco pressed cake, were the best accepted in
color, flavor, texture and acceptability. Their protein and fat contents were in the range of 24.10 -
26.39% and 23.59 - 26.49% on dry weight, respectively. The crude fiber content of the best acepted
coated barbecue snacks made from composite flour” with and without adding 10% of nata de coco
pressed cake were increased from 1.69 to 2.47 (46.15%) and from composite flour’ with and without
adding 10% of nata de coco pressed cake were increased from 2.45 to 3.58 (46.12%). The protein
quality of the best four accepted coated barbecue snacks were improved due to the chemical score of
essential amino acid methionine + cystine increased to the range of 74 - 80% while that of the
chemical score of essential amino acid methionine + cystine of coated barbecue snack made from
composite flour’ (full fat soy flour alone) was only 69%. So the addition of 25% of rice flour, 5% of
defatled sesame {lour (which their protein were rich in methioninc -+ cystine) and 15% of mungbean
flour into full fat soy flour to make composite flour with or with out adding 0% of nata de coco
pressed cake before snack making could improved the protein quality, color and texture of the best
four accepted products.
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Abstract

The objective was to develope high fiber processed food by using Nata de Coco as a source of
dietary fiber in the ingredients. Three formulas of products were : 1) Brown rice : Mungbean (whole
seeds) : com (10 : 30 : 60) , 2) Brown rice : Pumpkin : Mungbean (dehulled) (25 : 25 : 50), and 3) Oat :
Sweet potato : Red kidney bean (whole seeds) (25 : 30 : 45). Nata de Coco was added in each of the
formuias at 30 40 and 50 percent of total fresh weight. These products were prepared in powder form
by drum dryer and then ground with pin mill. The results of sensory evaluation of flavored products
which added sugar and non fat milk powder showed that formula 1 (30% Nata de Coco) , formula 2
(30% Nata de Coco) and formula 3 (50% Nata de Coco) had_scores of acceptability at 7.39 6.7] and
6.76 (6 = slightly like 7 = moderately like) , respectively. Water Activity (Aw) of these products
ranged from 0.22 - 0.29 and Water Absorption Index (WAT) of all flavored products were in the range
of 3.71 - 6.58 and their chemical compositions contained protein , fat and dietary fiber ranged from
1725 - 1947, 1.51 - 3.39 and 5.60 - 12.48 /100 g , respectively. The chemical scores of essential

amino acid in most of the products were more than 70% of FAO/WHO suggestion.
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Table | Ingredients of 4 experimental formuias

Formula Raw materiais Amounts of raw materials (g)
For. (1.1) For. (1,2} For. (1.3)

1. Brown rice 7.0 6.0 5.0
Mung bean (whole seed) 21.0 18.0 15.0

COm 42.0 36.0 30.0

Nata de Coco 30.0 40.0 500

For. (2.1 For. (2.2} For. (2.3)

2. Brown rice 17.5 15.0 12.5
Mung bean (dehulied) 17.5 30.0 250
Pumpkin 350 15.0 125
Nata de Coco 30.0 40.6 50.0

For. (3.1} For. (3.2) For. {3.3}
3. Qat 17.5 15.0 12.5
Sweet potato 280 18.0 150
Red kidney bean 31.5 27.0 22.5
Nata de Coco 30.0 40.0 50.0
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0.00 Afuae 100 T Wisudsuiuranisitsvesauda, 2531 5104714 14791 Nata de Coco tsznn
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Table 2 Chemical compositions of raw materials used in preparation of high fiber processed food

Raw materiais Moisture  Protein Fat CHO  Dietary fiber Ash  Energy
&) (g) (g) (e 3) (g  (Kcal)
Nata de Coco 97.79 0.28 0.00 0.02 1.89 0.02 1.20
Mungbean , whole seeds  9.38 23.07 192 4435 '17.98 330 286.96
Mungbean (dehulled) 11.28 24.35 1.89 39.27 20.12 3.09 271.49
Red kidney bean , whole  10.42 20.75 1.66  42.06 21.63 348  266.18
seeds
Brown rice 11.30 7.46 2.68 73.20 4.04 1.32 346.76
Oats 7.44 12.01 8.64 57.08 13.46 1.37 354,12
Com, yellow 72.72 4.55 2.58 15.80 3.63 072 104.62
Pamnpkin 82.55 1.11 0.58  12.80 2.28 0.68 60.86
Sweet potato 71.05 1.32 0.56  23.60 2.49 0.98  104.72
Non fat milk powder 4.09 34.06 0.16 60.37 0.00 1.32 379.16

Table 3 Water Absorption Index (WAI) of Nata de Coco (dry) and flavored products

Product Water Absorption Index
Nata de Coco (dry) 9.82
Fonnula 1

30% Nata de Coco 391
40% Nata de Coco 4.54
50% Nata de Coco 4.70
Formuia 2

310% Nata de Coco 4.82
40% Nata de Coco 5.61
50% Nata de Coco 6.58
Formula 3

30% Nata de Coco 5.44
40% Nata de Coco 5.32
50% Nata de Coco 5.80




A WAL ypanAanais luy nqmv:ﬁﬁuﬁumﬂ?;u 1&81]%‘111&1{1413"1u:w%’n“lufr"mﬂs:nau
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ﬂ15ﬂﬂ¢§uz§1‘?ruﬁUﬂ‘)1uUT'lﬂ1m fiber uaztf’f'uﬂ'mué'nmwaq granule Y93 cellulose powder
(Blenford , 1992)
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o o

anmaatasiaas 1 (30% Nata de Coco) AU WAL ﬁ'lﬁf{ﬂ (3.71) (Chen et al 1988 , Spiller and
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Amen 1975)

Water Activity (Aw)
nanduan I Funzuuumsssuivnniigaiuudazaas fo qasfi 1 (30% Nata de Coco)
AN 2 (30% Nata de Coco) #aTgRTA 3 (50% Nata de Coco) U1 Aw 1NV 0.29 0.22 (ay 0.24

AUAAY

Yunansaeziiluduilulundnfuaiy jesa
A e ' = a - .
drennsandenamveslilsauTevdihdwneuunseinsaoslilu (Chemical score) (A1519
- ] & o ' = =y 1
#i 4) Uningiwdadusifiounngns sniduges 2 (30% Nata de Coco) Hinsununsaezi Tunni

Yoray 70 WonlSouifsuduuinsgIuved FAO/WHO



Table 4 Amounts of essential amino acids (mg per g of protein) of flavored processed food

Amino actd Amounts (mg/g protein)
For 1.1 For 2.1 For3.3
(30% Nata de Coco)  (30% Nata de Coco)  (50% Nata de Coco)  FAO/WHO*

Threonine 40 40 44 40
Valine 50 54 55 50
Methionine + Cystine 30 (85)" 21 (60)i 32(91) 35
Isoleucine 39 42 43 40
Leucine 90 88 88 70
Phenylalanine + Tyrosine 98 95 104 60
Lysine 65 68 69 55
Tryptophan 13 13 14 10

* Food Composition Table for Use in East Asia (1972)
+ Chemical score of amnino acid is in parenthesis

Tt Chemical score of limiting amnino acid
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Table 5 Sensory evaluation of 3 formuias of high fiber processed food

Products Color OCdor Flavor ~ Texture  Acceptability
Formula 1  Nata de Coco 30% 733" 7.33° 7.50" 7.33° 7.40°
Nata de Coco 40% 7.17% 7.40" 7.53° 7.20" 737
Nata de Coco 50% 6.93" 6.73" 6.70° 6.80" 6.60°
Formula 2  Nata de Coco 30% 7.44° 6.66" 6.81° 6.59" 7.06"
Nata de Coco 40% 7.44° 6.16" 6.28° 6.41° 6.34"
Nata de Coco 50% 738" 6.09" 6.59" 6.38" 6.66"
Formula 3 Nata de Coco 30% 6.97" 6.94" 724" 7.18° 7.14"
Nata de Coco 40% 7.00" 7.12° 7.12° 6.71° 7.00"
Nata de Coco 50% 6.85° 721 7.32° 7.24 7.35°
Comparison 1. Nata de Coco 30% 6.37° 7.37° 7.68" 7.34° 7.39"
2. Nata de Coco 30% 7.89° 6.42" 6.50° 7.24° 6.71°
3. Nata de Coco 50% 7.11° 679" 6.76° 6.92" 6.76"

* Mean in the same column having different superscripts were significantly different according to

DMRT (p < .05)
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z é 1 1 Eoar o 1 o 1 ad al
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st lsfinundasusinnyngarsiaivasmdfitiinuloemiegiugan 560 - 12.48
nfuse 100 n3u Fuiulfieideudugsnimiasudomnsdidegleinloomisge mduls |
1997) Faspaunaiwansas 5 gasiifSnaloemysenan 5.89 - 11.88 niuee 100 n¥y uaz
donfsudouiundasusifisimivlufsirain (Kellogg , Ralston , Nature Valley , etc) 151
loomsogsznhe 3.84 - 34,06 NTuAO 100 NTN (Jwuang , 1979) UBNINTHANITANYIYB Baker
(1981) , Douglass (1982) Lia¢ Mongean (1982) uaadldiiudy niadusiermmdiilvoiseglu
$714 0.2 - 29.9 ATUAS 100 ATY UGN URANITANYT grain products 41 wia wuiloe sl
SEME 04 - 301 NSy 100 nfu Tﬂu{h?ﬁﬂ?uwmﬁ§1qﬁxla:ﬂﬁﬂﬁm%1ﬂa’mn%ﬁ'ﬂ (Kellogg

Company , Battle (reek , Mich) ﬁﬂ?mmqqqﬂ (Marlett, 1992)



Tabie 6 Chemnical composition of 3 formulas of plain and flavored processed food (per 100 g)

Product Moisture  Protein Fat CHO Dietary fiber Ash  Energy
{8 & @) (8) ® (& (Kcal)
ain
Formula 1
30% Nata de Coco 3.53 19.25 4.89 53.27 15.93(4.52)’ 3.13 334.09
40% Nata de Coco 3.62 19.23 5.31 52.70 16.11(4.57) 3.03 335.51
" 50% Nata de Coco 4,02 18.87 5.74 51.41 16.96(4.81) 3.00 332.78
Formula 2
30% Nata de Coco 3.53 19.86 8.21 58.66 7.54(2.14) 2.20 387.97
40% Nata de Coco 6.50 19.36 7.71 55.40 8.65(2.45) 238 368.43
50% Nata de Coco 4.57 19.63 8.50 56.10 8.99(2.55) 2.21 379.42
Formula 3 ‘
30% Nata de Coco 330 16.08 3.47 55.01 19.31(5.47) 2.83 315.59
40% Nata de Coco 3.66 15.96 332 54.39 20.01(5.67) 2.66 311.28
50% Nata de Coco 3.26 16.14 3.50 53.52 20.71(5.87) 2.87 310.14
Flavored
Formula 1
30% Nata de Coco 3.77 19.47 3.70 61.11 8.20(2.32) 375 355.62
40% Nata de Coco 3.54 1936 3.00 61.91 8.49(2.41) 3.70 352.08
50% Nata de Coco 4.27 19.17 3.39 59.63 9.88(2.80) 3.66 345.71
Formula 2
30% Nata de Coco 3.28 19.32 2.07 66.61 5.60(1.59) 312 362.35
40% Nata de Coco 5.16 19.18 1.91 64.51 5.93(1.68) 331 351.95
50% Nata de Coco 4.09 19.27 2.02 64.58 6.85(1.94) 3.19 353.58
Formula 3
30% Nata de Coco 3.27 17.34 1.60 61.83 12.48(3.54) 348 331.08
40% Nata de Coco 3.18 17.25 1.51 62.45 12.22(3.46) 3.3% 332.39
50% Nata de Coco 314 17.32 1.51 62.69 11.75(3.33) 3.59 333.63

* The numbers in the parenthesis referred to the contents of dietary fiber in g/1 - oz serving



Table 7 Microbiological quality of flavored processed food

Quality For. 1 For. 2 For. 3
(30% Nata de Coco)  (30% Nata de Coco)  (50% Nata de Coco)
Total Plate Count (CFU/g) 50x10° 3.0x 10° 6.0x 10’
Mold (CFU/g) 1.0x 10 none 2.0x 10
Escherichia coli (MPN/g) <3 <3 <3

Cathogenic bacterias :-

Salmonella in 25 ¢ neg. neg. neg.

Bacillus cereus (CFU/g) 2.0x 10 2.0x 10 1.5 x 10°

Staphylococcus aureus none noue none
(CFU/g)

Clostridium perfringens 1L.O0x10 none none
(CFU/g)
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1. Function Foods (Physiologically Functional Foods) 2. Nutraceuticals
3. Medical Foods 4. Fortified Foods

5. Dietary theraputics 6. Dietetic foods

7. Sport food and drink 3. Energy foods

9. Special foods for those with 10. Food for the elderly

intolerances or allergies

11. Food for pregnancy and lactation 12. Infant foods
13. Food for adolescents 14. Food for woman

15. Reduced calones foods
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1. Polyunsaturated fatry acids (Tﬂmm‘ns Omega-3 fauy acid)

[C8)

. Lecithin

. Antioxidants

Wl

4. Armuno acid, peptides and proteins.
5. Isoprenoids and vitamins
6. Carotenoids (Alpha- and Beta-carotein)
7. Cellulose and cellulose derivarive
3. Flavonoids
9. Emulsiﬁ;rs
10. Fat replacers/ fat subsntutes
11. Fish exiracts
12. Fish otls

13. Sweeteners

14. Flavour enhancers
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