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The cashew tree gum is seen as a promising plant exudate for the food industry in Ghana.
however, there is a lack of understanding of its basic physico-chemical, rheological and
toxicological properties thus limiting its utilization in foods. The long term strategy for
promoting the use of cashew gum in the food industry is ’Fherelbrt: to understand and
exploit the agricultural production. harvesting, physico-chemical and rheological
propertics of the gum. An initial study of cashew gum yield trends per tree and picking in
relation to age of tree and the location of tree was condueted at four cashew growing
districts (Sampa, Wenchi, Bole, Damango and Jirapa) in Ghana for a period of 24
months. This was 1o develop cashew gum production for the food industry and to
generate extra income for cashew lapmers. Trees used in the study were of two age
groups, 10 years and below and above 10 years. Yield trends in relation to rainfall were
also compared. The results showed that age and location of cashew trees have no

significant effect on the production ol gum

The physico-chemical and rheological properties of cashew gum collected from the four
cashew growing districts were studied to help promote the utihzation of cashew gum n
the food industry. The gums collected from trees of the two different age groups were
compared 1o gum Arabic in terms of pH. total ash, prolein content, total sugars, total
phenols. moisture content and insoluble matter. Gum from mature trees was generally
found to have h[gllcr levels of protein, moisture, sugars and phenols than that from young
trees, wilh'_Tﬁ_.e-}&rll:r;‘pliﬁﬂ'm&l was lower in gums from mature trees. The

predominant minerals in cashew tree gum were Ca, K. Na and Fe. Gelation properties of
iii
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cashew gum showed that the gum gelled at a higher concentration of 80%. A study of the
viscositics of aqueous gum solutions showed that the concentration increased with
viscosity while an increase in temperature reduced the viscosity. Gum produced during
the rainy season was less viscous than that produced in the dry season. Viscositics of gum
reduced slightly after 6 and 12 months storage. The results shgwcd that location, maturity

and storage had no significant effects on the viscosity of cashew gum.

Toxicological evaluation (acute toxicity)of cashew gum showed that the median lethal dose
(1.Dsg)} for cashew gum was more than 30 g/kg b.w. Due to the limited supply and high cost of
gum Arabic, cashew gum was assessed as a quiek coating agent in the production of
chocolate pebbles, using gum from both voung and mature cashew trees. Pebbles
produced with cashew gum samples were compared with those produced with pum
Arabic. Although chemieal paramieters determined showed signiticant differences among
the three products (p < 0.05), sensory analysis did not. The overall acceptability of the
products were similar and the mean scores were 7.4, 6.8 and 7.1 for pebbles produced
with gum Arabic, that produced with cashew gum from voung and mature trecs
respectively. The optimum formulations for the produetion of pineapple jam and cashew
juice drink with cashew gum as pelling agent and stabilizer were determined using
response surface methodology (RSM). Cashew pum was found to be suitable as a
clarifying agent rather than a stabilizer in cashew juice and a fat replacer in baked dough

nuts.
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CHAPTER 1
INTRODUCTION

The cashew tree is a fast growing cvergreen tropical tree. which is highly frost sensitive
and found in a wide spectrum of climatic regions spanning between the 25 °N and S
latitudes. In Ghana cashew production is scattered throughout the country with the major
production area concentrated in the coastal savannah, transitional savannah and the
northern savannah zones, However,'in the\coastal savannah arca, most of the trees have
been cut down and developed for human habitation. Thus, this work was concentrated in
the transitional and northern savannah zomes. Cashew can withstand high ambient
temperatures the mean being 25 °C and annual rainfall of production in the range of 1000
to 2000 mm (Waite and Jamicson, 1986). It is drought tolerant and has a well-developed
root system. It grows well in sandy soils generally unsuitable for other fruit trees

(Shomari and Topper, 2003),

Cashew apples and cashew nuts are excellent sources of nutritions The apple contains five

times more vitamin C (Barros ef al, 2001} than an grapge; centains more calcium. iron

and vitamin Bl than other fruits such as citrus. avocados and bananas. However, it is

highly perishable and can be eaten fresh or juiced. In Brazil. fresh cashew apples are

packed in trays and marketed in retail fresh produce outlets (Filgueira and Alves, 2001).

Currently, 10 Ghana: 11151"51_9}31_65_1\.1: normally left on the [arm floor to rot. Thus, there is
S

the need to search into the possible uses of cashew apples. By-products of cashew include
e



the shell liquid from the nut and the gum from the tree. Shell liquid represents about a
quarter of the mass of an unshelled nut. This fluid, which is a mixture of anacardic acid
and cardol is the main by-product (Anon, 1978), The gum, which is produced in
appreciable amounts by the cashew tree represents non-conventional alternatives far the

farmers (Smith and Montgomery, 1959),

Gums taken from the exudates and extracts of plants have been given a strong impulse
due to the many potential uses in industries and to.the excellent international market
value. About half a billion kilograms.of pum are consumed in the United States cach year
where the growth in demand exceeds 8% per year (FAO, 2002). In Ghana about 10
tonnes of gum is used annually by industries such s Nestle Ghana Limited. PZ Cussons
Limited. Coca Cola Bottling Company, Pantiex Pharmaceutical Company and Cocoa
Processing  Company(Frimpotig-Mensah, 2000). Hitherto however. most of these

industries use gum Arabie which is mostly imported inte the country.

Cashew gum is a plant exudate similar to gum Arabicand can be used as a substitute of
liquid glue for paper. as agglutinant for capsules and pills in the pharmaceutical and
cosmetic industries and in food industiry as a stabilizer of juiets (Glicksman, 1969). It can
also be utilized in the making of cashew wines. Thus cashew Zum extraction can
represent one more source of revenue for the producer. in addition to the cashew nut.,
Since cashew trees thrive well in the transitional and savannah zones in Ghana where
maost H‘QE_EE{,‘;‘;;I-FH'[EI}’ not thrive—welt, the need to explore the agricultural production and

end use of gum [rom cashew trees in Ghana cannot be overemphasized.
e

. L.BRapy
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Purpose of study

There is an expanding local market for natural gums within the food industry in Ghana
and this has necessitated the need to replace imported synthetic substitutes with locally
produced natural gums. In the light of these, this study was carried out with the aim of
developing cashew gum through the production and end use of the gum by the study of
environmental and physico-chemical factors affectinggum production as well as the

physico-chemical and rheological properties of the gum.

Objectives

L. To study the agricultural production of ¢ashew gum in Ghana (tree age, location and
seasonal effeets on gum vield).

2. To study the physico-chemical and rheological properties of cashew gum and to
determine s safety levels,

3. To evaluate the utilization of cashew gum in product developnient; such as
i. acoating agent in chocolate pebbles production.
ii. a clarifying agent in eashew apple juice.
iii. a gelling agent in pineapple jam produetion.

v, A fat replacer in baked dough nuts.



CHAPTER 2
LITERATURE REVIEW

2.1 Cashew - Anacardium occidentale 1..

2.1.1 Taxenomy

Cashew, Anacardium occidentale 1., is a member of the Anacardiaccac family allied
with mango, pistachio, poison ivy and poison pak. The family. contains about 73 genera
and about 600 species. Anacardium containg 8 species native to tropical America, of
which cashew is the most important economically, Trees within the Anacardiaceac family
are known for having resinous bark and caustic oils in their leaves, bark. and fruits which
cause some [orm of dermatitis in humans. Henee it is ironic that two of the most
delectable nuts and one of the world's major fruit crops come from this family. The
cashew industry, in particular, had te overcome severe limitations imposed by caustic oils
in the nut shell. Today, the caustic substance, cashew nut shell liquid, which made the
domestication of the plant diffieult, is a valued by-product of cashew nut production

(Rosengarten, 1984),

2.1.2  Cultivars

Cashew is one of the few fruit crops normally grown from seed. and few improved
cultivars exist in commercial production. Yellow and red apple forms exist naturally, and
do not appeg_r_l_ffhybridim readily—but-cach is genetically variable in its own right and is

not recognized as a cultivar. Several cultivars have been selected in India which show
m—



variations in kernel oil and shell oil content (Prahbu and Pillas, 2001). Brazil has also
produced dozens of dwarf clones, some yielding twice as much as seedling trees. with
higher percent kernel (38% more) and pood cracking characteristics (<2% broken

kernels) (Barros er al ., 2001).

2.2 Origin and cultivation of cashew

Cashew is native to North-Fastern Brazil, in the area between the Atlantic and the
Amazon rainforests (Barros er al., 2001). The area is a predominantly savannah
woodland or thorn scrub, and includes the almost desert-like C aatinga. Although cashew
will grow in tropical wet forests, they rarely produce any nuts and production is far
greater in areas with a distinct wet and dry season, such as its native region in Brazil,

India and East Africa.

The Portuguese introduced the tree to Africa and India in the sixteenth Century shortly
afler its discovery in 1578 (Johnson. 1973). It was planted in India initially to check
erosion, and uses for the nut and pseudo fruit (cashew apple} were developed much later.
The trees were well adapted to the region and became naturalized. Trees also became
naturalized in Central America and the Caribbean islands: Nut domestication pre-dated
the arrival of Europeans to Brazil, although international nut trade did not oceur until the
1920s (Nair, 1996). Native South Americans discovered that roasting nuts in fire would
remove the caustic oil in the shell, allowing the nut to be cracked and consumed without
any ill emg.l'.{_ Ilzluk& l%@;ﬂ.,;ll-}&—rﬂasting practice was either not known or not

appreciated outside the native region, and as a result the cashew apple was the first
——-'_'-__.

L



product consumed, with the nut being discarded. Natives also knew of many medicinal
uses for the apple juice. bark. and caustic seed oil that were later exploited by Europeans
(Duke, 1983). India developed more refined methods for removing the caustic shell ail,
and this country is given credit for developing the modern nut industry. India led the
world in cashew production for many vears until recently, when production in Vietnam
surged about 3-fold in a few years. In its native region Brazil, cashew nut production
ranks in the top 5 of the world, and virtually all cashew apples and juice products come
from this country. Preliminary data indicate that cashew nut production surpassed almond
in 2003, and thus cashew is now ranked the first nut crop in the world (FAO, 2002).
Average yields worldwide are about 780 kg/ha and the world production of cashew nuts
stands at about 2.7 million MT per year (UNCTAD, 2007). In Ghana. the average vield in
Ghana currently stands at 350-400 kg/ha with an annual production of 22,000 MT (CDP,

2007).

2.3 Medicinal propertics and non-food usage

Cashew has been found to have medicinal and non-food uses from the bark. leaves, and
apple juice. Bark teas were used for treating diarrhoea, and the caustic shell oil was used
to treat skin infections, warts, worms, and botfly larvae beneath the skin (Davis. 1999).
Teas and fruit juices from cashew are known to have antimicrobial, anti-inflammatory,
astringent, diuretic, hypoglycemic, and other medicinal properties. The active ingredients
are thought to be tannins, anacardic acid, and cardol in the cashew [ruits (Davis, 1999).
Modern use_s__gﬂhcl‘l oil and fiwit-—juice include facial peels, scalp conditioners and

shampoos. Clinical studies have shown anti-inflammatory properties of tannins, and anti-
——
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microbial properties of anacardic acid against several micoorganisms. including
Escherichia coli and Helicobacter pylori (Morton, 1987). Leaf extracts have also shown
hypoglycemic activity in rodents and a reduction in artificially induced diabetes (Morton,
1987). Cashew apples which contain up to 5 times the amount of vitamin C as in citrus
and high amounts of minerals have also been found to be used in the cure of scurvy and

diarrhoca (Behrens, 1996).

Cashew nut shell liquid (CNSL), which is sandwiched in a honeycomb layer of tissue
between the two walls of the nut shell has industrial uses such as automobile brakes,
adhesives, paints and varnishes, insecticides. electrical insulation. and anti-microbials
(Ohler, 1979). The shell oil is highly caustie, causing moderate to severe skin irritation.
When wood is burned or nuts roasted, contaet with or breathing of the fumes can cause
skin and eye irritation, inflammation, and poisoning. In addition 1o CNSL, resins and
gums from fruit, stems or bark are used as a vamish for books, wood, and flooring as a

protection from ants and other insects (Duke, 1983),

24  Cashew production

World production of cashew nuts stands at about 1,870,284 MT (FAO, 2002) from 32
countries. This has doubled since 1994, with-most countries experiencing substantial
increases, particularly Vietnam. India pioneered the modern processing ol nuts, and had
been consistently the world's leading producer for decades prior to 2002, Cashew is now
ranked as the_‘l’ii_'-;tﬁnut crop in the werkd. since its production surpassed that of almond in

2003 by over 300,000 MT.
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Cashew occupies over 5.0 million hectares of land area in the world. which is extremely
high given the level of production. This reflects the low intensity of production in most
areas. A large quantity of nuts is harvested from the wild or naturalized stands of trees
(Topper, 2002). Average yields worldwide are about 150 kg/ha, In its native land of
Brazil, yields are only about 55 kg/ha. Cashew yields in Vietnam stand at 560 kg/ha,
reflecting the intensive management of the crop mn that country, Thus, Vietnam produces
over three times the total production of Brazil on anly.30%.of the land area (Topper.
2002). The adoption of high yielding, dwarf cultivars of cashew could casily reduce land
area by 50% while allowing inereased production to mect rising world demand (Barros et
al., 2000). Table 2.1 shows the ranking of world production of cashew nuts among major

producing countries.

Table 2.17 Top 10 eountries in world cashew production

No. “'Ccruntr_y YeWorld production [ Nae. Country % World production
1. | Vietnam R B 3 Indonesia = —
2. | India 25 '8 Guinca Bissau 4

3. | Nigeria 10 | 8. | Cote D'[voire 4

4. | Brazl . 8 o> I Mozambigue 3

5. | Tanzania 6 10. | Benin 2

*Source: M-u'l{ip-l[- E-:h'}u rét:s.-ﬁﬁx{j Statistical Database
- ,

S——-— -

Cashew gives two additional products of commercial value from the fruit. These are

eashew apples ‘and cashew nut shell liquid, The cashew apple 1s the juicy, swollen
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peduncle of the fruit. The juice is astningent and loaded with tannin, particularly in red
cashew apples. The cashew nut shell has an inner and outer wall, separated by a
honeycomb tissue infused with caustic oil. Cracking of the nuts when fresh results in the
oil contaminating the kernel. Nuts are therefore roasted to drain ofT the oil before they are

shelled. The nuts are about 22-30% kernel by weight (Azam-Ali and Judge, 2001).

2.5  Natural Gums

Natural gums consist of planttree exudates. seed gums, microbial gums and scaweced
gums (Glicksman, 1969). Seed gums are derived from ground endosperm of sceds. They
are highly viscous at low concentrations (Duke, 1981). Collection and processing of seed
gums include the drying and crushing of harvested pods 1o separate seeds from pod husk.
The seeds are dehulled and the germ separated from the endosperm. The pieces of
endosperm are then ground to the required particle size to get the gum. Further
processing involves either ehemical modification of the gum or blending with other gums
to produce a final product with a range of physical and functional propertics designed to
suit the end-user's requirements, Microbial gums are extracellular polysaccharides from
microorganisms produced [rom nutritive media. Xanthan gum is the only microbial gum
permitted for use in foods. Ithas high viscosity at lowshearand vicld value (Belitz ef al ,

2004).

Seaweed gums are gelatinous products isolated from seaweed, mainly red and brown
."r'.-.- - - - - -
algae, by hot water or alkaliextraction process followed by drying or isolate

precipitation. They include agar, carrageenan and alginate (Belitz er al, 2004). Industrial
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gums extracted from seaweeds fall into three categories; alginates (derivatives of alginic
acid), agars and carrageenans, The first is extracted solely from brown scaweeds whilst
the last two are extracted only from red seaweeds. There arc a number of artificial
products reputed to be suitable replacements for seawced gums but none have the exaci:
gelling and viscosity properties of seaweed gums and it is very unlikely that seaweeds
will be replaced as the source of these polysaccharides in the near future (Belitz et al.,

2004).

2.5.1 Chemistry of sums

The term ‘gum’ has been loosely applied 1o many substances, both hydrophilic and
hydrophubic. that have gummy characteristies. However, in strict terms. gums are
conlined to hydrophilic substances that give viseous solutions or dispersions when treated
with hot or cold water. The structutes of gums are made up of heterogencous cnmlplax
mixtures of closely related polysaccharides (Belitz er al, 2004), The basic structure of
gums consists of arabinose, rhamnose, galactose and glucotonic acid. They are best
known as powerful thickeners but perform an extraordinary fumber of other functions
essential to food quality. They impart food texture and structure, and they play a role in
flavour release, appearance and shell stability (Glicksman-and Sand, 1973). In recent

years, gums have been recognized as healthy sourees of fibre as well (Hundley, 2002).

2.5.2  Plant/tree exudates
..--"""'—- ri
These are exudates-from varieus—plant species and are obtained as a result of trec bark

injury. They are normally collected as air-dried droplets with diameters from 2-7¢m.
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Plant exudates arc excreted from trec species belonging o familics of Burseraceae,
Mimosaceae and Stercullacea, which grow in the wild, Almost 100% of existing gum
bearing trees is naturally or wildly grown under arid. warm or hot, very sloppy and
rugged topographic conditions. This type of gum Includes gums Arabic. karaya,

tragacanth and cashew gum (Fitwi. 2000),

2.5.2.1. Production and collection procedures of plant exudates

Exudates from the stem and branches of a tree are produced as large nodules during a
process called gummosis to seal wounds in the bark of the tree. The major commercial
processes mvaolved in the production of these gums are collection, sorling, processing,
quality control and end-use marketing (Chihonge, 2000), They are mostly not processed
in eountries of production but exported (o overseas markets for processing. The only
spray dried gum production-facility in Africa started in Nigeria, in 1999 (Okoro, Eﬂ{][}j_
The processing plant has a eapacity of 2000 tonnes per annum of spray dried gum which
is currently being distributed all over the world. Gums are naturally produced by
exudation [rom trees resulting from natural damage on the frees by natural agents or
individuals and animals on casual basis (Fitwi, 2000). Several technigues are now being
used to artificially induce (he production of gum to gnarantee viability and improvement
of the quality of the commercial produet.These techniques involve systematically
controlled tapping and collection procedures. The {low diagram in Figure 2.1 shows the

steps involved in the eollection and sorting of plant exudates to the point of grading,
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2522 Sorting and grading of gum

Gums could be praded physically bascd on their colour. size and brightness. They could
also be graded in terms of solubility, viscosity, bark and foreign matter (BFOM) and total
ash content (Immeson, 1992). All these gradings could be done when the gum is in their:
natural as well as powdered form. The quality of gum is usually assessed by its moisture
content, optical rotation and the amount of foreign matter. Commercial gum Arabic for
instance. must have moisture content between 12-14%. optical rotation between -25 and -
335 and foreign matter content must be less than 3-5%. The microbiclogical count for
Salmonella. Fscherichia coli and Staphylacoeeus. qureys must also be negative (FAQ,

1992).

2.5.3 Acacia gum

Acacia gum is obtained fiom the genus Acacia, which belongs to the family
Leguminosae. The acacia tree originates [rom Africa, All gum-vielding acacias exhibit
the same habit and general appearance. The acacia tree is a spiny shrub, which prefers
sandy or sterile regions. with dry elimate during the greater part of the year. In sub-
Saharan Africa about the middle of November, alter the rainy Season, the tree¢ exudes
spontaneously from the trunk and prineipal branches, but the flow 15 generally stimulated
by incisions in the bark (Yaddou., 2000). In-about fifleen days the pum thickens and
_hardens on exposure to the air. They usually form round or oval tears, white or red,

depending on whether the specie is a white or red gum tree. The gum harvest [fom the

o
various species of ncicia lasts abewt-five weeks.
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Figure 2.1: Steps-inveolved in—the—coltection and sorting of plant exudates (Immeson,

1992)
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Harvesling of the gum begins about the middle of December. The masses of oum are
collected, either while adhering to the bark, or after it falls to the ground, The unsorted
gums show the widest variation as to size of fragments. whiteness, clearness and freedom
from adhering or foreign matter, It is next sorted or 'picked' in accordance with these:
differences. There are many kinds of Acacia gum in commerce but the most common is

the pum Arabic (Yaddou, 2000).

2.3.3.1 Gum Arabic - World supply.and demand teeuds

Gum Arabic is prepared from exudates from the stem and branches of sub-Saharan
Acacia Senegal and Acacia seyal trees, The average annual yield per tree is between 0,.9-
2.0 kg (Belitz et @l . 2004). The two main import markets for sum Arabic are the United
States and the European Union (Tables 2.2 and 2.3) (GASID, 2005). The two most
important exporters Lo the US singe 1989 have heen Sudan and France. These two
countries have dominated the trade with a market share of 85-95%. France mostly re-
exports processed gum Arabie after importing crude pum arabic mainly from African
producing countries. United Kingdom holds the third place with a 3-4% sharc of the

market (GASID, 2005).

The European market, measured in both gquantity-and value, is 3-4 times bigger than the
US market. The most important European importers are France. United Kingdom and
Germany. |ogether they import over 70% of pum arabic to Europe from sub-Saharan

-

Alrica. The_major-eXporters from-Adrica are Sudan and Nigeria who are responsible for
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60-70% of the gum Arabic exported 1o Curope. Chad, Cameroon and Mexico are also

important exporters with a combined market share of a little over 20%.

Table 2.2: US total imports of gum arabic by quantity and value from 1989- 1994,

| Year {jualﬁiiﬁ;-{_l{_mncs;) Value (LSS m@HiUﬂ)

1989 6,250 ' 18.4

1990 0,304 16.4

1991 8,273 20.0

1992 5,802 18.2

1993 5.508 17.1

1994 7.500 ' Neot available
AL ‘Estimate based on supplier survey.

Source: National Trade Data Bank, 1995 Department of Commerce

The market data indicates that the European market would be easier to penetrate than the
US market for exporting crude gum Arabic. This assumplion is based on the fact that
40% of the gum Arabic imported to the US is processed. The US market is dominated by
Sudan and France with a combincd market :.::Eh':.'lrL‘ ol over 90%. On'the other hand the top

five exporters have roughly an 80-85% market share of the LU market,



Table 2.3: EU import totals of gum Arabic by quantity and value 1990- 1993

Year | Quantity (tones) | Value (US$ million)
1990 27,631 W 65.9
1991 32,118 75.8
1992 27,387 789 |
| 943 23.2(12 P

*Source: FUROSTAT, 1994, Monthly LU External Trade,

20,32 Structure and properties

The pum is a complex and wvariable mixture of arabinogalacian. oligosaccharides,
polysaccharides and glycoproteins. The main structural units arc | -arabinose, L-
rhamnose, D-galactose and D-glucoronie aeid: Depending on the source. the glvcan
components contain a greater propertion of Learabinose relative Lo D-galaciose for
Acacia seyal or D-galactosc relative to L-arabinose for Adcacia senecal. Gum arabic
occurs as neutral or a weakly acidic salt. [ consists principally of Arabin. a compound of
Arabic acid with calcium, varyving amounts of magnesium and potassium salts of the
same acid being present. The gum also contains 12 te 17% of moisture and a trace of
sugar, It yields 2.7 to 4% of ash. consisting almost entirely of calcium, magnesium and
potassium carbonates. It is highly soluble in water and solutions of up 1o 50% can be
prepared, It is insoluble in alcohol and ether, but soluble in diluted alcohol in propertion

to the amount of water present. It has a pH range between 4.0-4.8 (Belitz er al . 2004).

During the time of the gum harvest, the Moors of the desert are said (o live almost

__----_._ * " L -
entirely on it, and it has been proved that 170g of gum Arabic is sufficient to support an
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adult for twenty-four hours. It is purporied that the Bushman Hottentots have been known
in times of scarcity 10 sustain themselves on it for several days. In many cases of ailment,
it is considered that a solution of gum arabic may for a time constitute the exclusive drink

and food of the patient (Food Resource, 2005)

2533 Functionaliry

Gum Arabic is a useful hydrocolloid emulsifier. texturizer and film former, widely used
in the drinks industry 10 stabilize fMlavours angd essential oils. It is an ideal carrier in
flavour encapsulation because of its nawral emulsiving and surface-active propertics,
good retention of volatile flavour components, high solubility in water and acid stability.
Additional advantages include its bland flavour, low hygroscopicity and ability 1o protect
flavours from oxidation. A study on the development and cvaluation of acacia gums for
the encapsulation ol {lavours_showed substantial differences between various types of
acacia gums. The gums tested protected crange oil against exidation more cllectively

than modified starch (Food Resource, 2008 ).

In confectionery, gum Arabie retards sugar crystallization, emulsifies and distributes fat
particles in caramel and toffees. It also functions as & binder and structure builder in
cough drops and lozenges, and in panncd sugar confections, it serves as a coaling agent
and film-former. In snack foods and bakery products, it serves as a lubricant and binder
in extruded snack cercals and provides adhesion of dry Navours in peanuts and related
products. In_lg_v.f-r—l‘u ‘cakes andmwuatfin mixes, gum Arabic functions as a partial oil

replacer as well as a moisture binder. In nutraceuticals it is also used in meal replacers,
—



nutritional beverages and weight loss products because of its high solubility. low

viscosity and high soluble dietary fibre content (Food Resource. 2005).

2.54 Gum tragacanth

Gum tragacanth. like gum arabic, has an ancient history. It is an exudate of the Astragalus
genus of plants of the Leguminosae family which has been described several vears before
Christ. These plants are grown in the Middle East. The name tragacanth, from the Greek
waords tra gos (goat) and akantha (horn), probably relgss to.the curved shape of the
ribbons. the best grade of commercial gum. It isalso available in Makes. and cach grade is
grown from a specific shrub. The pum exudes spontancously [rom breaks or wounds
inflicted in the bark of the shrubs. It is usually colleeted by hand by the natives and
carried to colleeting and sorting centers where it is graded into several erades of ribbons
and fakes and exported (Tmmeson. 1992), Gum tragacanth, recognized officially in the
United States Pharmacopocia since 1820, is currently defined as "dricd gummy exudation
from Astragalus gummifer Labillardiere or other Asiatic species of Astragalus” (FDRI.,

1972).

2.5.4.1 Structure and properties

Tragacanth gum is available in flattencd, Tamellated, frequently curved fragments or

straight or spirally twisted linear picces from 0.5 mm to 2.5 mm in thickness. It is white

to cream in colour. translucent, horny in texture and has no odour. It consists of a water-
- -".'.r.rp Ll - ® - * *

soluble fraction tragacanthin. shieh-gives a colloidal hydrosol solution, and an insoluble

bassorin component, which swells to a gel-like state. Gum tragacanth solutions are acidic.
———'-'-'-_-_



usually in BeMiller the pll range of 5-6. The structural units ol traganthin are D-
galacturonic acid, D-xylose, L-fucose and D-galactose. Those of bassorin are L-

arabinose, D- galacturonic acid, D-galactose and L-rhamnose (Belitz et al . 2004).

2.5.4.2 Functionality

The ability of tragacanth to swell in water to give thick, viscous dispersions or pastes has
accounted for many of its uses in the pharmaceutical and food industries. As with most
other gums, viscosity is the most important properly ob.the gum tragacanth solution.
Compared to other gums, however, tragacanth is fairly stable aver a wide pll range down
to extremely acidic conditions at about pH 2. Fafthis rcason. it has been widely used in
food products such as salad dressings, where stable viscositics at low plls are required

(BeMiller and Whistler. 19937,

255 Gum karaya

Karaya gum, sometimes known as Sterculia gum. is the dried exudation of the Stercudia
ureus tree and other species of Stereuliaceae family. This large and bushy deciduous tree
1s native to India. [t is leafless in the cold season and voung leaves sprout in the hot
season (Fitwi, 2000). The best quality gum is collected ducing April, May and June i.e. in
summer. During this time, as the weather gels warmer the yield mereases, The gum
collected during the monsoons has low viscosity, In September, after the monsoon. the
collection cycle 1s repeated. This yield usnally gives less viscous solutions than the gum

e
collected in summer-The locals fap-the-trees by making incisions up 1o one square foot in

dimension on the trunk. The gum begins to exude immediately and the exudation
——-—-'-'-_'—
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continues for several days. The maximum amount of exudation occurs within the first 24

hours. The gum is in the form of huge irrcgular tears (Fitwi, 2000),

2.5.5.1 Structure and properties

Karava gum is a complex polysaccharide of high molecular weight. It contains calcium
and magnesium salts and on hydrolysis vields galactose. rhamnose and galacturonic acid,
Karaya gum oceurs as a partially acetylated derivative, The acid number has been found
to vary from 13.4 to 22.7. The variation in acid_numbe.is influcnced not only by the
source of the sample but also by its ageThe gumthas a.peculiar property of splitting off
free acetic acid and this loss is loosely correlated with the particle size. Trimethylamine
has also been identified in the hydrolysed products. Karaya gum contains 12% to 14%
moisture and less than 19 acid insoluble ash. The pH of a 1% Karaya gum solution is 4.6

(Belitz er al, 2004),

The highest-grades of Karaya gum are white, translucént and almost free of bark. The
lower grades vary from light yellow to brown and may contain as much as 3% of
insoluble impurities, Powdered karaya gum is white to preyish white, Karaya gum. like
gum Tragacanth, does not dissolve in water to give a ¢lear solution but rather forms a
colloidal sol. Powdered karaya swells in cold water 16 an extent that a 3 1o 4% solution
will produce a heavy gel of uniform smoothness and texture. 'or higher concenirations it
is necessary to cook the gum under steam pressure to make it soluble, It vields a thick,
- :
syrup-like liquid. Karayn gumseH-form viscous solutions in hydro-alcoholic solutions

ranging up to 60% alcohol concentration. The viscosity of Karava gum is largely
e



dependent on its freshness. that is. how recently it was gathered from the trees, The
viscosity s affccted by conditions of climate and growth. Viscosily is also allected by
storage. Powdered Karaya gum will show a decrease in viscosi ty aller storing over 6
months and the viscosity loss in storage can be minimized by the addition of
preservatives like benzoates, sorbates, phenols and related compounds (Whistler and

BeMiller. 1993),

2.5.5.2 Functionality

Gum karaya is a soluble fibre. whiclnaids fn the intestinal processes of the digestive
system. [t is therefore used as a bulk laxative, It is used in ground meat products as il
provides good water holding and binding properties to yield finished products, In the
paper industry, it is used in the manufacture-of long fibered, lightweight papers and also
used in textile industry as-a thickening agent for dyes. Il is a good emulsion stabilizer for
French style salad dressings, whipped crcam products. meringue toppings and acrated
dairy foods. It is also used as a binder for making low calorie dough-hased products such

as pasty, bread and other bakery products (Whistler and BeMiller, 1993)

2.5.6 Cashew gum

Cashew gum can be obtained by natural exudation or by means of incisions on the trunk
and branches of the cashew tree. It presents a great potential for industrialization. since it
can be used in the paper. pharmaccutical, cosmetic and food industries as a stabilizer,
SUSpPENSion E:lgf.‘ifii_:_;:lﬂ--‘n"fﬁll aiﬁ_ﬂgxgmmncaDSLllaiﬂl' (Lima er al., 2001). Since much has

npt been done on the utilization of cashew pum in the food industry, there is the need to
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study how cashew gum will perform in some food systems such as chocolate pebbles,

juices and jams.

2.5.6.1 Structure and properties

The gum from the cashew tree occurs in the form of pale yellow to reddish stalactic
masses, which are soluble in water. The gum is a complex polysaccharide of high
molecular mass comprising 61% galactose, 14% arahinose, 7% rhamnose, 8% glucose,
5% glucuronic acid and 2% other sugar pesidues. Elementary analysis revealed water
content 7.4%, total protein measured abeut 0.5% otal-hipide 0.06 %, libres 0.95% and

ash 0.95%. the lotal carbohydrate was 98 % ([Lima ef al.. 2002).

2.5.6.2 Functionality
Due to its insecticidal and good adhesive properties, cashew gum is used primarily in
industrial application [or binding boeks. as adhesives [or envelopes, labels, stamps and

posters. Research alrcady exisis on its utilization in the making of inks and varnishes,

2.6 Gum production

Gum production varies froni tree specie to specie and this was shown by Vassal and
Mouret (1989) who assessed the growth and production of gum in 1986 from nineteen
Acacia trees. The assessment was done three years alter cultivation of the plants. Ten out

of the nineteen species had satisfactory gum exudates in terms of quantity and quality. 4.

.r"-'-'-

mearnsii perfermed parti well, with about 130 g of gum from two summer



harvests. Studies on the physico-chemical properties of the gum were found to be similar

to those of 4. senegal, which is known to give high quality gum.,

MeReynolds and Gansel (1985) also studied the production of gum [rom Acacia trees
planted Florida as part of a progeny test. The results showed that offspring of parents
both with high gum production gave an average yield of 8.2 kg/tree per annum (p.a.) over
a period of 8 years. Yicld from progeny of average wind-pollinated parents was 5 kg/tree
p.a., and yields from other progenies such as high wind pollinated parents and high wind
X average wind pollinated or average wind X averape” wind pollinated parents were
intermediate. Results also showed that averape wood volumes of the different groups of
progeny were not significantly different. Hlowever. tesults from the most reliable data
groups (high X high and high X average) sugpested that using improved strains can
increase wood volume by about 10% and gum yield by more than 30% (where X means

CTrOSS).

Lima et al. (2001) evaluated the influence of chemical stimulants in the extraction of gum
from cashew tree as well as its interference on future pum productions. They used
Sulphuric acid concentrations of 0. 15, 30 ‘and 45%. combined with 2-
chloroethylphosphonic acid concentrations of 0, 5, 10, 15 and 20% and 5% dimethyl
sulphoxide in a factorial design for the study. They observed a peneral increase in gum

exudation from the trees in all months following the stimulant applications. However. a

-

15% concentration of 2-chlercethyiphosphonic acid allowed the highest rate of gum
exudation.
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Although some work has been done on gum production from different Acacia species ina
particulur location very little has been done on trees from different locations. Little work
has also been done on cashew gum production and the determination of its average yield
per annum and this has led to the study on the production of gum from cashew trees of

different age groups and from different locations in Ghana.

2.7 Physico-chemical and rheological propertics of gums and their applications
in foods

The use of gums in numerous industries especially-in the Tood industry has increased
widely in these last decades (Diego and Navagza, 2003) and this is due to their
numerous characteristics such as the gelling, stabilizing and thickening propertics.
These functions and the physico-chemical properties oft gums are used to determine
their guality and performance during  processing and ‘this has led to sweralil

mmvestigations into them

Investigations by Aslam er ol (1978) on the preperties of Khaya grandifoliola gum
revealed that the gum has anly limited selubility in water. Analysis of the gum showed
that approximately 50% was in the free acid form and the remainder was largely the
caleium salt. The gum dissolves in sodium carbonate solution with removal of caleium
1ons and this significantly alters the viscosity of the solution but may be controlled by the

addition of calcium 1ons. Elfak er of (1977) also reported that the intrinsic viscosity of

=

guar gum solution was greatestian that of locust bean gum but the interaction coelficient

WUJH solution was less than that of locust bean gum. They also showed that the
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addition of glucose. sucrose or glucose syrup increased the apparent viscosity and the
interaction cocfficient of the solutions but reduced the intrinsic viscosity. Addition of
glucose, sucrosc and glucose syrup to dilute solutions of carrageenan and sodium
carboxymethylcellulose also increased the apparent viscosities and lowered the intrinsic

viscosities of the solution (Elfak er al . 1977)

Evaluation of the physical propertics of aqueous solution of African Albizia sygia gum
has shown that approximately 80% of-the gum is solublein cald water with the remainder
dispersed as fine particles of gel (Ashton e af “4975) The viscosity of the solution
increased with concentration.  However, above 1.5% concentration, the solutions
exhibited shear thinning. Fxamination of ice cream samples with 4 zygia gum used as
total or partial replacement of existing commercial stabilizers showed that A zvgia gum
has linle stabilizing - effect  compared  with  locust bean  gum  and  sodium
carboxymethylcellulose (CMCTHF). Studics on the viscosity of aqueous solutions of
gum ghatti have also shown that the gum contains both a soluble and an insoluble gel
(JefMerics er al , 1977). Maceration of the gel in water gave a perfectly stable dispersion,
which behaved as a solution: The viscosity of the gel dispersion was about 10-30 times
that of the soluble gum. The proportion of gel in four eommercial batches of gum ghatti
varied from 8-23% and the viscosity of the whole gum dispersion depended largely on
the proportion of gel. Blending 1o a fixed proportion of gel can closely control the
viscosity of gum ghatti (Jefleries et al , 1977).

-
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The effects of guar gum (G). locust bean gum (L) and xanthum gum (X) were studied in a
low fat frozen dairy dessert using seven stabilizer combinations (G, L, X, GL. GX, IL.LX
and GLX) (Muncy and White, 1991). Dessert samples with X, GX or GL had the highest
body/texture scores and those with X, G or GX had the highest [lavour scorcs. X
increased the viscosity significantly when used alone or in combination. ‘The seven
stabilizer combinations showed no significant difference in melidown resistance when
compared with a control ice cream, The GL system, when used with microcrystalling
cellulose, provided desirable mix viscosity. and acceptable~tlavour and body/texture

scores in the low-fat frozen dairy desseris Muricy and While, 1991),

Studies on the rheological propertics of pum and milk protein interactions using three
different gums kappa-carrageenan, guar and xanthan at three different concentrations
(.05, 0L10 or 0.20%) showed that the-pums in dried skim millk solutions were more
viscous than gums in water solutions when compared at equivalent gum concentrations,
(Schmidt and Smith, 1992). The flow hehaviour index values indicated that, at low gum
concentration, the solutions possessed Newtonian low behaviour: however, at higher
concentration, the Now behaviour was pseudoplastic. Lffects of stabilizer types on the
rheological propertics of buffale whipped cream showed that the addition of 0.05%
stabilizer containing 0.04% sodium alpinate and 0.007% carrageenan slightly inereased
viscosity and markedly reduced serum leakage. The addition of 0.5% Palsgaard 5822

emulsifier also enhanced the rheological properties. Carboxymethyleellulose and a

commereial guar-gum/xanthas-grmriocust hean gum mix were found to be unsuitable for

use as stabilizers in whipped cream production (Ghila er al., 1992).
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Studies on cottage cheese dressings prepared from § different blends of £UMS using guar.
locust bean. xanthan and kappa-carrageenan showed that dressings containing guar and
xanthan gums had highest initial viscosities and those with high kappa-carrageenan ratios
had the lowest (Parker and Hicks, 1991), Dressings containing xanthan gum had the
greatest loss in viscosity over time and had hi ghest initial curd absorption rates; syneresis
{wheying off) increased as xanthan gum cencentration increased. The amount of dressing
that flowed away from the dressed curd afier 24 hours was equal for all dressings. Drip

loss also decreased with increasing starage time:

Pamplona and Zarrudo (1989) siudied the physico-chemical components of Leucaena
leucocephala seed gum using three different seed varietics (K-28, Cunningham and the
indigenous Copil No. 2). The [a-free seeds yielded 35.0% hotl-water soluble matter,
which contained 22 5% tolal sugars, 19.2% proteins, 0.33% tannins and 14.9% clhal-:uu:-l
precipitatcd gum. Paper and high-pressure liquid chromatographic analysis of the acid
gum hydrolysate showed the presence of mannese and galaclose in the molar ratio
1.3:1.0. The gum isolate had an intrinsic viscosity of 7.7 eta and a 1000 ppm agueous
solution had 2.29 ¢P viscosity. Investigations on the viscosity of xanthan gum solutions at
low shear showed that all solutions were pseudoplastic (#atz and Knapp, 1984). Solutions
containing (1.3-0.5% gum exhibited a highly ofdered phase at very low shear. Viscosity,
the degree of pseudoplasticity and the wvalue of the transition from soft gel to
pseudoplastic behaviour were directly related to gum concentration, The effect of the
o
addition of -salt-on the viseestty depended on the xanthan pum coneentration. The

viscosily of a 0.3% gum solution was practically unaffected by the salts whilst higher
e



gum concentrations exhibited a viscosity increase in the presence of salt. However,
concentrations less than 0.3% exhibited viscosity decrease. No major differences were
observed between sodium chloride, caleium chloride and sodium citrate in their influence

on xanthan gum viscosity (Zatz and Knapp, 1984),

Studies on cashew and acacia gums have shown that they have similar rheological and
organoleptic properties (Owusu er al.. 2005), They were both eream to white in colour,
odourless, translucent and glassy in forps. Lhey were alsor privty in texture. Solutions of
both gums showed an increase in viséosiny with comeertration but the increase with gum
Arabic was more gradual showing that cashew gum has a slightly better thickening
ability. There was also no significant effeet of pH, temperature changes or storage time
on the viscosities of both gums. Cashew gum also showed a better stabilizing effect than
gum Arabic. Mothe and Corcia (2004) studied the rheological propertics of
cashew/zanthan gum blends in cashew juice and found outthat juice without any gum
had the lowest viscosity. That with cashew gum exhibited slight increase in viscosity
whilst juice with xanthan gum had the highest viseosity, Juice with gum blends had
viscosity similar to that with zanthan gum. The use of cashew gum polysaccharides to
construct a kind ol chromatographie matrix (hvdrogel) has become a useful ool for
modern biotechnology in underdeveloped countries (Lima er al., 2002) and it has been

found to be an efficient method for detection and clucidation of galactose-specilic lectins.

A lot of work-has been dope—r@rms of physico-chemical and rheological properties of

gums. However, some main concerns of gum production, processing and use involve
—-.--.-—.
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accurate identification of the source of each product and quality assurance. Gums from
different acacia species have been found to be of different qualitics. Out of 130 acacia
species 17 have been found to produce commercial acacia gum (Chikamai, 2003). There
is @ paucity of data in this respect when it comes 1o cashew gum. Thus, there is the need
to evaluate the propertics of gum from cashew trees of different ages and locations 1n

Ghana.

2.8  Toxicological evaluation of natural gums

Any substance, which on entering’ the “hody ‘interferes with normal phvsiological
functions. is considered foreign. There may he beneficial effects as well as toxic effects
of such substances. Naturally oceurring toxicants can be found in foods from both plant
and animal sources and this has led 1o the recognition of food and nutrition toxicology.
Some food additives ineluding gums may also be (oxic above certain concentrations
while athers, even in their small cencentrations may be mutagenic, Over 2,000 food
additives are in use but very lew have had full-scale toxicological testing. However, most

gums have been evaluated under the FAGQ/WHO Joint Expert Committee of Food

El

Additves (JECFA). The M:CFA _safety evaluations include  toxicological tests,

consideration ol natural or artificial additives, derivation of aceeptable daily intake (ADI)

level and other related information (Walker, 2005).

2.8.1  Short-term studies (acute foxicity)

-

In short term-studics. test ms are exposed to the substance for & short period of

time 1o measure the concentration that will have a significant effect on them, Data from
—
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these tests can be used Lo sereen or rank toxicity and to assess the polential for effects in
the environment. Short term studies have shown that karaya gum does not disintegrate
appreciably in the alimentary tract, In a study of 10 dogs, 95% of the orally administered
gum was recovered in the faeces and it absorbs a large quantity of water and therefore”
acts as a laxative. It tends to increase faecal nitrogen excretion, does not affect starch
digestion in the dog and does not inhibit the utilization of vitamin A in rats (FAQ, 1980).
The caloric value determined in groups of 10 rats fed for one week 5 g basal diet with
either 1 ¢ and 3 ¢ cornstarch or 1 g and g karaya gumesupplements showed that 1 g
level karaya gum had 30% of the caloric walue of cornstarch. At the 2 g level growth was

very depressed, The intestines were enlarged inall rats on gum (FAQ, 1980).

Examination of the intestines of rats fed with 1 g of karaya gum per day for 91 days
showed no gross abnormalitics and there was no interference with normal growth {l"}.fLD.
1980), Feeding three dogs with 5 g unprocessed karava gum daily for 30 days resulted in
more frequent defaccations and inerease in faeeal bulk and moisture. There was no
obvious gastro-intestinal irritation. Fifty human subjeets who ate 4-6 g karaya gum in ice
cream showed no allergic reactions (FAO, 1980). Out of 46 female and 43 male subjects
who took karaya gum granules for one week at levels equivalent 1o 7 g per day. seven had
abdominal discomfort. Ingestion or inhalation of karaya gum was also rcported to have
caused allergy (FAO. 1980). Sixteen cases of allergic sensitivily to inhalation of the gum

used as a wave set. and to oral ingestion as a laxative were reported. Symptoms included

-

hay fever. asthrma, dermatitis—mmt gasiro-intestinal distress. In a comparison with carob

bean gum as a laxative in 10 human subjects karaya gum was found to be transformed 1o
—_—
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a gelatinous state at a higher level in the intestine and to be transporied more rapidly

through the intestinal tract (FAO, [980),

Groups of newly weaned rats (10 per group) fed with a soybean-corn meal diet”

containing 2% tragacanth gum for 37 days showed that tragacanth gum had no effect on
the digestibility of the diet, nor was there any significant effect on growth (Vohra ef al.,
1979). Tragacanth gum was used in a 6-7 week feeding study to evaluate the effect on
adaptive responses of nutritionally controlled parameters-incrats by leeding a fibre-free
diet containing increasing additions of polysactharides (910,20, and 40%), In general,
the supplements reduced growth rates due o lower energy intakes. None of the
polysaccharides fed, however, deereased energy utilization, Similarly. all polysaccharides
increased small intestine weights by up 1o about 30% without grossly altering mucosal
protein or DNA per unit of length. Concerning the effect on the large intestine, tragacanth
gum had a pronounced effect on caceum weight. which inereased by fuctors of 1.8, 2.0,
and 4.2 for additions of 10. 20, and 40%, respectively, The degrce ol the observed
changes was determined mainly by the dietary concentration of the polysaccharide and its
accessibility to bacterial degradation within the intestinal tract (Elsenhaus ef al., 1981).

Groups of day-old broiler chickens (7 per group) fed with-a saybean-corn diet containing
2% tragacanth gum for 24 days showed significant reduction in body weights and the
digestibility of the diet (Vohra er af., 1979). Groups of day-old Japanese quail (10 per
group) also [ed with a soybean-corn diet containing 2% tragacanth pum for 36 days
revealed lll:ll—Lllz-i-é;’lC'ﬁ-ﬁEh gum—erd Tiol significantly affect the growth of the quail nr_ihe

digestihility of the diet (Vohra er af, 1979). A study on the acute oral LDss of 12 Iood-
m——
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grade gums (sodium and calcium carragecnate, tragacanth, ghatti, locust bean, Arabic,
guar. karaya, propylene plyeol, alginate, furcellaran, agar agar, and sodium

carboxymethyl cellulose) on 5 groups of 10 ammals for 14 days showed that the 1.Ds

values observed ranged from 2.6 to 18.0 a'kg, with most values in the 5 to 10 g/ke range. -

Generally, the rabbit was the most sensitive species and the ral and mouse the least

sensitive (Bailey. personal communication to WHO. 1976),

Groups of 10 male and 10 female rats were fed in thein dietwithrcarob bean gum at levels
ol 0%, 1%. 2% or 5% for 90 days. General condition. bekiaviour. survival, growth, food
intake, haematology. blood biochemistry and urinalysis showed no treatment-related
differences between test and control groups. Gross and microscopic examination did not
reveal any pathological changes atributable to ingestion of the gum, The increase in the
relative weight of the caecum at the 2% level is not considered to be of m.\cicc}!ugécal
importance (Til er al.. 1974). Groups of newly weaned Sprague-Dawley rats (10/group)
led with a soybean-corn meal diet containing 2% locust bean gum for 36 days showed
that locust bean gum had no cffeet on the digestibility of the dict. nor was there any

significant effect on growth (Vohra er al.. 1979).

In a study involving four groups ol flive male and five female Beagles fed on 0%, 1% 5%
and 10% of a precooked mixture of locust bean and guar gum (proportions unknown) for

30 weeks, only at the 10% level were hypermotility and soft, bulky stools observed.

-

probably of e toxicologicarsignilicance. Also at the 10% level digestibility was

reduced. No adverse hacmatological, wurinary, pross histopathological and
—



ophthalmological findings were noted (Cox ef al., 1974). Groups ol 20-day-old chickens
fed with diets containing 0.25%, 0.52%. 12% and 22% locust bean gum for three weeks
showed growth depression which was dose related and marked at the 22% level of intake
(Kratzer er al.. 1967). Groups of day-old broiler chickens (seven per group, breed not -
specilied) fed with a soybean protein-corn based diet containing 2% loeust bean gum for
24 days also revealed that average body weight of chickens and the digestibility of the
diet reduced significantly by the inclusion of locust bean gum in the diet (Vohra et al.,
1979). A similar study on groups of day-eld Japancsc:quail ¢L0-per group) also showed
that average body weight and digestibility of the diev sipnificantly reduced by inclusion
of locust bean gum in the diet (Vohra et al., 1979). Acute loxicily lests carried out on rats
showed that the 1.Ds is greater than 3000 mg/kp body weight (Maxwell & Newell,

1972).

A study carried out on an unspecified number of rats fed with diets containing 7.5 or 10%
xanthan gum for 99-110 days showed no adverse effects on these animals (Vohra et al..
1979). In a 91-day feeding study, a reduced rate of weight gain was found in groups of
rats receiving 7.5 or 15% xanthan gum inithe diet. Diets containing 3 or 6% gum did not
reduce weight gain. No signiflicant-alterations in haemoglobin, red or white cell counts, or
organ weights were observed in these rats. Histological examination ol tissues from rats
at the 15% level showed no pathological effects, At the highest-dose level the animals

produced abnormally large faccal pellets. but diarrhoea did not oceur. A paired-feeding

e

test was used te-eompare the growtiToi Tats ingesting a dict containing 7.5% xanthan gum

awaruble rals restricted to the same intake of control diet. No differences in weight

ik
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gain were found at the end of 18 days, indicating the absence of a growth-inhibiting

factor (Vohra er al., 1979).

Groups ol 5 malc and female weanling rats fed with 0. 2.5, 5.0, or 10.0% commercial .

xanthan gum product showed no significant pathological changes in the animals (Cox e
al., 1974). Diets containing a nutritionally adequate. high-maltose nutrient mixture and
either 4% xanthan gum or 4% cellulose were fed ad libitum to male Wistar rats for 7
days. The [eeding of this gum increased thocombined: weightsof the small intestine and
its contents by 110%. This effect was partially duetosamenlarped cell mass and to extra
dry matter in the contents: however, it was chielly due to a 400% increase in intraluminal
water., Xanthan leeding enhanced greatly the persistence of sugars beyvond the proximal
quarter of the small intestine and increased their total recovery in the first three-quarters
of that organ by 150%. The xanthan-indueed inecrease in intraluminal water in the ts'l'll.i:i“
intestine was partially due 10 a slowed absorption of osmatically-active substances from

the gut (Cox ef al., 1974).

The feeding of nutritionally. adequate high-carbohydrate dicts to starved rats causes an
elevation of tota) liver lipid and of hepitic enzymes asseciated with lipogenesis. In an
experiment of feeding rats with nutritionally adequate carbohydrate diets with or without
xanthan gel (a suspension containing 4% xanthan gum) showed that xanthan gel lowered
relative liver size, total liver lipid. G-6-P dehydrogenase, and malic enzyme activity,
e
Another expesiment of feedingrarswith (.8, 1.4 and 2.0% xanthan gum-showed that at
less than 2% of the dry diet ingredients. nutrient intake was lowered (Vohra ef al,, 1979),
_—-'---_ b
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Acule toxicity tests carried out on rats, mice and dogs through different routes of
administration showed different 1D, values (Table 2.4). Daily application of a 1%
solution for 15 days 1o rat skin produced no signs ol irritation and daily application of a -
[% solution for five days to rabbit conjunctiva also produced no signs of irritation.
Intradermal challenge tests in guinea pigs did not produce evidence of sensitization

(Kratzer et al., 1967),

A study involving five albino rats which received single doses of xanthan gum by
inhalation for one hour showed no signs ol wxicity afier a period of 14 days. The rats
retained good physical appearance througheut and no gross changes were seen al aulopsy

(Kratzer et al., 1967).

2.8.2  Long-term studies (chronic foxicity)

Out of five rats fed with diet containing 20% karaya gum for two years three developed
enlarged colon and uleeration. However, in-another experimeént where groups of rats fed
with diets containing 10-25% karaya gum «over their life span showed no caccal
ulceration (FAQ. 1980). Fermentations of 10 polvsaccharides by species of the family of
Enterobacteriaceac were examined. Karaya gum was not fermented by any of the strains
tested. As food additive, karava gum seems sale from destruction by facultative
fermenters (Ochuba & von Riesen. 1980),

——— J_ﬂ_r""-___ﬁ_
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Table 2.4: LDsg of xanthan gum in rats, mice and dogs

Specics T Route ' LD mg/ke bw |
Mouse | Oral | >1000
1.p. =30
1Lv. 100-250
Ral | Oral =43.000
Dog Oral =20,000 .
| .

*Source: WHO Foed Addilives Sericsy Nosd 34978
L.p.- intraperitonial i V- InEEavenous

2.8.3  Clinical studies

Studies on 20 overweight persons, 30 1o 50 years old, who took their normal diet with
13g puar gum added daily-for 6 weeks showed a significant reduction in plasma total
cholesterol, low-density lipeprotein. cholesterel and total cholesterol to high-density
lipoprotein (HDL) cholesterol ratio (Annison ef al, 1991), HDL cholesterol values were
not affected by fibre intake, Transfeming these resulls into recommendations for clinical
application requires [urther research into dose and duration ol intake. The effeet of guar
gum on patients with type-T1 digbetes mellitus was studied by Kim and Chang (1989)
who found out that guar treatment significantly decreased blood glucese. Patients
consumed a total of 5 g guar gum 30 minutes belore each of 3 meals daily for 7 davs and
3 weeks. In an oral glucose tolerance test. blood glucose values were significantly
decreased at _EQ’;}L#—{EU minimum after guar treatment. Total lipid and triplycerides in

bleod were decreased and high-density lipoprotein cholesterol was significantly increased

—
after guar treatment. HbA1C was reduced from 11.53 to 10.1%. The body weight, total
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cholesterol, insulin activity and the saticty ratings of the patients after guar treatment

were not significantly changed.

The effect of some soluble non-starch polysaccharides (NSP). guar gum and acacia.
pyenantha gum on plasma cholesterol and trincviglycerols in rats was studied by feeding
them with highly purified potato starch, which has a very high digestibility in vitro
(=99%). All rats, including those fed on the control diet had very high contents of starch
in their caeca indicating digestibility, of the starch wasdoweValues of this "resistant”
starch were highest in rats given the soluble NSPundicating that the gums caused some
inhibition of starch digestion. The "resistant” stareh does not have the biological activity
of the gums, which depressed plasma eholesterol and/or triacylglyeerol values, The
reason for the very low digestibility of the starch is unclear as it is highly digestible in
vitro. It is possible thal gelatinizing-the swareh before dict formulation would have
improved the digestibility (Annison_ei al, 1991), A clinical study of a commercial
preparation of locust bean grain as a laxative in doses of "two heaped teaspoonfuls” in 56
patients, some of whom took the preparation regularly for two years. resulted in no
effects on the gastrointestinal tract. and no allergenie reaction (1olbrook. 1951),

Eight infants between the ages ol 2.5-5 months were fed meals ol supared milk or
sugared milk plus a 1% powder extract frem locust bean. Addition ol the carob
supplement did not alter the duration of the gastrointestinal transit time ol the meal.
Physiological acrophagy was markedly suppressed by the supplement (Rivier, 1952). In
patients with i"]j;j-.l-},rj'hl]"ﬂ, igﬂgmim-ﬂi%'j g of locust bean gum/day had a laxative elfect,

decreased high blood pressure, and caused a fall in serum wrea, creatinine. and
e
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phosphorus by the second week of treatment (Fastwood ef al., 1984). Following a 7-day
control period, 5 healthy men ingested 9.9 g tragacanth gum daily (3 = 3.3 g-portion
gelled in 200 ml water) for 32 days. The tragacanth gum was well-tolerated and no
adverse eflects were reported in any of the volunteers. Tragacanth gum had no significant.
effect on any of the parameters measured with the exception that intestinal transit time
decreased. and laccal wet- and dry-weights were increased in all subjects at the end of the
test period. Four subjects also showed an increase in faccal fat concentration (Fastwood

el al., 1984),

2.8.4  Studies on teratogenicity

Teratogenical experiments with four species of animals (rats, mice, hamsters and rabbits)
did not indicate any teratogenic cffeets on mice at 280 mg/kg body weight and 1300
mg/kg. although 5 outol 21 dams dicd at the latter dose. Up to 1300 mgfkg in rats, up to
1000 mg/ke in hamsters and at 196 mg/kg inrabbits no teratological cifects were seen. At
910 mg/kg in rabbits, most of the pregnant dams died (Morgareidge, 1972). In one study,
locust bean gum was injected via the air cell and yolk or albumen routes into fertile eggs
prior to and afler 96 hours ol incubation. Eggs were candied at 48-hour intervals and dead
embryos were examined for stage of development and defects.  Anophthalmia,
phocomelia, micromelia and torticollis occurred at hatching (Naber & Smothers, 1975),
Intra-peritoneal (i.p.) injection of 1 ml of 1% aqueous mucilage ol Persian tragacanth
gum (single dose or 5 doses of 0.2 ml cach) into mice between days 11 and 15 of
gestation uuus:.;t:l the death oLabHoctoses. Oral or subcutancous (s.¢.) administration had

no effect. All samples were found to be contaminated with Enterobacter spp. and the
_—l-l'_.'-_'_
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embryotoxic effects were attributed to bacterial metabolites (Irohberg e al.. 1969).
Tragacanth gum showed no evidence of maternal toxicity or teratogenicity after oral
administration as a suspension in corn oil to pregnant mice, hamsters, rats and rabbits at

different levels and different days of gestation (Table 2.5).

The studies with pregnant rats and rabbits resulted in significant maternal mortality in
rats at the 1200 mg/kg body weight dose level and in rabbits at dose levels of 150 and
700 mg/kg body weight. At autopsy. the giwss and patholegieal-findings showed marked
hacmorrhage in the mucosa of the small intestine,.Offspring  [rom animals surviving in
the high-dose group as well as those in other st groups showed no compound-related
abnormalitics in the soft or skeletal tissues (FDRL. 1972). Maternal toxicity observed in
rats and rabbits. at the highest levels tested. may have been due to the mode of
administration (suspended incorn oil). rather than to anv mnate foxicily ol the guﬁl.h
study was also done using a chick embryo (est system. Tragacanth gum dissolved in 0.12
N 1IC] was injected either into the air sac or the yolk of lertile chicken cops at dose levels
up to 7 mg/kg, The admimstration of tragacanth gum did not result in a significant
increase in mortality. Al hatched chicks appearéd normal, Abnormalitics observed in
eggs that failed to hatch were 22% test, 14% solvent-Control, and 3.41% flock

background (Bodder. 1974).
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Table 2.5: Oral administration of tragacanth gum to mice, hamsters, rats and rabbits

Species | Dose levels (mg/kg bwiday) | Gestation days
Mice | Uptol200 T GiE
Hamsters | Up to 900 6-10
Rats Up to 1200 . Bb-15

|' Rabbits | Up to 700 6-8

*Source: WO Food Additives Ser jes, N, 13, 1978

2.8.5 Studies on mutagenicity
Tragacanth gum was evaluated for genetic activity in the following in vifro microbial
assays, with and without activation: Salmenella tuphimurium (strains TA 1535, TA1537,
TA1538, TA98. and TAI100) and Suceharomyees eerevisive strain D;. No mutagenic
activity was observed inany of these assays (Litton Bionetics, 1977). Tragacanth gum
was not mutagenic in a number of tests using mammalian systems. These included:

(a) Host Mediated Assay i vive in rais and miee using Salmonella phinmurium

strain TA 1530 and G46 or mitotic recombination frequency in S cerevisiae Da,
(b) A cytogenic study in vive of rat hone-marrow cells,
(¢) An in vifre study with human lung cells (wt. 38) in tissue culture (Litlon

Bionetics, 1972).

Mutagenic tests on rats and mice using three different methods gave negative resulis.
T s . . . - .

There was no_messurable _mutagenic response in recombination frequency  for

Saccharonmyees cerevisiae in host-medialed assay at 3 g/kg in vitro, No adverse effects

i

were seen on chromosomes in rat bone marrow or human lung ccll cultures. The
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dominant lcthal test in rats was negative (Maxwell & Newell, 1972). Carab (locust) bean
gum was evaluated for genetic activity in microbial assays with and without the addition
of mammahian metabolic activation preparations. Indicator organisms used were
Saccharomyces cerevisiae and Salmonella fuphimurium, strains TA-1535, TA-1537 and.
TA-1538. Mammalian metabolic activation preparations werg from mouse (ICR adult).
rat {Spmgue—]}uwlcy adult) and monkey (Macaca mulatta adult). Carob (locust) bean

gum did not exhibil genetic activity in any of the assays employed (Brusick, 1973).

2.8.6  Special studies on sensitization

Although there arc only a few reports on sensitization to tragacanth gum. the available
information indicates that tragacanth gum is a powerful allergen capable of causing
extremely severe reactions. Allergic redaetions may oveur-as a result of inhalation or oral
ingestion, The immunogenieity ol Wagacanith gum was demonstrated in an in vivo test
using a footpad-swelling lestin mice. Purilication of the gum led to a marked reduction

of the immunc responsc (Strobel ef af, 1982).

2.8.7 Special study on reproduction

A three-generation reproduction study was carricd ouf using groups of 10 male and 20
female rats in the first generation and 20 male and 20 lfemale rals m subsequent
generations. Dosage levels of 0, 0.25, and 0.5 g/kg body weight./day were administered
in the diet, Criteria evaluated were survival, body weight, general appearance, behaviour,
the number nlﬂzl_;;rﬁ'iwﬁd uced—rarmber of live births and still births, physical condition of

the young. weight at birth and weaning and survival of the young. Females that had fewer
_-—-'-_._-_'_



than two litters were examined to determine whether there was foctal resorption.
Malformations in offspring were recorded and gross and micropathological examinations
were made on the offspring of the second and third generations, No adverse effects

attributable to xanthan gum were found in this study (Maxwell & Newell, 1972).

Groups of 50 male and 50 lemale Osborne-Mendel rats (approximately 21 days of age)
were maintained on dicts containing 0, 0.006, 0.06. (1.6 and 6.0% tragacanth gum, After
13 wecks on the test diets, the rats were bred to producc.an Jipgeneration, The ofTspring
were weaned at day 21 and placed lonwtheirarespeetivesdiets, The animals in the Iy
generation were maintained on the test diets foratotal period of 27 weeks. Groups of 50
male and 50 female rals of the F| peneration were maintained on the test dicts for
approximately 20 weeks. Results fromithis study revealed (hat both male and female rats
in the 6% group showed significantly lower body weights. as well as decreased food
efficiency, than the controls. Lower body weights were alse observed m the [y
generation, particularly i the males and hacmatological mcasurcments showed no
compound-related effects, Only minor effects were notedan the various clinical chemistry
parameters. Reproduction data were comparable for test and control animals. Histological
studies did not show any compound-related ¢Tects. Fnlarged livers were noted in the 6%
group. bul the cnlargement was not associated with any significant change in liver
composition or with histological changes. The ATP/ADP ratio in liver preparations for Fy
animals was markedly decreased, but this effect was not observed in the I'} amimals

(Graham ef al-—1985). Althoushtoti=scale toxicological tests have been done on mosl
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gums none has been done for cashew gum, hence the need to study the acute toxicity of

cashew gum 10 cstablish its safety in terms of end use.

2.9 Uses of cashew gum

As mentioned carlier, gums have been used extensively .in foods as emulsifiers,
stabilizers, texturizers, binders and film-formers. However, very little has been done in
terms of the utilization of cashew gum. Hence, the need for mvestigations into the
utilization of cashew gum in product development such as-fruituices and preserves and

chocolate products.

2.9.1 Fruit juice production trends

Over the past several decades there has been a growing trend towards adding value to raw
agricultural products. As populations have beeome more urban. this trend has ucculurﬂl‘ud.
The need for stable, convenient foods has increased along with the demand for exotic
produce lor international cuisine. Within the globalization of the food industry, the
demand for quality juice and juice type beverages has markedly expanded. Traditionally,
enly a handful of fruit and vegetable juices have served this market as large multinational
companies or their affiliates. have captured the majority of the national and the
international juice trade. Juices such as orange, grape, pincapple, apple, tomato and
blends are well established in developed countries. In recent times, minor, tropical juices
such as cashew juice are attracting new attention (FAQ, 1999).

LIBRART
EWAME NXRUMAK UNIVERSITY o9 43
SGIENGE AkD TECHNOLODGY
BUKLYI-BRAN)



2.9.2  The value of juices

The global market for juice and juice products was estimated 10 be about 50 billion litres
in the late 1990s. In the United States of America alone, the retail commercial value of
the almost 20 billion litres of juice and juice products exceeded USS18 billion, roughly -
3% of a total food sales expenditure of US$630 billion. World. trade has accelerated over
the last decade with developing countries achieving over 60 percent of fruit juice exports.
Brazil. the largest eitrus producer, accounts lor about 25% of world production (FAO,

1999),

In Ghana, the total production of soll drinks ineluding fruit juices from 1991 to 1993 is
shown in table 2.6. Lall e a/. (1994) also reported on the 1o1al product sales of fruit juices
in 1991 lor both Statc-owned companies and Local African-owned companics in Ghana
(Table 2.7). Thus, the total product sales for 2005 can be estimated using the sulme
growth rates (1.5 and 30.3%) as $793.620.00 and $22:107.252.00 for State-owned
companies and Local African-owned companies respectively. Developing juices from
minor {ruits such as cashew which i3 currently abundant in Ghana will contribute towards

the development of the nattonal economy.

Table 2.6: Production of soft drink in Ghana from 1991 1o 1993

Year Production (million [,}- r
1991 12.96
e L L T s e 16.56 |
1993 73.76
e e |
L N AL

*Spurce: Ou Ijt-mlﬁng. 1994



Table 2.7: Total product sales of fruit juices in Ghana in 1991

_(?cunp-an}' Iype Ul s ' Sales/Rate

?lah;u(.}wnﬁ['mnp;mius ' £644.300.00
Sales Growth Rate 1.5%
Local African-Owned companies $543,700.00
Sales Growth Rate 30.3%

| : |

A study of the food markets the world Bver. sugpest that jurces ol all types and in all
forms have an important role in both food nourishment and enjoyment. This wend has

certainly accelerated over the last hall decade.

2.9.3  Cloudiness of fruit jitices

Fruit juices and juice drinks are penerally sold as either clear (clarified) commodities or
as cloudy products of variable density. However, for some juices, there may be market
demand lor both clarified and cloudy forms. [owever, gitrus juices and juice drinks are
almost always processed o contain g dense cloud suspension (Baker and Cameron,
1999). Juice cloud may be charagterstic of cultivar, andits density and colour intensity
are specific qualities mfluencing juice grading and market acceprability. Juice cloud
provides turbidity. flavour, aroma and the characteristic colour of juices. Loss of juice

¢cloud through clarification results in a watery serum containing few characteristic flavour

notes. That is.why jilice withsetds T suspension is a better product to eommercialize.

Freshly extracted juices contain g continuum of particulate sizes. Irom coarse pulp
=l
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fragments 1o submicron particles. Those of larger sizes tend to settle on standing. while

those below 2pum in diameter constitute stable cloud (Baker and Cameron, 1999),

One of the main requirements for cloudy juices is that they retain a stable appearance -
throughout their intended shelf life (Sicbert, 19991, Cloudy juices should remain constant
in appearance until they are consumed. neither becoming more cloudy nor clarifying
through sedimentation of cloud material. The intensity of turbidity and its qualitative
nature arc of special interest. Oranpe jwice, clgud, lor instanee, contains 52% proteins,
4.5% pectin, 25% lipid, 2% hemicellulose, | 5% eellulose. 5.7% nitrogen and 2% ash
(Klavons er @f.. 1994). Cloud of commercial lemon concentrates also containg 29.8%

protein and 4. 1% pectin.

Cashew juice can be produced as both clarificd and non=¢larified juices Il"c}r
commercialization, Compared with clarified juice, the non=clarified juice which containg
solids in suspension retaing larger amounts ol substances such as proteins, supars, and
tannins which are associated with the smell and Navor of the apples, This therefore makes
the non-clarified juice a better produet to commercialize (Meothe and Corella. 2004).
Sediments formed in the unclarified cashew juice however iend to sctile on standing
making the produet unattractive to the consumer, and this has led 1o the search lor a
suitable juice stabilizer and the potential of cashew gum to meet this condition. The steps

invelved in the production of cashew juice and where gum would be added for

stabilizationds-shown in Figuee272
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2.9.4  Fruit preserves

Fruit preserves such as jams and marmalades are mixtures of fruits and sugar. which have
been hoiled to produce a stable gel structure with attractive visual and eating qualities and
mould-free storage life. The products should have characteristic colours. favours and -
textures and be casily spreadable. Commercial preserves contain about 25-30% small
fruits, and are consequently. low in [ruit content. They may also contain varying levels of
artificial additives such as gelling agents, colours and flavours. Teagase (2005) observed
that home produced preserves should contain at least 50%-fruit-and have a characteristic
fruity flavour. It should not be too sweet, oo stifE-norsubbery and should contain no
artificial additives. The market for good quality home produced jams and marmalades
continues to grow whereas that for commercially produced preserves is in decline. The
main attractions of the home produced preserves are the absence of artificial additives
and the signilicant [rony flavour ( Leagase. 2005). The basic principle of jam making is to
have fruit. peetin, acid and sugar present in the correct proportions (1'ig. 2.3). The sclting
of jam depends on the presence of pectin. The fruit is simmered and the pectin 1s released
into solution. Fruits low in pectin may need an additional source of pectin before they
will give a satisfactory set. Aeid is necessary for pectin extraction, improving c¢olour and

flavour and preventing crystallization (Teagase, 2005).

In Ghana, jam produced by the local food industries 1s mamly from fruits such as

pineapples and oranges which contain low pectin leading 1o the use of commercial pectin

which is hichly-expénsive. Althe€ocoa Research Institute ol Ghana, cfforts were made

to extract pectin from cocoa sweatings on large scale but this was not [easible due to the
e —————
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high cost of absolute ethanol which was used in large quantitics or the extraction, This
has led to investigating into the utilization of cashew gum as a gelling agent in pineapple

jam production.

2.9.5 Chocolate pebbles

Panned goods, generally called “dragees’ are obtained by building up coating, layer by
layer, on centres, which are rotating in a pan (Fig. 2.4y, Their smooth, regular and
compact surface is oblained by frictienal force, 10 whieh-every centre is submitted by
their rotation one upon another in a revolving pan-By proper adapied coating solution,
the coating follows automatically the contowrs of the centre, which ensures that the
finished dragees show the same shape (Fabry, 1992). Gum Arabic. which is used as a
quick coating agent ol the centres, is very expensive. thus, the need to search for a
cheaper substitute.

Chocolate pebbles are dragees with the engrossing syvrup being chocolale mass mixed
with cocoa butter. The chocolate could be dark. milk or white and the centers normally

used are peanuts. hazelnuts, almonds, raisins. croguant, marzepan sugar crust liquers and
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expanded cercals (Fabry, 1992). As soon as the chocolate is distributed around the center.
air is blown into the pan to ensure the crystallization of cocoa butter or the mixture of
cocon butter and milk fat in the case of milk or white chocolate. This is repeated until a

reasonable size of dragee is obtained and the final product is polished.

2.9.6  Production and marketing of chocolate products

Chocolale 1s a worldwide passion and a famed mood-booster, Fulfilling consumer
cravings, hundreds ol chocolate and ghocolate, products-are-made in the 1S and for
Valentine’s Day alone, over $1 billienworth' ol choeolate 'is purchased. The world
production of cocoa during the period of 2004/05 was 3.327.000 tonnes and that of
Ghana for the same period was 740,000 tonnes (Arabe; 2006). About 95,000 tonnes out
of the 740,000 tonnes was processed into semi-finished products such as cocoa mass and
cocod butter, and chocolale products i Ghana. Ghana is far [rom being a major umsunﬁ:r
of chocolate. However the overall chocolate market has been growing slowly but steadily
and this is because ol the growing evidence of the health benefits of cocoa in lighting
against many discases including caneer, hypertension. strokes diabetes, aging and erectile
dysfunction (ARS, 2005). Regular consumption of cocoa products such as chocolates is
believed to provide more antioxidants to the body to prevent such discases and this is
another reason why chocolate pebbles was seleeted for the study on the wtilization of
cashew gum. Ghana’s chocolate also command a premium on the international market,

hence the need to step up the production of chocolale based products to carn more

revenue, e A
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Figure 2.4: Steps involved in the preparation of chocolate pebbles
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.10 Product development and optimization
There are two types ol new products, new variants and innovative products (new types).

New variants are minor variations to existing products, which present neither significant

technical nor commercial risks, The innovative products require major product, process -

and/or market development. New variants are the focus of this study because of the
search for substitutes of other gums. New products need to be developed to meet or
exceed customer needs and requirements. The task of developing products that meet
customer expectation 18 a complex and challenging one. The initial creative step is to
examine the various formulation and proecssing teehnologies w select those that seem to
have the potential to deliver the desired produet characteristics. The second step is to
determine the optimum formulation and processing conditions. Lhe third step is to
generate appropriate formulation and processing tolerances (Joglekar and May, 1990),
There are many analytical (ools sueh as Quality Function Deployment (QFD) and
Optimization techniques that increase the effectiveness al the product development
process. QFD is a powerful tool that helps convert the customer’s want into product and
process requirements. Optimization techniques are used 1o optimize product requirements
and process parameters and also to develop a robust process and product (Joglekar and

May, 1990),

An optimal formulation maximizes consumer acceptance and it is cost effective. [t is the
best possible formulation given a fixed set of ingredients. Any other formulation with

those ingredients will not pe setter. The optimal formulation must fall within the

Eislﬂ:gpudﬁ constraints so that the study is not only scarching for just substitutes of



canventional but cheaper ingredients. The four basic steps in optimizing a formulation
are:
I Ingredient screening which is the process of selecting the final set of ingredients
lor the finished product.
2. Identification of ingredients that, when varied, have a strong influence on the
overall sensory properties and/or cost of the product (high-impact ingredients).
3. Design of test products, which is the process of the ingredient levels for the test
products.

4. Consumer testing or sensory analysig (Fishken, 1983).

The food industry in the United States was onee a slecpy commodity sector-safe but
lacking investor appeal. It later saw a major evolution resulting in companies discovering
the enormous returns that eould be gencrated by adding value lo commodity products in
the form of convenience, nutritibn, wariety, economy and consisient quality. The
companies also discovered that consumers would pay for value and this led to an

unparalleled period of new produet deyvelopment (Fishken, 1983)

In 1975, a crisis in America's cranberry industry prompted serious thinking about product

diversification among executives. By 1990, the company's product portfolio included

over 30 fruit juice products, many of them combinations of cranberry with different

fruits. They successfully pioneered the use of aseptically packaged juice drink and
o, : .

concentrate; —expanded into—esanberry and cranberry/fruil combination sauces; and

developed and promoted @ market for cranberry ingredients in the food service and
_-—-'--._._

P T——

T



processing industries. These investments boosted the company's sales from a plaleau of
S110 million in 1974 1o approximately $900 million in 1989 (Anon, 1989). This example
and others put into perspeclive the tremendous impact new products and process

development have on the food industry. (Graf and Saguy, 1991)

2.11  Response Surface Methodology

Response snllrf"am: mcthodology (RSM) consists of a set of statistical methods that can be
used to develop improve. or optimize products (Mvers-and=-Monmtgomery, 1995). RSM
typically is used in situations where several faciors-influence one or more performance
characleristics, or responses. RSM may be used 10 optimize one or more responses, or 1o
meel a given set ol specilications. Resulis of RSM are either reported as a mathematical
model or used to optimize the sysiem response. Graphs plotted using RSM are called
Response Surlace plots or Contour plots (Gaeula and Sighn, 1984 ). These plots are either
two or three-dimensional in nature. This technique has been putto practical use in the
lield of quality engineering for purposes such as product process optimization especially
in the United States. Conventional optimization tlechpigue. which is by repeating
experimental analysis until an optimal solution is obtained, ds tine consuming and
requires a huge amount of computer resources. This has Ted 0 the adoption of RSM.
With RSM, experiments are generally performed with design of experiments to increase

reliability of the response surface (Myers and Montgomery, 1995).



2111 Response surface designs
These are the classic mixture approach in which the mixture componenls are the variables

and the total amount of product is fixed, and the mathematical independent variable

(MIV) or lactorial approach where the mixture components are transformed into x-/

independent-related variables. Each technique has advantages and disadvantages. In the
classic mixture approach, the sum of the proportions must be one (Fig. 2.5), theiefore the
variables tmlr not all independent. This allows the experimental region of interest o be
defined more naturally, but the analysis,of.such experimenis-is more complicated. The
MIV approach, with the variables indepéndent; pemmitsahe use of classical factorial and
response surface designs (Fig. 2.6). but has the undesirable feature that the experimental
region changes depending on how the x mixture eomponents are reduced 1o x-/

independent factors,

The central composite design (CCDY, an aupmented factorial desien, is commonly used
in product optimization. A complete CCD experiment design allows estimation of a [ull
quadratic model for cach response. A schematie layout of a CCD for £ — 3 independent
variables is shown in Figure 2.6. The design consists of 2" factorial points (filled cireles)
representing all combinations of coded values x; — =1, 2%% (in this case, 6) axial points
(hollow cireles) at a distance +a from the origin, and at least 3 centre points (hatched
circles) with coded values of zero for each x;. The value ol a usually is chosen W make

the design rotatable. but there are sometimes valid reasons to select other values,

-
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Figure 2.5: A triangular simplex regionfrom a three-compeneat mixture experiment

2.12  Sensory analysis

Sensory evaluation is a unique source of product information not easily obtained by other
means and almost cveryone has all the necessary sensory equipment with which to
evaluate a product. Unlike physico-chemical propertics of products: which make
extensive use of elaborate and cxpensive instruments. many of whieh are automated and
linked with computers, sensory evaluation relies solély on onc’s senscs. In addition
sensory cvaluation uses limited numbers of people and coneerns itsclf with measuring the
responses of people to praducts in terms ol its appearance, taste. texture and aftertaste,

without benefit of label, pricing or pther imagery (Stone and Sidel, 1995)

Applications of sensory analysis include sctting of standards, quality control and

assurance. product development and correlation with chemical, physical and instrumental

_F_a-"'
measures (Pangborn, 1980)—Somc common misuse ol sensory analysis alsoe include

trained judges asked to rate hedonic responses of products. confounding hedonic terms

I ——



within intensity or quality scales and the use of non-scientific terminalogy (Panghorn.

1980).
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Figure 2.6: Schematic ol a composite design for three factors

Produet quality has a very important influence on consumer behaviour, particularly when
it comes lo selecting products to purchase and consume. The importance of the quality of
a product can be determined by asking consumers what they think about the quality of a
particular product. It musl be noted that one can use the best quality ingredients. the most
sophisticated production proeess, and the most thorough guality eontrol procedures, but
that does not guarantee that consumers will either recognize the quality of the praduct or
be willing to purchase that product. (Stone et al, 1991). Determination of product quality
requires sensory descriptive and preference judgments. Descriptive judgments are

obtained from a trained panel while preference judgments are obtained [rom
-

appropriately recruited and qualified consumers. In addition to sensory analysis, producls

shewd B analyzed using physical and chemical methods.



Despite advances in texture analysis and the increasing use of electronic noses.
technology still has not quite replaced human taste buds. In fact. sensory analysis has a

solid future into the twenty-first century, according to a recent survey of 500

professionals (Miller, 1998). Nearly 70% of respondents” companies gave increased

sensory analysis usc since 1993, and more than 68% predict sensory analysis applications
will increase within the next five vears, Only 3.5% of the respondents thought that
analytical {icviucs would decrease the use of sensory analysis panels. Respondents
evaluated the role of sensory analysis jin product shelffife, competitor product
performance. packaging performance. quality controls process control analysis and
correlation with consumer data. The study showed that sensory analysis was ranked very
important in product shell life studies (68.6%). guality control measures 58.9% and
evaluating competitor product performance 37%. Evaluating process control anal ysis and
packaging performance measured 21.2% and 16.7% respectively. Packaging materials are
being assessed for appearance by consumer panels. but the functional ability of
packaging materials to maintain food flavour and texture over lime is getting little

attention (Miller. 1998).

In this study sensory analysis was conducted on cach produer developed 1o determine its

quality and the optimum [ormulation.
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CHAPTER 3

LOCATIONAL AND MATURITY EFFECTS ON CASHEW GUM

PRODUCTTON IN GHANA

3.1 ABSTRACT

A comparative study of cashew gum yicld trends per tree and picking in relation 1o
age of tree and the location of tree was conducted at five cashew growing districts
(Sampa and Wenchi in the Brong Ahafo Region, Bole andDamango in the Northemn
Region and Jirapa in The Upper West Region).in Ghana for a period of 24 months. "
This was to develop cashew gum production for the food industry and to generate
extra income for cashew farmers. Trees used in the study were of two age groups,
those that were 10 years and below and those above 10 years. Yield trends in relation
to rainfall were also compared. The minimum age of trees for the production of gum
wag found to be four years, Higher pum yields were obtained during the dry scason
from January to March when there was drought and the trees were under stress.
Mature trees also produeed more gums than younger Irees, The average vield per tree
varied from 13.7 to 276.0'g In young trees and 30,1 10 1237.1-g in-mature trecs in the |
first year and 37.8 to 115.2 g inyoung trees and 74110 462:4 g in mature trees in the i
sceond year, Generally, less gum was produced by trees in year 2 and this was due o
high rainfall in year 2. Organoleptic studies als showed that the gums were odourless
and tasteless, comparing favourably to that of commercial gums such as gum Arabic,
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The study showed that age and location of cashew trees have no significant effect an.

——theproduction of gum.
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332 INTRODUCTION

The cashew tree, which grows in a wide spectrum of climatic regions, has been
reported to produce appreciable amounts of gum (Smith and Montgomery. 1959).
Natural gums are found under the bark of trees and are formed within plants by
metamorphosis of the cells of the inner hark and their production have been found to

be influenced by climatic conditions.

The two main ecological zones of Ghana are the closed forest area which covers about
34% of the country (8.22 million ha) and the savanna aredwhich covers about 66% of
the land area (15.62 million ha) (Nsish-Gyabaah, 1996). The closed forest is
floristically very rich and diverse and contains a large reserve of commercial timber

species. About two-thirds of the country's human population and economic activities

are concentrated in this zone. The savannah vegetation has evolved under conditions .

of annual bush fires, which has been increased by human activities. The vegetation
consists of short grasses with scatiered fire=tolerant trees. Ghana's [oresi-savanna zone
lies in the area transitional between humid forest and dry savannah (Dickson and
Benneh 1988). Simee-cashew thrives well in both the norihern savanna and the
iransitional belts (CDR, 2007), this study was concentrated in-thase arcas. Generally.
the climate in Ghana is tropical and. there are twomain regimes of rainfall
distribution. These are from March to July and {rom September to Qctober (Dickson
and Bennech 1988). Since natural gum production can be allected by the environment

within which the trees arc found, the study sought to determine the effect of location

on the production of cashew gum,



This work was therefore carried out to study the effect geographical location and

maturity of tree on the production of gum from cashew Lrees.

3.3 MATERIALS AND METHODS

3.3.1 Selection of cashew trees for gum collection (nested design)

To determine the effects of location and maturity on cashew gum production, farms
were selected from two districts each within the Guinea Savanmazh (Bole and Jirapa)
and the transitional bell zones (Wenchi and Sampa). Selection was done based on two
different age groups. These are farms that were 10 years and below (young farms) and
those above 10 years (mature farms). These age groups were used because cashew
production was introduced into Ghana in the early 1990s and this made most of the
farms fall within the ages of 5§-20 years. Under each age group 2 maximum of five

farms were selected and six trees selected from each farm randomly.

3.3.2  Collection of pum and yield determinution

The trees were tagged and exudate masses were hand picked from the trees into
polyethylenc bags, Yield of gum per tree was determined by weighing the gums with a
PR3001-1. Mettler Toledo Balanee (Switzerland) from cach tree and finding the
average. This was done for two years (2006 and 2007). The effeets of location and
maturity on the gum production were also determined. Data obtained was analyzed
using Statgraphic Plus (windows version 3.0) programme for Kruskal-Wallis test and

carrelation 1o determine the relations and differences between gums obtained from the

four locations and two am



3.3.3  Sorting and grading of gum exudates
Gum exudates were sorted afier collection 1o remove pieces of bark and other foreign
matter. They were then sorted into three grades by picking in accordance with

differences in colour and brightness.

3.3.4  Determination of colour
The colour of the different grades was determined by using the Minolta CR 310
chroma meter. The CIELAB colour parameters (1", a* and b")were measured where
" indicates brightnessarkness on a sealcad 100/0
4" indicates red for positive values and green lor negative values
b’ indicates yellow for positive values and blues for negative values
Three measurements were taken for each parameter with the instrument being
standardized each time with a white ceramic plate. The hue angles, h', representing
the degree of yellowness and the chroma, which is the brightricss were ealculated from
the following equations:
h"=tan' (b/a)
chroma=(a~ +bh™)?

The values used are the means.of three measurements, (Mabon, 1U83);

3.3.5  Collection of rainfall datu
Rainfall data during the experimental period were obtained from the Metcorological

Departments of Wenchi, Bole and Wa (nearer to lJirapa) since there were no

-

Metearological stations in Sampa and Jirapa.
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3.3.6  Statistical analysis

Data obtained was analyzed using Statgraphic Plus Programme for Correlation and

Analysis of variance (ANOVA).

3.4 RESULTS AND DISCUSSION

4.1 Generafl observations during gum collection

The selected farms were widely scattered making cashew pum collection highly
labour intensive. It was observed that the gum exuded spontancously from the trunk
and principal branches of the trees atound the middle 6f November. afier the rainy
season. The dry winds, which prevailed after the rainy scason, caused the bark to
crack and the gum flowed out. The exuded gum thickened and hardened within some
few days on exposure to the air, usually in the form of round or oval tears or in
straight or curled cylindrical pieces of various sizes (Plate 3.1). It was also observed
that most of the trees produced white gums while a few produced amber coloured
gums. The masses of gum were tollected, either while adhering (o the bark ar aficr

they fell to the ground.

3.4.2  Yield determination for casfrew gum during thedry and rainy seasons

I'he study established that the youngest cashew tree 1o produce gum was four years

and the oldest tree was nineteen years. Generally, higher cashew gum yiclds were

obtained in all four districts within the Guinea savannah and the transitional belt zones

during the dry scason. January-March. For instance, the average cashew gum
s

vield/tree foryoung trees varied Trom 13.7 g 0 276.0 ¢ in all the four districts during

_’c_lll._':‘___r_l_[y_scasun whilst virtually no gum was obtained in the rainy season (Tables 3.1

and 3.2). However. in mature trees some gum was collected in Sampa and Jirapa in

- 4



May and also in Sampa in August. This may be explained on the basis of drought,
which put the trees under stress, a condition which according to Fitwi (2000}
stimulates gum production in trees. A healthy plant will have all its system at full
throttle but when under stress it begins to physiologically shut down. At Wenchi,

yields were also high in July to August probably because of the reduction in rainfall

during that period (Figure 3.1).

Plate 3.1: Tears of dried cylindrical gum on a cashew tree

65



3.4.3  Yield determination for cashew gum from different locations and tree age

groups
Mature cashew trees were observed to produce mere gum than the young trees within
the first year of study. The average cashew gum yield/tree varied from 13.7 g al Bole,
o 276.0 g at Wenchi in young trees and 30.1 g to 1237.1 g in mature trees both at
Wenchi (Table 3.1). This may be due 1o the fact that the young plants arc actively
growing and therefore using their sap for growth. Also mature cashew trees are more
proned to produce cracks for gum to ooze freely than in young trees, However, the
difference between cashew gum yields from'the two age groups was nol significant.
Similarly, results on yield data showed that location had no effect on gum yield. These
findings were supported by the low carrelation coelficient of (R) 7.1%. which showed

no significant relation hetween the vield, age groups and the locations,

600
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=400
2300
200

100

0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
e FH‘_,_._.---"_'__

0 Bole CWenchi OWa

Fig 3.1: Rainfall pattern in the districts for the year 2006



The observed data showed that young trees from the transitional belt produced more
gum than young trees within the Guinea savannah zone whereas mature trees from the
Guinea savannah produced more gum than mature trees within the transitional belt,
This may be due to the effects of variations in the climatic conditions of the two zones
on the age of trees. A very old tree which according to local Farmers was 45 years in
Jirapa in the Guinea Savannah zone (Plate 3.2) produced 76641, 3270.1 and 497.7 ¢
of pum for January, May and August respectively. Even though statistical analysis of
the data showed that the age of the trees had no significant effect on gum yield, the
observed data indicated that very old trees produced more gums. The annual vield of
gum Arabic in comparison with cashew pum varied from 200 o 6700 ¢ with the

average yield/tree being 250 ¢ per annum (Duke, 1981},

Results for year two are presented in Table 3.2 and the trend was similar to that in
year ane, The average yieldsiree vaned from 37.8 10 [ 152 g in young irecs and 74.1 o
462.4 g in mature trees. Collection was done at Damangoin year two because only
one collection was obtained at Bole in year 1. Bole and Damango are in similar
ecological zones with similar rainfall patterns and temperatures. No gum was
produced in young trees within all the four districts in May and August similar to
observations made in ycar one: There was no signifieant difference between cashew
gum vields from the two age groups and the four locations although the observed data
showed some variations. Correlation analysis resulted in an R value of 5.6%. The 45

year old tree in Jirapa in the Guinea Savannah zone also produced 1215.3, 869.6 and

™

674.0 g of gum for January—¥Tay and August respectively in year two. Generally, less
gum was produced by trees al Sampa and Wenchi in year two and this may be due to
e -

the hizgh rainfall recorded in that year in those areas (Table 3.3), However, young trees



i Jirapa produced more gum in January and March in year 2 than in year | and this
may be due 10 the low rainfall distribution in Wa and its environs within that period
(Table 3.3). There was no significant difference between gum vields for vear | and

that for vear 2.

Plate 3.2: A 45 vear old tree at Jirapa
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Table 3.1: Average vield/tree (g) of cashew gum — Year |

Location | Below 10 yeeu-sF Between 10-20 years
Jan Mar May | Aug | Jan Mar May Aug
53'“135 72.3¢ m 10w 2 - ??.If_mry 02 1a2m 3?.1;1.’", 83.9m
Wenchi 5B.1im | 276000 | - - 30 Vi ||ﬁ,3|r,1l_1m - 1237950
Bole |3.-|'rg,r.r;l py o= - - 34_4;5 o = — =
Jirapa 2481105 | 5600 |- . 130.000m | 152.50sm | 346.7 w0 =
18 JF B -
(*S dev, initalics)
Table 3.2; Average yield/tree (g) of cashew gum — Year 2
Location [ Below 10 vears — Between 10-20 years
Fi Jan Mar ?'uiéy_ “Aug | Jan Mar | May | Aug
Sampa 4913fmn} 51 .4;,13 il s . .3..2.4(3? " 74.]”_) it £ QE-QHE i
Wenchi | 47050 | 5890 |= - 3955uam0 [ 92.20500 | - -
Damango | 115.2,40 026220 |- - 1068, 00 41528000 | - -
lirapa 37810 59.6/5m o . 10248 om | 253600 | - -
{(*Std dev. in italics)
o
o eI .-r'""_.-.--_'_._
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Table 3.3: Rainfall figures for Wenchi and Wa for 2006 and 2007

344 Sorting and grading

On the basis of colour and brightness, three different grades of cashew gum were
obtained (Table 3 4). Grades | and 2 were whitish yellow in colour whilst the colour
of grade 3 was amber and these conformed ta the general physical properties of gums
(Plates 3.3 and 3.4). The variation in the colour of gums depends on factors like
storage time, the age or part-af the tree that is tapped, duration of gum on tree before
being picked and the presence ol impurities (Fitwi, 2000). However, in this study, the
variation in the colour of the grades obtained was due to the age ol the part of the tree

that was tapped and the presence of impurities. The hue angle (h™) representing the

o

degree {:J'_yr.;-lquWHt:ss varied—fromm 034 to 1.50 whilst the chroma which is the

brightness also varied from 11.92 to 15.94 (Table 3.5).

— il

= 0

Month Rainfall (mm) - 2006 Rainfall (mm) - 2007
Wenchi Wa Wenchi Wa -

January 9.4 1359 11.2 0.0
February 42.0 13.8 356 0.0

March 86.1 | 78.0 §7.2 i 17.4

April 139.5 503 131.9 156.0

May 174.1 41.0 | 68.6 198.0

June 119.7 143.4 147.2 72.4

July 5007 [ 1009 | 30.0 1Z1.8
August 47.7 | 304.7 140.3 | 186.7
September 170.5 21499 2326 103.3
October 299.7 33.4 226.2 113.3
TOTAL 1,139.4 | 10208 1.310.8 T SR




Organoleptic studies also showed that the gums were odourless and tasteless which
confirms the general organoleptic properties of gums (Glicksman, 1969). The physical
properties of grade 1 cashew gum were found to be glassy and transparent whilst
grades 2 and 3 were translucent. Best quality gums are generally tasteless, whitish,
yellowish or pale brown in eolour and transparent or transluceni in appearance
(Robbins, 1988). The lower grades are generally more strongly coloured than the
higher grades. This therefore indicates that grades 1 and 2 obtained after sorting are of

better quality than grade 3.

el Rl Dy WL L ¥ o5
SRRl A

Plate 3.3: Mixture of grades 1 and 2 cashew gum
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Table 3.4: Physical and organoleptic properties of cashew eum

Colour Shape and form | Optical property | Odour Taste

Whitish yellow | Glassy Transparent odourless | tasteless
Whitish yellow | glassy transluscent odourless | tasteless
Amber globular translucent odourless | tasteless

—Piare 3.4: Grade 3 cashew gum
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Table 3.5: Chroma and Hue angle values for the three grades

[ Grade

(*51d dev, in italics)

[ a* b* Chroma | Hue angle (h*)
l 88.32 (150) | 1.06¢0./0) | 1586(1.43 | 15.94 1.50
2 38.45 (3.16) | 1096 (.94 | 4.62 (0.34 11.92 0.34
3 60.2170.86; 6.34 10.22 13.64 (0.54) | 14.19 .14

3.5 CONCLUSION

In conelusion, cashew trees as young as four years and as old as 45 years were found
1o produce gum. Observed data indicated that generally mature trees produced more
gum than younger trees. Cashew trees in the transitional zone produced more pum
relative to those in the Guinea savannah area. Drought also periads resulted in high
cashew gum yields with average highest production oceurring between JTanuary and
March. Rainfall had a significant effect on gum production trends. Gums produced by
cashew trees are of good quality in terms of colour, physical and organoleptic
properties. They were whitish vellow to amber in colour, glassy or globular in form
and transparent or translucent. They were alse found to'be colourless and tasteless,
conforming to the general characteristics of gums. Thus, the potential Tor cashew gum
production and deyelopment for the fooed industry in Ghana and also as a source of

income for the cashew farmer is very high,
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CHAPTER 4

PHYSICO-CHLEMICAL PROPERTIES OF CASHEW GUM FROM FOUR

CASHEW GROWING DISTRICTS IN GIHANA

4.1 ABSTRACT

The physico-chemical properties of cashew gum collected from four cashew growing
districts, Sampa. Wenchi, Bole and lirapa in Ghana were. studied to help promote the
utilization of cashew gum in the food industry, The.gurmewas collected from trees of two
different age proups, those that were 10 years-and below and those above 10 years,
Physico-chemical properties of cashew g were compared to those of gum Arabic.
Parameters studied included pH, total ash. protem content, total sugars, total phenols,
moisture content and insoluble matter content. The resulls of the study gave the follows ng
ranges for the various parametere avalyated: pHranged from 3.8-4.2 101al ash 0.5-1 2%,
protein content 1.27-1.80%. total sugars 0.96-2,10 mg/g, total phenols 0.21-2.26%,
moisture content 9.8-13.2% and insoluble maticr 1.9-4.8%. Gum [rom mature trees was
generally found to have higher Jevels of protein, moisture. sugars and phenols relative to
that from young trees, with the exeeption of pll which was lower in gum from mature
trees. There were variations in the phvsico-chemiea properties of the cashew gum from
the different locations and different tree age groups. The predominant minerals in cashew
Iree gum were Ca, K, Na and Fe and their nutritional benefits are discussed. This study
showed tha ca&he;egu'hﬁ possesses pood physico-chemical properties and high levels of

minerals and can therefore be used to improve or maintain the nutrional value ol foods.
e
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4.2 INTRODUCTION
Cashew gum is the exudate from Anacardium occidentale 1... a tree that Erows in many

tropical and subtropical countries like Brazil, Cote d’Ivoire, Tanzania and Kenya. The

use of eashew gum began in China centurics ago (Glicksman, 1969). Synthesis of the

gum generally occurs in all organs of the plant with different qualitative composition,
appearing to be genetically controlled and inlluenced by environmental conditions
(Glicksman, 1969). The gum from the cashew tree oceurs in the form of pale yellow to
amber masses, which are soluble in water and its moleeulag-siructure is made up of
galactose (72-73%), glucose (11-14%),arabinose (4.6-5%). rhamnose (3.2-4%) and
glucuronic acid (4.7-6.3%) in mass. It is mainly eomposed of three types of galactan units
within the core, linked by C-1 and C-3; C=1 and C-6 and C-1, C-3 and C-6. The glucose

is present as a side chain, with up to five units long (Cunha et al . 2007).

Williams and Phillips (2000} reported that variations in physico-chemical properties exist
in natural gums from dilferent tree specics and also from the same tree species but of
different ages as well as from different soil types. Some coneerns have been raised on the
production, processing and use of natral gums and these inelude the accurate
identification of the sources of gums and their quality-assurance: Therefore, there is the
need to study the physico-chemical properties-of eashew gums from different cashew
growing arcas to determine their quality and how they will perform during processing,

This study was carried out to determine the pysico-chemical properties of cashew gum

from the majospredicing argastr&hana.

i
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43  MATERIALS AND METHODS

4.3.1 Sample preparation
Cashew gum samples collected as natural gum exudates from the four cashew growing
districts were dried in an oven at 30° C for two weeks and milled using Christy Disintegrator § :

43740 (Christy and Norris Ltd., Process Engineers, England).(Plate 4.1). The milled samples

e T T I T I

were stored in plastic containers prior to analysis.
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Plate 4.1: Samples of milled gum
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4.3.2 Moisture content
Moisture content was determined by weighing 2 g of each sample into porcelain crucibles
and drying to a constant weight in an oven at 105° C. The moisture loss on drving was

expressed as pereentage of the weight of milled gum (British Pharmacopoeia, 1993,

433  pH

Aqueous solution of each gum sample was made by dissolving 2 g of each sample in 50
ml water and the pH measured with a glass.clectrode fitted to.a Jenway 3020 pH meter

(UKJ(AOAC. 1990),

4.3.4 Protein content

Protein content was determined by weighing 1 g of each sample into a kjeldahl flask, 25
ml cone Sulphuric acid and a catalyst (a mixture of Selenium. Copper Sulphate and
Potassium Sulphate in the ratio of 1:5:25) was added to the sample in the flask and
digested on a heater for 30 min to pet a elear solution. The solution was then allowed to
cool and 50 ml 40% NaOII solution added to neutralize the acid (Kjeldanl’s method).
This was then distilled into a 25 ml Erlenmever Nask containing 20 ml 2% Boric acid
solution with a drop pl’ mixed indicator, The solution was then titrated 0.1 N H,SO; to a
faint pink colour, The nitrogen content was then calculated and multiplied by 6.25

{official N conversion factor to crude protein) to get the protein content.

T
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4315 Total sugar concentration

The total sugar concentration was determined using the phenol-sulphuric acid method
(Dubois ef al., 1956). An aqueous solution of 1 g of each sample in 10 ml water was
made and clarified with equal volumes of 0.3N Ba(OH)> and 5% ZnS0y solutions. The
clarified solution was then filtered. The filtrate was deionised with Amberlite cation-
anion exchange resins and filtered. 0.1 ml of the deionised solution was diluted with 0.9
ml distilled water 1o give a final dilution 1 in 100. Aliquots were then used for the
colorimetric analysis after adding 1 ml.of 10% phenol follewed-by 5 ml cone. Sulphuric
acid. The absorbance was read at 490 nm and elucose was used as a standard for the

calibration curve.

4.3.6 Total phenolic compounds

Extraction was done on | g of cach sample adding 20 ml of 80% of aqueous acetone.
Shaking was done using an eleetronic shaker (Fdmund Biihler: 7400 Tulingen: KS10 and
KL2 series) for 1 hour and sonicated for 30 minutes. Extraction was followed by
filtration and evaporation of filtrate to dryness in a rotary vacuum cvaporator. 10 ml
distilled water was added 1o the dry residuc and 0.1 ml of the extract solution was
transferred 10 a 100 ml Erlenmeyer flask and the volume adjusted 10 46 ml by the
addition of distilled water. 1 ml Folin-Ciocalten reagént was then added 1o the mixture
followed after 3 min by 3 ml NaxCOjy solution (20g/L). Subsequently the mixture was
shaken mechanically for 2 hours and the absorbance measured at 760 nm using Shimadzu
UV-20-02 Spmn;;hliﬂimclcmﬂhhﬂﬁﬂ’ﬂﬂ Japan). Catechin was used as a standard for a

calibration curve. The phenolic compound content was expressed as catechin equivalent.
—---‘_
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4.3.7 Total ash content

The ash content was determined by weighing 2 g of each sample into porcelain crucibles
and incinerating in a mufflc furnace at 450° € for 2 hours until carbon-free ash was
obtained. The weight of the ash was expressed as a percentage of the weight of milled

gum (British Pharmacopocia, 1993).

4.3.8 Insoluble huatter

The insoluble matter was determined by dissolving 3¢ of.cach-sample in 100ml water
and adding 14 ml of 2 M IICL The mixture was<then hofled for |5 minutes with
continuous stirring using a Stuart magnetic stirrer (UK} and then filtered through a No. 4
sintered glass filter. The residue obtained was then dried at 105° C 0 a constant weight.
The weight of dried residue was expressed as a percentage of the initial sample weight

(British Pharmacopoeia, 1993},

4.3.9 Mineraly

Mineral content was determined using the wet ashing method. 1 g of cach sample was
digested with 25 ml cone, Nitric acid on a-hot plate (in a fume chamber) for 30 min. The
digest was then cooled and Iml Perchlotic acid (70% HCLOs) was added and digestion
continued until solution was colourless, After digestion, the solution was cooled slightly
and boiled for 10 min and then filtered hot through filter paper into 100 ml volumetric

flask and made to the mark with distilled water, The solution was then used for the

o

determination ef-Ca;, Te, K, Zn-andNa contents using Atomic Absorption Spectroscopy

(Unicam 929 AAS model. UK).
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The data obtained were analyzed using Statgraphics Plus (Windows version 3.0)

programme for analysis of variance (ANOVA),

44  RESULTS AND DISCUSION

44.1 pH

The pH of cashew gum ranged from 3.8 to 4.2 with gum from mature trees being more
acidic than that from young trees (Figure 4.1). The pH of gum from mature trees varied
from 3.8 to 3.9 and that for pum from young trees varied-from-4.0 (o 4.2. This may be
due to high cationic composition of gums from mature cashew trees. Mhinzi and Mrosso
(1995) observed that the high cationic composition of some acacia gums increased their
acidity. The pH of cashew gum compared favourably with that of gum Arabic¢ which is
reported to be between 4.0 and 4.8 (Belitz er ai.. 2004). The pH ol gums from trees of the
different age groups and also from the different locations were found to be significantly
different (p < 0.05) from cach other with some significant ‘interaction between the
locations and the ages of the trecs (p < 0.05) { Appendix 2). These difTerences may be due
to the mixed species of cashew trees found in the colleetion areas, the different soil
composition of the different regions together with the varying climatic conditions. Thus,
confirming the report of Phillips and Williams (2005 which stated thar the physico-

chemical properties of gums vary with tree Spectes, age and soil type.

4.4.2 Ash content

7l
The ash contents-of Cashew gusratso ranged [rom 0.5 to 1.2% and these fall within the

acceptable level of less than 4% reported for gum Arabic (Belitz er af.. 2000). Ash
e
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content is an important properly considered as a purily parameler in the evaluation of
gum quality (Immeson, 19923, The very low values of ash indicate that cashew gum
collected 1s clean with msignifican! amoun! of impurity, Gums from both young and
mature trees from Sampa had the same ash content of 1.0% but those from mature trees
in Jirapa had ash content of 1.2% whilst that from young trees was 1.0%. For Bole and
Wenchi, pum from mature trees had lower ash contents, 0.5 and 0.8% respectively, than
that from }'nﬁng trees (Figure 4.2). There were significant differences in the ash contents
for gums from trees of the different age geoups and alse fremethe different locations (p <
0.05). These findings were supported by multiple ‘eomparison tests, which showed that
gums from Sampa and Wenchi were significantly dillerent from those from Bole (p <
(.05). These differences may ulso be due to the mixed species of cashew trees, the
different soil composition of the different regions together with the varying climatic
conditions. However, there were no interaction effects between the loeations and the

ages of the trees.

4.4.3  Protein content

The protein content of cashew gum ranged from 1,27 10 1.80%. It was obscrved that gum
from young trees had higher proteincontent than those from mature trees at all locations
with the exception of that from Wenchi where the youtig and the mature had the same

protein level 1.41% (Figure 4.3). This may duc to the fact that the young trees which are
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Fig 4.1: Effect of cashew treg maturity on pH of gum
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actively growing synthesize more nutrients such as proteins (Rayvburn, 1993). Gums from
the two age groups showed significant differences (p < 0.05) but the differences in the
locations were not significant. Although the protein content of cashew gum was found to

be relatively low it is important for the emulsitying propertics of the gum (Williams and

Phillips, 2000),

4.44  Total sugar concentration

The total sugar concentrations of the gums were betwgen 0.96rand 2.10 mg/e and these
results were slightly higher than that for oum Arabie, which was found to be in iraces
(TIC gum, 2001). Cashew gum from voung trecs generally had higher sugar content than
that from mature trees with the exception of that frofm Wenchi where the total sugar
content in the gums from mature trees was 1.37 mg/g whereas that of pums from young
trées was 1.20 mg/g (Figure 4.4), The differences in the sugar concentration may be due
to the fact that the young trees produce more sugar for growth (Ravburn, 1993), There
were no significant differences in the sugar concentrations of gums from the different

locations and also from trees of differemt ages.

4.4.5 Total phenolic content

The total phenolic contents of the gums were between .21 and 2.26%. Gum from mature
trees had higher phenolic content than that from young trees for all the locations (Figure
4.3). The total phenol content of gum from young trecs varied from 0.21 1o 0.35%

.'--

whereas that for-mature trees varred Trom 0.50 1o 2.26%. The composition of phenalic
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constituents of plants is influenced by both internal and external factors such as genetic
variations at species level, maturity and agronomic conditions (Kabuto e/ af, 2000). The

phenolic contents of gums from the different locations and from trees of different ages
were significantly diffTerent (p < 0.05) with the phenolic contents of gums from Sampa

and Bole being significantly different from that from Jirapa.

4.4.6  Muoisture content

The moisture content of cashew oum was found to be between< 8 and 13.2% and this
compared well with the moisture content for gum Arabie(12-17%) (Belitz et al., 2000),
Moisture content of gum from mature (rees varied from 11.3 to 13 2% and that of gum
from young trees also varied from 9.8 to.11.8%. This may be due to the fact that mature
trees produced more gum and would need longer time 1o dry (Figure 4.6), The mature
trees also have well developed root systems which have the ability to lake up more water

from the soil for photosynthicsis, transpiration and other metabolic processes (Rayburn,

1993). There were significant differences in the moisture content of gums from trees ol

the two age groups coming from the different locations (p < 0.05). However, there was no
significant interaction cffoet between the Jocations and the ages of the trees indicating
that they were independent of each other, Multiple comparison tesis showed that cashew
gums from Sampa, Wenchi and Bole were significantly different from that from Jirapa.
Variations in the moisture content of gums from the different more water from the soil
for photosynthesis, transpiration and other metabolic processes (Rayburn, 1993), There
were signiﬁcam—:ﬁ-ﬂbmnucs in-themoisture content for gums from trees of the 1wo age

groups coming from the different locations (p < 0.03), However. there was no inleraction
et =l
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between the locations and the ages of the trees indicating that they were independent of
each other. Multiple comparison tests again showed that cashew gums from Sampa,
Wenchi and Bole were significantly different from that from lirapa. Variations in the
moisture content ol pums from the different locations may be due to environmental
factors affecting water uptake by plants. These factors are light, humidity and

temperature (Anderson and Wieping, 19907,

4.4.7 Insoluble matter content

The insoluble matter contents of cashew gum were found-to range from 1.9 to4.8% and
these were mainly debris. Glicksman (1969) reported that most exudate gums yield some
amount of insoluble residue when mixed with water. The low levels of insoluble matter
indicate that cashew gum is highly soluble in water. The levels of insoluble matter in
gums from young trees.in Sampa and Jirapa were found (o be 3.1 and 2.4% respectively
and these were higher than those from Bole and Wenchi; 2.0 and 2 8% respectively
(Figure 4.7). The differences may be attributed to the abilities of the gums to trap dirt and
loose bark during and after exudation. Environmental factors Such as the wind and sand
can also add more dirt 10 the gums as well as the time of collection ©f gum. The longer
the gum stays on the ficld the more dirt it traps. However the differences were not

significant for the locations and the age groups of the trees,
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4.4.8 Mineral content

The mineral content of plant materials s thought to be a function of the composition of
soil on which the plants grow (Anderson and Wieping, 1990). Cashew gum was found to
have very high levels of calcium. sodium, and potassium, which are needed in greater
quantities in the body to meet metabolic needs (Welch and Graham, 2003). The levels of
minerals ranged [rom 1012 10 1750 mg/kg, 139 to 1397 mg/kg and 114 10 301 mg/kg for
calcium, potassium and sodium respectively (Appendix 1). These levels may be due to
high levels of calcium. potassium and sodium in the soil=en which the plants grow
(Anderson and Wicping, 1990). Gum from mature” trees had higher mineral content
relative to that from young trees (Figures 4.8-4.10) and this may be due to the fact their
root systems take much of the soil nutrients and store in other parts of the plants

(Rayburn, 1993),

The calcium contents of the pums showed significant differences between the locations
and the ages of the cashew trees (p < 0.05) with gums from Wenchi being significantly
lower than those from Jirapa (p < 0.035). Levels of patassium also showed significant
differences between the loeations and the agés ol the trees (p < 0.05) with gums from
Sampa, Wenchi and Bole being signilieantly lower than those of Jirapa. However. there
were no significant differences between gums from trees of the different ages and from
the locations in terms of the sodium content. Sodium and potassium contents of the gums
tend to increase from the transitional belt to the Guinea savannah zone (Figures 4.9 and
4.10). For instance. potassium genters ol cashew gum from Sampa and Wenchi ranged

from139 10 386 mg/kg and those of gum from Bole and Jirapa were between 275 and
e
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1397 me/kg (Appendix 1). This is an indication of high levels of potassium and sodium
in the soils of the Guinea savannah zone. The high levels of minerals which are normally

found in their ionic state also account for the acidity ol cashew gum (Mhinzi and Mrosso

1995).

The levels of iron and zine in cashew pum were also found to be in the range oi 258 to
398 mg/kg and 6.25 to 35.5 mg/kg respectively (Figs. 4.11-412). Zine which forms an
essential element in our diet (Branca and Eerrariy 2002, Grantham-McGregor and Ani,
1999) showed no significant differences between the-gumsfrom cashew trees of different
ages and also from the different locations. Iron, which is also an essential component of
proteins involved in oxygen transport in humans (Andrews, 1999, Ramakrishnan er al.,
1999) showed some significant differenees (p< (1.05) in gums from cashew trees from the
different locations and different.age groups. The variations in the locations may be due 10
the soil composition of the arcas whercas that in the ages may be due 1o the fact that

mature trees relatively store more soil nutrients than young trees.
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4.5 CONCLUSION

The findings of this study indicate that cashew gum possesses good physico-chemial
properties and high levels of minerals. Cashew gum was found to be acidic with gums
from mature cashew trees being more acidic than those from young trees. The ash content
was very low indicating the high purity of the gums. Nutritionally the levels of proteins
and total sugar content were appreciable with gums from younger trees being higher than
those from m;ﬂurc trees, Compared to the nutritional parameters, the levels of phenols,
insoluble matter and moisture were howeyerhigher in gums fram mature trees relative to
those from the younger ones. Predomihant mincrals inscashew gum were caleium,
potassium and sodium, The levels of iron and zine were appreciable. The study showed
that generally, gums from mature cashew trees had higher levels of minerals, Therefore,
to maintain or improve nutritional value of foods, cashew gum can be used as additive in
meal replacers, nutritional “beverages and  weighi-loss products,  Llealth-conscious
consumers demand natural ingredients and hence, this offers cashew gum tremendous

potential,

49

—

S ———————



CHAPTER 5

RIEOLOGICAL PROPERTIES OF CASIHHEW GUM

5.1 ABSTRACT

The rheological properties (gel and flow properties) of cashew gum collected from four
cashew growing districts (Sampa, Wenchi, Bole and Jirapa) in Ghana were studied to
help promote the utilization of cashew: gum in the food mdustry. The gum was collected
from trees of two age groups, those that are 10 years and below and those above 10 years.
Gelation properties of cashew gum showed that the gum gelled at a high concentration of
80% and rapidly dissolved at 80°C. Viseosities of aqueous  gum  solutions  at
concentrations of 1.0, 2.5, 5.0 and 10% were studied with measurcments adopted at 25
and 70 °C. Viscosity inereased with increased while an increase in temperature reduced
the viscosity. The gum [rom mature cashew trees (above 10 years) was found to be more
viscous than that from voung trees (10 years and below), However, cashew tree pums
from different cashew growing distriets did not differ significantly in their vicositics,
Gum produced during the rainy season was less viscous than thal produced in the dry
season. The observed data showed that viscosities of gum reduced slightly after 6 and 12
months storage. The study showed that location. maturity and storage had no significant
effcets on the viscosity of cashew gum even though the observed data showed slight

reduction in viscosity on storage.
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52 INTRODUCTION

There are two rheological properties of particular importance to hydrocolloids and these
are their gel and flow propertics. Hydrocolloids are used to thicken and/or gel agueous
solutions and otherwise modify andfor control the flow properties of liquid food and
beverage products and the deformation propertics of semi-solid foods (Dicgo and
Navaza. 2003). They are generally used in food products at concentrations of .25 to
0.50%, indicéting their great ability to produce vi scosily and to form gels (BeMiller and
Whistler, 1993}, Many hydrocolloids. which imelude matueal pums, are capable of
forming gels of various strengths depending on their siuctire and coneentration and

environmental factors such as ionic strength, pHand temperature,

Cashew gum is similar to gum Arabic in rheological pruperties (Owusu ef al., 20085).
However. its gelation properties and viscosities of gums from dillerent sources have not
been studied, Some application based on cashew gum has been proposed in the last few
years, such as superabsorbent hydrogel as soil conditioner and polyclectrolyte complex
with chitosan for drug deliveeys The polysaccharide has also been modified by
carboxymethylation with monochloroacetic acid as the etherifyving agent (De Paula ef al.,

199§).

Due to the limited supply and increasing cost of traditional hydrocolloids, the search for
alternative and cheaper. naturally occurring gums with stabilising potential like the
cashew gum ]\_I_JII.]-I;:I‘." This studywasTarried out to evaluate the rheological propertics of
cashew gum from four major producing areas.
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53 MATERIALS AND METHODS
Crude cashew gum samples collected as natural gum exudates from the four cashew
growing districts {Sampa, Wenchi, Bole and Jirapa) were dried in an oven at 30° C and

milled for rheological analyses,

3.3.1  Determination of gelation properties

This was done using the method of Coffman and Garcia (1977). Samples of gum (2, 4. 6,
8 10, 20, 30, 40 and 50 g) were mixed withy50 mi distilled=water in test tubes and
blended with a whirl mixer for § minutesh The test tubcs were then heated for 30 minutes
at B0" C in a water bath followed by rapid cooling under running tap water. The samples
were further cooled at 4° C for 2 hows. The lowes gelation concentration was
determined as that concentration when the sample did not fall down or slip from the

inverted test tube.

3.3.2  Effect of concentration and temperature on VISCOSITY

The viscosity measurements of aqueous gum solutions were performed usi ng a cone/plate
viscometer (Brookfield IIng Labs Inc.. Ma 02072°0SA) at 25%C 4t the shear rate of
100rpm. Further tests were dong at 70%€ by holding the cashew samples in a hot water
bath. The concentrations of gum solutions used-were 1.0, 2.5, 5.0 and 10.0%. Viscosity
measurements were also conducted on cashew gum collected during the rainy season and
the results were compared to those collected in the dry scason. The effect of storage lime

(0, 6 and 12 months) was studied-errviscosity of cashew gum samples by storing samples
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in polyethylene bags at room temperature (25 C). The data were analyzed using

Statgraphics Plus programme [or analysis of variance (ANOVA).

34 RESULTS AND DISCUSSION

5.4.1 Gelation properties of cashew gum

The results indicated that cashew gum samples gelled at a concentration of 80% and
higher, It was observed that gum solutions were liquid at concenlrations of 4 to 12%,
viscous at 16 to 40% and the solutions gelled at 80%-andshigher. However, the gel
produced rapidly dissolved when heatéd fn the hot waler bath at 80" C, The result
revealed that increasing the concentration facilitated gelation and this shows that
enhanced interactions occurred among binding forces as the concentration increased as
reported by BeMiller and Whistler (1993), Viscosity. which is the measure of thickness
of gums, is used in the determination of (he quality of gums (Glicksman, 1969), the
higher the viscosity the better the quality of gum. The average viscosity of 1% cashew
gum solution at 25" C was 10.03 ¢Ps and the viscosity of gum arabic as reported by TIC
Gum (2001) is less than 5 ¢Ps at 1% solution, Thus, making cashew pum a better

thickening or stabilizing agent,

5.4.2  Effect of concentration and temperature on viscosity

The viscosities of gums from the different locations increased with concentration and this
agrees with the results of Mothé and Rao (2000) (Figures 5.1 and 5.2). The differences in
the uunccni_ratinﬂs,u:r.cr& statisticaly-sromificant (p<<0.05). This may be due to increase in

mternal friction as observed in the determination of the gelation potential, However. an
—-'-'-.—-_-
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increase in temperature reduced the viscosity of samples from the different locations
(Figures 5.1 and 5.2). Diego and Navaza (2003) reported that the main effect produced by
temperature on hydrocolloids is o decrease in viscosity. The average viscosities of
cashew gum were 15.48 and 10.41 ¢Ps at 25° € and 70° C respectively for Sampa whilst
those for Bole were 15.50 and 1045 ¢Ps at 25° C and 70° C ‘respectively. Those for
Wenchi are 15.90 and 10.54 and for Jirapa, 14.18 and 10.18 ¢Ps at 25° C and 70° C
respectively {’Il"ahh: 5.1). The change in viscosity with lemperature was statistically
significant (p<0.05) indicating the possible thermal decompesiion of cashew gum during
heating. However, the mechanism of thermal decompesition of'gums is unknown (Cunha
et al., 2007). Therefore, high operational temperatures are normally not used in the
processes that involve hydrocolloids such as cashew gum since that could produce

undesirable effects on their structural characteristics (Diego and Navaza. 2003).

3.4.3  Effect of maturity on viscosity of cashew gum

It was observed thal viscosities ol gums produced by mature trees in the different
locations were less than that produced by young trees (Figures 5.3 and 5.4) at lower
concentrations and vice versa for higher concentrations. This may be due to differences in
the molecular structure and the pH ol the different gums as reported by BeMiller and
Whistler (1993) that the viscosity of gums is influenced by their molecular structure and
pH. In the previous chapter, the pHs of pums from mature trees were found to be lower
than those from young trees and this may have contributed lo the observed change in

"

viscosity. The differences betwees—the viscosities of gums from both voung and mature



trees were statistically significant (p<0.05) but that between the locations were not

significant (Table 5.1).
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5.4.4  LEffect of production time on viscosity

The viscosities of cashew gum samples produced during the rainy season were lower than
those produced during the dry scason (Figures 5.5 and 5.6). This was expected as cashew
plants take up more water in the rainy scason than in the dry season and hence gum
produced in the rainy scason was more dilute than gum produced in the dry season. |he
average viscositics were 13.13 and 16.37 cPs for gum produced during the rainy and dry
seasons respectively in Sampa, while for those collected from Bole, the average
viscosities were 14.1 and 16.5 ¢Ps for the rainy and dry seasons respectively (Table 5.1).
This confirms the report by Fitwi (2000) that gums eollcoted during monsoons has lower
viscosity than that colleeted during summer. [lowever, there was no significant difference
between the viscosities of gums collected during the dry scason and those collected

during the rainy season,

Cashew gum collected from all the four distriets showed a decreasc in viscosily after
storing for 6 and 12 months (Figures 5.7 and 3.8), This was observed at both low and
high concentrations of the gums. BeMiller and Whistler (1993) reported that gums show
a decrease in viscosity after 6 months of storage, However, statistical analysis of the data
obtained showed that there was no significant differenee between the viscosities of the
gums before and after storage and at the different locations. The mean viscosity values

and standard error for storage are shown in Table 5.2.
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55 CONCLUSION

In conclusion, increasing the concentration of aqueous cashew gum solution enhanced the
intcractions among the binding forces of the gum causing the gum to gel at BO%
concentration and above. Increasing the temperature also caused thermal degradation of
cashew gum, thus reducing viscosity and dissolution of the gelled gum. Concentration
and temperature significantly affected on the viscosities of the gums. Gums produced by
mature cashew trees had lower viscosities than thuse produced by young trees at lower
concentrations. However, at higher concentrations, gums-frone mature trees had higher
viscosities. Age of the gums had a significant effect-on-the viscosities ol gums; however
locations showed no significant effect. Time of production of the gums and storage
periods lowered the viscosities of the gums, The study indicated that viscosity of cashew
gum is high because at concentration of 1% cashew gum solution at 25° C. viscosity was

found to be 10.03 cPs, Therefore, its utilization in food products should be encouraged.
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CHAPTER 6
TOXICOLOGICAL EVALUATION OF CASHEW GUM

6.1  ABSTRACT

For any substance especially food substance to be approved for use or marketing, it must
undergo toxicological evaluation. This is to ensure that all substances are safe before usage.
Therefore, there is the need to assess cashew gum toxicologically before promoting its use in
the food industry. Acute toxicity test was eanducted byradministering six doses of cashew
gum orally to six groups of rats for 14 days. Results of the test did not reveal any abnormal
changes attributable to ingestion of cashew gum. The median lethal dose, 1.Dsp, for cashew
gum was more than 30 g/kg bow. Determination of the microbial status of gums from both
young and mature cashew trees showed that the total micrebial load were <3.0 x 10 and <3.4
x 10% efi/ml for gums from young and mature trées respectively. Yeasts and moulds were
also found 1o be 660 and 270 clu/ml for young and mature trec gums respectively. They both
contained no coliforms indicating that the gum posed no hazard in terms of diseasc-causing
bacteria. Therefore. cashew gumewas found to be safe for consumption according to WHO

Acute Hazard Rankings.
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6.2 INTRODUCTION

Food safety continues to be a matter of great concern to the consumer. A processor does not
want 1o buy something that will have to be disposed off because of safety concerns (IFT,
1992). Issues of food safety include hazards, risks and safety. A hazard is source of danger
such as microbial food poisoning and allergic reactions, whereas a risk is a measure of the
probability and severity of harm 10 human health, Safety is the judgement of the acceptability
of risk (IFT, 1992). A substance in food can therefore be considered safe if its risks are
Judged 1 be acceptable. The risk of exposure 10 a substance can be determind by identifying
a hazard and determining the dose or amount @l the substance at which there is the likelihood
of the hazard occurring and finally determining the quantity of the substance o which

humans are or could be exposed (Hotchkiss, 1989).

All substances must be sale for use before marketing and thus must undergo risk of exposure
or toxicity assessment. Therefore, o introduce cashew gumias a food additive to the food
industry in Ghana. it must he assessed for toxicity by detérmining its microbial status and the
amount to which humans and animals ¢ould ingest. Toxicity studies provide an insight on
how the substance can induce toxieity in one or more organs of humans or animals. It can be
acute. sub-chronic or chronic (Gorrod, 1981, Studics of toxicity in apimals have become a

basic requirement prior to the introduction of a new drug or food additive ( Timbrell, 1982).

Acute toxicity involves harmful effects in an organism through a single or short term

exposure. Data from acute toxicily tests can be used to screen for toxicity (determine if the

compound is toxiT), rank toxicity to identify the best ingredients to continuge investigating for
e =il _,.:-""-._-.-_-__-

use in a product and assess the potential for ¢ffects in the environment. WHO/FAO Joim

Fxper Committee on Food additives (JECFA) worked in 1969. 1982 and 1989 and produced
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specifications and toxicological evaluations for gums such as gum Arabic, tragancath and

karaya gums (Walker. 2005). This has led to the screening of cashew gum for loxieity.

6.3 MATERIALS AND METHODS
6.3.1 Determination of microbial status

i. Enumeration of total microbial growth
This was determined by adding 90 ml Ringer’s solution 1o 10 g of milled cashew gum
samples. The mixture was then heated in a hot water bath at 40° C for 15 min. 1 ml of the
mixture was pipetted into a petri dish and a highly rich natrient agar poured on it. A second
dilution of 1 in 100 was also prepared and plated as above, The plates were incubated at 35°

C for 48 hours and the colonies formed counted.

ii. Enumeration of yeasts and moulds
Serial dilutions of samples were prepared as in section (i) and pour-plated with malt extract

agar. The plates were incubated a1 27° C for 48 hours and the eolonies formedcounted,

il Enumeration of Colitorms (Escherichia coli)
Serial dilutions of samples were prepared as in section (1). | ml of each dilution was pippetted
into a test tube containing % mlof lauryl sulphate and inverted tubes. Some malt extract agar
was also added. They were then incubated at 35" C for 24 -hours and the colonies formed
counted, The absence of air bubbles in the inverted tubes indicates the absence of Escherichia

coll,

s i _'_._,..--""'_--_'_
6.3.2 Acute toxicity

Thirtprature male rats divided into groups of five were used for the wxicity test. They were
weighed and fed with food and hygienic water and their initial weights measured. Six doses



o Coliforms | Negative Negative

of cashew gum per kg body weight (b.w.) were selected and administered to the different
groups of rats orally. The doses were prepared by dissolving gum samples in water. A control
group was given water. The doses were administered as follows: 3, 5, 10, 15, 20 and 30 olke
bw. The rats were then observed continuously for 14 days for changes in movement,

appetite, water intake, salivation, diarrhoea, and urination.

6.4 RESLILTS AND DISCUSSION

G40 Determination of microbial stuins

The results of the microbial determination of eashew gunt showed that the gum contained an
average of 3.2 X 10" cfu/ml of total microorganisms and 465 cfu/ml of yeasts and moulds
(Table 6.1) which can casily be destroyed by heating. Cashew gum was also found to be [ree
from coliforms, which is an indicator of the presence of disease-causing bacteria. such as
those that cause typhoid, dvsentery. hepatitis A, and cholera. This indicates that cashew gum
has no potential of being a health harzard o bumans or animals in terims of its microbial
status. Statistical analysis of data fram the microbial determination of the gum showed no
significant difference between gum from mature cashew tree and that from young tree. This
confirms the Walker (2005) report which says that from the toxicological point of view,

differences between gums fram different tree specics are not signifiant,

Table 6.1: Microbial status of cashew gum from voung and mature cashew trees

Gum from young tree Gum from mature tree

TPC =3.0 x 107 clu/ml <3.4 % 107 cfu/m]

‘{f\fl Eﬁ,ﬂ‘cjulml_- 270 cfufml

1%



6.4.2 Acufe toxicity

Acute toxicity studies showed that the median lethal dose (L.Dsg) for cashew gum was more
than 30 g/kg bow, Cashew gum had no allergic or adverse effect on the rats (Table 6.2) by
showing no changes in movement, appetite, water intake, salivation and urination. Diarrhoea
was also absent. This indicates that the gum is not acutely toxic according to World Health
Organization (WHO) Acute Hazard Rankings (WHO, 2001) (Table 6.3) and also confirms
that cashew gum presents no hazard when exposed to it for a short period. FAO (1993) report
on the acute toxicity of gum Arabic stated that groups of rats fed with gum Arabic in their
diet for 6 days showed normal weight gain and foed efficiency. A similar observation was
made in the study of cashew gum. The 1LDs; of gum Arabic was in the rangc 8 - 18 g'kg bw.
as a bolus dose (Walker, 2005), These observations suggest that natural polysaccharides such

as cashew gum and gum Arabic are better than synthetic palymers,

Table 6.2: Visual observation of rats

Movement | Appetite | Water intake | Salivation | Diarrhoca | Urination
Control rat Normal | Normal | Nermal Normal El;s_'suﬁt_ ‘ Normal
|
Rat fed with CG | Normal Normal | Normal Normal Absent | Normal
L] | I

o — e T __S—




Table 6.3: WHO Acute Hazard Rankings (WHO, 2001)

WHO Toxicity classification Rat LDy (ing of chemical per kg body weight
Class | Description Solids (oral) Liquids (oral)

Ia Extremely hazardous <5 <20

Ib Highly hazardous 5-50 20-200

Il Moderately hazardous 50-500 200-2000

11 Slightly hazardous =500 =2000

IV | Notacutely toxic =2000 13000

6.5 CONCLUSION

Cashew gum when subjected to acute loxicological evaluation showed no adverse cffects on
rats even at high doses. It was also found 1o be free from disease-causing bacteria. The LDs,
of cashew gum was found to be more than 30 g/kg b.w. and this compared well with that of
gum Arabic which is 8 — 18 g/kg b.w. From the microbiological point of view, gum from

mature cashew tree was not signiffeantly different from that from young trees.



CHAPTER 7

UTILIZATION OF CASHEW GUM IN THE PRODUCTION OF CHOCOLATE

PEBBLES AS A QUICK COATING AG ENT

7.1 ABSTRACT

Owing to the limited supply and high cost of gum Arabic, cashew gum was assessed as a quick
coating agent in the production of chocélafe pebbles, using gum from both young and mature
cashew trees. Pebbles produced with cashew gum samples were compared with those produced
with gum Arabic. The ash contents of the three products ranged from 2.37 to 2.63% and the
moisture content from 2.33 1o 2.76% whilst the sugar concentration ranged from 26.05 to
29.66%. The microbial status of the three products conformed to specifications of the Cocoa
Processing Company Limited. Tema (C'PC Lid). Some chemical parameters determined showed
significant differences among the three products (p < 0.05). Sensory analysis showed no
significant difference among products in terms of flavour, hardness and smoothness, The overall
acccptability of the products were similar and the mean scores were 7.4. 6.8 and 7.1 for pebhbles
produced with gum Arabie, that produeed with cashow gum Irom young and mature trees
respectively. On a 9-point hedonie. scale. this range varies from “like slightly™ 10 “like
moderately”, Pebbles produced with cashew gum compared favourabl v with that produced with

gum Arabic.
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7.2 INTRODUCTION

Plant exudates are gums from various plant species obtained as a result of tree bark injury, They
are normally collected as air-dried droplets (Fitwi, 2000). They have been found to have many
lucrative possibilities for industrialization, They have both food and non-food applications, Théir
non-food applications include pharmaceutical. cosmetic. lithographic and offset preparations
(FAO, 2002). They are used extensively as adhesives and as sizing and finishing maierials in the
textile industry. In the food industry they are used in confectionery, dairy products, snack foods
and bakery products. However, cashew gum has not been used-extensively in the food industry
like other gums therefore there is the need to study its utilization in food products and promote

its consumption.

Chocolate products are a world wide passion, Ghana as a cocoa producing country produces
choecolate products such as chocolate bars and ¢hocolate pebbles. The production of pebbles
utilizes gums specifically gum Arabic. However. due to the high cest and limitation in supply of
gum Arabic there is the need for alternative gum sources such as cashew gum, Large plantations
of cashew have been cultivated in various parts of Ghana, which could be a potential source of
cashew gum. This study was thus carried out to assess the suitability of cashew gum as a

substitute of gum Arabic in the production of chocolate pebbles,



7.3 MATERIALS AND METHODS
734 Production of chacolate pebbles
This study was carried oul at the CPC lactory in Tema, Ghana. Production of chocolate pebbles

was done by adopting the methad of panned goods of Fabry (1992). which is also used by the

CPC Ltd. This method involved three steps.

i. Preparation of beeswax, sugar syrup, starch and gum solutions
Preparation of beeswax (Ghana), sugar syrup, starch and_gom_solutions was based on the
formulations of Cocoa Processing Com pany(CPC) for pebble praduction. An agqueous solution
of gum Arabic (FORIG, Kumasi). which is the conventional gum used for pebbles production
(TIC Gums, 2001) in a water;gum ratio of 50:50 wiv (100%) was also prepared. Sugar (Brazil)
syrup was prepared to 72% (w/v) sugar solids, Stareh solution was made by mixing cornstarch
(Ghana) with sugar syrup. Powder starch was also produced by mixing cornstarch and icing
sugar in the proportion of 1:3 (wiw). Tianium dioxide was added to the starch solution to give it
a white colour. Beeswax was then melted in frytol oil (UNILEVER, Ghana) in the proportion of
Ikg beeswax in 4 L {rytol oil. Gums from both mature and voung eashew trees were sterilized in
a Gallenkamp autoclave (UKYat 121° ¢ for 15 minutes and used in the preparation of aqueous

gum solutions in a water:;gum ratio of 60:40 wiv (66.7%): The eoncentration of cashew gum

solution was reduced because of its high viscosity.

il. Preparation and pre-coating of centres
Selected amounts of peanuts, which are-the-centres of the pebbles were cleaned and calibrated

into even sizes. The centres were then fried with cocoa butter (CPC 1Lid. Tema) and put into a
_—-'--.._ |
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mechanically operated elliptical pan, which rotates on an inclined shaft at an angle of 40° to the
horizontal (Plate 7.1). The pan has a fan attached which blows cold air for drying attached to it.
The centres were then pre-coated with the gum solution by applying the gum solution in a small
quantity at a time and rotating the pan for the solution to coat the centres. Sugar syrup was also

applied in the same manner and then air-dried.

iii. Chocolate coating
This involved the application of chocolate hiquid (CPC Lid, Tema) to the centres and dusting
with chocolate powder. They were then ajr-dried. Lusting with chocolate powder (CPC Lid,
Tema) ensures proper drying. This was repeated five times to build up the chocolate layer. They
were then left overnight for drying. The application of the chocolate layer was repeated about 8-
10 times lo obtain a desired number of layers or about half of the total weight of the final

product. They were again lefrovernight for drying,

iv. Starch coating
A second gum coating was applied and dried to protect the chocolate layer, The starch solution
was applied and dusted with starch powder and air-dned. This was also repeated five times. They
were then coloured with a colour solution (colour and sugar syrup) and then polished with the

beeswax.



Plate 7.1: Mechanically operated elliptical pan with fan

7.3.2 Determination of microbial status of pebbles

i. Enumeration of total microbial growth
This was determined by adding 90 ml Ringer’s solution to 10 g of pebbles (1 in 10 dilutions).
The mixture was then heated in a hot water bath at 40° C for 15 min. 1 ml of the mixture was
pipetted into a petri dish and a highly rich nutrient agar poured on it. A second dilution of 1 in

100 was also prepared and plated as above. The plates were incubated at 35° C for 48 hours and

the colonies formed counted. =
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il Enumecration of yeasts and moulds

Serial dilutions of samples were prepared as in section (i) and pour-plated with malt extract agar.
The plates were incubated at 27" C for 48 hours and the colonies formed counted.

i, Enumeration of Coliforms (Escherichia coli)

Serial dilutions of samples were prepared as in section (i). 1 ml of cach dilution was pippetted
into a test tube containing 9 ml of laury! sulphate and inverted tubes. Some malt extract agar was
also added. They were then incubated st 35 C for 24y hewurs-apd the colonies formed counted.
The absence of air bubbles in the inverted tuibes indieates-the absence of Fscherichia coli. The
results were then compared 10 internal speeification o CPC. which also conforms to

international specification for chocolate products.

7.3.3  Determination of some chemical composition of pebbles
i Sugar content

The total sugar concentration was determined using the phenol-sulphuric acid method (Dubois er
al., 1956). An aqueous solution of 1 g of cach sample in 10ml water and was clarified with equal
volumes of 0.3N Ba(OHrand 3% ZnSQy solutions and filtered. Fhe filtrate was deionised with
Amberlite cation-anion exchange resins and (iltered. 0.1 ml ofthe deionised solution was diluted
with 0.9 ml distilled water to give a final dilutton of 1 1n 100, Aliguots were then used for the
colorimetric analysis after adding | ml of 10% phenol followed by 5 ml cone. Sulphuric acid. The

absorbance was read at 490 nm and glucose was used as a standard for calibration curve.

el _'_'__,...-—--'-'-_—
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il. Ash content
The ash content was determined by weighing 2 g of cach sample into porcelain crucibles and
incinerating in & muflle furnace at 600" C for 1 hour until carbon-free ash was obtained. The
weight of the ash was expressed as a percentage of the weight of milled gum, Data obtained were

compared to international specification for chocolate products.

1ii. Moisture content
Moisture content was determined by weighing 2 prof eagh sample into porcelain crucibles and
drying to a constant weight in an oven at 15" C'for1% houts. The moisture loss on drying was
expressed as percentage of the weight of milled gum. Data obtained were analyzed using

ANOVA,

7.3.4  Sensory Analysis

This was done using the triangle test where 20 judges (stall of the Cocoa Rescarch Institute of
Ghana, CRIG) were presented with sets of 3 ceded samples of pebbles, two of which were the
same. Judges were asked to identify the odd sample in terms of flavour. hardness and
smoothness (Stone and Sidel, 1993). Data obtained was analyzed using Hinomial distribution.
Acceptability test was also condueted by asking the -panclists to determine their overall
acceptability using a Y - point hedonic scale with 1-3 = dislike extremely, 4-6 — neither likenor
dislike and 7-9 = like extremely (Stone and Sidel. 1995). Data ubtained were analyzed using the

Statgraphic Plus programme for ANOVA,

S e e
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7.4 RESULTS AND DISCUSSION

7.4.1 Pebbles production

At a concentration of 80% and higher cashew gum forms a gel (Gyedu-Akoto ef af., 2007) and
this could not be used in coating the centres of the pebbles since it caused the sticking of cenires
to each other resulting in uneven surface of products. This led to the use of 66.7% (w/v) cashew
gum selutions in the production of pebbles instead of 100% (w/v) used for gum Arabic. This
confirms cashew gum as a better thickening agent than gum Arabic. Physico-chemical analysis
conducted on the three products gave significant differcnees-hetween the products (p < 0.05).
Multiple comparison tests showed that pebbles produeed with gum from both young and mature
cashew trecs differed significantly from that produced with gum Arabic. The results are
presented 1n table 7.1. The moisture and sugar contents of the three products fell within the
acceptable levels for chocolate pebbles (Fabry, 1992) which are 1-3% and 20-30% for moisture
and sugar contents respectively. The mierobial status of the three products conlormed 10 the
internal specification of CPC_ for chocolate products (Table 7.2). However. the total
microorganisms were relatively lower for cashew gum based pebbles compared to the control

{gum Arabic based pebbles).

Table 7.1: Some chemical analvsis of pebbles produced frem guny Arabic. gums Irom young and
mature cashew trecs

Parameter | Gum Arabic | Gum from young tree | Gum from mature tree
e | — = 0t , £ - -
Ash an} | 2.46 i 2.63 {2 I 257 (nos
o
M(‘ [1?&}____ 'EFJJ:J‘ |"'“'-",:_..---"'2'_}3_|“ IS | :-”1' nith
—-—--B‘rrgar {ﬂfu] 26.05 (.03 29 .66 i 7 | 27.55 (o0

(*Std dev in italics)
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Table 7.2: Microbial status of pebbles produced from the 3 different gums

Gum Arabic Young tree gum | Mature tree gum | Specifications of CPC
] 3 - A 2 T - e, o]
T™L 3.9 x 107 cfu/ml | 3.0 x 10° efuml [ 3.0 x 10° cfu/ml i_S.I[} x 107 ¢fu/ml !
2 1
Y/M () 0 () | =5 cfu/ml
Coliforms | Negative Nepative Negative Negative
" 1- Total microbial load 2 Yeasts and moulds S S

7.4.2 Sensory analysis

Sensory analysis showed no significant difference between the three products in terms of flavour,
hardness and smoothness (Table 7.3). Overall aceeptability of the products was similar, The |
results confirm the similarity of cashew gum and gum Arabic reported by Smith and
Montgomery (1959), Mcan scores observed for overall aceeptability of the pebbles were 7.4, 6.8
and 7.1 for gum arabic. pum from young cashew trees and mature trecs. respectively. On the
hedonic scale. this range varies from "hke shightly" 1o "like moderately™ (Mothé and Correia,
2004). The deserved frequency percentage of hedonic scale scores of overall acceptability,
obtained for products is presented in Figure 7.2, The frequenev of responses are more
concentrated between the scores of 7 and 9. meamng that pebbles produced with cashew gum

compared favourably with that produced with gum Arabic.



Table 7.3: Binomial distribution on sensory test

Sensory attribute | Groups [N | Observed prob | Test prob | Sig.(2-tailed)
Hadness |1 25 [063 050 | 0.155
2 15 |038 .
.
Total 40 | 1.00
Flavour |1 |19 |048 1050 0.874
Z 2] 0.53
l'otal 44) b0 I
Smoothness T T G5 1 W N H 050 | 1000
2 20 .50
Total 40 100 |

Tl CONCLUSION

Concentration ol aqueous cashew gum solution for the production of pebbles was 66.7% as
compared to the 100% solution for gum Arabie. The ash eontents ol pebbles made from gum
Arabic, gums from voung and mature cashew trees ranged from 2.37 1o 2.63% and the moisture
content from 2.33 to 2.76% whilst the sugar concentration ranged from 26.05 to 29.66%. The
microbial status of the three products alse conformed to internal specifications of CPC. Although
there were significant differences in the physico-chemical parameters determined on the
products. sensory analysis showed no difference. This is indicative of consumers” acceptance Lo

=

pebbles produced with cashesgam, Therefore. cashew gum can be used as a substitute for gum

J‘\Iﬁﬁ____g_iﬂ.llll: production of chocolate pebbles.
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Fig 7.1: Frequency of hedonic scale seores of pebbles produced with gum arabic, cashew pum
from both young and mature trees [or overall acceptability (1 — dislike extremely: 9 = like

extremely)
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CHAPTER 8

OPTIMIZATION OF THE UTILIZATI ON OF CASHEW GUM IN THE

PRODUCTION OF PINEAPPLE JAM AND CASHEW JUICE DRINK

8.1 ABSRACT

The optimum formulations for the production of pincapple jam and cashew juice drink with
cashew gum as gelling agent and stabilizer were determined using the response surface
methodology (RSM). The formulation variables, pineappic pulp (X;) and cashew gum (Xs)
and sugar (X;) for jam were selected as independent variables and their effects on the sensory
qualities (colour, Mavour, sweetness, consisteney and overall acceplability) investigated. For
the cashew juice drink, cas hew juice (X)) and cashew cum ( X5) were the independent
variables. Significant regression models which explained the effects of the independent
variables on all response variables were determined. The coetficients of determination. & for
all the response variables which were 0.7 or higher were used to generate contour and
response surface plots. Based on the results, the possible combingtions of ingredients for the
production of jam with the desired sensory gualities were o bein the range 0.5-0.7, 0.05-0.10
and 0.3-0.5 for pincapple pulp. cashew gum and sugar respectively. Cashew gum was found to

be suitable as a clarifying agent rather than a stabilizer in cashew juie production.
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82 INTRODUCTION

The addition of value 1o raw agricultural products has been of immense importance 10 both
producers and consumers over the past decades. The demand for stable, convenient foods
such as fruil juice and preserves has incrcased markedly especially exotic products (FAQ,
1999). Cashew apple which is a bv-product of the cashew nut can be processed 1o generate
extra income for the producers and also provide low cost vitamin C o the consumer (Barros
el al.. 2007), Therefore, there is the need to develop a product such as a stable cashew juice
drink which will be appealing 1o consumers using cashew gum as a stabilizer. Pectin which is
very important in jam making is very expensive in Ghana, 11 is used in the setting of jams
(Teagasc, 2005). Its high cost has led to the search for other suitable selling agents, Cashew
gum appears 10 be a pood candidate among other products which are capable of performing

the functions as substitutes for pectin in jam making.

Traditionally food formulations. are developed by changing one variable at a time. This
method is time consuming and difficult to evolve an ideal formulation since the combined
effects ol the independent variables are not considered (Cochran and Cox, 1992). It is
therefore important to understand the complexity of the formulations by using established

statistical tools such as the classic mixture and factorial designs.

This investigation was thus aimed at optimizing the process of formulating pineapple jam and

cashew juice by using cashew gum as hoth a gelling agent and juice stabilizer,



8.3 MATERIALS AND METHODS
8.3.1 Formulation of pineapple jam using cashew gum as gelling agent
a, Experimental design

A three-component constrained simplex lattice design was used (Cornell, 1983). Design
mixtures consisted of coordinates of the vertices and uniformly spaced distribution ol points
on the face and sides of the constrained region of the simplex factor space. Pineapple pulp
(Xi), cashew gum (X:) and sugar (X5) were the ingredients (variables) for jam formulation.
The sum of the component proportions was one, The proportions of X, and X> were limited
to the range of 0.20-0.70 and 0-0. 10, respectively. based on preliminary studies. To support a
second or higher-order polynomial equation that represents response behaviour over the
restricted simplex region (Cornell, 1983) 12 blends (Fable . 1) were identified. The location of

each blend in the simplex coordinate system was plotted (Fig. 8.1).

(0,1,0)

| Figure 8.1: Constrained reaipa-rE simplex coordinate system defined by the restrictions

020 = X, = (.70 and 0 < Xz <0.10
i
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b. Sample caleulation

a. Since the sum of component proportions was one, then
Xi+Xa+X3=1
i I X and X5 are 0,70 and 0 respectively, then

X}. --'[]‘,3[.]

i, [ X and X;are 0.20 and 0 respecti vely. then

.5(1. ), 80

b. Since the points are uniformly distributed on the face and sides ol the
constrained region, then for Xy and X, the difference between cach

point will be 0.17 while that of X5 will be (0,05

Tahle 8.1: Companent proportions of the various blends

| Blend no. | Compenent propurtions
Pircappe Bl () | Guma T iSuger (v

t T ENe e P 030
2 ' 0.53 0 0.47
3 0.37 0 0,63
4 0.20 i 0,80
5 0.70 L 0.0% 025
6 (.53 0.05 0.42
7 0.37 0.05 0.58
8 0.20 (.03 (.75
9 0.70 0.10 0.20
T e 0.10 047
11 (.37 0.10 0.53
12 (.20 0.10 0.70
I'Iln.llr
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Production of pincapple jam

Pincappic pulp was mived with sugar and cashew gum in differem proportions ( Table 8.1)
and boiled 10 set. Sodium metabisulphite was added as a proservative 1o the concentration at
0.01%. Then the set jam was filled into jars, which were pre-sterilized in hot water. Total ash

content and pH were measured on cach experimental product.

8.3.3  Some chemical analysis of pineapple jam

i Ash content
The ash content was determined by welighing 2 ¢ offcach @mple into porcelain crucibles and
incinerating in a muflle furnace at 6007 C for | hour until carbon-free ash was obtained. The

weight of the ash was expressed as a percentage of the weight of milled gum

ii. pn
Aqueous solution of cach product was made by dissoly mg 2 g of cach sample in S0 ml water

and the pH measured with a ghass clectrode fitted 1w g Jenway 3020 pH meter (UK).

8.3.4  Formulation of cashew juice drinks using cashew gum as suspension agent
Experimental design

The central composite design (COD) was used in the Tommulation. The formulation

ingredients (variables) used were cashew juice (X ) and cashew gum (X;). with X, being 9.0

> X1 < 10.0 and X; being 0.0 > x; < 0.25. Five levels of cach of the parameters were used with

-\'Ilucs of -1.414, 0 and +1.414 assigned to the lowest, middle and highest levels respectively

(Table 8.2). The-Alogether 9 combinations were chosen (Table 8.3) (Cochran and Cox,
- f———‘“

—

1992).

—
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€D code

lable 8.2: Range of levels of parameters

hey

—

-1.414 0 +1 +1.414
Cashew juice (X,) |8.75 [ 8.95 (900 9.05 |10.0
Cashew gum (X5) | 0.00 0051010015 0.20

Table 8.3: Combinations of ingredients of the various blends

8.3.5 Production of cashew juice

' Blend no. Cashé@]uiée (X1) Gum (X2) R
Code Uncode” |\Code—" ‘Uncode |
R R R R -] 0.05
2 - | 8.95 -] 0.05
3 I 9.05 1 0.15
4 - | 8.95 1 0215
5 +1.414 10.0 0 0.10
6 -1.414 8w/ 5 0 0.10
7 0 9.00 -1.414 0.00
8 0 9.00 [.414 0.20
9 0 9.00 0 0.10

Cashew gum was mixed with cashew apple juice in the various proportions and boiled till a
- -brown colour was obtained. Sodium metabisulphite was added to the concentration at 0.01%.

The boiled juice was then filled into polyethylene bottles, which were pre-sterilized in hot
e

_..f-r ===
water. e =
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8.3.6  Some chemical analysis of cashew Jjuice
i. Turbidity
Turbidity of the products was determined by measuring the absorbance of cach product at
490 nm using Shimadzu UV-20-02 Spectrophotometer (Shimadzu, Japan),
i, pH

The pH of each product was measured with a glass electrode fitted 10 a Jenway 3020 pH

meter (LK),

8.3.7  Determination of preference for products
This was done by presenting 33 panelists (staff of CRIG) with sets of coded samples of
pineapple jam and cashew juice to assess and rank in order of prefercnee for colour,
sweetness, Havour, astringency and consistency {Ballot sheet. Appendix). They were then

asked 1o determine their overall acceptability using 2 9 - point hedonic seale with 1 = dislike

extremely and 9 = like extremely (Ballot sheet, Appendix).

8.3.8 Statistical analysiy

Data obtained for each product was analyzed using Statgraphics Plus (Windows version 3.0)
program package for analysis of variance and regression. Regression analysis was used 1o fit
a relation to the data of all dependent sensory and physical variables evaluated (Cochran and
Cox, 1992). Correlation was also used to find the effect of colour, consistency. astringency,

sweetness, [lavour and the physical variables on overall acceptability,

s ¥ _._,..-r"'"_---_'_'_
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8.4 RESULTS AND DISCUSSION

8.4.1 Pincapple jam production

Results on the chemical analyses showed an increase in pH with a decrease in the propuortion
of pineapple pulp whereas the ash content decreased with 2 decrease in the proportion of
pineapple pulp (Table 8.4). The lowest pH was with blend 9 and the highest with blend 4. For
ash, blend | gave the highest level while blend 4 gave the lowest. The p-valucs and the
regression coefficients (R') of the dependent variables arc presented in Table 8.5. The closer
the R” is to unity the better the empirical model fits the actual values. Analysis of the data
indicated that muliple regressions pave very high and significant coeflicients for acceptability
(R* = 0.70), sweetness (R = 0.69), pH (R = 0.71) and ash (R* = 0.53). [tegression of the
second order polynomial also gave very high and significant cocfficients for acceptability (R
= (),89), swectness qR: (1.69), pH (R 0.90) and favour (R = 0.62). From these results, it
implies that pH is the most important factor influencing product guality, Consumer
acceptaility of the product is also-highly dependent on the sweetness of the product (Table
8.5).

Table 8.4: Effect of pineapple pulp, cashew gum and sugar combinations on dependent varizbles

Blend no. | Sweetness | l'm{'ﬂn?H;Mr f&cm’:_ptﬁlﬁilily pH Ash(%) |
| — &9 \=Z=:% ST < 6b 56 — | 356 | 0.4]
2 8.3 2.6 6.3 7.5 4.9 4% |- 038
3 72 6.6 6.0 8.2 4.5 356 | 0.36
4 12.4 7.4 1.0 5.0) 2.6 382 | 0.04
3 7.5 7.4 10.6 9.5 6.7 152 | 022
6 8.4 1.2 82 10.5 7.0 353 | a2
it 8.9 9.8 9.2 10,5 6.5 3.55 | 0.18
. Ve | &2 11.3 4. 2.9 3.75 0.16
d T R 8.3 65. | 347 | iz
i 9.8 9.8 9.8 7.9 5.9 357 | 0.10
=T 10.6 7.5 11,8 6.5 5.2 3.62 | 0.18
it | 10.2 7.2 10.0 6.6 3.5 3.70 | 0.14
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Fable 8.5: Regression coefTicients and p-values for dependent variables

Ll

Variable [ RT

A i P-value | R” I P-value

Sensory s i |

Colour 0.25 [0.27 (.46 0.06

Consistency 0.534 | 0.03 0.06 0.76

Flavour (.16 | 0.46 (.62 001

Acceptahility (.70 | 0.004 0.89 I:If.ﬂﬂﬂl]

Sweetness (.69 | (.01 0.69 (L0

Physical

Ash (.53 | 0.03 0.07 .71

pH 071 4 €.004 .90 0.(M)
*Multiple linear regression +Palynamial regregsion (2™ order)

Carrelation analysis of the data showed that colour and pl1 highly correlated positvely with
acceptability. giving correlation coefficionts (R) of 0.8S and 0.88 respectively (Table 8.6).
Flayour and sweetness also showed some degree of carrelation with coefficients of 0,65 and
(.66 respectively. A similar trend was observed herween colour and flavour (R = 0.67).
lrrespective of these strong positvecorrelations, ash showed a strong but negative correlation
with sweetness (R = -0.86) and cosistency (R =-0.86) (R = -0.84), A similar trend was made
between color and pH (R = -0.75). These findings indicate that sensory indicators and these

two chemical parameters play asignificant role in the quality of pincapple jam.

Response surface plots are used to explain the effects of independent variables on the dependent

variables (Box ef of, 1978). Response surface plots were generated for acceptability, sweetness

and flavour. These responses were used because of their significant impact on the guality of the

product and also Btcause the consumer is the ultimate judge. The distribution of the response
g _f,_...---'-_'_—

surface for acceplability showed that increase in pincapple pulp proportion increased

dceemaBility (Figure 8.2a) and that for sweetness showed that reducing pineapple pulp proportion
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Table 8.6: Correlation coefficients {R) of dependent variables

Acceptability

Acceptability

Ash (.24

Colour 0.85
Consisteney | -(118

Flavour 0.65

pH 0.88
Sweetness (.66

Ash -!_('.Ula

Consistenc y | Flavour | pH Sweetness

024 1085 | -0.18 (0065 |0.88 | 0.66

0.14 -0.86 0.09 -0.54 | 0184
0.14 -0.22 0.67 -0.75 | -0.54
-0.86 | -0.22 | -0.34 .45 | (174
0.09 1 0.67 | -0.34 -0.51 | -0.31
-0.54 | -0.75 (.45 -0:51 0.82

| -84 | 20054 0.74 0.31 0.82

also increased sweetness (Figure 8.3a). This is because when pineapple pulp content is reduced,

sugar content was increased. The distribution of response surface for flavour also showed that

increasing pineapple pulp proportion also increased the fruity flavour of the jam (Figure 8.4a).

In arder 1o predict optimum levels of pineapple pulp, cashéw cum and suear, contour plots were
P I ple puip £ E p

drawn at the constant levels of cashew gum x5 (0, 0.050 and 0.18). At O level of cashew gum

acceptance was high for products with pineapple pulp proportion ot 0.65 (L85 (Figure B.2k) while

at (.05 level it was high for produets with pineapple pulp preportion of (0.53-0.95 (Figure 8.3b).

At 0.10 level, acceptance was high for products of (L53-0.85 pincapple pulp proportions (Figure

8.4b). Although acceptance was high at all three levels for high pineapple pulp products it was

highest at the 0,05 level of cashew gum inclusion indicating that the optimum level of cashew

aum for jam was 0,05 and that for pineapple pulp and sugar were 0.53-0.70 and 0.25-0.42

respectively.

S

_.--"""-_-_-_
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8.4.2  Cashew juice production

Results on cashew juice are shown in Table 8.7, Visual obscrvation of the products showed that

sediments formed in the juice alier heat treatment could not remain suspended indefinitely
indicating that cashew gum could not have any stabilizing effect on the juice. However, turbidity
of the juices showed that the addition of cashew gum caused more sedimentation at all levels
(Table 8.7). Thus the products were rather clarified by cashew gum and this may be due to the
galacturonic :m:id Component in its structure. It has been reported by Baker (1976) that the
addition of base-solubilized polygalacturonic acid o fruit juices yielded immediate and relatively

complete clarification.

Table 8.7: Ellect of cashew gum on cashew juice quality

 Blend no, | Sweetness | Flavour | Astri ngency Colour | A L:CEE[FIL‘H“[}'—!_ pH _TIFEIIl-i'ly_
B o (a3 75 WY LT T
2 6.3 6.0 74 4.0 5.1 j 3.40 2.02

3 1.6 7.6 5.9 Pdad 5.8 544 2.16

4 179 7.6 73 5.7 5.2 541  [2.30

5 0.6 6.8 6.5 83 4.7 535 225

b 6.9 7.3 l 6.3 a2 &5 5.39 233

7 5.8 | 78 8.0 I8 5.2 5.39 LT

8 1.3 |7 o Fadd S | 5.36 1.01

g 6.6 ‘ 8.7 7.0 6.2 5.8 537 2.24

S S =gl

-
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Figure 8.2a: Distribution of the response surface for acceptability of pineapple jam
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Figure 8.2b: Contour plot at 0 level of cashew gum
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Figure 8.3a: Distribution of the response surface for sweetness of pingapple jam
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Figure 8.3b: Contour plot at 0.05 level of cashew gum
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Figure 8.da: Distribution of the response surface for flavour of pineapple jam
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Figure 8.4b: Contour plot at 0.1 level of cashew gum
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The results indicated that for bath multiple and polynomial repressions.

astringency had a

significant effect on product quality (R* = 0.70) (Table 8.8). The second order polvnomial also

indicated that product quality is significantly affected by turbidity (R* = (.81 and 0.82).
all the variables monitored astringency and turbidity are the components to observe
if one has to achieve optimum quality products. The resy
that colour had a strong linkage with sweetness

8.9). It was also observed

having a coefficient of 0.74 as well as pH with sweetness (R=1073),

lable 8.8: Regression coefficients and p-values'or dependent variables

#Multiple linear rearession

T

Variable R?
Sﬂisur}' L
Colour 0.22
Astringency | 0.70
Flavaur 0.11
Acceptability. | 0.40
Sweetness (0,09
Physical

Furbidity 081
pH | O&

]’-—va.l.ut | R [;"-".-'aluu Tl
0.48 0130 0.34
0.03 0,70 0.03
0.70 0.33 0.31
L 0.2] 0.53 0.09
0.75 025 048
0.07 0.82 0.005
(.58 0.13 (.66

- . _ oy
*=Polvnomial regression{ 2" order)

Table 8.9: Correlation coctficients (R) of dependent variables

|D.33

Thus, for
and work on -
Its of the correlation analysis showed
with corelation coefficients (R) of 0.76 (Table

that flavour showed some degree of correlation with acceptability

Colour | Astringency | Flavour | Acceptability | Sweetness | Turbidity pH |

Colour 047 017|030 0.76 0.56 0.38
Astringency | -0.47 0.19 -0.20 -0.12 .14 (.25
Flavour 047 0.19 0.74 0.32 011 0.29
Acceptability 030 | -026— | 0.74 0.43 0.19 0.48
Sweetness | 0.76 | -0.12 032 | 043 ' 0.51 0.75
Turbidity 0.56 | 0.14 011|009 0.51 0.51
pH 0.25 0.29 0.48 0.75 0.51

147



Cashew juice

|
|

L _i'
08 I :

: - et . b
yyAn— N - A
-+ i E

: | |:
02 f - L
0k

Figure 8.5b; Effect of cashew gum on turbidity

Tirtidity
e d3D
350

148



Cashew juice
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The distribution of response surface showed that increasing cashew gpum levels reduced
astringency and increased turbidity (Figures 8.5a and 8.6a). Contour plots of both atributes

showed similar trends (Figures 8.5b and 8.6b). Therefore, the optimum level of cashew gum for

the clarificaton of cashew juice was 0.3,

8.5 CONCLUSION

The study s_hm-.-'r:d that cashew gum has the potential for being used as a substitute for pectin
in the production of pincapple jam and as a juice clarifier in the production of cashew juice.
High cashew gum and pineapple py Ip proportions increased the acceptance of the products
but reduced the pH which was the most important-factor alfecting the quality of pincapple
Jam. Acceptabity was very high in products with 0.05 levels of cashew gum, indicating that
the optimum level of the gum in the production of pineapple jam was 0.05. The optimum
levels for the other ingredients were found to range from 0.53-0.7 and 0.25-0.42 for pineapple
pulp and sugar respeetively. Second order polynemials were found to be adequate 1o predict
the responses of Mavour, aceeptability and pH. Addition of eashew gtim to cashew juice caused
sedimentation of the juice. Thus, clarifying the juice rather than stabilizing its cloudiness.
Increase in the levels of cashew gum in the products increased wrbidity. However, astringency
was reduced with the increase in cashew gum. Regression analysis also indicated that astringency
and turbidity are the most impartant factors affecting the guality of eashew juice. The optimum
level of cashew gum for juice clarification was 0.3, Therefore, the commercial application of

cashew gum in foods such as fruil preserves and juices should be encouraged.
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CHAPTER 9

UTILIZATION OF CASHEW GUM AS A FAT REPLACER IN BAKED

DOUGIINUTS

9.1 ABSTRACT

Awareness of adverse effects of excessive dietary fat intake is virtually universal,
Consequently. health conscious individuals are modifying their dietary habits and eating
less fat. Cashew gum. a high-molecular-weight polysaecharide produced by the cashew
tree has elicited industrial interest in recent vears as a high-viscosity gum. This study
reports on the utilization of cashew gum asa fat replacer in baked dough nuts. The gum
was used at five different levels in the preparation of the products. The levels are 0, 20.
40, 60 and 80% of fat used. The fat content of each product was determined and SCNSOTY
analysis conducted on the produets.in the literature: The fat contents were 16.72, 1468,
8.10. 8.24 and 5.82% for products with 0. 20, 40, 60 and 80% cashew gum respectively.
Results of the sensory analysis showed that decreasing the fut content reduced the
flavour. moistness and consumer acceptance of the produets. Regression analysis
indicated that fat content. Mavour and moistness influeneed the quality of the dough nuts.
However. there was no signilicant difference between the products. The mean scores for
acceptability [or products with 0 and 20% cashew gum were 7.4 and 6.5 respectively, On
a 9-point hedonic scale, this range varies from “like slightly™ to “hke moderately™.
Therefore. it is stggested that cashew gum can replace fat in baked dough nuts up to

20%.

_——--'--'_
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9.2 INTRODUCTION

Dietary fat is a nutrient needed for o healthy life style. However, high fat intake is
associated with increased risk for obesity, cancer. high blood cholesterol and coronary
heart discases (AHA, 1996). Dietary fats contribute key sensory and physiological
benefits such as flavour, creaminess, palatability. appearance, texture, and increases
satiety during meals (Akoh and Swanson. 1994). Much awareness of the adverse effects

of excessive fat intake has been created world wide and this has led to the modification of

diﬂﬂl'}" habits i‘l_\;‘ health CONSCIOUS |"'L"i!j?'|L2 h}_- L‘Hling less fal iMiller and Groziak. ngﬁ}l

According 1o the Continuing Survey of Food Intakes of Individuals in the Linited States
of America. the average intake of total (at of individuals ranges from about 32 to 34% of
total calories (USDA and USDHHS, 1995). The main contributors include butter.
margarine. vegetable oils, egg yolks, nuts and baked products. Fo help consumers
moderate their dietary fal intake. advances in food ‘science have allowed for the
development of a wide varicty of reduced-fat meat, dairy. and packaged food products.
Fat replacers are developed to duplicate the tastc and texture ol Luts and these fall into
three categorices. carbohydrate. protein or fal-based veplacers (Brubn ¢f al . 1992). Each
type of fat replacer ingredient provides seme orall-of the wasic and functions of fats such
as moistness in baked goods. The ingredients that are used Lo replace fats depend on how
the food product will be eaten or prepared. For example, not all fat replacer ingredients

are heat stable. As such. the type of [at replacer used in a fat-free salad dressing may not

,-*“--__._

work well for a muffin mix.
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The most important sensory attribute of foods is taste and as much as consumers now
want foods with little or no [at, they also want foods with good taste. Foods formulated
with fat replacers do not compare favourably in flavour with full-fat containing foods and
this makes 1t difficult for some people (o reduce their (at intake primarily (CCC, 1992). It
i8 therefore important 10 scarch for an ideal fa replacer that tastes and functions like

conventional fat without any adverse health effects. The allempt to maximize the use of

cashew gum has necessitated its ulilization as a fat replacer in baked doughnuts,

03 MATERIALS AND METHODS
9.3.1 Formulation of doughnuts using cashew g as a fat replacer

a. Experimental design
Cashew gum (x) was used to replace part of the fat (x2) used in baked dough nuts. Five
different levels of cashew gum were used (Table 9.1, The sum of the component
proportions was 100%. The proportions of x; and x: were lmited to the range of 0-80%

and 20-100%, respectively, based on preliminary studies.

9.3.2 Preparation of dewgh nuts

The recipe used for the formuldtion.is the Adice’s doughnul recipe (CDKiwchen, 2008)
(Table 9.2). The ege was beaten in a large bowl until foamy; supar was then added
gradually with 2 constant beating. The milk and vanilla were then stirred in the egg
slurry. Flour. hakir_{g powder, nutmeg and the gum were sified together and added to the
liquid mixture I!ﬁ'd mixed weH—The dough was then rolled out on a slightly floured board

to a hall’ inch thickness and cut into small squares. They were then placed on greased
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baking sheets and baked in a pre-heated ov

(CDKitchen. 2008).

9.3.3  Determination of preference for products

en at 180" C until they were golden brown

This was done by presenting 20 panelists with sets of coded samples of doughnuts asking

them to rank the samples in order of preference for moistness. hardness. flavour and

erispiness. T hey were then asked to determine their overall acceplability using a 9 - point

hedonic scale with 1 = dislike extremely, 3

extremely.

Table 9.1: Alice’s doughnut recipe

| Ingredient
Flour
Margarine
| Sugar
Fgg
Baking powder
Vanilla

Nutmep

Milk

E

Proportion

| gbe,
'4[) g

50 g
I

I tsp
[isp
I'tsp

2 1able spoons

neither.like..nor dislike and 9 = like
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Table 9.2: Lev

els of cashew gum used in recipe

L B S S B ' Cashew gum
IR 1T e ©®  [®)
e e ET e 1 0
2 32 80 8 20
3 24 |60 16 40
4 16 40 24 60
5 8 20 32 80

9.3.4 Determination of fat content

This was determined Soxhlet extraction method. 2.0 g samples were weighed into
thimbles and plugged with cotton wool. These were placed in extraction tubes. Clean,
dried soxhlet flasks were weighed and filled over half their volumes with petroleum ether
(60"). The extractors were assembled and refluxed for 6 hours. The flasks were then
removed into rotary vapourizer for evaporation of the ether. cooled and weighed, The
weight of the extracied fat was determined and expressed as a pereentage of the weight ol

the samples.
9.3.5  Statistical analysis

Data obtained for cach product was analyzed using Statgraphics Plus program package
_.___.-'-""

for analysis of Variance and regression.

155



94  RESULTS AND DISCUSSION

Results of the sensory analysis revealed that as fat content decreased. Mavour. moisiness

and acceptability reduced (Table 9.3) confirming the report by Akoh and Swanson (1994)
that fats enhance sensory attributes such as Havour, palatability, texture and creaminess.
However. increasing cashew gum inereased hardness and crispiness of products. This
may be due 1o the absorption of water by carbohydrate-based fat replacers from baked
products {II;"II'. I998). There was no significant difference between products from one
level of cashew gum 1o the other, Regression analysis afithe.data showed that both lineat
and polynomial regressions gave yery high eoefficients. for acceplability, flavour,
moistness, hardness and [(at content {Tahle 9.4) They all had a regression coetficient {Rz}
above 0.70 indicating that the quality of baked dough nuts depends on flavour. moistness,

hardness and fat content.

Table 9.3: Iffects of [at content.on sensory variables

Product | Fat (E!'fi.} | Moistness | Hardness | Flavour {I_rispi.nc:;_r; ﬁucuplubiliijﬁ_
I 1672 |75 N oy Brs 7.4
2 14.68 7 G ) Vet 5.7 6.5
3 8.10 6.7 8.7 6.4 7.2 5.4
4 8.24 5.8 | 16.7 .2 8.5 AN
5 5.82 | 6.3 10.3 .5 8.0 4.7
S LT | A St ook x|
—a= r,,r-r""-_-_—-
.
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Table 9.4: Regression and correlation coefficients of sensory variables

Varigble | R™ [Povalie [ R P-value
Acceptability [ 0.82 [0.03  [090 [070
Crispiness 0:57 |0.14 0.60 | 040
Flavour 0.72 | 0.04 0.90 | 0.10
Hardness (.86 | 0.02 .87 [0.12
Moistness 0.78 | 0.05 0.83 17
Yol at 0.90 1001 (). 93 B.0]
¥Linear regression ‘_‘“—f‘uli;;mrhﬂﬂ&gm'w o2 Morder)

Correlation analysis also showed that moistness, flavour and Tat content highly correlated
positively with acceptlability with correlation cocfficients (R) of 0.99. 0,96 and 0.89
respectively (Table 9.5). However, crispiness and hardness negatively correlated with
acceptability R values of -0.82 and -0.96 respectively. There was a sirong and positive
correlation between the fat content of the products and moisiness (R = 0.85) as well as
flavour (R = 0.93) but comclated negatively with erispiness (R — -0.76) and hardness (R =

-0.94). Similar trends were observed for the other variables.

Distribution of response surface showed that increasing the level of cashew gum in the
product reduced both acceptability and flavour (Figs. 9.1a and 9.2a). A similar trend was

observed in the «ontour plots of both attributes. Since the observed mean scores for
S il

overall acceptability of products with 0 and 20% cashew gum were 7.4 and 6.5

e



respectively. it is therefore suggested that fat may be replaced by cashew gum in baked

dough nuts up to 20%.

Table 9.5: Correlation coefficients (R) of dependent variables

] ,f"u:i:_:.‘ptai'_!ﬁit}’- THF:Enc_sS??ris-pmuss | Flavour | %Fat | Hardness
Acceptability L BT S 0.96 [0.89 |[-096
Moistness | 0.99 -(1.86 0.93 0.85 -0.96
Crispiness -().82 -().86 -U.77 -0.76 (.92
Hardness -0.96 -0.96 [ 0.92 094 | -0.94
Flavour 00.96 0.93 -0.77 0.93 -().94
Yol at | (.89 0.85 -0.76 (.93 -0.94

9.5 CONCLUSION

Addition of cashew gum 10 baked dough nuls reduced acceptability. moistness and
flavour of the products but increased hardness and crispiness. The most important factors
influencing product quality were found 1o be fat content. Mavour. moisiness and hardness.
Both linear and second order polynomial regressions were [ound to be adequate 1o predict
the responses of flavour, acceplability. moistness and hardness. However, the products
were not signiﬁfjﬁn_l}’ different from each other and it is suggested that fat of baked

dough nuts may be 1:;:-i';laccd wﬁm% cashew gum.
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CHAPTER 10

GENERAL CONCLUSION
The major aim of this project was 1o evaluate the production and characterization of
cashew gum and its polential use in the food industry in (vhana. The results presented in
this thesis contain new findings which expand our knowledge and understanding of the
agricultural production, physico-chemical and rheological properties and usage ol cashew
gum. Although some studies have been eonducted ppeashew gum, the aspects relating to
production, physico-chemical and rheological*properties and usage have not heen
extensively investigated. The results of the study provide useful information to cashew

farmers, food scientists, food processors, nutritionists and consumers as a whole,

Although it is known that the cashew tree produces an appreeiable amount of gum, the
findings of this study has shown that much of it is produced during the dry season when
the tree is under stress. Trees as young as four vears can producc the gum. Ilowever in

this study. the age ol the tree and its location do not affect gum-preduction. Cashew gum

conforms to the general organoleptic characteristics of oums by being tasteless. whitish.

yellowish or brown in colour. It s also translueent in appeéarance,

Very little work has been done on the physico-chemical and rheological properties of

cashew gum. The [indings have established that the gum contains some appreciable
amount of profeins and high quantitics of calcium, potassium, sodium. iron and zine.

making it nutritious and a rich source of minerals. Therefore, it can he used in promoting



good health by incorporating it into diets. Cashew gum has high viscosity compared 1o
gum Arabic and gels at a very high concentration, However. the viscosity reduces whep

1 YT - 5 A (e vl y - s s . =
heated, 510!‘.?;;._,4. also reduces i1s (quality by an dverage ol 5.5% with respect to viscosity.

Due to the limited supply and consequent sharp increase in cost of traditional

hydrocolloids, cheaper alternatives such as naturally occurring gums like the cashew tree
gum has become very im portant. It has been shown from this work that cashew gum can
be used as a substitute to gum Arabie in the productitn of thocolate pebbles as 4 film-
lormer. It can also be used as a substitute (4 peetin imthe production of pineapple jams,
clanifying agent in the production of cashew juice and as a fat replacer in baked dough
nuts. The information on gum produetion is important to furmers and producers of the
gum and the information cenerated on the charagterization and end uses of the cashew

gum will help food scientists and technologists on the behaviour dnd potential arcas of

application of the cashew gum.

These findings are consistent with results from previous studies on other gums. Fitwi
(2000) reported that drought; a condition which puts trees under stress stinulates gum
production in acacia trees. Best quality gums have been reported by Robbins (1988) 10 he
generally tasteless. whitish, vellowish or pale brown in colour and transparent or
translucent in appearance. Results from a study on theological propertics of cashew £um
and gum Arabfcfl’iy Mothe and Rao (1999) revealed that viscosities of gum increased with
ﬂﬂnc:emralimi_T]l:r;v-;:w:r. m in temperature reduces the viscosity of food

h}:'_d_l'g_f:ﬁ-l-lﬁir:!s (Diego and Navaza 2003). Whistler and BeMiller (1993) also observed that
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gums will show a decrease in VISCOsity after 6 months storage. A study on the scute
loxicity of gum Arabic revealed that groups of rats fed with gum Arabic in their diet for 6

days showed normal weight gain and food efliciency (FAO, 1995),

Recommendations for further investigation

It 1s hcing recommended that because the production and wtilization of cashew gum has a
higher potential as an industry, more studics be carried out on the impact of agronomic
practices on the increase in yield of gum preductionand=atso 1o in estigate the expanded

uses of the gum in other food producls.
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APPENDIX

dix 1.1 Rainfall pattern for Wenchi and Bole from January - December 2006
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Appendix 1.2: Mineral content of cashew gum
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Variate: pll

Source ol var. d.f

age I
~ district 3
;- age.district 3
:_ Residual 8
% Total 15
:
'F
u
Variate: Insoluble marter
Source of var.  d.[.
age I
district 3
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Residual 8
Total 15
= e
e
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_ ' wlx 2: ANOVA tables for physico-chemical parameters
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Variare: Phenolics
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Variate: Moisture contenr
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Variate: Protein conteni
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Sampa

25:1" C

8.5,

0.91260
(.33240
0.24033
1.13900

262433

m.s,

0.91260

0.11080

(L0801 |

0.07119

Cone, {'E/Tu}_

707 ¢ e
|
8.44 |1 i 74
1.9] 2
15,0
14.3 "0
10.41 | Mean
1.46 Stid error
_._'_____...--—'-_-_'__ :

ﬁsrsmil}F (cPs) |
Role !
250 | AT
T
[ 137771 98
53 1106
202431
15.50 | 10.45
165 |1.02

0.003
0.239

(1368
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Cone. (%)

1.0

2.3

5.0

10

Mean

Std error

-‘;."'i-s-ﬁu:sil} (cPs) | Cone. (%)
. _.Ii_rapa L "

2570 [t

A T e

0.6 2.5

14.1 I 1.0 5.0

18.8 124 1)

1418 | 10.18 | Mcan

1.64 1.00 Std error

=1 |

Viscosity E'LI?N]

| Wenchi

L T T
(120 | 904
124|968
159 |9.75
233 0137

| 15.90 1 Jo:54
267 | 1006

Appendix 3.2: Viscosity measurements for maturity and concentration

Conec. (%)

1.0

HES
5.0
Mean

Std error

——T

SR |

Sampa
"ﬁmng

[1.9

Viscosily (¢Ps)

| Mature
10.6
12:2
153
12.70

J—-"""'--_-_-_‘_
qLE T

Viscosity {_L]ﬁ P

I Cone, (%) |
 _ Jirapa
- ‘f'ming

e e
25 12.6
5.0 14.6

- Mcan 12.83
Stderror 0,96

Mature

101
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5.0

Mean

Std error

Bole

Young
113
136
14.2
13.03

0.88

[ ﬁi.:zcusil}' (cPs)

15.4
14.6

13.47

- 0.64

(%) | Viscosity (¢cPs) I
- Wenchi

] 1
lquung Mature |

10 1.6 7R
2.5 125 12.1
5.0 155 15.2
Mean 13.20 13.00
Stdepory f 148 =t4.13

Appendix 3.3: Viscosity measurements for storage time and concentration

Conc. (%) Viscosity¢ePs) [ Conc. (%) | Viscosity (ePs)
Sampa = - | dirapa
Omth |6mths [12mths | Omth | 6 mths
T [126 [¢0f\ |1V <tl0” APPI3 it
2.5 12.8 1292 2.4 23 S }12.2
5.0 15.8 5.3 | 154 I-S-.ﬂ 14.1 13.5
Mean 13.73 | 12.7 13.13 Mean 1263 | 1193
Std error 1.03 1.38 1.16 Sid error | 0.8] (1499
et S el ot
— g o
—

12 mths
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2.5
5.0
Mean

Std error

Appendix 3.4: Viscositvmeasurements [of period of prodoction and

Cone. (%)

Wenchi

e —

]
5.0
10.0
Mean

Std error

[ Cone. (%) |

I. S—

|

I
Rainy

Acdson

Wenchi

0mth |

Viscosil y (¢Ps S

6 mithy

[ 11.6

12,1

15.2

12.97

1.13

Vié:uusil}-‘ {cPs)

] Cam._{%]' [_ifigaﬁai_f}f {_I:T’_s} i
S e | Bole
12 mths
1.3 LWE iz e
2.2 25 BT iy
155 3.0 15.3 14.6
13.00 Mean 13.93 | 13.47
1.28 Std error, 073 | 0.64

0 mth | 6 mths | 12 mths

Conc.(%) | Viscosity fePs) I
LY Bole
Dy = Rainy TJ}: =
| Scason season Season
120 W g PR X 12.8 i
159 5.0 0 lis3
[ Z3.3 10.0) | 7.3 202
16.37 Mean 141 16.5
.,-'-""'"r--_.__'__
236 Std error 1.49 217
e Mt 1] S|

“3f
135
| B

1 12.93

| 0.43

concentralion



[ Conc. (%)

1.0
5.0
10.0
Mean

Std error

'—\f_'iscu;iiy (cPs)

Sampa
Rainy
sCas0n

1.3

- Dry

Secason

12.6

Jirapa
Rainy
season

'11.9

Appendix 4: ANOVA tables for viscosity measurements

Variate: Viscosity fage and location)

Source of var.  d.I'
age I
dist 3
age.dist 3
Residual 16
Total = 23_

s

S5,
20.8507
1.7939
(.9349

11.3756

L |
—
L]
L
L

m.s,
20.8507
.5980
0.3116

0.7110

.I Conc. (%) | \.-'isc_:,msitj' (cPs)

' Dry

Season

i
29.33
(.84

(144

I pr.
<.001
(0.491

0.729
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Variate: Viscosity (Period of production)

Source of var.  d.[ 5.5.
period I 0.907
Residual 10 29.782
Total Il 30.689

Variate: Viscosity (Storage)

Source of var, d.[ S.5.
storage Lime 2 l.412
Residual 8 29277
Total 11 30.689
_—: =l _F,_,--"'"-_--__'_’_
—ﬂ-;_

m.s. V.T
(0.907 0.30
2.978

m.s. V.r
0.706 0.22
3253

(0.593

(L4
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Appendix 5

DIFFERENCE TEST FOR CHOCOILATE PEBBLES

I'wo of each group of samples presented to you, are identical. The third is different. Loolk
at the samples, then tasie and identily the odd sample based on cach of the sensory

attribute given,

Sel Hardness Ilavour Smoothness

ACCEPTABILITY TEST

Code Like extremely Liketdishke Dislike

......... 4 8 7 6 5 4 3 2 1
9 =—f .5 3 !

......... = Efﬂ_______— 4 2



RANKING TEST FOR PINEAAPLE JAM AND CASIHEW JUICE
1 ORI A - ssavensmansnsannns: DIAE Bunssavrnnninssionsnsuions

Please cvaluate the coded samples from left to right. Identify the attributes below and

rank their intensity in order of preference on each line at the appropriate position,

COLOUR A s e e e e e e e [ark
1] 15

SWEETNESS Absenl e S e e e e e s e ——————— Strong
4] I‘ﬂ

I'.I iAV(JI..-I i{. f‘lh'.‘;lllll---"___ e = --.'-'"""__'-"---"'_"'__"-'---"'_________"""_'______""h“'nnﬂ
{ I5

CONSIS T ENCY Thits e e e e e e ity
il ]

ASTRINGENCY Absenime e e e e e e e Sirong
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RANKING TEST FOR BAKED DOUGHNUTS
NAMIE. i st TTTTTTTVPTINSRPRRRRRREE | ¥ T i O

Pleasc cvaluate the coded samples from left to right. Identify the attributes below and

rank their intensity in order of preference on each line at the appropriale position,

MOISTNESS D e e e i e Lhily
| I3
HARDNESS Soli-———- e e ——— e e ilrd
| |5
FLAVOUR ADSCI == o e e i e e e e e e e e e e nm - Strong
I I3
CRISPINIESS [Batiory==-=mm=nn R R T e e R e e e
0 I3
" _'_’_,..--'"___-_'_
—
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£

Like/dislike

Lik-e- e R, S R

7
7

g
8

9
9

L T

9
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Appendix 6

Plate 2: Afarmer harvesting cashew gum
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