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ABSTRACT

The objectives of this research were to determine the extraction
conditions, chemical composition and rheological properties of gum from malva nut
seeds. The seeds were dried, ground and defatted before extraction. The examined
conditions for gum extraction in malva nut seeds powder were: type of solvents
(acetic acid, hydrochloric acid and sodium hydroxide) and concentration (0.05 to
1.00%), solvent ratio (1:10 to 1:50), temperature and time for extraction (75 to 85°C
and 15 to 60 min), speed and time for centrifugation (3,500 to 4,500xg and 15 to 45
min) and pH adjustment (pH 3 to 9) before precipitation. The optimum conditions
for gum extraction in malva nut seeds powder were found to be: type and
concentration of solvent, 0.05% sodium hydroxide; solvent ratio, 1:10; temperature
and time for extraction, 80°C for 30 min; speed and time for centrifugation, 4,000xg
for 15 min; and adjusted pH to 7 before precipitation with 95% ethanol. Under these
optimum conditions the highest yield of gum was 21.19%. The gum from malva nut
seeds was composed of 45.17% crude fiber, 38.88% carbohydrate, 9.68% moisture,
4.92% protein and 1.35% ash. The seeds gum also contained 32.29% total sugar
content and 4.63% uronic acid. The 0.3 to 4.0% gum from malva nut seeds (GMS)
solutions showed shear thinning behavior, over a shear rate range of 0.01 to
1000 s'.The effect of temperature (5 to 65°C), pH levels (pH 1 to 7) and
the addition of sodium chloride or sucrose (0.2 to 1.0 M) on apparent viscosity of
GMS solutions (0.5%) over the shear rate range of 0.01 to 1,000 s' were
investigated. The viscosities of GMS solutions (0.5%) for all the shear rates
decreased when temperature was increased, pH levels were decreased, or sodium
chloride or sucrose were added. However, the addition of 0.4 to 1.0 M sucrose
showed higher viscosities of 0.5% GMS solution than the addition of 0.2 M sucrose.
The loss modulus (G") of 0.5% and 0.8% GMS solution were higher than the
storage modulus (G'), with an accessible frequency range of 0.01 to 10.00 Hz
(liquid-like). The G" of 1.0 to 4.0% GMS solutions were higher than G' when
the frequencies were lower than 8, 1.5, 0.48 and 0.45 Hz, respectively.
If the frequencies were higher than 8, 1.5, 0.48 and 0.45Hz, the behaviors of 1.0 to
4.0% GMS solutions were reversed and showed solid-like properties (G' were higher
than G"). Overall, the oscillatory tests indicated that GMS solutions showed a
typical weak gel structure.

KEY WORDS: MALVA NUT SEEDS/ GUM EXTRACTION/ CHEMICAL
COMPOSITION/ RHEOLOGICAL PROPERTIES
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CHAPTER I
INTRODUCTION

1.1 Rational and statement of the problem

Gums widely used in food products are mostly from natural sources
especially seed gums or seed galactomannans extracted from seed endosperm such as
locust been gum and guar gum. The seed gums are commonly used in the food
industry because of their properties of gelling, thickening, stabilizing, and suspending
agents, making food fine textured and appearance(l). From the aforementioned
information, it can be seen that gum is a very important food additive in the world
food industry. According to custom department statistical data 2008, Thailand
imported gums to the value of 15,274,044 baht and has a tendency to import more (2).
Therefore, if gums can be extracted from raw materials in Thailand, it will increase
the value of agricultural products as well as decrease the deficit of trade balance for
Thailand.

Malva nut tree is a tropical crop of the Sterculiaceae family which consists
of seven species distributed in Myanmar, Thailand, Vietnam, Cambodia, Malaysia,
Singapore, Sumatra, and Borneo (3). The malva nut fruits in Thailand comprise of
three species; Scaphium affine (Mast.) Pierre, Scaphium scaphigerum
(Wall. ex G.Don) Guibourt & G.Planch, and Scaphium linearicarpum (Mast.) Pierre.
The malva nut popularly consumed is Scaphium affine (Mast.) Pierre species which is
often called “Chong” or “Mak chong” or “Kaen pho” or “Phung thalai” or “Samrong”.
Malva nuts come from a tree which can be tall as 40 meters. Malva nut fruits are oval
with a rough brown exocarp and size of 1.4-2.0 x 3.0-3.5 cm (3). When soaked malva
nut fruit in water, its fiber in mesocarp swells up and become a brown mucilaginous
substance. According to the principles in Thai traditional medicine, it states that
the mucilage of malva nut can decrease body temperature, relieve thirst, coughing, and
sore throat as well as expectorant (4). Also, it can be used to cure eye infections. In

China, it is used as a traditional drug for the prevention of pharyngitis, the treatment of
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tussis and constipation. Somboonpanyakul et al. (5) reported that an alkaline
extracted malva nut gum from mesocarp of malva nut fruit composed of 83.1%
carbohydrate, 8.4% ash and 8.3% protein. The major carbohydrates composed of
17.1% arabinose and 15.1% galactose. The gum also contains 6.4% uronic acid (as
galacturonic acid equivalent) and small amounts of glucose, xylose and mannose.
The overall molecular weight is 3.3x10° daltons. Due to the fact that malva nut’s
mucilage contains high fiber, it is popularly used as a healthy drink. In the production
of malva nut’s juice, approximately 50% of the seeds are left over. Seeds of malva nut
are dark brown, oval-shape with smooth-skin. The size of seed is approximate 1.2-1.5
x 1.8-2.5 cm. The color of seed kernel (without seed coat) is cream. The major
component of the seed is carbohydrate especially polysaccharide such as gum and
starch. Therefore, the malva nut seeds are an interesting raw material which can be
extracted for gum. However, there has been no research regarding gum extraction
from malva nut seeds before. Thus, the objectives of this study were to extract the gum
from the malva nut seeds and determine the chemical composition and rheological
properties of gum from malva nut seeds. If the extracted gum has an appropriate
quality to be used as a food additive, it will increase the value of the by- product from
the malva nut drink process and decrease the quantity of imported gum for use in the

food industry.

1.2 General objective
The objectives of this study were to extract gum from malva nut seeds and
determine the chemical composition and rheological properties of gum from malva nut

seeds.

1.3 Specific objectives
1.3.1 To optimize the process condition for gum extraction from malva nut
seeds and determine its chemical composition.

1.3.2 To evaluate the rheological properties of gum from malva nut seeds.
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1.4 Expected outcome

1.4.1 Malva nut seeds could be extracted into gum for use in food
products.

1.4.2 Chemical composition and rheological properties of an extracted
gum are known.

1.4.3 Value added the waste from malva nut drink process.
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CHAPTER 11
LITERATURE REVIEW

2.1 Gums

Gums, which are commonly referred to “Hydrocolloids”, are long chain,
high molecular weight polymers, which can be dissolved or dispersed in water to give
a thickening or gelling effect, and also exhibit secondary functional properties such as
emulsification, stabilization, and encapsulation. Gums are used in food emulsion
systems to stabilize the dispersed oil droplets against separating from a continuous or

aqueous phase (6).

2.2 Type of gums

Food gums are obtained from a variety of sources. Most of gums are
coming from plant materials such as seaweed, seeds and tree exudates. The others are
products of microbial biosynthesis and chemical modification of natural

polysaccharides (7).

2.2.1 Seaweed extracts
The extraction of the commercial seaweed gums are specifically defined
by food regulations. To be legally allowed as food additives, alginates, agar,
and carrageenan are extracted from the red and brown algae which are collectively
called seaweeds (8).
2.2.1.1 Alginates
Alginates are extracted from the brown seaweeds,
which are best known for ability to form irreversible gels in cold water when calcium
ions are present. Alginates are used as food additives to improve, modify, and
stabilize the texture of foods. This is valid for such properties as viscosity

enhancement, gel-forming ability and stabilization of aqueous mixtures (8).
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2.2.1.2 Agar

Agars are extracted from the red seaweeds, which make up of
galactose and anhydrogalactose, partially esterified with sulphuric acid. The gum
is not soluble in cold water but dissolves completely in hot water. As the solution
cools, gelation begins to take place at about 35-40°C, yielding a strong, clear,
thermoreversible gel that will not melt up to 85°C. This property of forming gels
at the temperature well below the gel-melting temperature is unique to polysaccharides
(9). The gels obtained are hard and brittle to synerese. Addition of sugar or dextrin
increased gel strength, while starch or sodium alginate has opposite effect. Agar has
been used to preparation of jams and marmalades, topping and fillings for pasty
products, soft candies (jellies), icings and in general for all applications which require
gel formation and moisture stabilization (8).

2.2.1.3 Carrageenans

Carrageenans are sulfated polymers which consist of galactose
and hydrogalactose units. Carrageenan used for thickening, stabilizing, gelling,
emulsifying, and suspending properties. Because of its reactivity with certain proteins,
the gum is found to use at low concentrations (typically 0.01 to 0.03%) in a number of
milk-base products such as chocolate milk, ice cream, puddings, and cheese
analogues. Carageenans are used a replacement for the more expensive agar, in bakery

product such as piping gels, fillings, and icings (9).

2.2.2 Seeds gum
Seeds gum are found as cell wall storage polysaccharides of various
albuminous or endospermic seeds. The endosperm of these seeds develops alongside
the embryo or germ and completely envelopes it. The endosperm itself is protected by
a seed coat. The seed endosperm contains very little cellulose and no lignin.
Widely used seed gums are locust bean gum and guar gum which come from seed
produced by certain plants of the leguminose Ceratonia and Cyamopsis genera (10).
2.2.2.1 Locust bean gum
Locust bean gum is also called Carob bean gum, this neutral
polysaccharide is made up of mannose and galactose in a ratio of 4:1. The gum

is present in the endosperm of seeds obtained from the evergreen tree, Ceratonia
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siliqua, which is indigenous to Mediterranean countries. In ancient times,
the Egyptians used the gum for its adhesive properties in mummification. The Arabs
called the locust bean seed “karat,” after carob, and used the standard weight of
the seed as a unit of weight for precious stones; the term “carat” is still in use today for
that purpose (10).

Locust bean gum is insoluble in cold water and must be heated
to be dissolved. Maximum viscosity develops when the gum is heat to about 95°C then
cooled. A physically modified cold swelling type is now market to the food industry
and is finding use in the dairy industry (11). By itself, locust bean gum will not form
a gel but it will readily bring about gelation when combined with all gums; it interacts
with kappa-carrageenan to increase gel strength, modified texture, and reduce
syneresis. Furthermore, because locust bean gum is nonionic, it is stable over the pH
range of 3.5 to 11.0 (10).

The primary functions provided by locust bean gum are
thickening, stabilization of emulsions, and inhibition of syneresis. The gum is used in
a number of products such as canned foods, sauces, desserts, barbecue sauces,
beverages, cheeses, ice cream, and processed meats. The gum acts to speed up
coagulation in cheese and increasing the yield of curd solids by 10%. In ice cream,
the gum’s principal function is stabilization and binding of water, which allows the ice
cream to withstand heat shock and melt smoothly. Locust bean gum has also been
used in specialty meat products such as bologna and sausage to facilitate extrusion and

stuffing (10).

Figure 2.1 Structural unit of locust bean gum (10).
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2.2.2.2 Guar gum

Guar gum obtains from the ground endosperm of the guar
plant, Cyamopsis tetragonolobus, an annual which is native to the arid climates of
India and Pakistan. Due to a limited extent the plant has been cultivated in the U.S. in
Texas and Arkansas. Guar gum first became of commercial interest in the 1950s
following a shortage of locust bean gum. Forming the backbone of the gum is a linear
chain of mannose units with single galactose units attached as side chains in the ratio
of one galactose unit per every two mannose units. As guar gum is more highly
substituted than locust bean gum, which has a mannose to galactose ratio of 4:1, it is
more soluble and hydrates fully in cool water, producing high viscosities. Guar gum is
non-gelling, and is used as a viscosity builder, stabilizer, and water binder. It interacts
synergistically with xanthan gum, giving rise to an increase in solution viscosity (12).

On admixture with gelling polysaccharides, agar and
kappa-carrageenan, can increase gel strength and modify the gel structure.
The viscosity obtained depends on the temperature, pH, time, concentration, degree of
agitation, and particle size of the gum. Since guar gum is nonionic, it is very stable
from pH 4 to 10. Guar gum tends to be slightly slimy in the mouth, and is often used at
low concentrations to add creaminess. Examples of product applications are canned
foods, pet foods, desserts, ice cream, sauces, dressing, bakery products, salad

dressings, and soups (11).

Figure 2.2 Structural unit of guar gum (11).
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2.2.3 Exudate gums
Gum arabic, gum ghatti, gum karaya, and gum tragacanth are referred to

exudate gums, these material are dried resins that expelled by trees to protect wounded
tissue (8).

2.2.3.1 Gum arabic or gum acacia

Gum arabic is the sap which is exuded from various species of
Acarcia trees. The gum dissolves readily in hot or cold water, these gum has been used
in confections where the gum acts to retard sugar crystallization and to promote
emulsification. The flavor industry use gum arabic as a fixative in sprays drying
application where the gum encapsulates the flavor compound, and used as stabilizer in
soft drink emulsion (8).

2.2.3.2 Gum ghatti

The gum ghatti is a water-soluble, complex polysaccharide
consisting of arabinose, gallactose, mannose, xylose, and glucuronic acid. It is made
up of a soluble fraction and an insoluble, but swellable, “gelling” fraction. The gum is
non-gelling but can be diaspersed in hot and cold water to give a colloidal sol
that develops due to the soluble fraction. The gum has been used in combination with
lecithin in butter-containing pancake and waffle syrup (8).

2.2.3.3 Gum karaya

Gum karaya is the dried exudate of the Sterculia tree
which grows in central and northern Indian. The gum karaya has low solubility in
water but has strong adhesiveness when use at high concentrations. Gum kayara can
not dissolve but absorbs water and swells, producing a viscous colloidal sol. The gum
has been used in stabilizer for dressing, ice pops and sherbets to prevent formation of
large ice crystals and loss of free water (8).

2.2.3.4 Gum tragacanth

Gum tragacanth is the exudate produced by certain species of
the Astragalus bush. The gum give the highest viscosity of all plant hydrocolloids, and
produces viscous colloidal sol. Gum tragacanth has been used in salad dressings,
sauces and milk shake, because it imparts a creamy texture. In condiments such as
relishes and catsup, the gum functions as an emulsion stabilizer and thickener of

the aqueous phase. In bakery fruit-based topping and fillings, gum tragacanth gives
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the fruit a shiny, natural appearance while providing stabilization of suspended fruit
pieces. The gum has been used in ice cream for body and texture, and in confectionery

cream centers for thickening and stabilization (8).

2.2.4 Microbial gums
Polysaccharides elaborated by certain species of Xanthomonas and
Pseudomonas offer unusual texturizing properties. The microbial gums are generally
divided into two types as xanthan gum and gellan gum (8).
2.2.4.1 Xanthan gum
Xanthan gum is high molecular weight polysaccharide is
the first gum to be manufactured in large scale by microbial fermentation. The gum is
completely soluble in cold or hot water and produces high viscosities at low
concentration. Xanthan gum has been used in many products for its thickening,
suspending, and stabilizing effects (9). The gum provides recipe tolerance in cake
mixes and freeze-thaw stability in frozen doughs. It has been used as a stabilizer in egg
white substitutes made up of whey protein and gelatin, which are used in meringues,
nougat, and also functions as a stabilizer in ice cream (8).
2.2.4.2 Gellan gum
The gellan gum is manufactured by fermentation process,
and it is produced by culturing Pseudomonas elodea a carbohydrate medium.
Gellan gum can provide a range of texture as oppose to a single characteristic texture.
The gum need to be heated to dissolve and requires cations to bring about gelation as
the solution cools. FDA approved the gellan gum for used as a stabilizer and thickener

in frosting, icings, glazes, and nonstandardized jams and jellies (8).

2.2.5 Chemically modified plant materials
Chemical modification of cellulose and pectin leads to hydrocolloids with
gelling properties (8).
2.2.5.1 Cellulose derivatives
Methylcellulose (MC) and hydroxypropylmethylcellulose
(HPMC) are the only gums that gel when heated and return to their original liquid
viscosities when cooled. In bakery products, MC and HPMC improved batter
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consistency via emulsification and strengthen cell walls of gas bubbles formed during
baking. They also build viscosity into creamed soups and sauces, and increase
the viscosity of pie and pastry filling baking and moisture migration into the crust (8).

2.2.5.2 Pectin

Pectin commercially derives from citrus peels and apple
pomace. Pectin has functions as a gelling agent, thickener, and suspending agent in an
array of products. Pectin has been given the jelly-like consistency to jams
or marmalades, which would otherwise be sweet juices. Pectin can also be used to
stabilize acidic protein drinks, such as drinking yogurt, and as a fat substitute in baked

goods (9).

2.3 Extraction of gums from plant

Plant gums are polyhydroxylic and consequently largely hydrophilic
compounds of high, variable molecular weights. Their molecular structures are made
up of a selection of the less common monosaccharides units mutually linked
as glycosides in a limited number of anomeric configurations and positions of
attachment. Several isolation schemes have been proposed. Most have common
features, such as an initial removal of lipid and lipid-soluble substances, dissolution of
soluble substances are usually removed with polar solvents such as chloroform-
methanol solutions, dioxane, hexane or petroleum ether (13). The plant gums can be
extracted by water, acids and alkaline solutions. Many researchers studied about plant

gum extractions as follow.

2.3.1 Extraction of plant gums by water

The water at various temperatures is usually the first choice for extraction
of neutral polysaccharides. Normally, the extractability of polysaccharides increases
with increasing temperature of the aqueous solution. There are many researchers used
water to extract the gums from plant as follow.

Bailey and Norris (14) extracted the mucilage from yellow mustard seeds
by cold water. The seed to water ratio was 1:10 with efficient stirring or shaking for 24

hours. The viscous extract was filtered through muslin, while the seed was returned to
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the vessel for two additional extractions. The three extracts were combined and then
filtered through a bed for glass wool and muslin to remove foreign particles.
The filtrate was then poured into alcohol to precipitate the mucilage. The fibrous,
gelatinous material from alcohol precipitation was redissolved, precipitated and
filtered several times, and the final product was dried in successive increasing
concentrations of alcohol and finally vacuum over phosphorus pentoxide.
The prepared mucilage was snow-white fibrous product with a yield of ~2%.

Cui et al. (15) found that the yield of crude mucilage (CM) obtained from
yellow mustard (Sinapis alba L.) was separated into a water—soluble fraction (WS)
at 55.6% and a water—insoluble fraction (WI) at 38.8% of the total seed weight.
Carbohydrates were the major component (80-94%) and ash (1.7-15.0%) and protein
(2.2-4.4%) were the minor constituents. Glucose (2.2-3.5%) was the major
monosaccharide present followed by galactose (11-15%), mannose (6.0-6.4%),
rhamnose (1.6-4.0%), arabinose (2.8-3.2%) and xylose (1.8-2.0%). All mucilage
fractions exhibited interfacial activity and shear thinning behavior typical of xanthan
gum dispersions and the WS fraction was least effected by pH, temperature and
solutes (sodium chloride and sucrose)

Muralikrishna et al. (16) extracted flaxseed gum by soaking the seed in
water (1:16, w/v) for 24 hours with occasional stirring. After decanting the mucilage
was precipitated with alcohol and dried to give a yield of 6%.

Mazza and Biliaderi (17) examined the effect of temperature and
extraction time on the yield and composition of flaxseed gum. It was found that higher
temperature increased the gum yield from 5% to 9%, but the extracted the gum was
contaminated with high level of proteins.

Fedenuik and Biliaderis (18) extracted flaxseed gum by water. The high
temperature resulted in high yield with 20% to 22% protein contaminants. After
treatment with Vega clay, the yield and protein content were comparable with gums
extracted at room temperature (4.7% yield and 4.3% proteins).

Cui et al. (19) optimized the flaxseed gum extraction process using
response surface methodology to obtain gums with maximum yield and minimum
impurities. Extraction temperature (25-100°C), pH (2.0-7.0), water: seed ratio

(6:1-20:1) and extraction time were the factors investigated with respect to yield,
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apparent viscosity and protein content. In summary, the extracted conditions have
a significant effect on the yield, protein content and rheological properties of flaxseed
gum. The temperature and pH are found to be the major factors affecting yield and
quality of the flaxseed gum. Optimum extraction conditions were obtained at
the temperature of 85-90°C, a pH of 6.5-7.0, water: seed ratio of 13:1 and an
extraction time of 2.5-3 hours. This optimum processing condition gives a relatively
high yield of gum (8%) with low levels of protein contaminant (<8%).

Garti et al. (20) extracted fenugreek gum by water. The fenugreek seeds
(125 g) were ground to fine powder (300 mesh) and then extracted with 2x100 ml
n-hexane in a soxhlet until colorless. The n-hexane extracted fraction contains mostly
lipids, while the solid residue was further extracted with ethanol (200 ml) and then
methanol (150 ml). The extract was vacuum evaporated and freeze-dried to produce
7-8 g of saposins. After n-hexane and alcohol treatments, the remaining solid residue
was dispersed in water (800-1000 ml) to form a viscous aqueous solution. The crude
fenugreek gum solution was first centrifuged at 5000xg to remove non-soluble
cellulose, hemi cellulose, lignin and part of proteins. The gum solution was further
centrifuged at 10,000xg to precipitate most of the residual proteins and other insoluble
fractions. The water extraction process was repeated four times, and the water-soluble
fraction was combined and precipitated with ethanol at a 1:1 weight ratio.
The precipitated fenugreek gum (20% of the ground seed) was freeze-dried and
ground to a fine powder. Under these optimum conditions the highest yield of gum was
20%.

Balyan et al. (21) prepared fenugreek mucilage by soaking fenugreek flour
in water (1 : 10 w/v) for 20 minutes at 30°C, 50°C or 75°C, followed by extraction
with water (1 : 50 w/v) for 2 hours at pH 2, 5, 7, 8 or 11 with continuous stirring.
The fenugreek that extracted at pH 2 and 11 had a gum yield of 30-32%, respectively.
These conditions also gave a higher carbohydrate contents and more purified gum
when compared with the other conditions.

Singthong et al. (22) reported that the optimized conditions for
the extraction of Mhakjong’s soluble components were solid:water ratio of 1:75

at 66 °C, extraction time 60 min, and natural pH (6.5-7.0). A crude extract was
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obtained after alcohol precipitation and drying. The extracted Mhakjong consisted
mainly of rhamnose, arabinose, galactose and small amounts of other neutral sugars.

Cunha et al. (23) extracted galactomannan from mature seeds of
Dimorphandra gardneriana Tul. The galactomannan extraction was based on manual
separation of the endosperm, water dissolution, centrifugation and precipitation with
ethanol. The galactomannan yield obtained (31%) was similar to values reported for
other Brazilian seeds and to that of guar gum. The polysaccharide from
D. gardneriana seeds (GalDG) was characterized by gas—liquid chromatography
(GLC), gel permeation chromatography (GPC). The monosaccharide composition in
weight % was mannose 64.2, galactose 34.7 and glucose 1.1. Small amounts of protein
and uronic acid were found, values being 1.75 and 2.8% (w/w), respectively.
The mannose/galactose ratio of GalDG (1.84) was similar to values reported for
galactomannans extracted from other Brazilian seeds, and the M/G value closest to
that of guar gum (1.6-1.8).

Singthong et al. (24) optimized the condition for the pectin extraction from
Krueo Ma Noy (Cissampelos pareira). The pectin was extracted with a ratio between
Krueo Ma Noy leaf powder and distilled water of 1:50. The extracted temperature and
pH were varied between 25-28 °C and 3.8-4.0, respectively. A crude pectin extract
was obtained after alcohol precipitation and drying. The crude extract was dialyzed
and lyophilized to produce a dialyzed pectin fraction. The extracted Krueo Ma Noy
pectin is low methoxyl pectin which consisted mainly of uronic (galacturonic) acid
(~70-75%) and small amounts of neutral sugars.

Yamazaki et al. (25) extraced the hydrocolloid from leaves of Corchorus
olitorius L., with ammonium sulfate solution (50%, w/v) followed by the stepwise
extraction with distilled water. The yield of the hydrocolloid was 4.5% (w/w) based on
dry material. Ash, protein, moisture and total sugars were 3.4, 5.3, 12.3 and 83.8%
based on dry-material, respectively. The hydrocolloid consisted mainly of uronic acid
and the weight ratio was approximately 90% of total sugars.

Singthong et al. (26) found that the optimized extraction conditions of gum
from Yanang (7iliacora triandra) leaves were a leaf:water ratio of 1:6.6, 85°C, and

100 minutes extraction time. The major monosaccharide constituent of Yanang gum
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was xylose, together with substantial amounts of other neutral sugars. The FT-IR
spectra of Yanang gum were similar to that of xylan gum.

Sciarini et al. (27) studied the isolation and purification methods of gum
from the Gleditsia triacanthos (Fabaceae) seed. In this study, three processes were
used: treatment with boiling water (M1), concentration with boiling 2N NaOH (M2)
and swelling with water and later manual removal of the endosperm (M3).
The functional properties of the hydrocolloids obtained by the three isolating methods
were compared with those exhibited by xanthan and guar gums, which are widely used
as food additives. The product obtained by boiling water (M1) had the lowest yield,
although that hydrocolloid showed high water absorption capacity and solubility,
high emulsifying and foaming capacities, and imparted high stability to the dispersions
(foams and emulsions). These properties could be influenced by its high Man:Gal ratio

(2.49:1) and protein content.

2.3.2 Extraction of plant gums by acid

The acidic solutions are usually avoided for extraction of polysaccharides.
Because, the acidic solutions hydrolysis the glycosidic linkages of polysaccharides.
For this reason, not many researchers used acidic solutions to extract the gums from
plant.

Amin et al. (28) isolated durian seeds gum from defatted local durian
seeds. Durian seeds flour was extracted with petroleum ether and ethanol to defat and
decolourize. The seed gums were extracted by 1% aqueous acetic acid and the yield of
light brown crude gum powder was about 18%. The durian seeds gum had 17.9%
moisture and 29.8% total ash. Mineral content of durian seeds gum was comparable
to commercial gums except for zinc content which was quite high in durian seed gum.
Sugar analysis by paper chromatography and HPLC revealed the presence of
L-rhamnose, glucose and D-galactose sugars in the hydrolyzed durian seeds gum.
The gum contained L-rhamnose, glucose and D-galactose in the ratio of 3:9:1.

The results indicated that durian seeds gum was not a galactomannan.
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2.3.3 Extraction of plant gums by alkaline

The alkaline solutions are used extensively to  extract
the polysaccharides. Because of the polysaccharides are either covalently linked to
other components or physically trapped in the cell wall matrix, which can only be
effectively release under alkaline condition. There are many researchers used alkaline
solutions to extract the gums from plant as follow.

Tomoda et al. (29) extracted psyllium seed (100 g) with 0.2% sodium
carbonate (1000 ml) at room temperature for 1 hour. After centrifugation,
the polysaccharide was obtained by precipitating the supernatant in ethanol,
then dialyzing and freeze-drying.

Haque et al. (30) used 2.5 M of NaOH to extract the gum from milled
psyllium husk at ambient temperature for 30 minutes. The insoluble non-carbohydrate
fraction was removed by filtration. The filtrate was neutralized with HCl, dialyzed
exhaustedly against deionized water and freeze-dried. The gum from milled psyllium
husk contained L-arabinose, D-xylose, D-glucuronic acid and D-galacturonic acid in
the ratio of 4.0:10.8:3.3:0.7, respectively. The above described extraction procedures
have been used in laboratory scales, and the data presented did not appear to be
complete.

Guo et al. (31) prepared phyllium gum by extraction of the phyllium husk
with hot water (80°C), 0.5 M NaOH, 1.2 M NaOH and 2.0 M NaOH solutions at room
temperature. A series of psyllium gum fractions were labeled as water extractable
(WE), 0.5 M alkali extractable (AES(s), 1.2 M alkali extractable (AES;,) and 2.0 M
alkali extractable (AES;). The alkaline extracted solutions were neutralized, during
which, a gel-like precipitate was observed in the 0.5 M NaOH extracted solution,
which was then separated by centrifugation to give a soluble fraction (AES,s) and
a gel fraction (AEGqs). The yields of fractions WE, AESys and AEGy s were 18.6%,
8.7%, and 61.4%, respectively, based on the dry weight of husk. The combined yields
from the 1.2 and 2.0 M NaOH extracted fractions were less than 1.5%.
Monosaccharide analysis revealed that WE, AES and AEG contained mainly xylose
and arabinose. Substantial amounts (~15%) of uronic acids were found in the WE and

AES, 5 fractions compared to AEG s, which only contains neutral sugars.
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Somboonpanyakul et al. (5) studied the extraction and characterization of
gums from mesocarp of malva nut fruit. Sequential extraction with water, 0.05 M HCI,
and 0.05 M NaOH solutions resulted in 1, 6 and 20% gum yield, respectively, based
on the dry weight of the seeds. The alkaline extracted gum fraction was showed 62.0%
carbohydrates, 8.3% ash and 8.4% protein. Using acid hydrolysis and ion exchange
chromatography the major constituent monosaccharides of the gum were 31.9%
arabinose, 29.2% galactose and 29.5% rhamnose. The gum also contained 6.4% uronic
acid and small amounts of glucose, xylose and mannose. Methylation analysis
revealed that alkaline extracted gum was primarily composed of terminal L-Araf, 1,3-
linked L-Araf, 1,4-linked D-Galp,1,4-linked D-GalAp with small amounts of
branching units (1,2,4-linked D-Galp and 1,2,3,4- linked Rhamp). A single peaks in
the size exclusion chromatography of the gum, from which the average molecular
weight and intrinsic viscosity were determined to be 6.65x10° Da and 10.0 dl/g,
respectively. These values are much higher than the commercial hydrocolloid gums.
Further purification of the gums by dialysis, against deionized water, and decoloring
by hydrogen peroxide treatment reduced the molecular weight and intrinsic viscosity
of the polysaccharides.

Lin and Lai (32) found that the hydrocolloids in the hot alkaline (Alk) and
water extracts (Hw) of mulberry leaves contained mainly carbohydrates with high
levels of uronic acid (28-33% on dry basis), indicating the ionic nature of mulberry
leaf hydrocolloid. Higher hydrocolloid yields can be obtained by using alkaline
extraction. The neutral sugar compositions of Alk and Hw constituted mainly of
rhamnose (23-27%), arabinose (20-21%), galactose (23-24%), glucose (21-26%),
xylose (6-7%) and mannose (<0.3%).

2.4 The gum precipitation

The final step of gum extractions is precipitated by the addition of
ethanol, acetone, or 2-propanol. Although this is a standard procedure whereby
the water-soluble organic solvent is added slowly to a rapidly stirred solution of

the gum, it is not without problems. Polysaccharide, do not precipitate well from very
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dilute solutions, so concentration may be required. Generally, three volumes of 95%

ethanol are added (final concentration = 71% ethanol v/v) (13).

2.5 Properties of gums
Gums are used in processed foods as thickeners, stabilizers, gelling agents

and, in some cases, emulsifiers. The properties of gums are classified by Sanderson as

follows: (33).

2.5.1 Thickening

Thickening, which in food technology terms means “body”, “mouthfeel”
and “texture”, refers to viscosity which is the resistance to flow of a liquid, the shear
stress 1s proportional to the shear rate. These gums are referred to as Newtonian and
are characterized by viscosities independent of shear rate. The majority of gum
solutions exhibit non-Newtonian flow and increasing shear rate which can result in
either a decrease or an increase in viscosity. In other words, the solutions are shear
thinning or shear thickening, being described as pseudoplastic or dilatants, on removal
of the shearing force, they immediately revert back to their original states. Thixotopic
and rheopectic solutions are also shear thinning and shear thickening but require

an interval of time to recover their original viscosity after shear removal, clearly,

for non-Newtonian solutions, viscosity is dependent on shear rate (7).

2.5.2 Stabilization

The stabilization of gums applies to the aqueous dispersions where
the continuous phase is water and dispersed phase can either be a solid, liquid or gas.
Suspensions are solid dispersions, emulsions are liquid dispersions and foams are
dispersions of gel. There is a tendency in all of these systems for the dispersed phase
to destabilize or separate out but addition of the appropriate gum to provide viscosity
to the aqueous phase can minimize this tendency. Stabilization is not only favored by
high solution viscosity but also by the existence of a solution yield value, defined as
the shear stress or applied force below which the solution will not flow.

If the suspended particles do not exert a force in excess of the yield value, they cannot
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separate and can remain effectively dispersed. A vast number of gum applications in
the food industry are concerned with the stabilization of suspensions, emulsions

and foams (7).

2.5.3 Gel formation

Water soluble gums all provide viscosity to greater than lesser extent, but
only a few have the ability to form gels. Gelation results from intermolecular
associations which give rise to a macroscopic three dimensional network within
which the aqueous system is bound. Association may involve the same or different
molecular species and is brought about physically by altering the temperature or
chemically adding an appropriate reagent (34). Gel can be considered as
the intermediate between solids and liquids since it possesses properties of both.
For instance, the entrapped water retains many characteristics of liquid water. Pectins,

alginates and carrageenans are the most important gelling polysaccharides for food (7).

2.5.4 Emulsification

In the preparation of emulsions, an emulsifier is required to reduce
interfacial surface tension so that extremely fine droplets of dispersed liquid can be
formed. In most cases, gums do not function as emulsifiers but are used to provide
emulsion stability. There are a few exceptions, for example propylene glycol, alginate
and gum arabic, which act as both emulsifiers and stabilizers. The ability of a gum to
function as a thickener, stabilizer, gelling agent, or emulsifier is governed by its
functional properties in the solution. Solution properties depend on molecular shapes

they can provide vastly different solution properties (7).

2.6 Rheology of gums

The relation of mouth-feel or textural qualities imparted to rheological
behavior is the key to the scientific application of gum to food products (35). Natural
and synthetic hydrocolloids or gums are mainly used in the food industry to control
the rheological properties of many products. They are normally used in low

concentrations, ranging from 0.05% to about 5% and do not usually contribute to
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the nutritional value, taste or aroma of the finished product. They have been used
individually or in combination for thickening and texture modification. They can also
be used for gelation, water retention, gas entrainment, emulsification, film formation
and flavor fixation. Rheology is defined as the science of deformation and flow
behavior of matter. Gums are complex polysaccharides that significantly modify
the flow behavior of aqueous solutions. Some of the physical properties of
a hydrocolloid that is responsible for modifying the rheological of a solution are
molecular weight, molecular weight distribution, degree of hydration, extent of
intra-molecular and intermolecular interaction and ability to stabilize emulsions, foams
and suspensions. The rheology of a solution is also affected by the measurement
conditions, including temperature and concentration. Aqueous solutions of
low-molecular-weight materials, most oil and syrups follow Newton’s Law in that
their viscosities are not changed with a changing shear rate. This viscosity is described

as following the power law expression shown in equation 1 (36):

n =1L (1)
Y

In the equation (1), n = viscosity, I' = shear stress and y = shear rate.
In contrast, the viscosities of solutions of gums usually change with a changing rate of
shear. The vast of majority of gums display pseudo plastic flow properties which is
the viscosity of the solution decreases as the rate of shear increases. The material
behaves as a Newtonian fluid at very low and very high shear rates and is shear
thinning (i.e., viscosity decreases with increasing shear) in the intermediate range.
In many cases, the shear thinning portion of the flow curve plotted on log paper will
yield a straight line over a certain region, the extent of which is dependent upon
the gum and the measuring conditions. This behavior is described as following

the power law expression shown in equation 2 and 3 (36):

r =Ky 2
n =L =Ky )
Y
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Where K is the consistency index and n is a dimensionless number that is
a measure of the deviation of flow properties of the fluid from Newtonian behavior.
For pseudo plastic fluids, n is greater than 1.0 and the viscosity of the fluid would
increase with increased rate of shear. When n = 1.0, the fluid is Newtonian and
equation 3 reduces to Newton’s Law, equation 1. For the polymer solutions, the power
law 1s applicable only for the short range of shear rate (36).

Viscosity and concentration are interdependent, but not necessarily
in a linear manner. At low concentrations, some gum will show Newtonian behavior.
However as the concentration increases, the rheological properties tend to become
non-Newtonian (12). To recognize this behavior of gums experimentally is to measure

and plot the viscosity against the shear rate.

2.7 Rheological measurements

The rheological characteristics of gum solution influence many aspects of
the fluid performance during food processing and used for the finished product
quality. The common rheological measurements that used to study the rheology of

gum solution are steady shear flow and oscillatory tests.

2.7.1 Steady shear flow test

Steady shear flow condition which a fluid is sheared continuously in one
direction during the duration of a theometric experiment. The steady shear flow curves
for suspensions and solutions measured under the equilibrium conditions may exhibit
a variety of behaviors over a limited range of shear rates. Additionally, some materials
may exhibit more than one distinct behavior over different shear rate regions of
the same flow curve. Several types of behavior can be classified according to their

characteristic shape.
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Figure 2.3 The shear relationships for non-Newtonian and Newtonian comparison of

(a) shear stress versus shear rate and (b) viscosity versus shear rate (37).

The different types of viscous response in steady shear can be illustrated
by plots of shear stress versus shear rate (figure 2.3 a), or viscosity versus shear rate
(figure 2.3 b). In the simple case, so called Newtonian behavior, the shear rate
is directly proportional to the shear stress and the plot begins at the origin

(figure 2.3 a). Typical Newtonian foods are those containing compounds of low
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molecular weight (e.g., pectin, protein and starch) or insoluble solids. Examples of
Newtonian foods include water, sugar syrups, most honeys, most carbonated
beverages, edible oils, filtered juices and milk.

The non-Newtonian system, which means that either the shear stress
or shear rate plot is not linear and/or the plot does not begin at the origin,
or the material exhibits time-dependent rheological behavior as a result of structural
changes. Flow behavior may depend only on shear rate and not on the duration
of shear (time independent) or may depend also on the duration of shear
(time dependent). Several types of time dependent flow behavior of foods have been
encountered. There are three classes of non Newtonian fluids as follows, shear
thickening, the shear thinning, and Bingham plastic (figure 2.3). (37)

In shear thickening behavior also, the curve begins at the origin of
the shear stress and shear rate plot and is concave downwards, which is an increasing
shear stress gives a less than proportional increase in shear rate. This type of flow has
been encountered in partially gelatinized starch dispersions. The expression dilatant is
popularly and incorrectly in the volume of the sample during the test, it is incorrect to
use it to describe shear thickening rheological behavior. Strictly speaking,
shear-thickening should be due to increase in the size of the structural units as a result
of shear.

The shear thinning fluids, the curve begins at the origin of shear stress and
shear rate plot but is concave upwards, which is an increase shear rate gives a less than
proportional increase in shear stress. Shear thinning fluids are popularly called to
pseudoplastic. The expression shear thinning is preferred compared to pseudoplastic
because it is an accurate description of the shear rate-shear stress curve.
Shear thinning may be thought of being due to breakdown of structural units in a food
due to the hydrodynamic forces generated during shear. Most non Newtonian foods
exhibit shear thinning behavior, including many salad dressings and some
concentrated fruit juices.

The flow of some materials may not commence until a threshold value
of stress, the yield stress is exceeded. Although the concept of yield stress is
questioned the concept of yield stress is useful in food process design, sensory

assessment, and modeling. Shear thinning with yield stress behavior is exhibited
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by foods, such as tomato concentrates, tomato ketchup, mustard, and mayonnaise.
In the event, the shear rate and shear stress data follow a straight line with a yield
stress, the food is said to follow the Bingham plastic model.

For some non-Newtonian liquid, flow behavior may depend on the length
of flow time and flow history. In general, two types of flow can be distinguished,
thixotropic and antithixotropic. In the former case, upon application of a constant
shear rate, viscosity immediately reaches a peak value and then gradually decreases
with time until it reach a stationary state. In the later case, the viscosity gradually
increases with time. While antithoxytropy is less seen in food polysaccharide systems,
thixotopic behavior is often exhibited by disperse systems in which the disperse phase
is made up of molecular aggregates. The application of shearing conditions results
a gradual reduction of aggregate dimensions, leading to a progressive decrease in
viscosity with time. Both thixotropy and antithixotropy are reversible phenomena, i.e.,
the viscosity return to its original value after cessation of shear with a delayed period
rather than instantaneously. Thixotropy is usually associated with shear thinning
behavior. For a typical thixotropic liquid, plot of viscosity and shear rate forms
a hysteresis loop when the viscosity measurement is made first at increasing shear rate
followed by decrease in shear rate. In many polysaccharide solutions, thixotropy is

a result of strong interchain through hydrogen bonding. (38)

2.7.2 Oscillatory test

Polysaccharide solutions are viscoelastic substances, have both solid and
liquid characteristics. An important experimental approach to the studied of
the viscosity of a polymer solution is to use a dynamic oscillatory measurement.
A simple is subjected to a small sinusoidal oscillating strain (y), this generates two
stress components in viscoelastic materials, an elastic component which is in phase
with the applied strain and a viscous component which is 90° out of phase with

the strain

oo = G'yesinot + G"ypcosmt (4)

tand = G" %)
Gl



Monchupa Klinsukon Literature Review / 24

Where G' is the elastic or storage modulus, G" is the viscous or less
modulus, tand is the loss tangent, and ® is the frequency of oscillation. The loss
tangent is the ratio of the energy dissipated to that stored per cycle of deformation.
The frequency dependency of these viscoelastic quantities allows specific features of

different classes of polysaccharides of G' and G" in a frequency sweep experiment

within the linear viscoelastic strain range.
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Figure 2.4 Mechanical spectra, storage modulus G', loss modulus G" and viscosity n*
vs. frequency o in a bilogarithmic plane. (a) a liquid like, (b) a entangled semi-dilute

solution (gel point) and (c) a solid like (39).
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Evaluation of these viscoelastic quantities as a function of frequency
within the linear viscoelastic range provides useful information about the rheological
properties of polysaccharides. Based on relative magnitude of G' and G" in
a frequency sweep experiment, three types of polysaccharide system and may be
distinguished: liquid like, gel point, and solid like. As illustrate in figure 2.4a,
for liquid like of polysaccharides, G" > G' with G" a o > at low frequencies.
As oscillatory frequency or polymer concentration is increased, these is cross-over
between G' and G", implying that the system changes from being a viscous liquid to
being a viscoelastic solid (gel point). Both G' and G" become less frequency
dependent as the frequency is increased, which a rubbery plateau of G' is observed at
high frequency region. The mechanical spectrum of solid like is showed in figure 2.4c.
G' > G" at all frequencies and G' is independent of frequency while G" only slightly
increase with the increase of frequency.

For semi-dilute polysaccharide solutions, increase in concentration results
in an increase of both G' and G", and also a shifting of the cross-over point toward
lower frequencies. When there are no conformational transitions or formation of super
molecular structure, the shape of he G' (o) and G" (®) curves may be alike for any
given polysaccharide solutions of different concentration and measured at different
temperature. A composite curve can be generated for a description of moduli
frequencies by certain procedures.

There are many researchers studied the rheological properties of plant gum
solutions by using the steady shear flow and oscillatory tests as follow.

Singthong et al. (26) reported that the Yanang gum exhibited
shear thinning flow behavior and the extent of shear thinning was concentration
dependent. Yanang gum showed mechanical spectra at low concentration of (0.5%)
that are typical of semi-diluted to concentrated solutions. However, with increasing
concentration, the solution behaved like a weak gel.

Farkas and Glicksman (35) reported that using the low-viscosity type
carboxymethylcellulose (CMC) with concentrations of the gum in water up to 3.0%,
showed fairly well-defined Newtonian behavior, but became distinctly

thixotropic at higher concentrations. However, when using high-viscosity and
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high-molecular-weight CMC, the same thixotropic effect was achieved at the low
concentration of 0.5%.

Xu et al. (40) studied the rheological properties of Aeromonas (A) gum.
The pure gum in the range from dilute to concentrated solution was examined using
the Rheometric Scientific ARES controlled strain rheometer. The critical
concentration at which the transition from a dilute solution of independently moving
chains to an entangled network was determined to be 1% from steady and dynamic
experiments of the gum solutions. The results from dynamic experiments revealed that
the behavior of all the solutions were characteristic of polymer solutions without any
evidence of gel-like character. The values of shear storage modulus (G') were found to
vary with concentrations. The higher exponent may be contributed to an increase of
continuous networks as a result of the entanglements when the polymer concentration
increased.

Rincon et al. (41) studied the viscoelastic properties of Cedrela odorata
gum aqueous. The mechanical spectra derived from small amplitude oscillatory shear
(SAOS) results supported the onset of gel-like structure at given conditions (10% w/v,
20°C). The increase in the storage and loss moduli, along with the drop in their
frequency dependence, observed at higher gum concentrations, indicates a slower
relaxation mechanism, which may be related to  the increasing number and structural
complexity of transient junction zones among macromolecules. The transition from
gel-like to sol-like structure, at higher temperature, was detected from SAOS results.

Gigli et al. (42) found that the Fenugreek gum solutions exhibited similar
rheological properties to those of other galactomannans. A Newtonian plateau was
observed at a low shear-rate region. When shear rate is increased to certain extent,
the viscosity decreased with the increase of shear rate. However, fenugreek gum had
a lower viscosity when compared to guar and locust bean gums at he same
concentration and similar molecular weight, especially at low shear rate. The low
viscosity of fenugreek gum was explained by its highly substituted structure.
A small-strain dynamic oscillatory measurement revealed that fenugreek gum also
exhibited viscoelastic fluid behavior comparable to that of locust bean gum. In which
the storage modulus G' was lower than the loss modulus G" at a low frequency region

while the reverse was observe at a high frequency region. Fenugreek gum failed to
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form a gel when blended with k-carrageenan, while strong gels are formed when guar
and locust bean gums are blended with k-carrageenan (43). In our study, fenugreek
gum exhibited synergistic with yellow mustard gum, but to a much lesser extend
compared to that of guar and locust bean gums.

Cui et al. (15) studied the flow behaviors and the oscillatory rheological
test of yellow mustard gum (YMG). The flow profiles of the water-soluble YMG
(WS), the CTAB-precipitated fraction (WSCP) and the CTAB-soluble fraction
(WSCS) were typical shear thinning flow behaviors at all concentration examined
(0.03% to 2.0%, w/w). A Newtonian plateau was not evident at concentrations
between 0.05% to 2.0% w/w for the three samples over a wide shear rate range
(0.1 to 1162 s'l). However, Newtonian plateau was observed at a concentration of
0.3%. The zero shear rate viscosity was found to be the highest for WS, followed by
WSCP and WSCS, while the strain value at which the onset shear thinning flow
behaviors occurs was the highest for WSCS, lowest for WSCP and in between for WS.
WSCP and WSCS appeared to contribute to the viscoelastic character of WS
solutions. The shear thinning flow behaviors, i.e., the decrease in viscosity as shear
rate increase, observed for yellow mustard gum and its fractions resembled those of
xanthan gum dispersions at all concentrations examined.

Cui et al. (15) reported that the small strain oscillatory rheological test of
YMG and its fractions revealed that YMG solutions/dispersions exhibit weak gel
structures (figure 2.5) in a gel structures, such as xanthan gum dispersions, the storage
modulus G' is greater than loss modulus G", and both moduli were only slightly
frequency dependent. Contrary to viscoelastic fluid, such as guar gum solution,
its mechanical spectrum was characterized by G' a ®* and G" « ®', and in most
situation, G" > G' at low frequencies, and the reverse occurs at high frequencies.
The G' of WSCS appeared similar to that of WS only at low concentration and
departed from that of WS at higher concentrations (e.g., 2.0%). The nonlinear increase
of G' of WSCP and WS may reflect that a more ordered network structure develop in
WS and WSCP solutions at higher concentrations. The rheological properties
discussed above suggested that both WSCP and WSCS contribute to the rheological

properties of WS. Being the major fraction, WSCP contribute more to shear thinning
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and weak gel of properties of WS, while WSCS contributes more to the viscous

properties of WS solutions.
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Figure 2.5 Frequency dependence of storage (G') and Loss (G") moduli and viscosity
(Mm') of (A) xanthan gum, (B) guar gum, (C) CM and (D) WS for 1.0% (w/w)

solutions/dispersions (CM = crude mucilage; WS = water —soluble fraction) (15).

Cui et al. (15) reported that the flaxseed gum exhibited Newtonian flow
behavior at low concentrations and shear thinning flow behavior at high
concentrations, as demonstrated in figure 2.6. The measured viscosity is independent
of shear rate in a Newtonian solution; in contrast, the shear thinning flow behavior,
the viscosity decreased as the shear rate increased. Gums extracted from different flax
varieties exhibited wide diversities in chemical compositions and structures, as well as

rheological behavior.
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Figure 2.6 Flow curves of flax seed gum (pH 6.5, temp 25°C) at 0.05% (a), 0.1% (b),
0.2% (c), 0.3% (d), 0.4% (e), and 0.5% (44).

Wannerberger et al. (44) examines 23 flax varieties and found that most of
the gum concentrations > 1.0% exhibited shear thinning flow behaviors; whereas,
a Newtonian flow behavior was observed for gum from cv.Liflora. Similar variations
with varieties were also observed by Cui et al. (19) in comparison of gum from six
yellow and six brown varieties. It appeared that the variation of flow behavior is
correlated with the structure feature of flaxseed gum; gums that control high levels of

neutral polysaccharides tend to exhibit shear thinning flow behavior.

2.8 Effect of temperature, pH, salt and sugar on the viscosity

2.8.1 Effect of temperature

An important factor that affects viscosity and flow behavior of
polysaccharide solution is temperature. Under a give shear stress, the rate of flow is
determined by polymer chain entanglement/disentanglement and slip-page when

chains pass each other. In most cases, increase of temperature promotes
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disentanglement of the chains, hence viscosity decreases. For an ideal Newtonian

liquid, this is in accordance with the Arrhenius equation

logn = logA+E1 (6)
RT

Where E is the activation energy for viscous flow, R is the gas constant,
and A is a constant. According to equation, the viscosity of a Newtonian solution
contains considerable secondary bounding, such as hydrogen bonding, a plot of log n
and 1/T may not always be a straight line. The viscosity temperature relationship is
usually reversible for the same gum solution but characteristic for each polysaccharide
gum. This relationship is measured the shear rate on the viscosity. Increasing
temperature often leads to an increase of the onset shear rate at which the non-
Newtonian region starts. In another word, shear rate thinning starts at higher shear
rates. Change of temperature may cause conformational changes polysaccharide
molecules in solution. For example, for a number of polysaccharides such as gellen
gum and xanthan gum, temperature increase may induce a reversible conformational
change from an ordered helix to a disordered coil. This conformational transition is

accompanied by an abrupt in solution viscosity.

2.8.2 Effects of pH and ionic strength

For polysaccharides with charged groups such as carboxylic acid group,
shear rate viscosity is also sensitive to ionic strength and pH. Due to an expanded
chain conformation caused by same charge repulsions, a higher viscosity normally
obtained at lower ionic strength. At higher ionic strength and in the presence of
enough counter ions, electrostatic repulsions are suppressed, leading to a less
expanded chain conformation and hence lower viscosity. The viscosity of neutral
polysaccharide solution is not normally affected by pH unless degradation
(thus decrease in viscosity) occurs at extreme pH. For some polysaccharides
containing anionic group (COO-), lowering solution pH increase viscosity.
In particular, there is usually a marked increase in viscosity when pH is below

the pk, value. This is because the repression of ionization of carboxylic acid group
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lessens the electrostatic repulsion and promotes intermolecular association. Depending
on the polysaccharide concentration and the way the pH is adjusted, the association

may lead to precipitation or bring about gelation.

2.8.3 Effect of salt

In addition, external salt concentration often plays a large role on
the viscosity of water soluble polysaccharide solution having polyelectrolyte
properties. This effect is caused by the screening effect on long range electrostatic
repulsions (45). As the NaCl concentration increases, the repulsion of the polymer
molecules decrease and so do the viscosity. When the concentration of NaCl increase
to an extend that the Na" counter-ion becomes saturated, further addition of NaCl

would have little additional effect on the reduction of viscosity (46).

2.8.4 Effect of sugar

Sugars are commonly used in food gels as sweetening and texturing
agents. Sucrose, a major sweetener in dessert and confectionery products, also affects
gel structure and texture (39). The sucrose at high concentration has already contained
viscosity in itself. Therefore, the viscosity properties usually increase with increasing
concentration of sugar to reach maxima. The increase of polysaccharide viscosity
showed the facts that the filling of sugar increase the association of counter-ion with
the polymer molecules, consequently, and suppress the electrostatic repulsion of
charged groups on the polymer chains (47).

There are many researchers studied the effect of temperature, pH, salt and
sugar on the viscosity of gum from plant as follow.

Burkus and Temelli (48) studied the viscosity behavior of barley B-glucan
gum obtained in a pilot plant (PP) or in a laboratory (LAB) which was determined at
different shear rates (1.29-129 s™) and temperatures (0.1-75°C). A viscosity decrease
with temperature was demonstrated for both gums and activation energy E, was
calculated from the Arrhenius equation. None of the fresh gum solutions exhibited
thixotropic behavior at < 1% (w/w) concentration, but the measurement demonstrated

that increased shear rate is not applicable to polymer solutions of low viscosity
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Yamazaki et al. (25) examined the viscoelastic properties of
the hydrocolloid from Corchorus olitorius L. leaves by low amplitude oscillatory
measurements. The hydrocolloid exhibited gel-like characteristics at concentrations
higher than 0.5% (w/w). The viscosity of the hydrocolloid from Corchorus olitorius L.
leaves surpassed other food hydrocolloids such as guar gum and locust bean gum at
the same condition (0.25~1.0% [w/w], 25°C). When the hydrocolloid was heated to
over 60°C (~100°C), an irreversible increase in viscosity was observed, suggesting
a conformational change of the polysaccharide molecule.

Medina-Torres et al. (49) studied the rheological properties of aqueous
solutions of the mucilage isolated from Opuntia ficus indica . Steady-shear viscosities
in a range of shear rate from 1 to 300 s were observed as a function of mucilage
concentration, temperature, pH and ionic strength. A shear thinning non-Newtonian
behavior was observed. A quite important increase in pseudo plasticity (or shear
thinning) due to increase in the mucilage concentration, in the range of 1 to 10% (w/w)
was shown. In the range of shear rates examined, viscosity values of a mucilage
solution at 10% were similar to those shown by a xanthan 3% aqueous solution, both
at 25°C. This behavior was more pronounced when using divalent cations. A marked
dependence of viscosity on pH was also observed, the viscosity increased as pH was
increased from acidic to alkaline conditions. Elastic steady-shear properties were
evaluated as the primary normal stress difference. Mucilage aqueous solutions showed
high elastic properties, similar to high elastic synthetic polymers like polyisobutylene.
At a constant shear stress, the normal stresses decreased as the mucilage concentration
was increased. The mechanical spectra in the linear viscoelasticity range were
observed at a frequency range from 1 to 50 rad/s, in the temperature range from 5 to
35°C. At a low mucilage concentration (<3%) the behavior was typical of a dilute
solution. However, with increased concentrations, the solution tended toward a weak
gel behavior. A cross-over point between G' and G" was observed at low frequencies
(~10 rad/s) and 35°C, for a mucilage concentration of 5%, suggesting a change in
the conformation of the molecule from entanglements to a random coil configuration.
Results from steady-shear measurements also suggested a random coil configuration.

Amin et al. (28) showed the viscosity of 1% durian seed gum solution was

1

65 mPa.s at a shear rate of 1000 s~ at 29.8°C. As temperature increased
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the viscosity of fully hydrated gum solutions decreased. It was found that increasing
the temperature from 10 to 70°C causing the viscosity to decrease about 34% at shear
rate of 1000 s™ and 42% at shear rate of 0.93 s™. The pH of 1% gum solution at room
temperature was 6.93, which was quite similar to guar gum. The viscosity of
the durian seeds gum was found to be highest at the neutral state. Generally, the gum
solutions were fairly stable over a wide range of pH (2.0-10.0).

Susheelamma (50) studied the rheological properties of 0.5% flaxseed gum
solution. Steady-shear viscosities in a range of shear rate from 1 to 300 s were
observed as a pH (1-10) and ionic strength. The lowest viscosity of flaxseed gum was
observed at pH 2. As the pH increased, the viscosity increased steadily until pH 8, at
which the viscosity jump to three times its value at pH 2.

Fedeniuk and Billiaderis (51) studied the effect of pH (1-10) on viscosity of
0.5% linseed gum solution. The highest viscosity was observed between pH 5-10 and
a further increase in pH resulted in a decrease in viscosity. The slight discrepancy of
the effect of pH on viscosity of flaxseed gum solutions might be due to structure and
composition differences of the gum studied.

Singthong et al. (22) reported that the Mhakjong’s extract exhibited high
viscosity and gel strength which were concentration dependent. When Mhakjong’s
extract concentration exceeded 0.75% (w/v) gelation was observed. Mhakjong’s
extract (0.5%w/v) also formed gel under neutral conditions (pH 6-7). The addition of
NaCl and CaCl,; significantly decreased the Mhakjong’s extract viscosity. The addition
of sugar increased the viscosity and gel strength of Mhakjong’s extract and excessive
amount of sugar (>30%) resulted in decreasing viscosity and gel strength.

Singthong et al. (24) found that the Krueo Ma Noy pectin exhibited shear
thinning flow behavior and the extent of shear thinning was concentration dependent.
Gelation was observed when Krueo Ma Noy pectin (both crude extract and dialyzed
fractions) concentration exceeded 0.5% (w/v); gel strength of the dialyzed fraction was
much higher than that of the crude extract. The addition of NaCl significantly
increased the Krueo Ma Noy pectin gel strength when the salt concentration was
below 0.4 M.

Fedeniuk and Billiaderis (51) studied the effect of solute on viscosity of

flaxseed gum. The addition of NaCl to flaxseed gum solutions result in a reduction of
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viscosity. The effect of salt was more pronounce with an increasing electrolyte
concentration up to 0.2%. A further increase of NaCl concentrations had little
additional effect on the reduction of viscosity. The addition of NaCl might increase
the association of counter-ions with the polymer molecules which consequently might
suppress the electrostatic repulsion of charged group on the polymer chains.
This allows the polysaccharide molecules to adopt a more compact conformation in
solutions, therefore, the viscosity drops. As the NaCl concentration increased,
the repulsion of the polymer molecules decreases and so does the viscosity.
When the concentration of NaCl was increased to an extent that the Na™ counter-ion
becomes saturated, further addition of NaCl would have little additional effect on
the reduction of viscosity (51). Other salts also significantly reduced the viscosity of
flaxseed gum. For example, sodium and potassium chloride reduced the viscosity of
flaxseed gum by 10%, calcium chloride by 20%, ferric chloride by 50% and potassium
iodide by 40% (50). In contrast to the above observation, the presence of carbonates of
calcium magnesium increased the viscosity flaxseed gum by 10-20%, depending on
salt concentration. If the salt concentration exceeds a certain level, e.g., 0.5 M for
carbonates, aggregation occurs, which essentially lead to precipitation of
the polysaccharides.

Weber et al. (52) studied the effects of pH on rheological properties of
YMG solution (0.5% w/w). The results are shown in figure 2.7. Viscosity at a shear
rate of 93.32 s, approximating mouthfeel conditions, increased at lower and higher
pH regions. The increase in viscosity at low and high pH regions suggested that acid
or alkaline environments altered the conformation of the polysaccharides and most
likely effected the intermolecular interaction due to modification of electrostatic
effects. Furthermore, the viscosity increase of water insoluble fraction (WI) in
the alkaline region could be due to a more effective dispersion or solubilization of
the insoluble gum fraction under such conditions. The extent to the influence of pH on
the apparent viscosity of gum solutions (suspensions) was in the order of WI > crude
mucilage (CM) > WS. Similar trends in the change of viscosity are observed for YMG
and its fractions (at 0.5% w/w) when salt and sugar are added. Solutions of YMG and
WS generally exhibited higher viscosity values with increasing additive

concentrations. In contrast, WI dispersions exhibited an initial reduction in viscosity at
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low solute concentrations (< 0.5M NaCl, < 0.25 M sucrose). At much higher solute

concentrations, the rheological responses of WI are similar to those of YMG and WS.
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Figure 2.7 Effect of pH, temperature, salt and sugar on the apparent viscosity of
yellow mustard mucilage fractions at shear rate 92.32 s' (Concentration for
temperature effect: 1.0% w/w; concentrations for pH, salt and sugar effect 0.5% w/w;

pH for temperature, salt and sugar effects) (52).

Cui et al. (15)found that the apparent viscosity of YMG
solutions/dispersions decreased when the temperature increased. The reduction in
viscosity is more pronounced for WI than the other two fractions. It suggests
the presence of extended antiparticles associations for this material at low
temperatures. The results of this study demonstrated of interfacial activities and
rheological properties of YMG and xanthan gum solutions/dispersions, which
suggested that yellow mustard gum could be used as a substitute for xanthan gum.
The effect of temperature on the viscosities of WSCP and WSCS obeyed the expected
trend of decrease of viscosity with increasing temperature. The influence of pH on

the viscosities of WSCP and WSCS was also in agreement with previous reports that
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the lowest viscosity was observed between pH 3 to 7 and the higher viscosity at
the low pH region. The substantial increase in viscosity at the low pH region could be
attributed to the reduction of repulsion of forces between polymer chains that allows
interchain associations between polymer molecules, thereby increasing viscosity.
The addition of sucrose resulted in enhanced viscosity for WSCP and WSCS.
The research was appeared that the initial addition of sucrose brought about the faster
increase in viscosity for WSCP with a possible turning point at 0.4 M sugar
concentration; above this concentration, the rate with increase in viscosity became
smaller. In contrast to WSCP, sucrose caused an almost linear increase in viscosity for
WSCS. The effects of sucrose on the apparent viscosity of polysaccharide solutions
can be attributed to a concentrating effect and improve polymer-solvent interactions.
The responses of the apparent viscosity of WSCP and WSCS to the addition of salt are
different. The initial addition of NaCl resulted in the reduction in viscosity for
the WSCP solutions up to 0.25 M salt concentration. Further addition of NaCl resulted
in a rapid recovery of viscosity, and the increase of viscosity is more pronounced at
higher concentrations of salt (~1.0 M). The initial reduction in viscosity of NaCl was
attributed to the progressive suspension of intramolecular charge-charge repulsion and
the consequent contraction of the polysaccharide molecules. As the salt concentration
increased beyond the certain point, intermolecular charge-charge repulsions were
suppressed and intermolecular associations could occur resulting in the recovery of
viscosity. Further increase in viscosity at higher salt concentration could also be due to
a concentrating effect in addition to charge suppression. In contrast to WSCP, WSCS
exhibited fairly stable viscosity upon the addition of salt. The initial addition of salt
even slightly increased the viscosity. This is possible due to the non reducing end
glucuronic acid that is attached as side residue to the backbone chain. The initial
addition of NaCl would suppress the charge-induced intermolecular repulsions,
thereby enhancing the intermolecular interactions between the polymer chains.
Nevertheless, the overall response of WSCS solutions to added NaCl is minor
compared to that of WSCP, and this may also reflect the relatively fewer acidic groups
present in WSCS.
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CHAPTER I1I
MATERIALS AND METHODS

3.1 Materials

3.1.1 Chemical reagents

- Petroleum ether (analytical grade, Lab-scan Asia Ltd., Thailand)

- Acetic acid (analytical grade, Lab-scan Asia Ltd., Thailand)

- Hydrochloric acid (analytical grade, Lab-scan Asia Ltd., Thailand)
- Sodium carbonate (analytical grade, Merck, Germany)

- Sodium hydroxide (analytical grade, Lab-scan Asia Ltd., Thailand)
- 95% Ethanol (commercial grade, Ha Industries Co., Ltd., Thailand)
- Sodium chloride (analytical grade, Merck, Germany)

- Sucrose (analytical grade, Merck, Germany)

3.1.2 Equipment

- Hot air oven (UM 400, Memmert, Memmert GmbH and Co. KG.,
Germany)

- Grinding mill (sample mill 1090, Tecator, Perstorp analytical Co.,
Sweden)

- Sieve (50 mesh)

- Soxtec system (HT 1043, Tecator, Perstorp analytical Co., Sweden)

- Desiccator (AX 10262250, Yen International Resources, Singapore)

- Shaking water bath (1024, Tecator, Perstorp analytical Co., Sweden)

- Refrigerated Super Speed Centrifuge (RC-2B, Sorvall superspeed,
Kendro laboratory products GmbH, USA.)

- The four digits balance (AB204, Mettler-toledo, Mettler-toledo,
International Inc., Switzerland)

- pH meter (C 830, Consort, Consort NV, Belgium)
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- Vortex mixer (VTX-3000L, Mixer Uzusio, Laboratory and Medical
Supplies, Japan)
- Rheometer (MCR 301, Physica MCR Rheometer, Anton Paar GmbH,

Germany)

3.2 Preparation of defatted malva nut seeds powder (DFMSP)

Malva nut seeds were obtained from the malva nut juice manufacture in
Chanthaburi province. The seeds were cleaned, removed the foreign materials and
frozen before transported to the laboratory (Food and nutrition laboratory, faculty of
public health, Mahidol university). The malva nut seeds were thawed at 25+5°C for 2
hours. Then the seeds were manually de-hulled and dried in a hot air oven at 45+5°C
for 48 hours. The dried seeds were ground into powder and sieved through a screen of
50 mesh pore size. Moisture, ash, protein, fat and crude fiber contents of malva nut
seeds powder were analyzed according to the AOAC methods (53). Protein content
was determined by the nitrogen content (%N x 6.25) and carbohydrate content was

estimated by difference.

3.3 Preliminary study of extracted solutions for gum extraction

The extraction of gum from malva nut seeds (GMS) was modified from
gum extraction method by Brummer, Cui, and Wang (54). The GMS was extracted
with the ratio between DFMSP and extracted solution of 1:10. The gum was extracted
with five extracted solutions such as water, 0.05% acetic acid, 0.05% hydrochloric
acid, 0.05% sodium carbonate and 0.05% sodium hydroxide at 80°C for 30 minutes.
The extracted gum solutions were separated with centrifugation speeds of 4,070xg for
30 minutes. After that the pH of supernatant was adjusted to 7 before precipitation
with 2 M hydrochloric acid or 2 M sodium hydroxide. The extracted gums were
precipitated with 95% ethanol (1:3 v/v), washed three times with 95% ethanol and
dried in a hot air oven at 454+5°C for 24 hours (figure 3.1). The GMS yield was

determined as;
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% GMS yield = (Dry weight of GMS ) x 100
Dry weight of DFMSP

The experiment was designed as a completely randomized design
with three trials. The difference among treatment means were determined by
the Duncan’s multiple range tests. SAS version 6.12 was used to perform the statistical

analysis (55).

Malva nut seeds powder

|

Extracted with solution

(80°C, 30 minutes)

}

Extracted with ratio 1:10

|

Centrifuged (4,070xg, 30 minutes)

|

Adjusted pH to 7

}

Precipitated with 95% ethanol (1:3 v/v)

}

Washed with ethanol (3 times)

}

Dried (45 £ 5°C, 24 hours)

Figure 3.1 Schematic flow diagrams for the extraction of gum from malva nut seeds.
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3.4 Extraction of gum from defatted malva nut seeds powder

The optimum conditions for gum extraction from DFMSP were
determined by studying about type and concentration of extracted solutions,
temperature and time for extraction, speed and time for centrifugation, pH adjust

before precipitation, and extraction ratio between DFMSP and extracted solution.

3.4.1 Type and concentration of extracted solutions

The gum from malva nut seeds (GMS) was extracted with the ratio
between DFMSP and extracted solution of 1:10. The gum was extracted with three
extracted solutions (acetic acid, hydrochloric acid and sodium hydroxide) and four
levels of concentration (0.05%, 0.1%, 0.5% and 1% w/v) at room temperature
(25+£5°C) for 30 minutes. The extracted gum solutions were separated with
centrifugation speeds of 4,070xg for 30 minutes. After that the pH of supernatant was
adjusted to 7 before precipitation with 2 M hydrochloric acid or 2 M sodium
hydroxide. The extracted gums were precipitated with 95% ethanol (1:3 v/v), washed
three times with 95% ethanol and dried in a hot air oven at 45+5°C for 24 hours.
Finally, the dried GMS were gently ground put into plastics cup and stored in
desiccator prior to analysis. The protein (%N x 6.25) and ash content were determined
by AOAC (53). Type and concentration of extracted solution which had maximum
gum yield and minimum protein and ash contents was selected for studying
temperature and time for extraction. The % GMS yield was determined as described in
33

A 3x4 factorial in completely randomized design (CRD) was conducted
with three separated trials. The treatments consisted of three extracted solutions (acetic
acid, hydrochloric acid and sodium hydroxide) and four concentrations (0.05%, 0.1%,
0.5% and 1% w/v). The difference among treatment means were determined by the
Duncan’s multiple range tests. SAS version 6.12 was used to perform the statistical

analysis (55).

3.4.2 Temperature and time for extraction
The GMS was extracted with the type and concentration of extracted

solution that selected from 3.4.1. The gum was extracted with the ratio between
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DFMSP and extracted solution of 1:10. The GMS was extracted at three temperature
levels (75, 80 and 85°C) for 15, 30, 45 and 60 minutes and then centrifuged at 4,070xg
for 30 minutes. After that the pH of gum solutions were adjusted to 7 before
precipitation with 2 M hydrochloric acid or 2 M sodium hydroxide. The GMS was
precipitated with 95% ethanol (1:3 v/v), washed three times with 95% ethanol and
dried in a hot air oven at 45+5°C for 24 hours. Finally, the dried GMS was gently
ground, put into plastics cup and stored in desiccator prior to analysis. The protein and
ash content were determined by AOAC (53). Temperature and time for extraction was
selected from the treatment which had maximum gum yield and minimum protein and
ash contents. The protein (%N x 6.25) and ash content were determined by AOAC
(1996). The % GMS yield was determined as described in 3.3

A 3x4 factorial in CRD was conducted with three separated trials.
The treatments consisted of three extracted temperatures (75°C, 80°C and 85°C) and
four extracted times (15, 30, 45 and 60 minutes). The difference among treatment
means were determined by the Duncan’s multiple range tests. SAS version 6.12 was

used to perform the statistical analysis (55).

3.4.3 Extracted ratio between DFMSP and extracted solution

The GMS was extracted with type and concentration of the extracted
solution that selected from 3.4.1 and temperature and time for extraction that selected
from 3.4.2. The ratios between DFMSP and extracted solutions were varied to 1:10,
1:30 and 1:50. The extracted gum was centrifuged at 4,070xg for 30 minutes.
After that the pH of gum solution was adjusted to 7 before precipitation with 2 M
hydrochloric acid or 2 M sodium hydroxide. The GMS was precipitated with 95%
ethanol (1:3 v/v), washed three times with 95% ethanol and dried in a hot air oven at
45+5°C for 24 hours. Finally, the dried GMS was gently ground, put into plastics cup
and stored in desiccator prior to analysis. The extraction ratio between DFMSP and
extracted solution was selected from the treatment which had maximum gum yield and
minimum protein and ash contents. The protein (%N x 6.25) and ash content were
determined by AOAC (53). The % GMS yield was determined as described in 3.3

The experiment was designed as a completely randomized design

with three trials. The difference among treatment means were determined by



Monchupa Klinsukon Materials and Methods / 42

the Duncan’s multiple range tests. SAS version 6.12 was used to perform the statistical

analysis (55).

3.4.4 Speed and time for centrifugation

The GMS was extracted with type and concentration of the extracted
solution that selected from 3.4.1, temperature and time for extraction from 3.4.2 and
the ratio between DFMSP and extracted solution from 3.4.3. The extracted gum was
separated with three centrifugation speeds (3,500, 4,000, and 4,500xg) for 15, 30 and
45 minutes. After that the pH of gum solution was adjusted to 7 before precipitation
with 2 M hydrochloric acid or 2 M sodium hydroxide. The GMS was precipitated with
95% ethanol (1:3 v/v), washed three times with 95% ethanol and dried in a hot air
oven at 45+5°C for 24 hours. Finally, the dried GMS was gently ground, put into
plastics cup and stored in desiccators prior to analysis. Speed and time for
centrifugation was selected from the treatment which had maximum gum yield and
minimum protein and ash contents. The protein (%N x 6.25) and ash content were
determined by AOAC (53). The % GMS yield was determined as described in 3.3

A 3x3 factorial in CRD was conducted with three separated trials.
The treatments consisted of three centrifugation speeds (3,500, 4,000 and 4,500xg)
with four centrifugation times (15, 30 and 45 minutes). The difference among
treatment means were determined by the Duncan’s multiple range tests. SAS version

6.12 was used to perform the statistical analysis (55).

3.4.5 pH Adjust before precipitation

The GMS was extracted with type and concentration of the extracted
solution that selected from 3.4.1, temperature and time for extraction from 3.4.2,
the ratio between DFMSP and extracted solution from 3.4.3 and speed and time for
centrifugation from 3.4.4. The pH of gum solution were adjusted to 3, 5, 7, and 9
before precipitation with 2 M hydrochloric acid or 2 M sodium hydroxide and
precipitated with 95% ethanol (1:3 v/v), washed three times with 95% ethanol.
After that the gum solution was dried in a hot air oven at 45+5°C for 24 hours. Finally,
the dried GMS were gently ground, put it in plastics cup and stored in desiccator prior

to analysis. The adjusted pH before precipitation was selected from the treatment
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which had maximum gum yield and minimum protein and ash contents. The protein
(%N x 6.25) and ash content were determined by AOAC (53). The % GMS yield was
determined as described in 3.3

The experiment was designed as a completely randomized design
with three trials. The difference among treatment means were determined by
the Duncan’s multiple range tests. SAS version 6.12 was used to perform the statistical

analysis (55).

3.5 Compositions of gum from malva nut seeds (GMS)

3.5.1 Chemical composition
Moisture, ash, protein, fat and crude fiber contents were analyzed
according to the AOAC methods (53). Protein content was determined by the nitrogen

content (%N x 6.25) and carbohydrate content was estimated by difference.

3.5.2 Total sugar content
Total sugar content was determined according to the method of

Dubois et al. (56) and measured as glucose equivalents (appendix B).

3.5.3 Uronic acid content
Uronic acid content was determined according to Bluemenkrantz and

Asboe-Hansen (57) and measured as glucuronic acid equivalents (appendix C).

3.5.4 Rheological properties

All the rheological measurements (steady shear viscosity test and
oscillatory test) were performed with a rheometer (MCR 301, Physica MCR
Rheometer, Anton Paar GmbH, Germany) using a cone and plate geometry (CP 50-1;
cone angle = 1°; radius = 25 mm) and a single gap cylinder (CC 27; gap = 1.13 mm;
outer radius =14.46 mm).

The data of the rheological measurements were analyzed with supporting

software Rheoplus / 32 Multi 9 V 3.40 (Anton Paar GmbH, Germany)
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3.5.4.1 Preparation of GMS solutions

GMS solutions was prepared by dissolving the GMS in
deionized water at 60 °C for 3 hours and stirred continuously. After cooling, the GMS
gel was loaded onto the rheometer for all of the rheological tests.

3.5.4.2 Steady shear viscosity test

The 0.1, 0.3, 0.5, 0.8, 1.0, 2.0, 3.0 and 4.0% (w/v) GMS
solutions were performed the steady shear tests. The viscosities were measured over
the shear rate range of 0.01 to 1,000 s, Zero shear rate viscosity (1) and shear rate
value at the onset of shear thinning were observed. The flow index (n) and consistency
index (K) value of GMS solutions at difference concentrations (25°C) were calculated.
The presented data were means of triplicate measurements. The power law model
proposed by Ostwald ( = K y"") was used to study the rheological behaviors of GMS
solutions.

3.5.4.3 Effect of temperature on viscosity

The steady shear tests of 0.5% (w/v) GMS solutions at seven
temperature levels (5, 15, 25, 35, 45, 55 and 65°C) were measured over the shear rate
range of 0.01 to 1,000 s”'. The viscosities at different shear rates were observed.

The presented data were means of triplicate measurements.

3.5.4.4 Eftect of pH on viscosity

The steady shear tests of 0.5% GMS solutions (w/v) at seven
pH levels (1, 2, 3, 4, 5, 6 and 7) were measured over the shear rate range of 0.01 to
1,000 s”'. The viscosities at different shear rates were observed. The presented data
were means of triplicate measurements.

3.5.4.5 Effect of NaCl on viscosity

The steady shear tests of 0.5% (w/v) GMS solutions at six
NaCl concentrations (0, 0.2, 0.4, 0.6, 0.8 and 1M) were measured over the shear rate
range of 0.01 to 1,000 s. The viscosities at different shear rates were observed.
The presented data were means of triplicate measurements.

3.5.4.6 Effect of sucrose on viscosity

The steady shear tests of 0.5% (w/v) GMS solutions at six

sucrose concentrations (0, 0.2, 0.4, 0.6, 0.8 and 1M) were measured over the shear rate
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range of 0.01 to 1,000 s™. The viscosities at different shear rates were observed.
The presented data were means of triplicate measurements.

3.5.4.7 Oscillatory test

The viscoelastic properties (storage modulus - G', loss modulus
- G", complex viscosity - 1) of six concentrations of GMS solutions (0.5, 0.8, 1.0, 2.0,
3.0 and 4.0% w/v) were examined by oscillatory experimental measurement.
The viscoelastic properties were determined through small amplitude oscillatory test at
frequencies from 0.01 to 10 Hz. Prior to do any dynamic experiments, a strain sweep
test at a constant frequency of 1 Hz was used to determine the linear viscoelastic
region (1% strain). All oscillatory tests were performed at 1% strain. The loss modulus
(G") and storage modulus (G') were monitored at 1 Hz. The means were averaged from

triplicate measurements.



Monchupa Klinsukon Results and Discussion / 46

CHAPTER 1V
RESULTS AND DISCUSSION

4.1 Compositions of gum from malva nut seeds powder

The chemical composition of the malva nut seeds powder was 43.27%
crude fiber, 20.99% carbohydrate, 16.58% protein, 8.54% moisture, 7.71% fat and
2.94 % ash (table 4.1). The high fat content in malva nut seed powder will decrease
efficiency of gum extraction. This is probably because fat could be limit water (or
extracted solution) penetration and negatively affected the efficiency of extraction(13).
Thus, it needs to remove all of fat content from malva nut seeds powder before gum

extraction.

Table 4.1 Chemical compositions of gum from malva nut seeds powder.

Composition (%)
Moisture 8.54+£0.12
Protein (%N x 6.25) 16.58 £0.32
Fat 7.71 £0.26
Ash 2.94 +0.04
Crude fiber 43.27 £0.86
Carbohydrate (by difference) 20.99 £ 0.22

4.2 Preliminary study of extracted solutions for gum extraction

The current extraction procedure indicated that gum from malva nut seeds
(GMS) could not be solubilized effectively by water, or by 0.05% sodium carbonate.
The yield obtained by hot water extraction and 0.05% sodium carbonate extraction
were only 4.46% and 10.54% (dry basis), respectively. Extraction with 0.05% sodium
hydroxide, 0.05% acetic acid and 0.05% hydrochloric acid provided the higher gum
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yield (18.54, 12.96 and 11.16%, respectively) than water and 0.05% sodium carbonate.
(table 4.2)

Table 4.2 Effect of extracted solutions on yield of gum from malva nut seeds.

Extracted solutions % Yield
water 4.46 °+£0.08
0.05% acetic acid 12.96 *+0.55
0.05% hydrochloric acid 11.16 °+0.15
0.05% sodium hydroxide 18.54 *+0.70
0.05% sodium carbonate 10.54 9+0.35

b<-Means followed by a different letter within the same column are significant

different (p<0.05).

4.3 Extraction of gum from malva nut seeds (GMS)

Due to the fact that highly pure commercial gums (locust bean gum and
guar gum) contain low level of protein and ash contents (47). This fact is applied as the
criterias for selection of appropriate condition for GMS extraction. This research was
concentrated on the concentration and type of extracted solutions, temperature and
time for extraction, speed and time for centrifugation, pH adjustment before
precipitation, and extraction ratio between malva nut seeds powder and extracted
solution.

The statistical analysis (table 1, appendix A) revealed that type and
concentration of extracted solutions had a significant (p<0.05) effect on GMS yield,
protein and ash contents. From the study of type of extracted solutions and
concentration as shown in table 4.3, it was found that the usage of sodium hydroxide
(NaOH) solution for GMS extraction gave significantly high GMS yield and low
protein and ash contents (p<0.05). The yield, protein and ash contents were not
significantly different when extracted with 0.05 to 1.00 % sodium hydroxide.

Therefore, the condition of GMS extraction at the lowest concentration was selected as
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an appropriate for GMS extraction. The extraction with 0.05 M NaOH provided the
high yield (9.27% dry weight). Clearly, most of the polysaccharides are either
covalently linked to other components or physically trapped in the cell wall matrix,
which can only be effectively released under alkaline condition (47). Sciarini et al.
(27) reported that extraction of Gleditsia triacanthos gum by 2.0 N NaOH resulted in
high gum yield (23.06%) and low amounts of protein contaminated (2.15%).
Somboonpanyakul et al. (5) also found that the gum from mesocarp of malva nut fruit

extracted by 0.05 M NaOH provided the highest yield (20 %).

Table 4.3 Effects of concentration and type of extracted solutions on yield, protein

and ash contents of gum from malva nut seeds.

Type of Concentration % Yield % Protein % Ash

extracted solution (%)

Hydrochloric acid ~ 0.05 5.58°+0.15  7.61°+0.25  2.49°+0.07
0.10 5.61°0.12  7.33°+0.06  2.42 *+0.04
0.50 5.66™+0.17  7.06+0.26  2.37*°+0.03
1.00 5.69°+0.27  6.86°+0.10  2.34°+0.06

Acetic acid 0.05 6.48°°+0.55  7.26°+0.16  2.38"+0.05
0.10 6.44+0.64  7.44°+0.11  2.35°+0.06
0.50 6.45°°£0.59  7.27°40.17  2.37 *+0.07
1.00 6.61 °£0.43  7.33°4+0.06  2.28 “+0.05

Sodium hydroxide  0.05 9.27 *+0.70 6.48 "+0.16  2.17 9+0.09
0.10 933%40.36  6.558"+0.19  2.15 9+0.06
0.50 8.98°+0.98  6.565"+0.12  2.149+0.09
1.00 9.01 “+0.35  6.45™0.10  2.12 9+0.08

&b Means followed by a different letter within the same column are significant

different (p=<0.05).

The statistical analysis (table 2, appendix A) revealed that temperature and
time for extraction had a significant (p<0.05) effect on GMS yield, protein and ash
contents. According to table 4.4, the GMS extraction by 0.5% NaOH at 80°C for 30
minutes produced the highest GMS yield of 21.18% (dry weight) and gave the low
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protein (4.95%) and ash contents (1.49%) (p<0.05). This is because most
polysaccharide contains covalent bonds, which can be released under alkaline
condition and most gums are better soluble when extracted in high temperature (47).
Moreover, the alkaline solution was more effective to decrease protein and ash
contents in extracted gum. This results were similar to the research done by
Somboonpanyakul et al. (5). Their research also found that the gum from mesocarp of
malva nut fruit extracted by 0.05 M NaOH at 85°C for 30 minutes provided the
highest yield (20+0.2% dry weight). Mazza and Biliaderi (17) examined the effect of
temperature (25-80 °C) and extraction time (30 minutes to 4 hours) on the yield of
flaxseed gum. The flaxseed gum extraction by water at 80 °C for 30 minutes provided
the highest yield (9.0% dry weight). Fedenuik and Biliaderis (18) also found that the
gum from flaxseed extracted by water at 80°C for 30 minutes provided the highest
yield (9.4+0.1% dry weight), but the extracted gum was high level of protein content
(20-22%)).
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Table 4.4 Effects of temperature and time for extraction on yield, protein and ash

contents of gum from malva nut seeds.
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Temperature (*C) Time (min) % Yield % Protein % Ash
75 15 20.07°+2.40  5.84°+0.14  1.58 “+0.03
30 20.25"+1.83  5.80°+0.13  1.57“+0.06
45 19.66£0.63  5.67°+0.15  1.57°+0.05
60 15.19°4£0.19  5.73°4+0.08  1.54°+0.06
80 15 18.50°°£0.50  6.47+0.18  1.75"+0.04
30 21.18%£0.07  4.958"+0.17  1.49%+0.06
45 15.204£0.89  4.96"+0.14  1.48 “+0.05
60 15164028  4.85"+0.08  1.44 °+0.04
85 15 15.72%4£1.89  6.01 "+0.23  1.89*+0.09
30 17.49°£0.42  5.73°+0.08  1.72 "+0.04
45 13.33 4133 5.30°+0.24 1.67°+0.05
60 13.19 40.40  5.26°+0.12 1.69°+0.06

&b Means followed by a different letter within the same column are significant

different (p<0.05).

The statistical analysis (table 3, appendix A) revealed that the extraction
ratio had not significant (p>0.05) effect on GMS yield, protein and ash contents.
The effect of the ratios between DFMSP and 0.5% NaOH are shown in table 4.5.
The extraction ratio of 1:10 produced the highest GMS yield (20.99%), low protein
(4.97%) and the ash contents (1.47%) were not significantly different (p>0.05) with
the extraction ratio of 1:30 and 1:50. Thus, the ratio of 1:10 was appropriate for gum
extraction due to the usage of least extracted solution. Bailey and Norris (14) extracted
yellow mustard gum by water extraction ratio of 1:10, which can provided the highest
gum yield (~2%). Cui et al. (19) also reported that the ratios of extracted flaxseed
crude gum between seed and extracted solution had only minor effects of yield,

protein and ash contents.
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Table 4.5 Effects of extraction ratio on yield, protein and ash contents of gum from

malva nut seeds.

DFMSP:NaOH % Yield % Protein % Ash
1:10 20.99 *+0.12 4.97°+0.14 1.47+0.04
1:30 20.65 “+£0.92 4.97°+0.19 1.48°+0.09
1:50 20.21 *+0.48 4.95°+0.29 1.48°+0.04

> Means followed by a different letter within the same column are significant

different (p<0.05).

The statistical analysis (table 4, appendix A) revealed that speed and time
for centrifugation had a significant (p<0.05) effect on GMS yield, protein and ash
contents. The results of yield and protein contents at speed and time for centrifugation
of 4,000xgfor 15 to 45 minutes and 4,500xgfor 15 to 45 minutes were not
significantly different (p>0.05) (table 4.6). The highest GMS yield (20.06%) and the
lowest ash content (1.40%) were produced at an optimum speed and time for
centrifugation of 4,000xg for 15 minutes. The centrifugation step also helps to separate
gum from contaminated protein in supernatant from table 4.6, all centrifugation
conditions could decrease the protein content from malva nut seeds powder (16.58%)
to extracted gum (~ 5%). Somboonpanyakul et al. (5), also found the that the gum
from mesocarp of malva nut fruit which centrifuged at 4,070xg for 15 minutes

provided the highest yield (20+0.2% dry weight).
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Table 4.6 Effects of speed and time for centrifugation on yield, protein and ash

contents of gum from malva nut seeds.
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Speed (xg) Time (min) % Yield % Protein % Ash

3,500 15 18.25%0.60  5.02°+0.14  1.48°+0.03
30 19.44 °+0.85 5.00°40.13  1.47°+0.06
45 19.82°+0.61 498°+0.15  1.45"+0.05

4,000 15 20.06 *+0.04 4.95™+0.17  1.40°+0.06
30 19.94*£1.22  5.08%+0.18  1.45°+0.04
45 19.96"+0.78  4.96°°+0.14  1.48°+0.05

4,500 15 19.97°+0.32  5.01 *+0.23  1.49°+0.09
30 19.98°£0.84  4.93°+0.08  1.42%+0.04
45 20.00°£0.49  4.96"+0.24  1.47+0.05

&b¢-- Means followed by a different letter within the same column are significant

different (p<0.05).

The statistical analysis (table 5, appendix A) revealed that the pH
adjustment had a significant (p<0.05) effect on GMS yield, protein and ash contents.
The adjusted pH level before precipitation was selected from the treatment which had
the highest gum yield and the lowest protein and ash content. The high GMS (21.16%)
and the lowest protein (4.82%) and low ash contents (1.35%) appeared at the adjusted
pH level of 7. Thus, the pH of extracted gum solution was adjusted to neutral. The pH
adjustment of GMS to neutral also useful for application of this gum to various types
of food products (47). This results were similar to research done by Cui et al. (19).
Their research also found that the gum from flaxseed adjusted pH of 6.5 to 7.0
provided the high yield (8%) and low levels of protein contaminant (<8%). Singthong
et al. (22) also reported that the optimized conditions for Mhakjong gum extraction
were adjusted pH to neutral pH (6.5-7.0).
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Table 4.7 Effects of pH adjustment before precipitation on yield, protein and ash

contents of gum from malva nut seeds.

pH level % Yield % Protein % Ash
3 18.62 °+0.58 4.92°+0.12 1.42%+0.06
5 21.20 *+0.23 4.93%+0.13 1.30°+0.14
7 21.16%+1.07 4.82°40.15 1.35°4+0.05
9 20.59 °+0.39 4.86"+0.08 1.32°+0.12
a,b,c

Means followed by a different letter within the same column are significant

different (p<0.05).

4.4 Compositions of gum from malva nut seeds

The chemical composition of the GMS was 45.17% crude fiber, 38.88%
carbohydrate, 4.92% protein and 1.35% ash. The seeds gum also contained 32.29%
total sugar content and 4.63% uronic acid (table 4.8). The uronic acid content (as
glucuronic acid equivalent) in GMS reflected the relative amount of acidic
polysaccharides in this gum. Somboonpanyakul et al. (5) reported that the gum
extracted from mesocarp of malva nut fruit contained 62.0% carbohydrate, 8.4%
protein, 8.3% ash and 6.4% uronic acid contents. Thus the carbohydrate, protein, ash
and uronic acid contents of GMS were lower than the gum from mesocarp of malva
nut fruit. This is probably due to the fact that these two gums come from different part
of malva nut fruits. So they had different monosaccharide compositions and
carbohydrate content. The protein and ash contents of GMS were similar to
commercial seed gums (locust bean gum and guar gum). Dakia et al. (13) reported that
the protein and ash contents of locust bean gum were 5.7 to 6.0% and 0.8 to 1%,
respectively. Cunha et al. (13) also reported that the guar gum had 5.0 to 6.0% protein
and 0.5 to 0.8% ash content.



Monchupa Klinsukon Results and Discussion / 54

Table 4.8 Chemical compositions of gum from malva nut seeds.

Composition (%)
Moisture 9.68 +0.06
Protein 4.92+0.14
Fat 0
Ash 1.35+£0.04
Crude fiber 45.17 +0.08
Carbohydrate (by difference) 38.88 £ 0.06
Total sugar 32.29£0.47
Uronic acid 4.63 £0.33

4.5 Rheological property of GMS

4.5.1 Steady shear viscosity of GMS

The effects of the shear rate on viscosities of 0.1 to 4.0% (w/v) GMS
solutions at 25°C are shown in figure 4.1. The shear thinning (or pseudo-plastic) flow
behaviors were observed at higher concentrations (0.3-4.0% w/v). However,
the Newtonian plateau was observed only at the lowest concentration (0.1%).
The transition from Newtonian to shear thinning behavior dropped off with an increase
in concentration. This is similar to the general behavior of polymer solutions (46). The
shear thinning behavior of polysaccharide gum may be regarded as arising from the
modification in macromolecular organization in the solution as the shear rate change.
The disruption of entanglements by the imposed shear made the molecular align in the

direction of flow, and viscosity decrease with the increasing shear rate (46).
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Figure 4.1 Effect of shear rate on viscosity of 0.1 to 4.0 % (w/v) gum from malva nut

seeds (GMS) solutions at 25 °C.

The summary of n and K values for GMS solutions are shown in
table 4.9. As the GMS concentration increased, K increased and n decreased.
The increasing in K, with increased concentration, indicated that a more viscous
system is obtained at higher concentration. In contrast the decreasing in n, with
increased concentration, implied a more prominent shear thinning of the system.

A linear plot of n versus concentration was obtained for a number of polysaccharide

solutions.
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Table 4.9 Comparison of n and k values of gum from malva nut seeds (GMS) solution

at different concentrations (25 °C).

Concentration (wW/v %) n* K* (Pa.s)

0.1 1.005 0.001

0.3 0.807 0.051

0.5 0.594 0.503

0.8 0.421 3.345

1.0 0.347 8.799

2.0 0.176 99.312
3.0 0.184 216.590
4.0 0.143 242.320

*Parameters n and K were calculated using the power law model: n =K y"" (33).

A power law relationship between n and concentrations were found for
GMS solutions as illustrated by figure 4.2. The value of n decreased with increasing
concentration. A concentration lower than 1%, was gradually decreased flow index (n)
to a value of 0.347. When n = 1.0, the fluid is Newtonian, n < 1.0, the fluid is shear
thinning (pseudo-plastic behavior) and n > 1.0, the fluid is shear-thickening (dilatants
behavior).

1.6
1.4

n =0.3425¢"52%

1.2 R?=0.9761
1 -
0.8 -
061 \¢
0.4 -
0.2 - - .
0 . . . .

Flowindex (n)

Concentration (% wiv)

Figure 4.2 A power law relationships between flow index (n) and concentration

(%w/v) of GMS solutions.
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4.5.2 Effect of temperature on viscosity

The effects of temperature in the range between 5 to 65°C on apparent
viscosity of 0.5% GMS solution are shown in figure 4.3. The temperature also had
significant effect on the flow behavior of GMS solutions (p < 0.05). The 0.5% GMS
solution showed the highest viscosity for all the shear rate range (0.01-1,000 s) at
5°C. In contrast, the lowest viscosity was found when the temperature increased to
65°C for all the shear rates. This is because the temperature rise of polymer transforms
the polymer structure to a random coil, causing less bonding and less viscosity (46).
Kok et al. (58) studied the effect of temperature (25-80°C) on the viscosity of locust
bean gum solution (1.0% w/v). The results showed that the viscosities decreased with
temperature increased for all the shear rates range (10-300 s'l). Sciarini et al. (27) also
found that the viscosities of Gleditsia triacanthos gum solutions (0.5% w/v) decreased
when the temperature (25-60°C) increased for all the shear rates (1-10 s™). Cui et al.
(15) determined that the effect of temperature (10-60°C) on the apparent viscosities of
0.5% YMG solution and found that increasing temperature resulted in a continuous

reduction in viscosities of 0.5% YMG solution.
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Figure 4.3 Steady shear flow curves of gum from malva nut seeds (GMS) solutions

(0.5%, w/v) at different temperature.
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4.5.3 Effect of pH on viscosity

The effects of pH on apparent viscosity are shown in figure 4.4. The shear
rate viscosities of GMS solutions were decreased at all pH values, where the highest
viscosity observed at neutral pH (pH 7) and the lowest viscosity was observed at
the lowest pH (pH 1). The viscosity of GMS solutions decreased when decreased
the pH level to acidic condition. This is because of the reduction of pH reduces
the electrostatic repulsion and promotes inter chain interaction (47). The acidic
solutions hydrolysis the glycosidic linkages of polysaccharides, resulted in a decreased
of viscosity. William and Phillips (47) also reported that galactomannan was degraded
and lost viscosity at high and low pH. Singthong et al. (22) also reported that
Mhakjong gum solution (0.5% w/v) had the highest viscosity at pH 7 (neutral).
Susheelamma (50) determined the effect of pH (2-7) on viscosity of flaxseed gum
solution (0.5% w/v). The lowest viscosity for flaxseed gum was observed at pH 2 for
all the shear rates range (1-10 s). Fedeniuk and Billiaderis (51) also investigated
the effect of pH (1-10) on viscosity of flaxseed gum solution (0.5% w/v).
The viscosities were measured over the shear rate range of 1 to 100 s and the highest
viscosities were observed between pH 5 to 10.

1

+ pPH &
+ PHS
« pHA4
» PH 3

« pPH1

0.1+

Viscosity (mPa)

0.01

0 100 200 300 400 500 600 700 800 900 1000
Shear rate {1/s)

Figure 4.4 Steady shear flow curves of gum from malva nut seeds (GMS) solutions

(0.5%, w/v) at different pH levels.
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4.5.4 Effect of NaCl on viscosity

The effects of NaCl on apparent viscosity of 0.5 % GMS solution are
shown in figure 4.5. The addition of NaCl to GMS solutions resulted in a reduction of
viscosity. The viscosities of GMS solutions were decreased when increased the
concentration of NaCl. The viscosity of 0.5% GMS solution was lowest when addition
of 0.8 M NaCl. As the NaCl concentration increased, the repulsion of the polymer
molecules decreased and so did the viscosity. When the concentration of NaCl
increase to an extended that the Na' counter-ion becomes saturated, further addition of
NaCl would have little additional effect on the reduction of viscosity (46). Brummer et
al. (54) also determined the effect of NaCl addition (0.02-2.00%) on the viscosities of
flaxseed gum solutions (1.0% w/v). The viscosities of flaxseed gum solutions were
decreased for all the shear rates (0.1-100 s™) when NaCl were added. Fedeniuk and
Billiaderis (51) also reported that the addition of NaCl (0.5-4%) to flaxseed gum
solutions (0.5% w/v) resulted in a reduction of viscosity for all the shear rates range
(0.1-100s™"). The effect of salt was more pronounce with an increasing electrolyte
concentration up to 0.2%. Cui et al. (15) also found that the addition of 0.25 M NaCl
resulted in the reduction in viscosity of the yellow mustard gum solutions (0.5% w/v)

for all the shear rate range (0.1-100 s™).
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Figure 4.5 Steady shear flow curves of gum from malva nut seeds (GMS) solutions

(0.5%, w/v) at different NaCl concentration.

4.5.5 Effect of sucrose on viscosity

The effects of sucrose on apparent viscosity of 0.5 % GMS solution are
shown in figure 4.6. The addition of 0.2 to 1.0 M sucrose resulted in decreasing
viscosities of 0.5% (w/v) GMS solutions. This is probably because sugar might be
interfere gel structure of 0.5% GMS solution resulted in reduction of viscosity. The
addition of 0.2 M sucrose resulted in lowest viscosity of 0.5% (w/v) GMS solution.
However, the addition of 0.4 to 1.0 M sucrose showed the higher viscosities than the
addition of 0.2 M sucrose. This is probably because sucrose at high concentration had
already contained viscosity in itself. Therefore, when sucrose was combined with
GMS solutions, the viscosity of GMS solution would increase. The increase of
viscosity might be owing to the facts that the addition of higher concentration of sugar
might increase the association of counter-ion with the polymer molecules,
consequently, and suppress the electrostatic repulsion of charged groups on the

polymer chains (47). These results were different from previous studies. This is
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possibly because the different gums have different chemical structures. Further study

about structure of GMS will useful to explain how this gum interacts with sugar.
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Figure 4.6 Steady shear flow curves of gum from malva nut seeds (GMS) solutions

(0.5%, w/v) at different sucrose concentration.

4.5.6 Oscillatory testing of GMS

The viscoelastic properties of GMS solutions were examined by
oscillatory measurements (figure 4.7). The results showed that the loss modulus (G")
of 0.5% and 0.8% (w/v) GMS solutions were higher than the storage modulus (G')
over all of the accessible frequency range (0.01-10 Hz). When concentration of GMS
solution was increased from 0.5 to 0.8% w/v, the G" of GMS solutions were higher
than G' (liquid-like). The G" of 1.0, 2.0, 3.0 and 4.0% GMS solutions were higher than
G' when the frequencies were lower than 8, 1.5, 0.48 and 0.45 Hz, respectively.
If the frequencies were higher than 8, 1.5, 0.48 and 0.45 Hz, the behaviors of 1.0 to
4.0% GMS solutions were reversed and showed the elastic response (the system

behave like a solid when G' > G"). The complex viscosity (n*) decreased as a function
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of frequency and related to the viscoelastic response of the GMS solutions. The n* is
related to the global viscoelastic response depends on both frequency and G'- G"
values. Overall, the oscillatory tests indicated that GMS solution showed a typical
weak gel structure (36). Gigli et al. (42) found that the small-strain dynamic
oscillatory measurement revealed that 1.5% fenugreek gum solution also exhibited
viscoelastic fluid behavior comparable to that of 1.5% locust bean gum solution.
The storage modulus G' of 1.5% fenugreek gum solution was lower than the loss
modulus G" at a low frequency (6 Hz) region while the reverse was observe at a high
frequency region (7-10 Hz). Cui et al. (15) also reported that the G" of 1% guar gum
solution was higher than G' at low frequencies (6.5 Hz), and the reverse occurs at high

frequencies (7.5 Hz).
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Figure 4.7 Frequency dependence of storage (G', ®), loss (G", ‘) moduli, and

complex viscosity (n*,*®) of the of GMS solutions at different concentrations.

(A, 0.5%), (B, 0.8%), (C, 1.0%), (D, 2.0%), (E, 3.0%), and (F, 4.0%).
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CHAPTER V
CONCLUSIONS

The research was to determine the extraction conditions, chemical
compositions and rheological property of gum from malva nut seeds (GMS).
The seeds were dried and defatted before extraction. The optimum conditions for GMS
extraction were found to be type and concentration of solvent, 0.05% sodium
hydroxide; malva nut seeds powder: solvent ratio, 1:10; temperature and time for
extraction, 80°C for 30 min; speed and time for centrifugation, 4,000xg for 15 min;
and adjusted pH to 7 before precipitation with 95% ethanol. Under these optimum
conditions the highest yield of gum was 21.19%. The GMS composed of 45.17%
crude fiber, 38.88% carbohydrates, 4.92% protein and 1.35% ash. The protein and ash
contaminate were similar to commercial seeds gum (locust bean and guar gum).
The GMS also contained 32.29% total sugar content and 4.63% uronic acid, which
the level of uronic acid (as glucuronic acid equivalent) in GMS reflects the relative
amount of acidic polysaccharides in the gum

The rheological properties of GMS were performed by the steady shear
and oscillatory test. The shear thinning (or pseudo-plastic) flow behavior was observed
at higher concentrations (0.3-4.0% w/v). However, the Newtonian plateau was
observed only at the lowest concentration (0.1%). This kind of behavior, which is to
the transition from Newtonian to shear thinning behavior dropped off with an increase
in concentration, was similar to the general behavior of polymer solutions.
The viscosities of GMS solutions for all the shear rates (0.01-1,000 s™) were
decreased, when increased temperature or decreased pH levels. The addition of 0.2 to
1.0 M NaCl decreased the viscosities of 0.5% GMS solutions. The effect of sucrose
addition on the lowest (0.2 M) was appeared that the lowest viscosity which 29.5
mPa.s at shear rate 1,000 s”. The mechanical responses of 0.5 to 0.8% GMS solutions
were predominantly liquid-like with loss modulus (G") higher than storage modulus

(G") over all of the accessible frequency range (0.01-10.00 Hz). The G" of 1.0 to 4.0%
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GMS solutions were higher than G' when the frequencies were lower than 8, 1.5, 0.48
and 0.45 Hz, respectively. If the frequencies were higher than 8, 1.5, 0.48 and 0.45Hz,
the behaviors of 1.0 to 4.0% GMS solutions were reversed and showed solid-like
properties (G' were higher than G"). The complex viscosity (n*) decreased as
a function of frequency and related to the viscoelastic response of the GMS solutions.
Overall, the oscillatory tests indicated that GMS solution showed a typical weak gel
structure.

However, the present study still lacks of specific data, important data. That
can explain GMS characteristic such as monosaccharide composition, molecular
weight and structure. This knowledge will be useful for future application of this GMS

in food products.

Suggestion for food application

The applications of GMS in food system are at concentration of 1.0%
base on functional properties. The optimum pH and temperature for use these gums
are in neutral pH (pH 7) and 5°C, respectively. Thus, GMS is appropriate to use as
a stabilizing agent in dairy product. This gum also has high content of crude fiber
(45.17%) but has no fat. Thus, it also can be use as a fiber supplement in health food

products.
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Table 1 ANOVA: overall effect of independent variables on response variable.

Sum of squares

Independent variable df Yield Protein Ash
Type 2 80.45* 4.69* 0.44*
Conc. 3 0.05* 0.36* 0.05*
Type*Conc. 6 0.31* 0.69* 0.02*
Error 24 0.05 0.11 0.01

* Significant at 5% level

Table 2 ANOVA: overall effect of independent variables on response variable.

Sum of squares

Independent variable df Yield Protein Ash
Temp. 2 117.54*  0.42* 0.13*
Time 3 112.03* 4.53* 0.31*
Temp.* Time 6 15.22* 4.71* 0.33*
Error 24 2.54 0.78 0.05

* Significant at 5% level
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Table 3 ANOVA: overall effect of independent variables on response variable.

Sum of squares

Independent variable df Yield Protein Ash
Treatment 2 0.92 0.01 0.01
Error 6 2.18 0.28 0.02

* Significant at 5% level

Table 4 ANOVA: overall effect of independent variables on response variable.

Sum of squares

Independent variable df Yield Protein Ash
Speed Z 4.64* 0.01* 0.01*
Time 2 0.75* 0.01* 0.01*
Speed* Time 4 2.38* 0.03* 0.02*
Error 18 0.09 0.01 0.01

* Significant at 5% level
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Table 5 ANOVA: overall effect of independent variables on response variable.

Sum of squares

Independent variable df Yield Protein  Ash
Treatment 3 13.27* 0.02* 0.02*
Error 8 3.37 0.12 0.08

* Significant at 5% level
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APPENDIX B

1. Chemical reagents

- D-glucose (analytical grade, Merck, Germany)

- 95.5% Sulfuric acid (analytical grade, Lab-scan Asia Ltd., Thailand)
- 80% Phenol (analytical grade, Merck, Germany)

2. Equipment

- The four digits balance (AB204, Mettler-toledo, Mettler-toledo, International Inc.,
Switzerland)

- UV-spectrophotometers (DR-400, Benchtop, Hach Co., USA)

- Micro pipette (NPX-200, Nichiro, Lab Commerce Inc., USA)

- Micro pipette (NPX-1000, Nichiro, Lab Commerce Inc., USA)

- Shaking water bath (1024, Tecator, Perstorp analytical Co., Sweden)

- Vortex mixer (VTX-3000L, Mixer Uzusio, Laboratory and Medical Supplies, Japan)

3. Method

To 2 ml of the MSG solution containing between 10 to 70 pg of sugar is
pipette into a colorimetric tube, and 0.05 ml. of 80% phenol is added. Then 5 ml. of
concentrated sulfuric acid is added rapidly, the stream of acid being directed against
the liquid surface rather than against the side of the test tube in order to contain good
mixing. The tubes are allowed to stand 10 minutes in a water bath at 25°C to 30°C
before readings are taken. The color is stable for several hours and readings may be
made later if necessary. The absorbance of the characteristic yellow-orange color is
measure at 490 nm for D-glucose (hexoses). Blanks are prepared by substituting
distilled water for the sugar solution. The amount of sugar may then be the determined
by reference to a standard curve (figure 1) previously constructed for the particular

sugar under examination.



Monchupa Klinsukon

Appendices / 76

accidental contamination with cellulose lint.

Absorbance

All solutions are prepared in triplicate to minimize errors resulting from
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Figure 1 Standard curve of D-glucose.
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APPENDIX C

1. Chemical reagents

- Glucuronic acid (analytical grade, Merck, Germany)

- Meta-hydroxydiphenyl solution. A 0.15% solution of meta-hydroxydiphenyl
(analytical grade, Merck, Germany) in 0.5% Sodium hydroxide (analytical grade, Lab-
scan Asia Ltd., Thailand)

- H,SO4/sodium tetraborate solution. A 0.0125 M solution of tetraborate (analytical
grade, Merck, Germany) in concentrated sulfuric acid (analytical grade, Lab-scan Asia
Ltd., Thailand)

2. Equipment

- The four digits balance (AB204, Mettler-toledo, Mettler-toledo, International Inc.,
Switzerland)

- UV-spectrophotometers (DR-400, Benchtop, Hach Co., USA)

- Micro pipette (NPX-200, Nichiro, Lab Commerce Inc., USA)

- Shaking water bath (1024, Tecator, Perstorp analytical Co., Sweden)

- Vortex mixer (VTX-3000L, Mixer Uzusio, Laboratory and Medical Supplies, Japan)

3. Method

To 0.2 ml of the MSG solution containing from 0.5 to 20 g uronic acid,
1.2 ml of H,SO,/sodium tetraborate solution is added. The tubes are refrigerated in
crushed ice. The mixture was shaken in a VVortex mixer and the tubes heated in a water
bath at 100°C for 5 minutes. After cooling in a water-ice bath, 20 pl of the Meta-
hydroxydiphenyl reagent is added. The tubes were shaken and within 5 minutes,
absorbance measurement made at 520 nm in a UV-spectrophotometers.

As carbohydrates produce a pinkish chromogen with H,SO./sodium

tetraborate at 100°C, a blank sample was run without addition of the reagent, which
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was replaced by 20 pl of 0.5% NaOH. The absorbance of the blank sample was
subtracted from the total the absorbance.
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Figure 2 Standard curve of glucuronic acid.
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