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ABSTRACT

A total of 37 varieties of fresh fruits and 4 kinds of fruits in syrup were collected from 6
markets and supermarkets in Bangkok during January to December 2006. The objectives
determine macro and micro minerals (sodium; Na, potassium; K, magnesium; Mg, calcium; C
Fe, zinc; Zn and copper; Cu), total polyphenol, tannin, catechin and phytate content and to d¢
molar ratios between phytate and micro-elements, and to calculate these nutrients and non
from one portion of each fruit group in food exchange lists. Sodium and potassium conten
determined using flame atomic absorption spectrophotometer and other minerals were determin
inductively coupled plasma—optical emission spectrometry (ICP-OES). All fruits were high in K
to 405.60 and 28.30 to 79.98 mg/100g edible portion for fresh fruits and fruits in syrup), especia
banana (Kai and Hawm varieties) and durian (Chanee variety) (309.75, 346.98 and 405.60
edible portion). Both fruits and fruits in syrup were poor sources of some macro-minerals (Na,
Ca) and micro-minerals (Fe, Cu, Zn) with ranged from 0.59 to 16.32 (Na), 3.08 to 25.21(Mg),
22.09(Ca), 0.08 to 0.33(Fe), 0.04 to 0.27(Cu) and 0.04 to 0.28(Zn) mg/100g edible portion
polyphenol, tannin and catechin were determined using Spectrophotometer. Total polypheno
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. Total
, tannin

and catechin content of all fruit samples ranged from 4.67 to 322.63 mgGAE, 0.62 to 43.37 mg tannic

acid equivalent and 0.01 to 21.44 mg catechin equivalent/100g edible portion. Sugar apple
variety) had the highest amounts of total polyphenol, tannin and catechin contents with appro
322.63, 43.37 and 21.44 mg/100g edible portion. Phytate content was determined using

reverse-phase chromatography. Phytate content ranged from 0.01 to 6.02 mg/100g edible por|
highest phytate content was found in dragon fruit. (6.02 mg/100g edible portion). When conside
amount of macro—micro minerals in fruits and fruits in syrup from one portion of food exchange

samples in this study had a small amount of macro-micro minerals with ranging from 0 to 11 (N
21 (Ca), 2 to 27 (Mg), 0.1 to 0.6 (Fe) and 0 to 0.3 (Zn) mg/portion, respectively, except K and C
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almost all fruit samples were good source of potassium and copper, especially dragon fryit (325

mg/portion) which provided 9% of Thai RDI for K per one portion, lychee (Hohnghooway variety|

0.19

mg/portion) and green grape (0.26 mg/portion) which provide 10% and 13% of Thai RDI for Cu per
one portion. Strawberry was the highest source of total polyphenol (397.13 mgGAE/portion) and tannin
(28.49 mg tannin acid equivalent/portion) while star fruit is the greatest source of catechin (13.79 mg

catechin equivalent/portion). The range of phytate in all samples was between 0.02 to 7.22 mg
The highest of phytate content was found in dragon fruit. However, the molar ratios between
and micro-elements of the present study were less than 2.06 for Phy/Fe, 4.20 for Phy/Zn an
CaxPhy/zn.

KEY WORDS: MINERAL/ PHYTATE/ POLYPHENOL/ TANNIN/ FRUITS
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CHAPTER|
INTRODUCTION

Among the 58 million mortality in the world in 2005, non-communicable
diseases (NCDs) ,e.g. Cardiovascular diseases, Cancer, Chronic respiratory diseases,
Diabetes, kidney disease and other chronic disease were estimated to account for 35
million, which is 61% of total number of mortality in the global. The major of
mortality (80%) from non-communicable diseases occur in developing countries. The
mortality attributable to non-communicable diseases from 2005 to 2030 is expected to
rise from 61% to 68%, while the share of communicable, maternal, perinatal and
nutritional causes is expected to decrease from 30% in 2005 to 22% in 2030 and
NCDs-related DALYs (Total disability-adjusted life years) loss from 9% in 2005 to
28% in 2030 (1). Cardiovascular diseases are a major cause of death and estimated to
account for about 17.5 million deaths in 2005 (1) or about 14.3 million deaths each
year (2, 3).

Moreover, hypertension disease can lead to sudden death and chronic diseases,
e.g. cardiovascular disease, myocardial infraction, stroke, congestive health failure,
and end-stage renal disease (ESRD) (4, 5). Data from The National Health and
Nutrition Examination Surveys IlI (NHNES 1ll) indicated that the prevalence of
Hypertension (HT) in the U.S. adults increased from 24% in 1988-1991 to 28.7% in
1999-2000 (6). In Thailand, public health statistics from 1997 to 2004 showed that
prevalence and mortality rate of HT were increasing every year (7-14). Recently, in
2004 the prevalence of Hypertension people was 389.3 per 100,000 population,
increased 2 times when compare with that of 1999 (10-14). Furthermore, the
prevalence of chronic kidney disease (CKD) has been reported in many countries. In
USA, the Third National Health and Nutrition Examination Survey (NHANES IlII)
showed 11% (19.2 millions) were diagnosed as CKD (15). The prevalence of CKD in
the western part of Australia was 16% (16). In Singapore, a south-east Asian country,

the CKD prevalence of 10.1% was reported (17). In Thailand, the Thailand Renal
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Replacement Therapy (TRT) registry estimated that the prevalence of ESRD patients
in Thailand was 1995 cases in 2000 and 13,597 cases in 2004 (18).

Thailand is one of the developing countries which economic structure has shifted
from agriculture to industry and commercial. Social structure and lifestyle have been
changed from a rural orientation to an urbanized society. Eating patterns have shifted
from a traditional Asian diet, e.g. cereal-base, high fruits and vegetables, and low fat
to a Westernized diet, e.g. increased consumption of animal products, high fats and
sugars, and low fruits and vegetableédestyle and eating patterns are important
factors contributing to the increased prevalence of chronic, diet related diseases (19-
21).

Fruits are a major part of daily consumption both healthy and diseased
people and have a variety of pleasant and attractive flavors. Many research have been
shown that the substances or constituents such as phyto-nutrient with strong
antioxidant capacity such as polyphenol, tannin, phytate, vitamins and minerals in
fruits are more beneficial to human health and also contribute to the prevention of non-
communicable diseases because they act as antioxidant (22, 23)

Several studies revealed that the high fruits and vegetables consumption can
promote health and reduce a risk factor of chronic diseases (19-21). But the nutritive
values of fruits in Thai food composition table have not been completely presented
and some parts were taken from the foreign countries. Thus, some data that were used
for calculation of the nutritive values may deviate from the actual value. Furthermore,
the data of nutritive values had been analyzed very long ago. Although the data
obtained from this study might be important information for physicians, dieticians,
public health or even general consumers, essentially patients with hypertension,
coronary heart disease and renal disease where proper selection of food is required. In
additional, the data can be used to make up one portion of fruit which will be helpful
either for people in normal condition or people in disease state to plan their own
dietary consumption as well as to provide people’s need for food and nutritional
security.
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CHAPTERIII
OBJECTIVE

The objectivesin This Study :
General objective:

To complete the database of nutritive values of fruits and fruit products
commonly consumed in Thailand, especialy minerals (sodium, potassium,
calcium, magnesium, iron, copper, zinc), polyphenol, tannin, catechin and
myo-inositol phosphates; penta and hexaphosphates (IP5 and 1P6) and
use them as database for physician, dieticians or even for consumers, especialy
patients with hypertension and chronic kidney disease or general consumer.

Specific objective:

1. To determine mineral contents (sodium, potassium, calcium,
magnesium, iron, zinc and copper) in selected Thai fruits.

2. To determine polyphenol, tannin, catechin and myo-inositol
phosphates; penta and hexaphosphates (IP5 and [P6) contents in
selected Thai fruits.

3. To calculate molar ratio of phytate/iron, phytate/zinc,
[calcium][phytate]/zinc in selected Thai fruits.

4. To approximate a food exchange list of fruit and classify the
nutritive values as low, medium and high levels in order to recommend
people who have a chronic disease especially hypertension and chronic

kidney disease.
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CHAPTER Il
LI TERATURE REVIEW

3.1 Sodium

3.1.1 Definition, function, absorption and excretion

Sdium is electrolyte that maintains equilibrium of osmosis, intracellular fluid,
extra-cellular fluids, and interstitial fluids. Sodium is absorbed by active transport
when dietary sodium is less than blood sodium and passive diffusion when dietary
sodium becomes more than blood sodium, this processes usually have glucose as an
enhancer. The most absorption of sodium occurs in jejunum and the least absorption
occur in stomach. Sodium ion is an essential nutrient for many important functions in
the body. Not only does sodium maintain cellular osmotic pressure and extracellular
fluid volumes including blood, but it also is necessary for transmission of nerve
impulses, muscle contraction, permeability of cell membranes (24, 25).

In a healthy individual, sodium balance is normally maintained inspite of a wide
range of sodium intake by mean of renal, neural, and hormonal mechanisms involving
the kidneys and adrenal glands (26). These elaborate controls facilitate the removal of
sodium from the body when excess sodium is ingested, as well as the retention of

sodium when an insufficient amount of this nutrient is consumed (27).

3.1.2 Foods source of sodium

Sodium in food can be from 3 sources including (i) from nature, (ii) from
production process and (iii) added by individual during cooking and eating.
Commonly source of sodium in foods is sodium chloride, with small amounts as
sodium bicarbonate, sodium glutamate, and sodium citrate. These sodium salts are low
in fresh vegetables and fresh fruits but high in cured meat products, processed foods,

and canned vegetables.
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3.1.3 Sodium and Health
3.1.3.1 ddlium and Hypertension

Overall the principle observations study in INTERSALT (28-30) were that (i) for
individuals, a difference of 100 mmol/d (equivalent to 2,300 mg or 59 ¢
sodiumchloride) in Na intake was associated with a difference of 3 to 6 mmHg in
systolic BP; and (ii) for populations, a lower 100 mmol/d Na intake was associated
with attenuation of the rise in systolic BP by 10 mmHg in person aged 25 to 55 years.
In additional, the lower blood pressures by low Na dietary are more apparent in
hypertensive than in nonhypertensive individuals. In a recent 18-month study, He et al
(31) demonstrated that a net reduction (compare with the control group) of 3.3 mmHg
and 1.7 mmHg for systolic and diastolic BP, respectively. Results form He et al (31)
showed that low dietary Na intake significantly lower BP when compared with normal
dietary Na intake.

3.1.3.2 Sodium and kidney disease

Sodium, as an extracellular electrolyte, helps regulate fluid balance. Filtration of
sodium decreases in chronic kidney disease (CKD) patient (32, 33). Sodium intake
control is initiated when fluid retention occurs. In patient with end-stage renal disease,
the ability of the kidney is limited to excrete large sodium. So, sodium intakes are
regulated in all patients to prevent extra-cellular over hydration leading to heart failure
and hypertension. Sodium balance will be maintained on a daily intake of less than 2
g/day (32, 33).

3.1.4 Thai Dietary Reference Intake fosodium

Daily minimum requirement of sodium in the adult can be estimated from the
amount needed to replace obligatory losses (sweat, urine and stool). However, sodium
deficiency does not normally occur because sodium can found in all diets. Thai
Dietary Reference Intake (DRI) provides the daily amounts of sodium for reference
levels and guidelines to determine optimal sodium intake (34).
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Table 1 Thai Dietary Reference Intake (Thai DRI) for sodium through the life cycle

Age group DRI (mg/day)

male Female
6 - 11 months 175 - 550* 175 - 550*
1-3 years 225 - 675 225 - 675
4 -8 years 300 - 950 300 - 950
9 - 18 years 400 - 1600 350 - 1275
19 - 70 years 475 - 1475 400 - 1200
> 70 years 400 - 1200 350 - 1050
Pregnancy - +50 - 200
Lactation - +125 - 350

3.2 Potassium

3.2.1 Definition, function, absorption and excretion

Potassium is clearly essential to life, being the most abundant cation in human. In
contrast to sodium, potassium is found at a much higher concentration inside a cell
than outside.

It plays a critical role in maintaining membrane potential (35). The mechanism of
potassium absorption is not clearly understood. Over 90% of ingested potassium is
absorbed, and while the sites along the gastrointestinal tract at which this takes place
have not been precisely identified, both the small intestine and the colon appear to
play a role in this function. The usual daily load of potassium, including that in food
and that resulting from cellular breakdown, is about 100 mEg/day. That amount of
potassium, therefore, has to be excreted daily to maintain the total body potassium
level. The excretions of potassium occur in kidney by urine and feces. The kidney’s
capacity to vary potassium excretion is profound. With chronic potassium depletion,
urinary potassium concentration can be reduced to 5 mEg/L. As the potassium intake
increases, the urinary potassium concentration can increase to a level of 100 mEq/L
(36, 37).

3.2.2 Food source of potassium
Potassium is widely distributed in foods, especially in vegetables and fruits.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 7

3.2.3 Potassium and Health
3.2.3.1 drassium and Hypertension.

Both epidemiological and clinical studies have strongly suggested that an
increase in K intake can decrease BP (38, 39).

A clinical study from Franzoni et al (38) demonstrated that supplement potassium
aspartate 30 mmol/d in hypertensive subjects was significantly lower systolic and
diastolic BP 12/8 mmHg. This was supported by the conclusion of meta-analysis of
clinical trials that oral K supplement (60 to 120 mmol/d) lowered BP of 3.11 mmHg in
systolic blood pressure and 1.97 mmHg in diastolic blood pressure (39). This
supported that low potassium intake may play an important role in the genesis of high
blood pressure.

3.2.3.2 Potassium and Kidney disease

Patients with Chronic renal failure (CRF) in the early stage would still have
normal urine output, without edema. The kidney still disposes potassium. Thus, patient
can still consume vegetables and fruits which are rich in potassium. However, in the
end-stage of CRF, patients should be avoiding the food with high much potassium. If
the level of potassium in blood is higher than 6 mEq/l, it will affect the muscle and
eventually cause abnormal function. It may cause malfunction of the heart muscle and
death in the patients (32, 33).

3.2.4 Thai Dietary Reference Intake for Potassium
Thai Dietary Reference Intake (DRI) provides the daily amounts of potassium for
reference levels and guidelines to determine optimal potassium intake (34).
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Table 2 Thai Dietary Reference Intake (Thai DRI) for potassium through the life cycle

Age group DRI (mg/day)
Male Female
6-11 months 925 - 1550 925 - 1550
1-3 years 1175 - 1950 1175 - 1950
4-8 years 1525 - 2725 1525 - 2725
9-18 years 1975 - 4500 1875 - 3600
19-70 years 2450 - 4200 2050 - 3400
> 70 years 2050 - 3400 1825 - 3025
Pregnancy - +350 - 575
Lactation - +575 - 975
3.3 Calcium

3.3.1 Definition, function, absorption and excretion

Gilcium is the most abundant in the human body and most prevalent mineral ion.
About 1 to 2% of normal adult body weight is calcium. It plays two physiological
roles both structural and functional components in the body. In the role of structural
component, calcium is an essential component for maintain cell membranes. In
another role, it has a variety of biochemical and physiological process, including blood
coagulation, neuromuscular excitability, cell membrane permeability, release of cell
enzymes, signal transaction, and reproductive functions such as sperm motility and
fertility of the ovum.

The absorption of calcium has two transport processes. One of transport process
occurs in duodenum and proximal jejunum. This process involves a calcium-binding
protein (CBP or calbindin) and is regulated by calcitriol (1,25¢Dk)) Calcitriol is
stimulated when calcium requirements are increased, especially calcium in diet less
than 400 mg, conditions of growth, pregnancy and lactation. The other of transport
processes occur in jejunum and ileum, is nonsaturable and passive, and appears to be
paracellular (25). The enhance absorptions of calcium depending on a variety of factor
such as an amount of vitamin D hormone, body need, high protein diet, presence of

lactose in food, acidity of digestive mass and calcium-phosphorus balance (1:1 to 2:1).



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 9

In contrast, the inhibitors of absorption of calcium are vitamin D deficiency, excess
protein, dietary fat, fiber, oxalic acid and phytic acid (40).

The excretion of calcium is in the feces, urine, and sweat. Calcium in the feces
is mostly unabsorbed dietary calcium. Hormone and the composition of the diet
influence the amount of calcium excreted in the urine. Protein, sodium, and some
carbohydrates increase calcium excretion, whereas phosphorus decreases it. Unless

sweating is extreme, little calcium is lost from the skin (41).

3.3.2 Food sources of calcium

Calcium can be obtained from animal or vegetable sources, but animal sources
are more readily absorbed. Milk and milk products are the best animal sources of
calcium, follow by sardines, oysters and salmon. In milk, calcium combined with
lactose, which increases absorption. Good plant sources of calcium include beans,

cauliflower, rhubarb and green leafy vegetables such as chard, kale and broccoli.

3.3.3 Calcium and Health
3.3.3.1 Calcium and Hypertension
Adequate intakes of calcium are thought to be decreasing hypertension. A dose-
response relationship between calcium intake and blood pressure reduction was found
in African American adolescents (42). One recent meta-analysis of 42 randomized,
controlled calcium supplementation trials showed that blood pressure reduction is

greatest in individuals consuming low dietary calcium (43).

3.3.3.2 Calcium and kidney disease
In patients with kidney disease, vitamin D cannot be activated and can lead to a
low serum calcium level. When the serum calcium level drops, calcium is released
from the bones because of the increased secretion of parathyroid hormone (PTH). PTH
is secreted in an attempt to correct the calcium imbalance. This chain of events may
lead to renal osteodystrophy, which is a major complication of end-stage renal disease.
(44)
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3.3.4 Thai Dietary Reference Intake for Calcium

The requirements of calcium at various stages of growth can changeable follow
life span that increases during the spurt growth year of childhood and adolescence, and
adults older than 51 years old. The estimates of daily amounts of calcium have been
provided in Thai Dietary Reference Intake (DRI), were considered as a reference

levels and used as guidelines to determine optimal calcium intake (34).

Table 3 Thai Dietary Reference Intake (Thai DRI) for calcium through the life cycle

Age group DRI (mg/day)
6-11 months 270
1-3 years 500
4-8 years 800
9-18 years 1000
19-50 years 800
> 51 years 1000
Pregnancy and lactation 800

3.4 Magnesium

3.4.1 Definition, function, absorption and excretion

Magnesium is the fourth most common cation in the body and the second most
common intracellular cation after potassium. Magnesium can divide into three major
compartments of the body: about 65% in the mineral phase of skeleton, 34% in the
intracellular space, and only 1% in the extracellular fluid. It is a prominent component
in the intracellular compartment, an important regulator of the cellular processes,
cofactor of more than 320 enzymatic reactions involving energy metabolism and
nucleic acid synthesis (45). Moreover, it is involved in several processes, including
hormone receptor binding and gating of calcium channels, transmembrane ion flux,
regulation of adenylate cyclase, muscle contraction and neuronal activity, control of
vascular tone, cardiac excitability and neurotransmitter release.

Absorption of magnesium occurs in small intestine. In health people, the levels of
magnesium in plasma are remarkably constant, 1.7-2.4 mg/dl (0.7-1.0 mmol/l). Kidney

is the primary regulator of magnesium balance. A filtration-reabsorption process is an
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indispensable process for maintainable magnesium balance. In a 24 h period, about
3500mg of magnesium is filtered at kidney and only 3-4% of this amount is excreted
in the urine, or about 100 to 150 mg per day; an amount equal to that absorbed by the
gastrointestinal tract each day (45). A volume of renal magnesium wasting depends on
a renal defect, response of the kidney to a variety of systemic and local factors that
increase magnesium losses.

Although no known hormonal factor is specifically involved in the regulation of
magnesium metabolism, many hormones have an effect on magnesium balance and
transport. A number of hormones, including parathyroid hormone and calcitonin,
vitamin D, glucagons, antidiuretic hormone, aldosterone and sex steroids have been
reported to influence magnesium balance. In addition, several studies have confirmed

that insulin is a key hormone in the regulation of magnesium metabolism (46).

3.4.2 Foods source of Magnesium

The most concentrated sources of magnesium are nuts, dried legumes, whole
grains, and certain shellfish, notably winkles and conch. Foods somewhat less
concentrated but still high in magnesium are clams, muscles, crabs, and dark green

leafy vegetables.

3.4.3 Magnesium and Health
3.4.3.1 Magnesium and Diabetes Mellitus

Magnesium and Diabetes is a strong relationship. Cytosolic free Mg is frequently
low in diabetic patients (47). Intracellular free magnesium levels were closely and
inversely related to the level of the fasting blood glucose (47). The study of Barbagallo
et al., recently reported that hyperglycemia also increases intracellular free calcium
content of cultured vascular smooth muscle cells, suggesting an ionic mechanism for
the increased vasoconstriction present in chronic diabetic state (48). Addition,
magnesium deficiency aggravates insulin resistance and predisposes diabetic subjects
to cardiovascular diseases.
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3.4.3.2 Magnesium and Hypertension

Magnesium ion is associated with the biochemical process of contraction,
modulates vascular smooth muscle tone and contractility by affecting calcium ion
concentrations and its availability at critical sites. Mg ions activity promote relaxation,
offset calcium-related excitation- contraction coupling and maintenance of the resting
cellular membrane potential, by competitively inhibiting Ca binding to calmodulin,
and stimulating both plasma membrane and sarcoplasmic reticulum Ca ATPase (47,
49). Several studies have suggested that an inverse relation exists between magnesium
intake and hypertension, lower dietary magnesium intake being associated with higher
blood pressure (50, 51).

3.4.4 Thai Dietary Reference Intake for Magnesium

Thailand has a little data of magnesium intake so some data were taken from the
foreign countries for the estimates of daily amounts of magnesium in Thai Dietary
Reference Intake (DRI). It was considered as a reference levels and used as guidelines

to determine optimal magnesium intake (34).

Table 4 Thai Dietary Reference Intake (Thai DRI) for magnesium through the life

cycle
Age group DRI (mg/day)
male Female
6-11 months 30 30
1-3 years 60 60
4-8 years 80 -120 80-120
9-18 years 170 - 290 170 - 250
> 19 years 280 - 320 240 - 260
Pregnancy and lactation - +30
3.5 Iron

3.5.1 Definition, function, absorption and excretion
Iron is an essential component of heme, several nonheme enzymes and cofactor

enzymes. As a part of hemoglobin, heme is required for the transport of oxygen from
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the lung to the tissues and is a component of myoglobin, nonheme is required for the
storage of oxygen. A large proportion of body iron is classified as “functional iron”
which is associated with energy metabolism. Functional iron accounts for about 70 %
and 80 % of the total iron in adult males and females, respectively. Storage iron is
found in the bone marrow and in the liver, where it is present as either ferritin or
hemosiderins, which are large iron-protein complexes. The stored iron may be
mobilized to maintain functional iron compound (26)

The absorption of iron from foods varies from about 3 to 40 %, depending on a
variety of factors such as composition of meal, body iron store and acid in stomach
(26, 27). Forms of iron in food greatly influence iron absorption (27).

Heme iron is derived from the hemoglobin and myoglobin in meat, poultry, and
fish. The absorption of heme is constant and independent of meal composition (52). It
is absorption as an iron-porplyrin complex into the mucosal cells. After heme iron
enter cell, it is rapidly degraded by heme oxygenase, and the iron is released then
enters the common intracellular iron pool (52).

Nonheme iron is present in plant sources. The absorption is mostly occurring in
the duodenum because of the greater solubility of luminal iron in the proximal, more
acid region of the small intestine (52). And the percentage of ingested nonheme iron
that is absorbed depends on the quantity consumed, the iron nutritional status, and the
presence of inhibitors or enhancers of iron absorption.

Iron is excreted from the body between 0.9 and 1.0 mg/day (12-14 mg/kg/day).
The most of iron losses are via the gastrointestinal tract (approximately 0.6 mg). The
skin losses of approximately 0.2 to 0.3 mg iron are dugesguamation of surface
cells from the skin. Lastly, a very small amount, about 0.1 mg, is lost in the urine (26).
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Table 5 Dietary factors that affect iron absorption.

Enhancers Inhibitors

Vitamin C Phytate

Acid in stomach Lack of stomach acid
Heme iron Oxalate

High body demand for red blood cell§annins

(blood loss, high altitude, physicaExcess of other minerals (Cu, Zn, Mn,

training, pregnancy) Ca)
Low body iron stores Full body iron stores
Meat protein factor Some antacid

3.5.2 Foods source of iron

Dietary iron is presented in 2 forms; organic (heme) and inorganic (ferric and
ferrous). Source of heme iron is meats, fish and poultry. Iron in meat product is
absorbed up to 30%. Sources of nonheme iron include cereal products, vegetables and

fruits are poorly absorbed.

3.5.3 Iron and Health
3.5.3.1 Iron and Kidney disease
Patients with end-stage renal disease are often anemic because they lose blood
from hemodialysis treatment (32). Intravenous iron supplement was given during
hemodialysis treatment. And supplement with synthetic erythropoietin to replace the
nature hormone, which ESRD patients lack, has dramatically improved anemia
typically seen in hemodialysis patients (33).

3.5.4 Thai Dietary Reference Intake for Iron
Iron is an important ion for every stages of growth. Thai Dietary Reference Intake
(DRI) provides the daily amounts of iron for reference levels and guidelines to

determine optimal iron intake (34).
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Table 6 Thai Dietary Reference Intake (Thai DRI) for iron through the life cycle

Age group DRI (mg/day)

Male Female
6-11 months 9.3* 9.3*
1-3 years 5.8 5.8
4-8 years 6.3-8.1 6.3-8.1
9-18 years 11.8-16.6 19.1-28.2
19-50 years 104 24.7
> 51 years 10.4 9.4
Pregnancy - +60°
Lactation - +15°

b  Pregnancy should be receive iron tablet for 60 mg per day

c Lactation should be receive iron from foods for 15 mg per day

3.6 Copper

3.6.1 Definition, function, absorption and excretion

pper, acts as an enzyme cofactor and as an allosteric component of enzymes, is
found in the body in either of two valence states, cuprous staté) (@ucupric state
(CU?"). The copper content of the human adult body is on the order of 50 to 110 mg.
Copper in plasma is found ceruloplasmin form, also known as ferroxidase |, is
responsible for the oxidation of minerals. Ceruloplasmin also scavenges oxygen
radicals to protect cells and modulates the inflammatory process as an acute-phase
protein. Copper in erythrocytes, about 60%, is found with superoxide dismutase
(SOD). Copper (Ctl) is found at the enzyme’s active site, where the superoxide
substrate binds to the enzyme.

Copper in foods, acts as protein component, is bound to organic compound.
Gastric hydrochloric acid and pepsin facilitate the release of bound copper in the
stomach. Copper is absorbed throughout the small intestine, especially duodenum.
From intestine cell, copper is transported to the liver bound loosely to albumin.
Copper is storage at liver, which is thought to be bound to metallothionein (53). And

copper is excreted via the feces, urine or sweat. Most absorbed copper (2 mg) is
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secreted by the liver into the bile for excretion in the feces. Only a little amount of
copper (10-50 pg) is excreted through the kidney in urine. And, a little amount of
copper (50-100 ugQ) is excreted via skin (53).

3.6.2 Food sources of Copper

The richest sources of copper are organ meats and shellfish, especially oysters.
Plant food sources include nuts, seeds, legumes, dried fruits and a few select vegetable
are rich source of copper.

3.6.3 Copper and Health
3.6.3.1 Copper and Diabetes Mellitus
Under conditions of experimental dietary Cu deficiency in humans, altered
glucose metabolism has been noted in some, but not all studies. The study oeKumar
al., 2004 (54) found that abnormal glucose homeostasis is not a common characteristic
of infants with Menkes’disease, or human with Zn excess-induced Cu deficiency.
While altered Cu metabolism can directly or indirectly alter glucose homeostasis,

conversely, diabetes can perturb Cu metabolism.

3.6.4 Thai Dietary Reference Intake for Copper
The requirement of copper at various stages of growth is low. Thai Dietary
Reference Intake (DRI) (34) has been provided the daily amounts of copper for

childhood and adolescence, and adults older than 51 years old as seen in Table 7
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Table 7 Thai Dietary Reference Intake (Thai DRI) for copper through the life cycle

Age group DRI (pg/day)

Male Female
6 - 11 months 220* 220*
1-3 years 340 340
4 -8 years 440 440
9 - 18 years 700 - 890 700 - 890
19 - 50 years 900 900
> 51 years 900 900
Pregnancy - +100
Lactation - +400

3.7 Zinc

3.7.1 Definition, function, absorption and excretion

4nc, a constituent of enzymes involved in the most major metabolic pathway, is
an essential element for plants, animals and humans. Zinc is present in all organs,
tissues and fluids of the body. The total body content of zinc in the adult human is 1-
2g. About 60% of the total zinc content is found in skeletal muscle.

The absorption of zinc occurs in the intestinal, especially jejunum, by via a
carrier-mediated transport process and by passive diffusion. Zinc is transported in
blood bound to albuminy, — macroglobulin and amino acids. Zinc is excreted from
the body via urine, skin and intestine with total daily losses in the order of 1.5-3 mg.
Under normal dietary condition urinary excretion is approximately 0.5 mg/d. The
homeostasis of zinc is maintained by changes in fractional absorption and intestinal
endogenous excretion over a large range of intakes. Under low and excess intake
conditions, the urinary and skin excretion is a major function to maintain homeostasis.
(26)

3.7.2 Food sources of zinc
Categorization of the zinc contents of foods is difficult. In general, meat, eggs,

shellfish, and some vegetables are high in zinc. In contrast, milk, fruits, and other
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vegetables are reported to be lower in zinc content. Furthermore, zinc content in food

is depended on zinc in the soil.

3.7.3 Zinc and Health
3.7.3.1 Zinc and Kidney disease

A serum zinc concentration is frequently low in chronic kidney disease and
urinary zinc excretions are increased. theses of Zn deficiency in kidney disease
are not clear.Decreased dietaryn intake and intestinal absorption, increased
endogenous Zn secretion, amttreased urinary Zn excretion (as in the nephrotic
syndrome and in renatransplant recipients) all may contribute to altered Zn
metabolism. (55) Additional, peritoneal dialysis patients can lead to a zinc deficiency.
(32, 33)

3.7.4 Thai Dietary Reference Intake for Zinc

The requirement of zinc for Thai people is based on the standard of the
International Zinc Nutrition Consultative Group (IZINCG). The committee based zinc
recommendation on the intake needed to maintain balance as well as on estimates of

zinc absorption and body losses of zinc for every stage of life (34).

Table 8 Thai Dietary Reference Intake (Thai DRI) for Zinc through the life cycle

Age group DRI (mg/day)

Male Female
6 - 11 months 3 3
1-3 years
4 -8 years 3-4 3-4
9 - 18 years 5-9 5-7
19 - 50 years 13 7
>51 years 13 7

Pregnancy and lactation - +1- 2
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3.8 Dietary factors affect mineral absorption

3.8.1 Blyphenol

Phenolic compounds constitute one of the most numerous and widely distributed
groups of substances in the plant kingdom, with more than 8,000 phenolic structure
currently known. Phenolic compounds are products of the secondary metabolism in
plants derived from phenylalanine and, to a lesser extent in some plants, also from
tyrosine. The expression “phenolic compounds” embraces a considerable range of
substances that possess an aromatic ring bearing one or more hydroxyl substituents.
The structure of natural phenolic compounds varied from small monomeric phenolic
acid, such as gallic acid, caffeic acid, to large polymerized polyphenolic molecules,
such as condensed tannins.

Tannins are polyphenols capable of precipitating proteins from aqueous solution
and are widely distributed in plants. They are found in especially high amounts in food
grains such as sorghum, millets, barley, dry beans, faba beans, and other legumes.
Fruits such as apples, bananas, blackberries, cranberries, cranberries, grapes and
strawberries are also certainly an appreciable quantity of tannins. Tannins can be
classified into two categories: hydrolyzable and nonhydrolyzable or condensed tannins
(56). Hydrolyzable tannins contain a central core of polyhydric alcohol such as
glucose, and hydroxyl groups, which are esterified either partially of wholly by gallic
acid (gallotannins) or hexahydroxydiphenic acid (ellagitannins). Condensed tannins
(e.g. catechin) are mainly the polymerized products of flavan-3-ols and flavan-3,4-
diols, or a mixture of the two. Condensed tannins are widely distributed in fruits,
vegetables, forage, plants, cocoa, and certain food grains, such as legume and
sorghum. Both categories have been shown to have an inhibitory effect on nonheme

iron absorption (57).

3.8.2 Phytate

Phytate (myo-inositol hexaphosphate) is the principal storage form of phosphorus
in many plant tissues. It typically represents more than 75% of the total phosphorus in
cereals and other seed crops. Phytate is a strong chelator of cations and binds minerals
such as calcium, magnesium, zinc and iron, making them unavailable for absorption in

the human intestine (58).
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In terms of human health, dietary phytate might have both negative and positive
roles. Although, phytate can decrease mineral bioavailability and can contribute to
mineral deficiency in populations in the developing world that consume rice, grains
and cereal as staple foods, recently studies showed that dietary phytate might also have
beneficial health effects, for example as an anti-cancer and antioxidant (59, 60). The
negative effects of dietary phytate have the greatest impact on youth and growth in the
developing world, whereas the positive effects of phytate are interested in the

pathologies of aging such as oxidative damage and cancer in the developed world.
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CHAPTER IV
MATERIALSAND METHODS

4.1 Sample Collection

Thirty-seven varieties of fresh fruits and fruit products were bought from six
representative markets and supermarkets in Bangkok area during from January to
December 2006. At each market, 2- 4 kg samples were purchased from three
representative outlets. Single composite sample were prepared by combining about
600 g of homogenized single sample of the same variety from three representative
outlets and homogenized again to obtain uniform single composite sample from 1
representative market. Fruit products (fruits in syrup; cans) were bought for six brands
per each from supermarket in Bangkok. The single composite of fruits in syrup were
prepared by combining of the three cans each fruit product and homogenized to obtain
uniform single composite sample from 1 brand. The information of fresh fruit and

fruit products commonly consumed by Thai people is showed in table 9 and 10.

Table9 Fruits commonly consumed in Thailand (61)

English name Thai name Scientific name

Apple Pyrus malus, Borkh.
Fuji variety (not peeled) Apple-fu-ji
Granny Smith variety  Apple- khiaw

(peeled)

Banana (peeled)

Kluay-hawm variety Glooway-hawm Musa sp.

Kluay-kai variety Glooway-kai Musa sapientum; Linn

Kluay-nahmwah variety Glooway-nahm-wah Musa sapientum.
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Table9 Fruits commonly consumed in Thailand (continu@d)

English name Thai name Scientific name
Chinese pear Pyrus communis
Hawm variety Salee-hom

(not peeled)
Namphung variety
(peeled)

Dragon fruit (peeled)
Vietnam variety
Durian (peeled)
Chanee variety
Mawntong variety
Grape (not peeled)
Green variety
Guava (not peeled)
Pan-seetong variety
Jackfruit (peeled)
Longan (peeled)
Kalokbew variety

L ongkong (peeled)

Lychee (peeled)
Hohnghooway variety
Jackkrapat variety
Mango (peeled)
Kheosawoei variety
(unripe)
Nahmdawgmai variety
(ripe)

Rad variety (unripe)

Salee-namphung

Gaewmuanggorn

Thurian-chanee

Thurian-mawntong

A-ongn

Farang

Khanun

Lamyai —kalokbew

Long-gong

Linchi-hong-houy

Linchi- Jackkrapat

Mamuang- kheosawoei

Mamuang-nahm-dawgmai

Mamuang-rad

Hylocereus spp.

Durio spp.

Vitisvinifera, L.

Psidium guajava

Artocapus heterophylla
Euphoria longana,
Lamk.

Lansium domesticum
Corr

Litchi chinensis, Sonn.

Mangifera indica
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Table9 Fruits commonly consumed in Thailand (continued) (61)

English name Thai name Scientific name
Mangosteen (peeled)  Mangkhut Garcinia mangostana
Orange (peeled) Citrus sinesis Osb.
Clementine variety Som-cheang

Sai-nuhm-phung variety Somsai-nahmphung

Papaya (ripe) (peeled) Malagor- khakdahm Carica papaya, Linn.
Khak-dahm variety

Pineapple (peeled) Sapparot-sriracha Ananas comosus, Merr.

Sri-ra-cha variety

Pomelo (peeled) Citrus maxima, Merr.
Khao-nahm-peung Som-o-Khaonahmpeung

variety

Tongdee variety Som-o- Tongdee

Rambutan Nephelium  lappaceum,
Rong-rean variety Ngor-rohngrain Linn.

Rose apple (not peeled) Syzygium samarangense
Toon-klow variety Chomphu-toolgaow

Tub- tim-jun variety Chomphu-tuptimjun

Salacca (peeled) Sala Salacca sp.
Sapodilla (peeled) Lamut Achras sapota, L.
Star fruit (not peeled) Mafuong Averrhoa carambola
Strawberry Sa-to-bo-ree Fragaria spp.

(not peeled)

Sugar apple (peeled) Auona sguamosa
Nahng variety Noi-na- nahng

Watermelon (peeled) Citruluss vulgalis,
Jin-trarah variety Taeng mo- Jintrarah (red Schrad.

(red color) color)

Jin-trarah variety Taeng mo -Jintrarah (yellow

(yellow color) color)
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Table10 Fruit products commonly consumed in Thailé@it)

Fruits Thai name

Fruitsin Syrup

Fruit cocktalil or fruit salad * Fut-sa-lad
Longan Lum-yai
Lychee Lin-chi
Rambutan Ngor

* Fruit cocktail in syrup are containing grape, guava, papaya, pineapple,
rambutan, toddy palm and tangerine.

4.1.1 Sample preparation

Before analysis, all samples were washed with tap water several times to
ensure that all contaminants were removed and rinsed again with deionized water.
They were then individually prepared using common household practice. The edible
portions of each single sample was separated and homogenized by the home-use
electric blender (Cucina HR1791/6, PHILIPS). The homogenized samples were
divided into 2 portions. One portion was analyzed as fresh sample for mineral
analysis and other portion was freeze dried (Heto model PL 9000-50), before
polyphenol, tannin and phytate analysis. Exception, the moisture contents was

analyzed on the same day of sample preparation.



Fac. of Grad. Studies, Mahidol Univ.

M.Sc. (Nutition) / 25

Sampling; selected fresh

Sampling; 4 canned of each fruit
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4.2 Chemical Analysis

All fruits sample in present study were analyzed in duplicate for moisture,
sodium, potassium, calcium, iron, zinc, magnesium, polyphenol, tannin, catechin and
phytate (IP5 and IP6) contents.

4.2.1 Moisture Deter mination
Moisture content was determined by drying the sample in hot air oven at
100 +5 °C until constant weight was obtained (AOAC; 920.151, 2000). Moisture in
the sample was estimated from the weight loss from drying under controlled
temperature in an air oven. It is expressed in g per 100 g sample. As seen in appendix
A (62)

4.2.2 Sodium and Potassium Deter mination

The samples were ashed in a muffle furnace at 5%0fC ash solution was
prepared by dry ashing (AOAC; 930.30, 2000) as showed in appendix B (62). The
sodium and potassium contents of all the fruits samples were determined using flame
atomic absorption spectrophotometer (Spectr AA-20). The instrument parameters
such as wavelength, slit width and air-acetylene flow rate that are appropriate for each
element was selected by according to a manual of analytical method for flame
spectroscopy (Varian Techtron Pty, Ltd, Springvale, Australia 1979) as showed in
appendix C (63, 64)

4.2.3 Calcium, Magnesium, Iron, Copper and Zinc Deter mination

Calcium, magnesium, iron, zinc and copper was determined in duplicate with
inductively coupled plasma — optical emission Spectrometry (ICP-OES) after
digestion in concentration nitric acid and perchloric acid at a 5:1 ratio in a hot-air oven
at 100 to 120°C as showed in appendix D (65)

4.2.4 Tannin and Catechin assay
Tannin and catechin contents in each sample were determined by extracting with
50% dimethylformamide (DMF; Carloerba reagent # 444923) in 1 M acetate buffer
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pH 4.4 and determining the absorbance at 578 and 680 nm in a spectrophotometer
according to the method of Brurgkal., 1991. Five standard dilution of tannic acid (#
T-0125, sigma Chemical Co., St, Lois, MO) and catechin (# C-1788, sigma Chemical
Co., St, Lois, MO) were prepared at concentrations between 25 to 400 ug/ml. The
extracted solution was used as a blank to correct for any pigmented in the fruit sample.
Tannin content was expressed in mg/100g of tannin equivalent as seen in appendix F
(66).

4.2.5 Determination of total polyphenol content

Total phenolic content was determined by Fbén-Ciocalteu method (66).n
briefly, weigh about 2.0 g for fresh sample and lyophilized sample into a 125-mL
volumetric flask and 25 mL of 50% dimethyformamide (DMF) (Carloerba reagent #
444923) in 1M acetate buffer pH 4.4 was added, then mixing and shaking for 16 hrs
(Gyrotary water bath shaker model G76, USA). Afterwards, the mixtures were filtered
with No. 42 filter paper (Whatman) and diluted the clear extract solutions with water.
Then 25uL of each diluted extract solution or standard wepeliad to 96 well
microplate well and immediately added 12k of 10% FCR (Folin-Ciocalteu’s
reagent; Merck # 109001) in each well. One minute after adding 10% FCR, the 100
uL of 0.5 M sodium hydroxide (NaOH) (Merck # 106498as added and kept in
room temperature for 15 minute. The total phenolic contents in each well was read at
750 nm by the microplate reader (Microplate Photometer type “SUNRISE” TECAN
REMOTE CONTROL, AUSTRIA/EUROPE). Gallic acid monohydrate (Riedel-
deHaen # 27645) was used as the standard calibration curve and total phenolic content
of the sample was expressed as gallic acid equivalents (GAE) per 100 g sample
(AppendixE)

4.2.6 Phytate (IP5 and | P6) Deter mination

Phytate (inositol pentaphosphate (IP5) and inositol hexaphosphate (IP6) contents
were determined according to the method of Hotz and Gibson, 2001 (67). The
homogenized samples were lyophilized (Heto model PL 9000-50) and then were
ground in a coffee grinder (Kenwood CG 100). Grounded samples, approximately 0.5

g, were extracted with 5 ml of 0.67 M HCI for 30 min in an ultrasonic bath (Model
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1510E-MT Bransonic). Following centrifugation at 3000 rpm, 10 min; Himag
centrifuge CR5B2 Hitachi, the supernatants were removed and diluted with 22.5 ml of
deionized water. The solutions were then applied into an anion exchange column
(WAT023620, Sep-Pak Vac 1 éridvater Accell Plus QMA,Water, Milford, MA) and
inositol phosphates were eluted with 4 ml of 2 M HCI and evaporated to dryness at
40°C in a centrifuge evaporator (Model CVE-2000;EYELA, Tokyo Rikakikai Co.,
Ltd). The residues were dissolved in 1 ml of deionized water and analysis of IP5 and
IP6 were performed by reverse phase HPLC using a C18 column (Atlantis dC18, 5um,
4.6 x 150 mm) and mobile phase of methanglOHh ratio 3:2 at a flow rate of 0.8
mi/min at 40°C. Eluted inositol phosphates were detected. Eluted inositol phosphates
were detected by a refractive index detector (Waters IR 2414) as showed in Appendix
G

The molar ratio of phytate / iron, phytate / zinc and phytate x calcium / zinc

formula was calculated by following formula:

Phytate : iron molar ratio = mg phytate/ g sample / 660 (MW)
mg iron / g sample / 55.8 (AtW)

Phytate : zinc molar ratio_= mg phytate/ g sample / 660 (MW)

mg zinc / g sample / 65.4 (AtW)

Phytate x calcium / zinc molar ratio_= mg calckmy phytate/ g sample / 660 (MW)
40.1 (AtW) mg zinc / g sample / 65.4 (AtW)

4.3 Calculation for one portion of fruit

The amount of nutritive value each kind of fresh fruits and fruits in syrup was
calculated for one portion by following the food exchange lists that one portion of fruit
is equal to 15 g of carbohydrate (68) and then Food Composition Table (69) was used
to calculate the weight of each fruit per one portion.

4.4 Quality Control System
In each set of analysis, the quality of minerals, phytate, polyphenol and tannin

were controlled by simultaneous analysis of in-house control materials which
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consisted of black rice flour for phytate, polyphenol and tannin, and soybean flour for

mineral analysis (sodium, potassium, magnesium, iron, zinc and copper) respectively.
The assigned value was developed from 10 values of content for phytate polyphenol,
tannin and minerals preparing the quality control chart of analysis. The accepted value

of each nutrient of control sample was within mean + 2 standard deviation.

4.4 Statistical Analysis

The determinations of minerals (sodium, potassium, calcium, magnesium, iron,
copper and zinc), polyphenol, tannin, catechin and myo-inositol phosphates; penta and
hexaphosphates (IP5 and IP6) in fresh fruits and fruit products were reported in term
of mean value * standard deviation. The nutritive values were classified as low,
medium and high levels by the Quartile deviation and Stem and leaf. Using SPSS for
Window version 13 software program (SPSS Inc, Chicago, lllinois, USA) preformed

all computations.
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CHAPTER YV
RESULTS

5.1 Moisture content analysis

The moisture contents of edible portion of fresh fruits and fruits in syrup are
shown in Table 11. The moisture contents of fresh fruits ranged from 66.81 to 91.48 %
while the moisture contents of fruits in syrup ranged from 77.27 to 79.32 %. The
highest moisture contents of fresh and canned fruits were found in watermelon
(91.48%: Jin-trarah variety yellow) and the lowest was found in durian (66.81%:
Chanee variety). The moisture contents were classified into three levels by the
Quartile deviation, particularly in high level (more than 87.56 %), medium level
(78.91 to 87.56 %) and low level (less than 78.91 %). High moisture content of fresh
and canned fruits was found in orange (Clementine), pomelo (Khao-nahm-peung and
Tong-dee varieties), watermelon (Jin-trarah variety, red), rose apple (Tub-tim-jun
variety), star fruit, ripe papaya (Khak-dahm variety), strawberry, rose apple (Toon-
klow variety) and watermelon (Jin-trarah variety, yellow). Medium level was found in
longan in syrup, mango (unripe Kheosawoei variety), rambutan in syrup, longan
(Kalokbew variety), mango (ripe Nahmdawgmai variety), salacca, mangosteen,
longkong, rambutan (Rong-rean variety), lychee (Hohnghooway variety), mango
(unripe Rad variety), lychee (Jackkrapat variety), grape (Green variety), pineapple
(Sri-ra-cha variety), dragon fruit (Vietnam variety), apple (Fuji variety), chinese pear
(Hawm variety), orange (Sai-nuhm-phung variety), apple (Granny Smith variety),
chinese pear (Namphung and variety) and guava (Pan-seetong variety). Low level of
moisture content was found in durian (Chanee variety), ripe banana (Nahm-wah
variety), durian (Mawntong variety), ripe banana (Kai variety), jackfruit, sugar apple
(Nahng variety), ripe banana (Hawm variety), sapodilla, lychee in syrup and fruit

salad.



Fac. of Grad. Studies, Mahidol Univ.

M.Sc.(Nutrition) / 31

Table 11 Moisture content in fresh and fruit in syfus)

English name Variety Local Thai name Moisture (%) N
(fresh fruit)
Apple Fuji Apple 85.12 + 2.30 6
Granny Smith 86.03 £ 1.05 6
Banana (ripe) Hawm Kluay-hawm 7551+1.64 6
Kai Kluay-khai 71.63+1.84 6
Nahm-wah Kluay-nahmwah 67.06 £ 1.90 6
Chinese pear Namphung Salee-namphung 86.24 £ 0.90 6
Hawm Salee-hom 85.41 £ 0.55 6
Dragon fruit Vietnam Keawmungkon 84.95+£0.66 4
Durian Chanee Thurian-chanee 66.81 + 3.78 6
Mawntong Thurian-mawntong  70.90 +4.36 g4
Grape Green A-ongn 8255+2.62 g
Guava Pan-seetong Farang 87.47+139 g
Jack fruit Khanun 74.08+182 g
Longan Kalokbew Lam-yai -kalokbew  79.83+0.75 g
Longkong Long-gong 80.58+0.44 g4
Lychee Hohnghooway* Lin-chi- 81.30+0.70 g
hohnghooway
Jackkrapat Lin-chi- Jackkrapat ~ 82.50 £ 1.00 g
Mango Kheosawoel Ma-muang- 79.32+165 g
(unripe) kheosawoei
Nahm dawg mai Ma-muang-nahm  80.05+1.94 g
(ripe) dawg mai
Rad (unripe) Ma-muang-rad 82.41+£1.76 6
Mangosteen Mang-khut 80.19 +1.33 6
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Table 11 Moisture content in fresh and fruit in syfu@s) (Continued)

English name Variety Local Thainame  Moisture (%) N
(fresh fruit)

Orange Clementine Som-cheng 87.64 + 1.65 6
Sai-nuhm-phung  Som-sai nahm 85.89 + 1.15 6
phung
Papaya (ripe) Khak-dahm Ma-la-gor 89.73 £ 0.65 6
Pineapple Sri-ra-cha Sapparot-sri-ra- 84.88 +1.02 6
cha-
Pomelo Khao-nahm-peung Som-O- Khao- 88.20 £ 2.00 6
nahm-peung
Tong-dee Som-O- Khao- 88.74 + 0.60 6
Tongdee
Rambutan Rong-rean Ngor-rohng-rain 80.80 £ 2.83 6
Rose apple Toon-klow Chomphu- Toon- 90.96 + 1.44 6
klow
Tub- tim-jun Chomphu- 88.95+0.64 6
tub-tim-jun
Salacca Sa-la 80.10 £ 0.43 6
Sapodilla La-mut 7553 +£1.12 6
Star fruit Ma- fuong 89.20+£0.43 6
Strawberry Sa-to-bo-ree 89.55 +2.47 6
Sugar apple Nahng Noi-na-nahng 74.11 £1.58 6
Watermelon Jin-trarah Taeng Mo Jin- 88.83 £2.02 6
(red color) trarah (red color)
Jin-trarah Taeng Mo Jin- 91.48 £1.31 6
(yellow color) trarah (yellow

color
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Table 11 Moisture content in fresh and fruit in syfu@s) (Continued)

English name (Fruits in syrup) Local Thai name Moisture (%) N

Fruit salad* Fut-sa-lad 78.77 £0.67 2
Longan in syrup Lam-yai 79.04 +2.29 6
Lychee in syrup Lin-chi 77.27 +1.38 6
Rambutan in syrup Ngor 79.32+£2.11 6

!Data were reported as a mean + SD of duplicate analysis (n=6)
With exception * n=5, ** n=2

5.2 Macro-mineral Content Analysis

The macro-elements content; sodium (Na), potassium (K), calcium (Ca) and
magnesium; (Mg) of fresh fruits and fruits in syrup are shown in Table 12 (per 100 g
dry wt), Table 13 (per 100g edible portion) and Table 14 (per one portion). Data
analysis of macro-minerals all fresh fruits and fruits in syrup are wildly varied among

different varieties of fruits.

5.2.1 Sodium content in fresh fruitsand fruitsin syrup

Sodium contents of fresh fruits and fruits in syrup are reported in mg/100 g dry
weight as showed in Table1l2 and mg/100 g edible portion as showed in Table 13. A
wide variation of fresh fruits and fruits in syrup ranged from 2.83 to 69.80 mg/100 g
dry wt. Comparison among the sodium content of all fresh fruit varieties of this study
was found thathe highest source of sodium found in pomelo (Tongdee variety; 69.80
mg/100 g dry wt or 7.86 mg/100g edible portion). According to Quartile deviation,
the concentrations of sodium are categorized into three levels, particularly in high
(more than 36.58 mg/100 g dry wt), medium (14.66-36.58 mg/100 g dry wt) and low
(less than 14.66 mg/100 g dry wt). The result showed that high concentration of
sodium (36.62 to 66.69 mg/100g dry wt or 6.39 to 16.32 mg/100g edible portion) was
found in grape (Green variety), orange (Sai-nuhm-phung variety), lychee in syrup,
watermelon (Jin-trarah variety, red), guava (Pan-seetong variety), rose apple (Toon-

klow, Tub- tim-jun varieties), longan (Kalokbew variety), pomelo (Khao-nahm-peung
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variety) and sapodilla. Medium level ranging from 14.7 to 36.44 mg/100 g dry wt or
2.85 to 3.11mg/100g edible portion was found in longkong, orange (Clementine
variety), rambutan (Rong-rian variety), ripe banana (Hawm variety), apple (Granny
Smith variety), fruit salad, jack fruit, lychee (Hohnghooway variety), mango (unripe
Rad variety), ripe banana (Kai variety), pineapple (Sri-ra-cha variety), dragon fruit
(Vietham variety), star fruit, ripe papaya (Khakdahm variety), chinese pear
(Namphung variety), salacca, strawberry, chinese pear (Hawm variety), rambutan in
syrup and watermelon (Jin-trarah variety, yellow). Low level (less than 14.64 mg/100
g dry wt or 2.56 mg/100g edible portion) of sodium was found in unripe mango
(Kheosawoei variety), sugar apple (Nahng variety), durian (Mawntong variety),
longan in syrup, mangosteen, apple (Fuji variety), durian (Chanee variety), ripe mango
(Nahm-dawg-mai variety), ripe banana (Nahm-wah variety) and lychee (Jackkrapat
variety).

The amount of sodium content of all the samples was calculated for one portion
by based on one portion of food exchange list (68) which categorized the selected
fruits of this study containing sodium less than 1 mEq (23 mg) as low value, 1-5 mEq
(23 — 115 mg) as medium value and more than 5 mEq (more than 115 mg) as high
value. Analysis data revealed that sapodilla was the highest in content of sodium (11
mg/portion). According to food exchange list, one portion of all samples in this study
contained sodium less than 1 mEq (less than 23 mg/potion). It means fresh fruits or

fruits in syrup in this study are poor sources of sodium as show in Table 14.
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5.2.2 Potassium content of fresh fruitsand fruitsin syrup

Wde variation of potassium content in all selected fruits was observed as showed
in table 12 and the values were reported to mg/100 g dry wt. The range of potassium
contents was between 136.88 to 1933.50 mg/100 g dry wt or 28.30 to 405.60 mg/100g
edible portion. Ripe papaya; Khak-dham variety was found to be a highest source of
potassium content (1933.50 mg/100 g dry wt or198.64 mg/100g edible portion). The
classified levels of potassium are based on the Quartile deviation, high level (more
than 999.15 mg/100 g dry wt), medium level (403.72 to 999.15 mg/100 g dry wt) and
low level (less than 403.72 mg/100 g dry wt). The high potassium content (1002.86 to
1797.56 mg/100 g dry wt or 270.56 to 291.82 mg/100g edible portion) was found in
durian (Mawntong variety), watermelon (Jin-trarah variety, red), ripe banana (Kai
variety), durian (Chanee variety), strawberry, watermelon (Jin-trarah, yellow), ripe
banana (Hawm variety), orange (Sai-nuhm-phung variety), guava (Pan-seetong
variety) and dragon fruit (Vietnam variety). The moderate amounts of potassium
contents were found in pineapple (Sri-ra-cha variety) , mango both in Nahmdawgmai
(ripe), Kheosawoei (unripe) varieties, longan (Kalokbew variety), sapodilla, salacca,
unripe mango (Rad variety), ripe banana (Nahm-wah variety), pomelo (Khao-nahm-
peung variety), orange (Clementine variety), rose apple (Toon-klow variety), star fruit,
lychee (Hohnghooway variety), grape (Green variety), jackfruit, pomelo (Tongdee
variety), sugar apple (Nahng variety), lychee (Jackkrapat variety), rose apple (Tub-
tim-jun variety) and longkong which ranging from 403.78-988.02 mg/100 g dry wt or
61.05 to 191.87 mg/100g edible portion. The low amounts of potassium were found in
rambutan in syrup, mangosteen, apple (Fuji, Granny Smith varieties), longan in syrup,
chinese pear (Hawm variety), lychee in syrup, chinese pear (Namphung variety), fruit
salad and rambutan (Rong-rean variety) (136.88- 403.70 mg/100 g dry wt or 28.30 to
61.05 mg/100g edible portion ).

Base on one portion of food exchange list (68) that fruit contained low,
medium and high potassium contents were less than 4 mEq (less than 156.4 mg) for
low, 4-7 mEq (156.4 to 273.7 mg) medium and 7 mEq for high (more than 273.7 mg),
respectively. According to the food exchange list, it was found that orange (Sai-
nuhm-phung) and dragon fruit (Vietham variety) contained high potassium per one

portion which ranged from 279 to 325 mg/portion. It was noted that almost of all
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selected fresh fruits in this study are good sources of potassium as showed in table 14.

5.2.3 Calcium content of selected Thai fruits (mg/100 g dry wt)

The calcium content of selected Thai fruits ranged from 7.17 to 138.91 mg/100 g
dry wt or 1.17 to 22.09 mg/100g edible portion was showed in table 12 and 13.
Comparison among the amount of calcium in all samples showed that orange
(Clementine) was a highest source of calcium content (138.91 mg/100 g dry wt or
17.18 mg/100g edible portion). The levels of calcium were categorized according to
the Quartile deviation into three levels. The results showed that the high level was
more than 60.16 mg/100 g dry wt, medium level ranged between 16.97 to 60.16
mg/100 g dry wt and low level was less than 16.97 mg/100 g dry wt. High calcium
contents were found in sapodilla, pomelo (Khao-nahm-peung variety), pineapple (Sri-
ra-cha variety), ripe papaya (Kaegdahm variety), pomelo (Tongdee variety),
watermelon (Jin-trarah variety, yellow), rambutan in syrup, orange (Sai-nuhm-phung
variety), longan in syrup and strawberry which ranged from 60.24 to 112.37 mg/100 g
dry wt The moderate amount (17.08-59.92 mg/100 g dry wt ) of calcium value was
found in ripe banana (Nahm-wah variety), dragon fruit (Vietnam variety), rose apple
(Toon-klow variety), mango [Nahmdawgmai (ripe) and Kheosawoei (unripe)
varieties], guava (Pan-seetong variety), apple (Fuji variety), longan (Kalokbew
variety), apple (Granny Smith variety), grape (Green variety), mangosteen, lychee in
syrup, chinese pear (Hawm variety), jack fruit, longkong, rambutan (Rong-rean
variety), unripe mango (Rad variety), fruit salad, sugar apple (Nahng variety) and
watermelon (Jin-trarah variety, red). And the low amount of calcium was found in ripe
banana (Kai variety), rose apple (Tub-timjun variety), ripe banana (Hawm variety),
lychee (Hohnghooway variety), durian (Chanee variety), lychee (Jackkrapat variety),
chinese pear (Namphung variety), durian (Mawntong variety), star fruit and salacca
(7.17-16.93 mg/100 g dry wt, respectively).

Data of the calcium content per portion of fresh fruits and fruits in syrup were
calculated by base on the weight of one portion were showed in Table 14. Calcium
content ranged from 1 to 21 mg/portion. The highest amount of calcium content was
found instrawberry (21 mg/portion)] and ripe banana (Hawm and Kai varieties) had

the lowest amount of calcium content (1 mg/portion).
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5.2.4 Magnesium content of fresh fruitsand fruitsin syrup
In fresh fruits and fruits in syrup, the magnesium content ranged from 14.71 to

150.45 mg/100 g dry wt as showed in table 12. Comparison among the magnesium
content between various fresh fruits variety and fruits in syrup showedlrégdn
fruit (Vietnam variety) was the highest source of magnesium (150.45 mg/100 g dry wt
and 22.65 mg/100g edible portion). When the Quartile deviation was used for setting
the levels of magnesium content in selected fruits and fruit in syrup, the levels of
magnesium content were divided into three levels. High level was set to more than
69.05 mg/100 g dry wt, medium level was between 41.71 to 69.05 mg/100 g dry wt
and low level was less than 41.71 mg/100 g dry wt. High concentration of magnesium
was found in orange (Clementine variety), ripe papaya (Kaegdahm variety), jack fruit,
watermelon (Jin-trarah variety, red), ripe banana (Nahm-wah, Kai varieties), sugar
apple (Nahng variety), ripe banana (Hawm variety), watermelon (Jin-trarah variety,
yellow) and strawberry which ranged from 69.27-98.6 mg/100 g dry wt. The moderate
amount (41.76 to 68.4 mg/100 g dry wt) of magnesium was found in unripe mango
(Kheosawoei variety), salacca, unripe mango (Rad variety), chinese pear (Namphung
variety), ripe mango (Nahmdawgmai variety), guava (Pan-seetong variety), chinese
pear (Hawm variety), durian (Chanee variety), orange (Sai-nuhm-phung variety),
rambutan (Rong-rean variety), lychee (Jackkrapat variety), pomelo (Tongdee variety),
lychee (Hohnghooway variety), rose apple (Tub-tim-jun variety), mangosteen,
longkong, star fruit, pineapple (Sri-ra-cha variety), durian (Mawntong variety) and
rose apple (Toon-klow variety). Low concentration of magnesium was less than 41.71
mg/100 g dry wt. and found in longan in syrup (14.71 mg/100 g dry wt), rambutan in
syrup (19.55 mg/100 g dry wt), lychee in syrup (20.53 mg/100 g dry wt), apple (Fuji
variety, 23.83 mg/100 g dry wt), apple (Granny Smith variety, 29.47 mg/100 g dry
wt), grape (Green variety, 30.89 mg/100 g dry wt), fruit salad (33.36 mg/100 g dry
wt), sapodilla (39.24 mg/100 g dry wt), pomelo (Khao-nahm-peung variety, 40.48
mg/100 g dry wt), and longan (Kalokbew variety, 41.69 mg/100 g dry wt).

The amount of magnesium value of each kind of fresh fruits and fruits in syrup
was calculated for one portion by following the food exchange lists that one portion of

fruit is equal to 15 g of carbohydrate (68) and then Food Composition Table (69) was
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used to calculate the weight of each fruit per one portion. Considering on the unit of
milligrams per one portion, the range of magnesium content was between 2 to 27
mg/portion. Dragon fruit (Vietham variety) had the highest content of magnesium

content per one portion. In contrast, the lowest content of magnesium (2 mg/portion)

was found in longan in syrup, see in Table 14.

5.3 Micro-minerals Content Analysis

The micro-mineral contents of fresh fruits and fruits in syrup are shown in Table
15 or 16 and Table 17 (per 100 g dry wt or per 100 g edible portion and per portion).
The micro-mineral contents were varied among Iron (Fe), Copper (Cu) and Zinc (Zn)
content in different varieties of fresh fruit or fruit in syrup. The data of micro-mineral
was determined in term of milligram per 100 g edible portion and then they were
converted to per 100 g dry wt and milligram per portion.

5.3.1 Iron content of fresh fruitsand fruitsin syrup

In all selected fruits, the wide variation of iron content was observed in this study
which ranged from 0.54 to 3.01 mg/100 g dry wt in fresh fruits and 0.70 to 0.94
mg/100 g dry wt in canned fruits. The highest amount of iron was found in
watermelon [Jin-trarah variety (yellow), 1.79 mg/100 g dry wt] and strawberry (3.01
mg/100 g dry wt). Base on the Quartile deviation, iron are divided into three levels.
The high level of iron was more than 1.14 mg/100 g dry wt, medium level ranged from
0.80-1.14 mg/100 g dry wt, and low level was less than 0.80 mg/100 g dry wt. The
high iron content was found in grape (Green variety), pineapple (Sri-ra-cha variety),
guava (Pan-seetong variety), lychee (Hohnghooway variety), rose apple (Toon-klow
variety), dragon fruit (Vietnam variety), ripe papaya (Khakdahm variety), chinese pear
(Hawm variety), watermelon (Jin-trarah variety, red) and star fruit which ranged from
1.14 to 1.66 mg/100 g dry wt. The moderate amount of iron content (0.82 to 1.11
mg/100 g dry wt) was found in unripe mango (Kheosawoei variety), lychee
(Jackkrapat varieties), fruit salad, orange (Sai-nuhm-phung, Clementine varieties), ripe
banana (Kai variety), lychee in syrup, durian (Chanee variety), ripe banana (Hawm
variety), longkong, rose apple (Tub-tim-jun variety), ripe banana (Nahm-wah variety),
salacca, pomelo (Tongdee, Khao-nahm-peung varieties), jackfruit, longan (Kalokbew
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variety) and apple (Granny Smith variety). While low level was found in chinese pear
(Namphung variety), sapodilla, mangosteen, longan in syrup, durian (Mawntong
variety), rambutan in syrup, mango (ripe Nahmdawgmai and unripe Rad varieties)
rambutan (Rong-rean variety), sugar apple (Nahng variety) and apple (Fuji variety)
(0.54-0.80 mg/100 g dry wit).

When the data were converted to milligram per one portion based on 15 g of
carbohydrate that recommended by food exchange list (68), the amount of iron values
ranged from 0.1 to 0.6 mg/one portion. The highest was found in strawberry (0.6
mg/one portion), while the lowest was found in apple (Fuji variety), banana (Hawm
and Kai varieties), chinese pear (Namphung variety), durian (Mawntong variety),
lychee (Jackkrapat variety), mango (Kheosawoei; unripe, Nahmdawgmai; ripe, Rad;
unripe varieties), mangosteen, orange (Clementine variety), pomelo (Khao-nahm-
phung variety), rambutan (Rong-rean variety), sapodilla, sugar apple (Nahng variety),
longan in syrup and rambutan in syrup (0.1 mg/one portion).

5.3.2 Copper content in fresh fruit and fruit in syrup

The range of copper content of all samples was 0.18 to 1.59 mg/100 g dry wt
(Table 15 and 16). The copper content ranged from 0.18 to 1.59 mg/100 g dry wt in
fresh fruits and 0.26 to 0.43 mg/100 g dry wt in canned fruits. Lychee (Hohnghooway
variety) and grape (Green variety) were the highest source of copper in fresh and
canned fruits (1.04 and 1.59 mg/100 g dry wt, respectively). The data were divided
into three levels by the Quartile deviation, high level (more than 0.60 mg/100 g dry
wt), medium level (0.38 - 0.60 mg/100 g dry wt) and low level (less than 0.38 mg/100
g dry wt). High level of copper content (0.60-0.89 mg/100 g dry wt) was found in
unripe mango (Kheosawoei variety), lychee (Jackkrapat variety), watermelon (Jin-
trarah variety, yellow), durian (Chanee variety), longan (Kalokbew variety), guava
(Pan-seetong variety), durian (Mawntong variety), jackfruit, rambutan (Rong-rean
variety) and unripe mango (Rad variety). Medium level of copper content was found
in rose apple (Tub-tim-jun variety), ripe papaya (Khakdahm variety), rambutan in
syrup, sugar apple (Nahng variety), lychee in syrup, ripe banana (Hawm variety),
pomelo (Khao-nahm-peung variety), apple (Granny Smith variety), star fruit, pomelo

(Tongdee variety), ripe banana (Kai variety), mangosteen, rose apple (Toon-klow
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variety), chinese pear (Namphung variety), orange (Clementine variety), chinese pear
(Hawm variety), watermelon (Jin-trarah variety, red), longkong and strawberry which
ranged from 0.39 -0.59 mg/100 g dry wt. The low amount of copper was found in
sapodilla, fruit salad, ripe banana (Nahm-wah variety), orange (Sai-nuhm-phung
variety), pineapple (Sri-ra-cha variety), salacca, longan in syrup, dragon fruit (Vietham
variety), ripe mango (Nahmdawgmai variety) and apple (Fuji variety) ranging from
0.18-0.38 mg/100 g dry wt.

One portion of fresh and canned fruits was calculated by based on 15 gram of
carbohydrate that recommended from the food exchange list (68). Copper content of
edible portion of fresh fruits and fruits in syrup per one portion was shown in Table
17. Grape (green variety) was the highest source of copper (0.26 mg/portion) and the
lowest sources of copper were banana (Nahm-wah variety), papaya (Khak-dahm
variety), pineapple (Sriracha variety), pomelo (Khao-nahm-phung variety) and
sapodilla (approximately 0.03 mg/portion).

5.3.3 Zinc content in fresh fruitsand fruitsin syrup

The values of zinc content in fresh and canned fruits were shown in Table 15 and
16. The values of zinc content ranged from 0.28 to 1.97 mg/100 g dry wt. The values
of zinc content in fresh and canned fruits ranged from 0.29 to 1.97 and 0.28 to 0.52
mg/100 g dry wt, respectively. The highest sources of zinc in fresh fruits and fruits in
syrup were found in longkong, dragon fruit (Vietham variety), strawberry and star fruit
(1.22 to 1.97 mg/100 g dry wt). According to the Quartile deviation, zinc contents
were divided into three levels; high level (more than 0.66 mg/100 g dry wt), medium
level (0.42 to 0.66 mg/100 g dry wt) and low level (less than 0.42 mg/100 g dry wt).
High content of zinc was found in rambutan (Rong-rean variety), longan (Kalokbew
variety), lychee (Jackkrapat variety), salacca, durian (Chanee variety), guava (Pan-
seetong variety), lychee (Hohnghooway variety), watermelon (Jin-trarah variety,
yellow) and ripe papaya (Khakdahm variety) ranging from 0.69-1.02 mg/100 g dry
wt). Medium content of zinc was found in ripe banana (Nahm-wah variety), unripe
mango (Kheosawoei variety), grape (Green vatiery), pomelo (Tongdee Vvariety),
pineapple (Sri-ra-cha variety), ripe banana (Hawm variety), mangosteen, chinese pear

(Namphung variety), pomelo (Khao-nahm-peung variety), fruit salad, chinese pear
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(Hawm variety), jackfruit, ripe banana (Kai variety), durian (Mawntong variety), rose

apple (Toon-klow variety), watermelon (Jin-trarah variety, red) and sugar apple
(Nahng variety) which ranged from 0.43-0.62 mg/100 g dry wt. And low content of

zinc (0.28-0.42 mg/100 g dry wt) was found in rambutan in syrup, apple (Fuji and
Granny Smith varieties) sapodilla, longan in syrup, orange (Sai-nuhm-phung variety),
ripe mango (Nahmdawgmai variety), lychee in syrup, rose apple (Tub-tim-jun

variety), unripe mango (Rad variety) and orange (Clementine).

Zinc contents of edible portion of fresh fruits and fruits in syrup per milligram per
one portion were show in Table 17. The highest zinc content was found in star fruit
and Strawberry (approximately 0.3 mg/portion), while the lowest zinc content was
found in apple (Granny Smith variety) and rambutan in syrup with approximately O
mg/portion.

The comparison among the macro-micro minerals between fruit in syrup and
fresh fruit found that fruits in syrup had lower both in macro-micro elements than
fresh fruit as compared in per 100 g dry wt however, both fresh fruits or fruits in syrup

contained only small amount of micro-minerals.
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5.4 Total polyphenol, Tannin, and Catechin Content Analysis

The total polyphenol content and the composition of total polyphenol, tannin and
catechin of fresh fruits and fruits in syrup were shown in Table 18 (per 100 g dry wt).
All of them were analyzed in freeze dried form. The polyphenol, tannin, catechin
content was determined in term of mg/100 g dry basis and then they were converted to
mg/100 g edible portion as shown in table 18.

In fresh fruits, the total polyphenol, tannin and catechin contents ranged from
45.44 to 2110.62 mg GAE/100 g dry basis for total polyphenol, 3.24 to 167.53 mg
tannic acid equivalent /100 g dry basis for tannin and 0.13 to 81.82 mg catechin
equivalent/100 g dry basis for catechin, respectively. In canned fruits, the contents of
total polyphenol and tannin are between 116.06 to 183.66 mgGAE/100 g dry basis and
64.92 to 79.47 mg tannic acid equivalent /100 g dry basis. Comparison among the
amount of polyphenol content of all fresh fruit varieties in this study found that sugar
apple (Nahng variety), star fruit and strawberry was the highest source of total
polyphenol and tannin content by giving the values about 1246.23 to 2110.62
MgGAE/100 g dry basis and 84.83 to 167.53 mg tannic acid equivalent /100 g dry
basis. Catechin content was not found in unripe mango (Kheosawoei variety),
mangosteen, ripe papaya (Kaah-dahm variety), strawberry, fruit cocktail, longan in
syrup, lychee in syrup and rambutan in syrup. Comparison between tannin and
catechin contents in fresh fruits and fruits in syrup, the results showed that the tannin
contents were higher than the catechin contents with range values. A highest source of
catechin content was found in chinese pear (Hawm variety), sapodilla, lychee
(Jackkrapat variety), star fruit and sugar apple (Nahng variety) (20.50 to 82.81 mg
catechin equivalent /100 g dry basiBase on the Quartile deviation, total polyphenol
can categorize into three levels; High level was more than 448.82; medium level
ranged from 187.80 to 448.82; low level was lower than 187.80 mgGAE/100 g dry
basis. The high amount of total polyphenol was found in grape (Green variety), unripe
mango (Rad variety), orange (both Sai-nuhm-phung and Clementine varieties), longan
(Kalokbew variety), lychee (Hohnghooway variety), durian (Mawntong variety), apple
(Granny Smith variety), lychee (Jackkrapat variety) and guava (Pan-seetong variety)
ranging from 444.03 to 859.97 mgGAE/100 g dry basis. The moderate amount (189.18
to 438.70 mgGAE/100 g dry basis) of total polyphenol was found in longkong,
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chinese pear (Hawm variety), sapodilla, watermelon (Jin-trarah red variety), rose apple
(Toon-klow variety), watermelon (Jin-trarah yellow variety), pomelo (Tong-dee
variety), ripe banana (Nahm-wah variety), unripe mango (Kheosawoei variety),
pomelo (Khao-nahm-phung variety), ripe banana (Kai variety), pineapple (Sri-ra-cha
variety), durian (Chanee variety), rambutan (Rong-rean variety), salacca, ripe banana
(Hawm variety), ripe mango (Nahmdawgmai variety), dragon fruit (Vietnam variety)
and mangosteen. Low level was found in ripe papaya (Khak-dahm variety), chinese
pear (Namphung variety), rambutan in syrup, longan in syrup, apple (Fuji variety),
rose apple (Tub-tim-jun variety), lychee in syrup, jackfruit and fruit salad which
ranged from 45.44 to 183.66 mgGAE/100 g dry basis.

Tannin content can divided into three levels by using the Quartile deviation, high
level (more than 73.76 mg/100 g dry basis), medium level (ranged from 10.29 to 73.76
mg/100 g dry basis), and low level (less than 10.29 mg/100 g dry basis). The high
level (73.87 to 167.53 mg/100 g dry basis) was found in lychee in syrup, unripe mango
(Kheosawoei variety), rambutan in syrup, unripe mango (Rad variety), longan in
syrup, star fruit, sapodilla, strawberry, ripe mango (Nahm-dawg-mai variety) and
sugar apple (Nahng variety). Medium level (10.50 to 73.65 mg/100 g dry basis) was
found in salacca, apple (Granny Smith variety), chinese pear (Namphung variety),
dragon fruit (Vietham variety), ripe papaya (Khak-dahm variety), apple (Fuji variety),
rambutan (Rong-rean variety), durian (both Chanee, Mawntong varieties), ripe banana
(Kai variety), longan (Kalokbew variety), lychee (Hohnghooway variety), rose apple
(Tub-tim-jun variety), chinese pear (Hawm variety), grape (Green variety), ripe
banana (Nahm-wah variety), rose apple (Toon-klow variety), guava (Pan-seetong
variety), fruit salad, watermelon (Jin-trarah yellow variety) and lychee (Jackkrapat
variety). Low level (3.24 to 10.08 mg/100 g dry basis) was found in jackfruit,
pineapple (Sri-ra-cha variety), longkong, orange (Sai-nuhm-phung variety), pomelo
(Khao-nahm-phung and Tongdee varieties), mangosteen, watermelon (Jin-trarah red
variety), ripe banana (Hawm variety) and orange (Clementine variety).

For catechin content, the Quartile deviation was use to divide catechin content
into three levels. High level was more than 7.85 mg/100 g dry basis, medium level
ranged from 0.67 to 7.85 mg/100 g dry basis and low level was less than 0.67 mg/100
g dry basis. The high amount of catechin (7.91 to 13.42 mg/100 g dry basis) was found
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in lychee (Hohnghooway variety), rose apple (Toon-klow variety), guava (Pan-seetong
variety), apple (Fuji variety), grape (Green variety), chinese pear (Namphung variety)
and ripe banana (Nahmwah variety). The moderate level (0.74 to 7.68 mg/100 g dry
basis) was found in durian (Mawntong variety), longan (Kalokbew variety), durian
(Chanee variety), orange (Clementine variety), banana (Hawm variety), pomelo
(Khao-nahm-peung variety), salacca, dragon fruit (Vietham variety), ripe mango
(Nahmdawgmai variety), rose apple (Tub-tim-jun variety), ripe banana (Kai variety),
rambutan (Rong-rean variety), apple (Granny Smith variety) and longkong. Low level
was found in watermelon (Jin-trarah variety both in yellow and red), orange (Sai-
nuhm-phung variety), jackfruit, pomelo (Tongdee variety), pineapple (Sri-sa-cha
variety) and unripe mango (Rad variety) which ranged from 0.13 to 0.65 mg/100 g dry
basis.

Data on the total polyphenol, tannin and catechin content per one portion were
shown in Table 19. The calculation of polyphenol, tannin and catechin content to one
portion of each fruits were 6.07 to 397.13 mgGAE / portion for total polyphenol, 0.58
to 28.49 mg tannic acid equivalent/portion for tannin and 0.02 to 12.79 mg catechin
equivalent / portion for catechin, respectively. Strawberry was the highest source of
total polyphenol and tannin (397.13 mgGAE/portion and tannin 28.49 mg tannic acid
equivalent /portion) while star fruit is the greatest source of catechin (12.79 mg
catechin equivalent/portion). The polyphenol and tannin content among fruits in syrup
of present study showed that the highest polyphenol and tannin contents were found in
fruit cocktail (polyphenol: 35.49 mg GAE/portion, tannin: 12.54 mg tannic acid

equivalent/ portion).
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5.5 Phytate Content Analysis

The phytate content and the composition of phytate; IP5 and IP6, of fresh fruits
and fruits in syrup were shown in Table 20 (per 100 g dry basis and per 100 g edible
portion) and Table 21 (per portion). All fruit samples were analyzed in freeze dried
forms. The phytate content was reported as milligram per 100 g dry basis and then
they were converted to milligram per 100 g edible portion.

The phytate content of fresh fruits ranged from 0.10 to 40.00 mg/100 g dry basis.
Phytate content was not found in durian (both in Chanee and Mawntong varieties),
papaya (Khak-dahm variety), pineapple (Sri-ra-cha variety), rose apple (Toon-klow
variety), salacca, sugar apple (Nahng variety), watermelon (Jin-trarah variety, red
color). Lychee (Jackkrapat variety) and dragon fruit (Vietham variety) were the
highest source of phytate (24.55 and 40.00 mg/100 g dry basis, respectively). Base on
the Quartile deviation, the data were divided into three levels; High level was more
than 10.22 mg/100 g dry basis, medium level was 1.24 to 10.22 mg/100 g dry basis
and low level was less than 1.24 mg/100 g dry basis. High level (10.22 to 20.59
mg/100 g dry basis) was found in apple (Fuji variety), rambutan (Rong-rean variety),
apple (Granny Smith variety), longkong, pomelo (Tongdee variety) guava (Pan-
seetong variety), and strawberry. Medium level was found in mangosteen, ripe banana
(Kai variety), watermelon (Jin-trarah variety, yellow), star fruit, grape (Green variety),
jackfruit, chinese pear (Hawm variety), orange (Clementine and Sai-nuhm-phung
varieties), sapodilla, chinese pear (Namphung variety), pomelo (Khao-nahm-peung
variety) and lychee (Hohnghooway variety) which ranged from 1.27 to 9.89 mg/100 g
dry basis. Low level (0.10 to 1.24 mg/100 g dry basis) was found in rose apple (Tub-
tim-jun variety), ripe banana (Hawm variety), ripe mango (Nahmdawgmai variety),
longan (Kalokbew variety), ripe banana (Nahm-wah variety) unripe mango (Rad
variety) and unripe mango (Kheosawoei variety).

Phytate content per one portion was highest amount (7.22 mg/ portion) in dragon
fruit (Vietnam variety) whereas that of rose apple (Tub-tim-jun variety) was the lowest
amount (0.03 mg/portion). In addition, data showed that fresh fruit is poor sources of
phytate which ranged from 0.03 to 7.22 mg/portion. However, when consider on the
content of phytate all the fruit samples even in form of mg /100g edible portion or mg

per 100 g dry basis, it was found that the fruit samples are poor sources of phytate.
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5.5.1 The molar ratios of Phytate : Iron, Phytate : Zinc and [Calcium]
[Phytate] : Zinc

The results of the phytate : iron, phytate : zinc and [Ca][Phytate] : zinc molar
ratios from the present study were showed in Table 22. The phytate : iron molar ratios
of selected Thai fresh fruits ranged from 0.01 to 2.06 : 1. Rose apple (tub-tim-jun
variety) had the lowest molar ratio of phytate : iron, while Lychee (jakkrapat variety)
had the highest molar ratio of phytate : iron. The highest molar ratios of phytate:zinc
was found in apple (Granny Smith variety) (4.2 :1). The lowest molar ratios of
phytate : zinc was found in rose apple (tub-tim-jun variety) (about 0.02 : 1). While the
[calcium][phytate] : zinc ranged from 0.01 to 38.96:1. The highest molar ratios of
[calcium][phytate] : zinc was found in Pomelo (tongdee variety). The lowest molar
ratios of [calcium][phytate] : zinc was found in ripe Banana (Hawm, Kai varieties) and
Star fruit. Again based on data analysis of phytate or calculation of molar ratio of
phytate with some minerals (iron, zinc and calcium), it revealed that small amount of
the molar ratios between phytate and iron, zinc or calcium was obtained for all fruit

samples.
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CHAPTER VI
DISCUSSION

6.1 Mineral analysisof 39 fresh fruitsand 4 fruitsin syrup

It has been known that fruits are important source of vitamins and minerals (70-
74). Fruits and vegetables have low energy content, while the nutrient density are very
high especially potassium and polyphenol (70-74, 80-82). Recently, many
researchers indicated that some components of fruits and vegetables might prevent or
linked to decrease risk of non-communicable diseases such as heart diseases, diabetes
and some certain cancers (22, 23). Increased consumption of fruits and vegetables
may help by replacing foods which are high in calorie density and also high in
saturated fats, sugar and salt. Therefore, to promote good health and prevent any
chronic diseases, increasing consumption of vegetables and especially fresh fruits
should be encouraged. In 2003, WHO recommended that the consumption of fresh
fruits and vegetables to be more than 400 g/d can prevent non-communicable disease
such as cardiovascular diseases and certain cancers (75). However, during the past
decade, eating patterns and lifestyle (19-21) have shifted from a traditional practice to
a more westernized one. The consumption of high fats, high sugars, and low fruits and
vegetables were observed. This leads to a rising incidence and mortality rate of
chronic diseases (19-21).

In this study, mineral compositions of various varieties of Thai fruits were
analyzed. The mineral compositions of fruits are influenced by many cultivar of plant
such as the production area, cultivar, soil and climate conditions during growing,
agricultural practices, use of fertilizers, the state of the fruits maturity at harvest,
storage conditions and transportatemnditions before reaching to consum@ts, 78,

87). It is scientifically accepted that the mineral compositions of fruits is a distorted
reflection of the mineral composition of the soil and environment in which the plants
grow. The macro- and micro- elements were determined from 39 fresh fruits and 4
fruits in syrup were showed in Table 12-14 and 15-17. The highest content of analyzed
elements in the entire samples was potassium (K). Epidemiological and
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clinical studies have strongly suggested that an increase in K intake can decrease
blood pressure (38, 39). This was supported by the conclusion of meta-analysis of
clinical trials that low potassium intake may play an important role in the genesis of
high blood pressure (39). However, in the end-stage of chronic renal failure, patients
should be avoiding food with high potassium. If the level of potassium in blood is
higher than 6.5 mmol/l, it affects the muscle and eventually causes abnormal function
that may contribute to malfunction of the heart muscle and death in the patients (32,
33). In this study, the result of potassium content in fresh fruits and fruits in syrup
ranged from 136.88 to 1933.50 mg/100 g dry wt or 28.30 to 405.60 mg/100 g edible
portion. Some values were similar and some were varied to those reported in nutritive
values of Thai food compaosition table, INMU 1999, and the study of Kongkachuichai
R, 1990 see in table 23 (69, 77). The excellent source of potassium was found in ripe
papaya (Khak-dham variety, 1933.50 mg/100 g dry wt or 198.64 mg/100 g edible
portion). In term of milligram per 100 g edible portion, ripe banana (Kai and Hawm
varieties) and durian (Chanee variety) were rich sources of potassium (ranged from
309.75 to 405.60 mg/100 g edible portion). The potassium value of ripe papaya (Khak-
dham variety) in each market of this study (range from 136.54 - 364.64 mg/100 g
edible portion) was close to the value from Thai food composition table, INMU, 1999,
(230 mg/100 g edible portion) and other publications by Wall MM (2006) (153.9
mg/100 g edible portion) and Sanchez-Castillo et al (1998) (194 mg/100 g edible
portion) but higher than the study of Leterme P et al (2005) which found that the K in
ripe papaya contained by about 85 mg/100 g edible portion (70-72). In addition,
potassium content of ripe banana in present study was similar to the values reported by
Wall M.M. (2006) who found that potassium content of banana was 330.6 mg/100 g
edible portion, (table 23). In contract, the potassium content in banana obtained from
this study was in disagreement to the potassium content reported by Harrison A et al.
(2001) who found that potassium content of banana was 509 mg/100 g edible portion
(74). In addition, the potassium contents of longan, lychee and rambutan of this study
were lower than those reported by Wall MM. in 2006 (73). However, Leterme P et al.
(2005) reported the potassium contents in guava, mango, sugar apple and star fruit
(332, 176, 368 and 102 mg/100 g edible portion, respectively) which were higher than
those fruits of in this study, while the contents in pineapple (39 mg/100 g edible
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portion) and ripe papaya (85 mg/100 g edible portion) are lower (71). Comparison of
the potassium contents in watermelon between Thai food composition table, INMU,
1999 with the value of present study found that the potassium in watermelon obtained
in this study was higher (111.35 and 119.78 mg/100g edible portion) than that
obtained from Thai food composition table, INMU, 1999 (78 mg/100g edible portion).
There are differences between the value of K in ripe papaya, longan, lychee, rambutan,
guava, mango, sugar apple, star fruit and watermelon which obtained in the present
study and other publications such as Leterme P (2005), Wall M.M. (2006) (with
exception of K value in ripe papaya) and Harrison A et al. (2001) (71-74). The content
of potassium in strawberry in this study was lower than that of Hakala M, et al (2003)
(209 mg/100g edible portion) (78). Some data analyses obtained in this study were
more or less similar to the potassium values reported in other previous publications.
The main causes of differences in K content might be due to the different in variety,
sampling method, sample preparing and methodology, and in various conditions as
addressed above (76, 78, 87). Unfortunately, no further information of potassium
contents in other fruits and fruit in syrup is available in other previous publications.

Recently, the Recommended Daily Intake for Thais (Thai RDI) in 1998
recommended that potassium requirement for adult people should be around 3,500
mg/day (34). The consumption of dragon fruit (Vietham variety) which have the
highest potassium content for one portion or equal to 120 g edible portion would meet
around 9% of the Thai RDI.

Sodium content of fresh fruits and fruits in syrup ranged from 2.83 to 69.80
mg/100 g dry wt or 0.59 to 16.32 mg/100 g edible portion. Among all fruit samples,
pomelo (Tongdee variety) was the excellent source of sodium (69.80 mg/100 g dry wt
or 7.86 mg/100 g edible portion). Sapodilla was a good source of sodium (16.32
mg/100 g edible portion or 66.69 mg/100g dry wt). The values of sodium in fresh
fruits (mg/100g edible portion) such as apple (Fuji; without peeled and Granny Smith;
with peeled varieties), ripe banana (Hawm and Kai, varieties), chinese pear (Hawm;
without peeled, Namphung; with peeled varieties), durian (Chanee and Mawntong
varieties), grape (Green variety), guava (Pun-seetong variety), jackfruit, lychee
(Hohnghooway and Jackkrapat varieties), unripe mango (Kheosawoei and Rad,

varieties), orange (Clementine and Sai-nuhm-phung, varieties), ripe papaya (Khak-
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dahm variety), pineapple (Sriracha variety), rose apple (Toon-klow variety), sapodilla,
sugar apple (Nahng variety) and watermenlon (Jin-trarah yellow color variety) and all
fruit in syrup were lower than those obtained from Thai food composition table,
INMU, 1999, while ripe banana (Nahm-wah variety), ripe mango (Nahmdawgmai
variety), rambutan (Rong-rean variety), and watermelon (Jin-trarah variety, red color)
were in agreement with the value obtained from Thai food composition table, INMU,
1999 (table 23) (69). However, the data of sodium which reported in Thai food
composition table, INMU, 1999 were not complete. Comparing the result of sodium
in this study with those from the study of Kongkachuichai R, 1990 (77), it was found
that sodium contents of durian (Mawntong variety), grape (Green variety), lychee
(Jackkrapat variety), unripe mango (Kheosawoei variety), orange (Clementine
variety), ripe papaya (Khak-dahm variety) and sapodilla in this study were lower than
the values in the study of Kongkachuichai R (1990) while sodium content of longan
(Kalokbew variety) in this study was higher than the value in the study of
Kongkachuichai R, 1990. Moreover, sodium contents of guava, mango (ripe;
Nahmdawgmai variety, unripe; Rad variety), longan (Kalokbew variety), pineapple
(Sriracha variety) and star fruit in this study were similar to those in the same varieties
in previous studies (70, 71, 73). The study of Wall M.M, 2006 (72, 73) found that
sodium contents of banana, papaya and rambutan (16.55, 9.8 and 6.1 mg/100 g edible
portion, respectively) were higher than the values in this study (4.14-6.70, 2.85 and
3.16 mg/100 g edible portion, respectively). However, sodium content of ripe papaya
in this study (2.85 mg/100 g edible portion) was similar to that of the study of
Sanchez-Castillo et al (1998) (3 mg/100 g edible portion) (70) but lower than a value
from the study of Wall M.M (2006) and Leterme P, et al (2005) (9.8 and 7 mg/100 g
edible portion) (table 23).

Recently, the recommendation of daily intake for Thais (Thai RDI) in 1998
recommends that sodium requirement for adult people should be around 2400 mg/day
(34). However, data of present study indicated that all fresh or syrup fruits were not
good sources of sodium. Therefore, the consumption of fresh fruits and fruits in syrup
per one portion would meet 0 to 0.5% of the Thai RDI. The highest source of sodium

in this study was sapodilla.
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QGalcium content in the present study ranged from 7.17 to 138.91 mg/100 g dry wt
or 1.17 to 22.09 mg/100 g edible portion. The consideration of calcium value in all
samples of data showed that orange (Clementine variety) was the excellent source of
calcium content when compared to all fruit samples (138.91 mg/100 g dry wt or 17.18
mg/100 g edible portion). Most kinds of fruits had the calcium values lower than those
reported in nutritive values of Thai food composition table, INMU, 1999 (69), while
calcium contents of longan (Kalokbew variety), and sapodilla were closely to the
nutritive values of Thai food composition table, INMU (1999). In addition, comparing
these results with those obtained by Wall M.M. (2006) (72), the mean concentrations
of calcium in banana and papaya (6.39, 16.6 mg/100 g edible portion, respectively)
were higher than those of ripe banana (2.69 mg/100g edible portion of Hawm variety,
2.03 mg/100g edible portion of Kai variety and 5.63 mg/100g edible portion of Nahm-
wah variety) and ripe papaya (8.06 mg/100g edible portion of Kahm-dahm variety) in
this study while the study of Hardisson A, et al (2001) (74) demonstrated that calcium
content in banana was 18.8 mg/100 g edible portion. However, the calcium values of
longan (Biew Kiew variety) and rambutan (Rong-rean variety) (6.6 and 8.2 mg/100 g
edible portion, respectively) that were published by Wall M.M, (2006) were closed to
those of this study. The calcium content of ripe papaya was lower (8.06 mg/100 g
edible portion) than that of the previous publication by Leterme P, et al (2005) and by
Sanchez-Castillo, et al (1998) who reported that calcium in papaya was around 16-
16.6 mg/100 g edible portion (70, 71), see in table 23. In pineapple, the calcium
concentration (10.15 mg/100 g edible portion) was closed to that reported by Sanchez-
Castillo, et al (1998) who found that calcium in pineapple was around 11 mg/100 g
edible portion (70). While calcium content of pineapple in this study was two times
lower than that reported from Leterme P, et al (2005) (21 mg/100 g edible portion).
The value of calcium in strawberry in this study was lower than that of Hakala M, et al
(2003) (18.9 mg/100g edible portion) (78) (table 23).

The Thai RDI for calcium is 800 mg/day for adults (34). Data of present study
indicated that fruits were not good source of calcium. Therefore, the consumption of
Thai fruit one portion would meet only 0 - 3% requirement of the Thai RDI. The

highest sources of calcium in this study were found in strawberry.
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For magnesium, the value ranged from 14.71 to 150.45 mg/100g dry wt or 3.08 to
25.21mg/100 g edible portion. Comparison among the magnesium content between
various fresh fruits varieties and fruits in syrup showed that dragon fruit (Vietham
variety) was a great source of magnesium (150.45 mg/100 g dry wt or 22.65 mg/100 g
edible portion). When the values were expressed to milligram per 100 g edible portion,
the results showed that all ripe bananas (Hawm, Kai and Nahm-wah varieties), dragon
fruit (Vietnam variety) and sugar apple (Nahng variety) were rich sources of
magnesium (ranged from 21.02 to 25.21 mg/100 g edible portion). For magnesium,
no information of magnesium value of Thai fruits is available in Thai food
composition table, INMU (1999) (69). However, some values of magnesium in this
study were lower than the results of Kongkachuichai R. (77) who determined the
macro-element in Thai vegetables and fruits except grape (Green variety), jackfruit,
lychee (Jackkrapat variety), mango (unripe:Kheosawoei, ripe:Nahmdawgmai and
unripe:Rad variety), ripe papaya (Khak-dahm variety), pineapple (Sriracha variety).
When comparing results in this study with other studies, it was found that magnesium
content in pineapple (ranged from 4.62-14.84 mg/100 g edible portion) was in
agreement with the publication of Leterme P, et al (2005) and Sanchez-Castillo, et al
(1998) (9 and 13 mg/100 g edible portion, see in table 23 (70, 71). The study of Wall
M.M, (2006) (72, 73) showed that magnesium content in banana, longan (Biew Kiew
and Sri chompoo variety), papaya and rambutan were 35.1, 12.4, 14.2, 24.8 and 15 mg
of magnesium/100 g edible portion, respectively. Those values were higher than the
value in this present study. In addition, magnesium content in ripe papaya of this
study was about 3.04 to 9.52 mg/100 g edible portion which is somewhat nearly the
values observed by Leterme P., et al (2005) and Sanchez-Castillo, et al (1998) (10 and
8 mg/100 g edible portion, respectively) (70, 71) but lower than those reported by
Wall M.M, (2006) (24.8 mg/100g edible portion) (72). The magnesium content of
strawberry in this study was lower than the value from Hakala M., et al (2003) (16.1
mg/100g edible portion) (78). The value of magnesium of sugar apple and star fruit in
this study were also two times lower than those reported by Leterme P., et al (2005)
(47 and 13 mg/100 g edible portion, respectively), while that of guava was also 3
times lower (15 mg/100 g edible portion), (table 23) (71).
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The Daily Intake for Thais (Thai RDI) for magnesium is 350 mg/day for adults
(34). The greatest source of magnesium in this study was dragon fruit (Vietham
variety), (table 25).Therefore, the consumption of dragon fruit (Vietham variety) one
portion or 120 g would meet 8 % requirement for Thai RDI.

However, among the macro-mineral contents in the fruit samples both in fresh
and in syrup, it was found that potassium was the greatest (28.30 — 405.60 mg K/100g
edible portion) and low in sodium (0.59 — 16.32 mg Na/100g edible portion, see in
table 13. These findings were in agreement with the Leterme P., et al (2006) and
Kongkachuichai R. (1990) indicated that macro-element content of tropical fruit and
Thai fruits are generally high in potassium and low - very low in sodium (71, 77). In
this study found that the consumption of dragon fruit which had the highest potassium
content for one portion or equal to 120 g edible portion would meet around 9%
requirement of the Thai RDI (34). The Thai RDI for magnesium (Mg) is 350 mg/day
for Thai adults, one portion or 120 g of dragon fruit (Vietnam variety) would provide
8% of The Thai RDI for Mg. Strawberry was the highest source of calcium content
(3% of Thai RDI) considered by % of Thai RDI.
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In all fruit varieties, the wide variation of iron content ranged from 0.54 to 3.01
mg/100 g dry wt or 0.08 to 0.33 mg/100 g edible portion. The greatest amount of iron
was found in durian (Chanee variety; 0.32 mg/100 g edible portion) strawberry (0.32
mg/100g edible portion) and ripe banana (Nahm-wah variety; 0.33 mg/100 g edible
portion). These values were lower than those in the Thai food composition table,
INMU, 1999 (69) except for longan (Kalokbew variety). In addition, iron content in
ripe banana in this study was closed to iron content (0.31 mg/100 g edible portion) of
banana which published by Hardisson et al (2001) (74) but lower than iron content in
banana of Wall M.M. (2006) (72). Leterme P et al, 2005 (71) demonstrated that iron
content in guava, mango, papaya, star fruit and sugar apple were 0.89, 0.42, 0.37, 1.72,
1.34 mg/100 g edible portion, respectively. These values were higher than iron content
in the same fruits in this study. In addition, the study of Sanchez-Castillo, et al (1998)
(70) showed that the concentration of iron in mango, papaya and pineapple (0.4, 0.3
and 0.5 mg/100 g edible portion, respectively) were higher than those in this study. In
addition, iron content of strawberry in this study was 0.32 mg/100g edible portion.
This value was similar to iron content of strawberry in the study of Hakala M, et al
(2003) (78), (table 24).

The recommendation of dietary intake for Thais (Thai RDI) in 1998 suggested
that the requirement of Thai adult people should be around 15 mg/d for iron (34).
Fruits are commonly known that they are not good source of micro-elements
particularly iron, zinc and copper which confirmed by the results in this study.
Therefore, the consumption of fresh fruits and fruits in syrup per one portion would
meet only 1-4% of Thai RDI. The highest source of iron calculated per portion was
strawberry (4% of Thai RDI).

The present study showed that the range of copper content was 0.18 to 1.59
mg/100 g dry wt or 0.04 to 0.27 mg/100 g edible portion. Lychee (Hohnghooway
variety) and grape (Green variety) were the greatest sources of copper in fresh and
canned fruits (1.04 and 1.59 mg/100 g dry wt), while longkong and durian (Chanee
variety) were the greatest sources of copper when the unit was expressed to per 100 g
edible portion (0.24 and 0.27 mg/100 g edible portion). The consideration of copper
content in the Thai food composition table, INMU, (1999) (69) showed that the copper

content in fresh and canned fruits were lower than the copper content in this study.
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The data of copper in Thai food composition table are not complete. From the research
of Wall M.M. (2006) (72, 73) showed that copper content in banana, longan (Biew
Kiew and Sri chompoo varieties), papaya and rambutan were 0.26, 0.29, 0.23, 0.08
and 0.19 mg/100 g edible portion, respectively. Those values were higher than the
content of copper in this study except the copper content in ripe papaya. However, the
copper value of ripe papaya in this study (0.08-0.15 mg/100 g edible portion) were
higher than that of ripe papaya in the study of Leterma P et al, 2005 (0.01 mg/100 g
edible portion) (71) and Sanchez-Castillo et al, 1998 (0.07 mg/100 g edible portion)
(70). The value of copper in strawberry in this study (0.16 mg/100g edible portion)
was higher than that in the study of Hakala M., et al (2003) (0.06 mg/100 g edible
portion) (78) (Table 24).

The recommendation from dietary reference intake for Thais (Thai RDI) in 1998
suggested that Thai adult people should consume copper around 2 mg/day. This value
will meet the requirement of human body (34). Eating one portion of these fruits [98g
for Lychee (Hohnghooway variety) and 93 g for Grape (green variety)] will meet 10
and 13% of the Thai RDI, respectively.

The values of zinc content ranged from 0.28 to 1.97 mg/100 g dry wt or 0.04 to
0.28 mg/100 g edible portion. The rich source of zinc were found in longkong, dragon
fruit (Vietnam variety), strawberry and star fruit (1.22 to 1.97 mg/100 g dry wt), while
the rich source of zinc in a unit of per 100 g edible portion were found in jackfruit,
durian both in Chanee and Mawntong varieties and grape (Green variety) (0.20 to 0.28
mg/100 g edible portion). The data of zinc in Thai food composition table, INMU
(1999) (69) were not complete. However, the Thai food composition table, INMU
(1999) showed that zinc content of some fruits was similar and some were varied from
those of this study (69). Zinc content of mango in this study was similar to that in the
study of Sanchez-Castillo (1998) (0.09 mg/100 g edible portion) (70) and Leterme P.,
et al (2005) (0.13 mg/100 g edible portion) (71). The report of Wall M.M. (2006) (72,
73) showed that the values of zinc in banana, longan (Biew Kiew and Sri chompoo
varieties), papaya and rambutan (0.31, 0.27, 0.28, 0.08 and 0.22 mg/100 g edible
portion) were higher than those of the same fruit varieties in this study. Additional,

Hakala M et al, 2003 (78) who analyzed mineral content in strawberry found that zinc
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content of strawberry was 0.12 mg/100 g edible portion. This value was higher than
the zinc content in this study.

The recommendation from dietary reference intake for Thais (Thai RDI) in 1998
suggested that Thai adult people should consume zinc around 15 mg/day, this value
will meet requirement of human function (34). The consumption of fresh fruits and
fruits in syrup per one portion would meet 0 - 2% of the Thai DRI. The highest values
(2% of Thai RDI) were found in star fruit and strawberry.

The main causes of some different on the macro and micro-mineral in this study
with other publications, even in Thai food composition table, INMU, 1999, may be
due to the production area, cultivar, soil and climate conditions during the growing,
agricultural practices, the state of the fruits maturity at harvest, different in method for
sampling of fruit sample, preparation and analysis, and transportation conditions
before reaching consumers (76, 78, 87), (table 23, 24). When considering calcium
content of fruit in syrup and the same kinds of fresh fruits, calcium contents of fruits in
syrup are higher than that of the same kinds of fresh fruits (longan, lychee and
rambutan). The cause of difference may be due to the manufacturing process of fruit in
syrup. This process usually adds Calcium chloride (g§afwater for soaking fruits
in order to firm them. This cause is making the difference of the calcium content in
those fruits. Considering on the content of macro-micro elements in present study
showed that all fresh fruits and fruits in syrup are excellence sources of K especially in
durian (Chanee variety) and low in the amount of sodium (Na), calcium (Ca),
magnesium (Mg), iron (Fe), zinc (Zn) and copper(Cu). The calculation on the unit of
portion and compared with Thai RDI, the good source of mineral in present study,
except sodium which ranged from 10-19% of Thai RDI. In present study found that
some fresh fruits are good source of Thai RDI for potassium especially dragon fruit
(9%) and copper especially in lychee (Hohnghooway variety) and grape (Green
variety) supplied about 10-13% requirement for copper. Thus, lychee and grape were
considered as good sources of Cu. All fresh fruits and fruits in syrup are low-very low
in amount of sodium (Na), calcium (Ca), magnesium (Mg), iron (Fe) and zinc (Zn).
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6.2 Polyphenal, tannin and catechin analysis of 39 fresh fruits and 4 fruitsin
Syrup

Polyphenolic compounds are expressed through their action as an inhibitor or an
activator for a large variety of mammalian enzyme systems, and as metal chelators and
scavenger of free oxygen redicals (79). Total polyphenol content in all fresh and
canned fruits were analyzed using the Folin-Ciocauteu reagent. Table 26 showed the
comparison of total polyphenol content in this study and the published of total
polyphenol. Total polyphenol contents of fresh and canned fruits ranged from 45.44 to
2110.62 mg GAE/100g dry wt and 4.67 to 322.63 mgGAE/100 g edible portion. The
study of Cieslik E., et al (2006) showed that polyphenol contents of apple (Gara
variety), pink grape, white grape and orange were 964, 683, 793 and 1,461 mg/100g
dry mass, respectively (80). These values were higher than the values in this study
which found in apple [Fuji (without peeled) variety, 164.09 mgGAE/100g dry basis
and Granny Smith (with peeled) variety, 646.04 mgGAE/100 g dry basis], grape
(Green variety, 444.03 mgGAE/100 g dry basis), and orange (Clementine variety,
494.66 mgGAE/100 g dry basis and Sai-nuhm-phung variety, 475.75 mgGAE/100 g
dry basis). Thetudy of Rababah, et al (2005) (81) showed that the values of total
polyphenol in apple and strawberry were 339.2 and 531.7 mg/100g dry wt. These
values were lower than the values of total polyphenol of apple and strawberry in this
study; apple with peeled (Granny Smith varieties, 646.04 mgGAE/100g dry basis) and
strawberry (2,110.62 mgGAE/100g dry basis) except apple without peeled (Fuji
variety, 164.09 mgGAE/100g dry basis). In addition, total polyphenol of apple,
chinese pear and grape in this study were 24.41 mgGAE/100g edible portion of apple
without peeled (Fuji variety), 90.24 mgGAE/100g edible portion of apple with peeled
(Granny Smith variety), 29.75 mgGAE/100g edible portion of chinese pear without
peeled (Hawm variety), 14.63 mgGAE/100g edible portion of chinese pear with
peeled (Nahmphung variety) and 77.48 mgGAE/100g edible portion of grape (Green
variety). The data in this study are some similar and variations of variety to those of
the publication of Karadenniz F., et al (2005) (82) demonstrated that total polyphenol
content in eight varieties of apple, two varieties of grape and three varieties of pear
ranged from 54.1 to 133.3 mg/100 g edible portion of apple, 54.8 to 202.5 mg/100 g
edible portion of grape and 32.6 to 47.3 mg/100 g edible portion of pear. The
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differences of polyphenol content of fruits in this study from those of Cieslik E., et al
(2006), Karadenniz F., et al (2005) and Rababah et al (2005) might be due to the
difference of the environmental condition, soil, seasonal variation, the state of maturity
of plant, different method of sampling and analysis (76, 78, 87).

Data of total polyphenol content per one portion were showed in Table 19. The
calculation of total polyphenol content to one portion of each fruits was 6.07 to 397.13
MgGAE/ portion. In this study, the highest sources of polyphenol were sugar apple,
star fruit and strawberry (183.90 to 397.13 mgGAE/ portion).

Tannins are polyphenols capable of precipitating proteins from aqueous solution
and are widely distributed in plants. They have been reported to be responsible for
decreases in feed intake, growth rate, feed efficiency, net metabolizable energy and
protein digestibility in experimental animals (83). Tannins are at the centre of interest
because of their beneficial physiological property as a scavenger of reactive oxygen
intermediates (ROI) (84). Moreover, these tannic acids can behave as both
antioxidants and pro-oxidants depending on the concentration and free radical source.
Tannin and catechin contents in fresh fruits and fruits in syrup in this study were
analyzed using spectrophotometer according to the method of Brune, et al (1991) (66).
The ranges of tannin and catechin contents in this study were 3.24 to 167.53 mg/100g
of tannin equivalent (dry basis) and 0.13 to 82.81 mg/100g of catechin equivalent (dry
basis), respectively. Sugar apple (Nahng variety) contained the highest tannin and
catechin contents in the present study (167.53 mg/100g of tannin equivalent (dry
basis) and 82.81 mg/100g of catechin equivalent (dry basis)). However, the data of
tannin content in fruit were limited. When comparing the tannin value of sugar apple
of our data with the highest tannin content in lead tregdena leucocephala) from
the report of Chanwitheesuk A., et al (2005) (85) indicated that tannin content of sugar
apple of present study (43.37 mg/100g of tannin equivalent) was lower than tannin
content of lead tree (60.6 mg/100g). In addition, catechin content in this study was
between 0.01 to 21.44 mg/100g of catechin equivalent (edible portion). The amount of
catechin in this study especially apple (Fuji; without peeled and Granny Smith; with
peeled variety), grape (Green variety), mango (Kheosawoei; unripe, Nahmdawgmai;
ripe and Rad; unripe variety) and strawberry were lower than those of the study of

Arts et al (2000) (86) who determined the catechin content of fruits in the Netherlands,
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found that the catechin content ranged from 7.11 to 11.54 mg/100g edible portion of
seven varieties of apple, 3.92 to 20.39 mg/100g edible portion of two varieties of
grape, 1.72 mg/100g edible portion of mango and 4.47 mg/100g edible portion of
strawberry. The difference of catechin contents of our sample compared with those of
Arts et al (2000) study might be due to the difference on the methodology that applied
to determined catechin content of samples. Arts et al (2000) determined catechin in
samples by using HPLC but our study used Spectrophotometer, this might be main
cause for the difference between our results and those of Arts et al. (86). In addition,
there are many factors which are known to be affected on the nutrient and non-nutrient
content such as environmental condition, soil, seasonal variation, stage of maturity,
storage condition, different method of sampling and preparing (76, 78, 87).
Unfortunately, there are no other data available on tannin and catechin in Thai fruits.
Therefore, comparing polyphenol content in this study with other publications was
limited.

Consideration to the tannin and catechin content in the unit of milligram per one
portion, tannin and catechin content per one portion was showed in Table 19. The
excellent source of tannin was ripe mango (Nahmdawgmai varity) and strawberry
(25.60 to 28.49 mg tannic acid equivalent/ portion) while the rich source of catechin
content was sugar apple and star fruit (12.22 to 14.56 mg catechin equivalent/ portion).
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6.3 Phytate analysisof 39 fresh fruitsand 4 fruitsin syrup

Detary phytate might have both negative and positive roles. Although, phytate
can decrease mineral bioavailability and can contribute to mineral deficiency in
populations in the developing world who consume rice, grains and cereal as staple
foods, recent studies showed that dietary phytate might also have beneficial health
effects, for example as an anti-cancer and antioxidant (88, 89). The negative effects of
dietary phytate have the greatest impact on youth and growth in the developing world,
whereas the positive effects of phytate are interesting in the pathologies of aging such
as oxidative damage and cancer in the developed world. Phytate (inositol
pentaphosphate (IP5) and inositol hexaphosphate (IP6)) contents in fresh and canned
fruits were determined according to the method of Hotz and Gibson (2001) (67).
Phytate content ranged from 0.10 to 40.00 mg/100 g dry basis or 0.01 to 6.02 mg/100
g edible portion. Joung H., et al (2004) demonstrated that the amount of phytate
content of Korean food which was determined by anion-exchange and reading by
spectrophotometer as reported in mg per 100g of food item were as follows: 191.7-
973.3 mg in cereals; 508.5 - 1371.8 mg in legumes; 0.4 - 319.9 mg in vegetables; and
1- 50 mg in fruits. In case of fruits, Joung H., et al (2004) reported that phytate content
of apple (Fuji variety), banana, and watermelon were 1.4, 3.2 and 2.9 mg/100 g (90).
The values of banana and watermelon from the report of Joung H., et al (2004), were
higher than those in this study [0.13 mg/100 g edible portion of ripe banana (Hawm
variety), 0.43 mg/100 g edible portion of ripe banana (Kai variety), 0.39 mg/100 g
edible portion of ripe banana (Nahm-wah variety) and 0.21 of watermelon (Jittarrah
variety, yellow)], while phytate value of apple (Fuji variety) was similar to that of
apple without peeled (Fuji variety) in this study (range from 0.91-2.79 mg/100 g wet
wt). The difference in the data of phytate analysis was due to the different method for
phytate measurement, different method of sampling and preparing.  Because in this
study used the HPLC method for determination of phytate content in form of 1P4
(inositol tetraphosphate), IP5 (inositol pentaphosphate) and IP6 (inositol
hexaphosphate) but Joung H., et al (2004) used an anion exchanged method and read
their content by spectrophotometer. Therefore, using calorimetric method in Joung H.,
et al (2004) study for determination of phytate content in the form of phytate-
phosphorus might be overestimated due to the calculation of phytic-phosphorus
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included all the forms of phytic acid. It is not surprise why analysis data of phytate in
our study was lower. Since in our method, we measured phytate only in form of 1P4,
IP5 and IP6 but not all the phytic acid forms. In addition, Sandberg (1986) (91)
suggested that the precipitation and an anion exchange method were not specific as
they did not separate the forms of phytate (inositol hexaphosphate;IP) and thus
overestimated the phytate content in foods.

Moreover, the range of phytate in the unit of milligram per portion was 0.02 to
7.22 mg/portion. The highest of phytate content was found in dragon fruit (Vietnam
variety) while the lowest of phytate content was found in rose apple (Tup-tin-jun
variety).

Additional, the molar ratio of phytate to iron (Phy/Fe) or phytate to zinc (Phy/Zn)
or calcium, phytate to zinc (CaxPhy/Zn) are considered to be important for predicting
mineral absorption or bioavailability in the diet. According to Glahn et al., in 2002
demonstrated that a Phy/Fe molar ratio greater than 10 inhibit iron uptake or iron
absorption (92). In addition, Yang et al (2005) demonstrated that a Phy/Zn and
CaxPhy/Zn molar ratio greater than 10-20 and 200, respectively could have an
inhibitory effect on zinc absorption (93). WHO, 1996 (94) reported that Phy/Zn molar
ratio below 5 are designated as high zinc availability; ratios within the range of 5-15
was moderate availability; and ratios above 15 was low availability. The molar ratio of
Phy/Fe, Phy/Zn and PhyxCa/Zn as showed in Table 22. The molar ratio of Phy/Fe,
Phy/Zn and PhyxCa/Zn ranged from 0.00 : 1t0 2.60: 1, 0.00 : 1t0 4.20 : 1 and 0.00 :
1 to 38.96 : 1, respectively. Consideration among the molar ratio by calculation from
our data between the amount of phytate with some mineral such as Fe (Phy/Fe), Zn
(Phy/zn) and or Ca/zZn (Phy x Ca / Zn) of present study found that all selected fruit
samples had lower molar ratio as Glahn et al (2002), Yang et al (2005) and WHO
(1996) suggestion. Data of polyphenol, tannin and phytate contents indicated that all
selected fresh fruits and fruits in syrup were high sources of polyphenol but not for
phytate and tannin. Especially durian both in two varieties, guava, lychee in both
variety, star fruit, strawberry and sugar apple were the excellent sources of polyphenol

when compared to other fruit items.
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CHAPTER VII
CONCLUSION

The different amount of macro - micro minerals (sodium; Na, potassium; K,
calcium; Ca, magnesium; Mg, iron; Fe, zinc; Zn and copper; Cu), polyphenol, tannin,
catechin and phytate contents are generally influenced by many factors such as
cultivar of plant, soil and climate conditions during growing, agricultural practices, use
of fertilizers, the state of the fruits maturity at harvest, storage conditions and
transportation conditions before reaching to consumers. Many researches support the
promise that high potassium intake can decrease blood pressure. However, at the end-
stage of chronic renal failure, patients should be avoiding food with high potassium
because it may contribute to malfunction of the heart muscle and death in the patients.
This study found that the highest content of elements in the entire samples was
potassium. The range of potassium in all fresh fruits and fruits in syrup was between
28.30 to 405.60 mg/100g edible portion. The highest sources of potassium were ripe
banana (Kai and Hawm varieties) and durian (Chanee variety). The sodium content of
fresh fruits and fruits in syrup ranged from 0.59 to 16.32 mg/100 g edible portion. The
highest source of sodium was sapodilla. For calcium, the range of calcium was 1.17 to
22.09 mg/100 g edible portion. The highest source of calcium was orange (Clementine
variety). Additional, the magnesium value of fresh fruits and fruits in syrup ranged
from 3.08 to 25.21 mg/100 g edible portion while the highest source of magnesium
was ripe banana (Hawm, Kai and Nahm-wah varieties), dragon fruit (Vietham variety)
and sugar apple (Nahng variety).  For micro-minerals, all fresh fruits and fruits in
syrup were contained low — very low amounts of iron, copper and zinc. A wide
variation of iron content was ranged from 0.08 to 0.33 mg/100 g edible portion. The
highest amount of iron was found in durian (Chanee variety), strawberry and ripe
banana (Nahm-wah variety). Copper content in fresh fruits and fruits in syrup of this
study was 0.04 to 0.27 mg/100 g edible portion. Longkong and durian (Chanee

variety) were the highest sources of copper. The values of zinc content ranged
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from 0.04 to 0.28 mg/100 g edible portion. And the high sources of zinc were found in
jackfruit, durian (Chanee and Mawntong varieties) and grape (Green variety).

According to the recommendation of percent Thai RDI (the Ministry of Publish Health,
1998) good source of minerals should be around 10-19% and for and excellent source
of minerals should be around more than 20%, except for sodium, aghgraring the
highest values of micro-macro mineral contents, polyphenol, tannin and phytate in one portion
of fruits in this study tdhat suggestion, the results indicated that dragon fruit was good
sources of potassium due to their providing potassium about 9% of Thai RDI. And
other macro-minerals (Na, Ca and Mg) of the samples were not good source of
minerals, due to the values were less than 10% Thai RDI.  Especially, sodium,
calcium and magnesium content supply only by about O - 4% of Thai RDI, except
dragon fruit (Vietham variety) provide about 8% for magnesium of Thai RDI. When
considering micro-mineral value with percent Thai RDI, the good sources of copper
were lychee; Hohnghooway variety (10%) and grape; Green variety (13%), but not for
iron and zinc (less than 10% Thai RDI).

Polyphenolic compounds are expressed through their action as an inhibitor or an
activator for a large variety of mammalian enzyme systems, and as metal chelators and
scavenger of free oxygen redicals. Total polyphenol, tannin and catechin contents of
fresh and canned fruits ranged from 4.67 to 322.63 mgGAE/100 g edible portion, 0.62
to 43.37 mg tannic acid equivalent/ 100g edible portion and 0.01 to 21.44 mg catechin
equivalent /100g edible portion, respectively. Sugar apple was the highest of
polyphenol, tannin and catechin content. The calculation of total polyphenol, tannin
and catechin contents to one portion of each fruits were found that strawberry (397.13
mg GAE/portion and 28.49 mg tannic acid equivalent/portion) is the highest source of
total polyphenol and tannin while star fruit (12.79 mg catechin equivalent/portion) is
the highest source of catechin. For phytate, the range of phytate content was between
0.01 to 6.02 mg/100g edible portion. And the highest source of phytate both in per
1009 edible portion and per one portion was dragon fruit (Vietnam variety). However,
the molar ratio between phytate and micro-elements of all the fruit samples of present
study less than 2.60 for Phy/Fe, 4.20 for Phy/Zn and 39 for CaxPhy/Zn.
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APPENDIX A
Determination of moisture
Hot-air-oven method; AOAC 2000, 920.151

Principle:

A well homogeneous sample is dried in an oven (usually at 100 + 5 ° C) until

constant weight is obtained. The loss of weight is taken as a measure of moisture

content in the sample. Acid washed sand is used to mix with the wet sample prior to

dry in order to increase area for rapid and complete evaporation of water from the wet

sample.

Procedure:

1.

Weigh approximately 20 g of acid washed sand into a porcelain dish
containing a small glass stirring rod and dry in hot air oven at 100 + 5 ° C for

30 min.

2. Remove the sand dish and cool in the desiccator.

3. Weigh sand dish (=a g) and then approximately 5 g sample. Reweigh(=b g)

4. Add small amount of distilled water to disperse the sample evenly and

evaporate the water as mush possible on the boiling water bath. The sample
dish should be frequently mix until dries.

Transfer the sample dish to hot air oven and dry the sample at 100 £ 5 ° C for 2
hr.

Remove the sample dish and cool in a desiccator and weigh (=c g)

Return the sample dish to the hot air oven and dry until a constant weight is

obtained. Reweigh every 30 min.

The different weight between each interval time should not be more than 1-3

mg
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Calculation:
% Moisture =_(b-c)x 100 (w/w)
(b-a)

Copyright by Mahidol University
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APPENDIX B
Determination of Ash (Dry ashing)
AOAC 2000, 930.30

Principle:

The ash content is determined by incinerating a known quality of foodstuff,
previously dried, in a muffle furnance at 550°C until constant weight. The residue (the
ash) is dissolved in acid solution, then subjected to analysis of minerals (Sodium and
potassium were determined from the ash obtained)

Reagent and Instrument:
1. 50% nitric acid
Porcelain crucible

Muffle furnace

Hot air oven

o & 0N

Bunsen burner

Preparation of the solution of the ash

1. Add about 10% (v/v) of 4N HN@into the crucible containing weighed ash.

2. Use glass rod to mix and dissolve the ash with acid.

3. Transfer and filter the content into an appropriate volumetric flask (20-100 ml).
Rinse the crucible several times with deionized water before making up to
volume.

4. Transfer the solution in to the bottle and keep in the refrigerator at 4°C for the

analysis of minerals.

Procedure
1. Dried acid washed porcelain crucibles in the furnace at 550°C for 30 min.
2. Cool the crucible in a desiccator for 20 min. Weighed, nearest to 1 mg(=a g)

3. Weighed exactly 2-5 g of homogeneous sample into the weighed crucible.
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4. Heat the dried sample over a low flame of bunsen burner or on an electric hot
plate until clear. This is to burn away some of organic matter.

5. Incinerated the charred sample in a furnace at 550°C for 2 hr. (or until
complete ashing) was obtained (white or light gray ash). Removed the crucible
and cooled in a desiccator.

6. If the sample is not completely ashed, still dark grey or black, add 2 ml 50%
(v/v) nitric acid. Evaporate off the acid and dry the sample over the flame or
heater and reincinerated until complete ashing is obtained.

7. Weigh with accuracy of 1 mg (= b g).

Calculation:

Ash = (b-a) x 100%w/w or % wiv
weight or volume of sample
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APPENDIX C
Determination of sodium and potassium

by Atomic Absorption Spectrophotometry

Principle:

Dry ashing method is suitable for sample preparation. These techniques generally
remove the bulk of the organic material; the ash may be extracted with a dilute acid,
preferable nitric acid. After a suitable dilution, the sodium and potassium determined y
flame atomic absorption spectrophotometer (AAS).

Reagents for sodium determination:

1. 4N Nitric acid

2. Stock sodium solution: stock solution sodium chloride solution 1,000 ppm
(100 mg% or 1,00Qg/ml), were obtained from Merck Company. Or dissolve
2.5426 g of dry sodium chloride (analytical grade) in 1,000 ml deionized
distilled water.

3. Working standard solution: Prepare a set of sodium solution, containing 10, 30,
50 and 10Qug/ml, from stock standard solution. Add 4N nitrid\yvof final
solution.

4. Blank: Prepare blank solution containing 10% (v/v) 4N nitric acid.

Reagents for potassium determination:

1. 4N Nitric acid

2. Stock potassium solution: stock solution potassium chloride solution 1,000
ppm (100 mg% or 1,00Qg/ml), were obtained from Merck Company. Or
dissolve 1.9066 g of dry potassium chloride (analytical grade) in 1,000 ml
deionized distilled water.

3. Working standard solution: Prepare a set of potassium solution, containing 10,
20 ng/ml, from stock standard solution. Add 4N nitrievof final solution.

4. Blank: Prepare blank solution containing 10% (v/v) 4N nitric acid
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Procedure:
1. Set up the AAS according to the instruction as follow:
Recommended instrument setting:
Flame Air/Acethylene
Lamp current S mA
Spectral band pass 0.5 nm
Wavelength 330.3 nm (for sodium), 404.4 nm (for potassium)
Flame stoichiometry oxidizing
2. Set the absorbance of the zero by using blank or deionized water and then
measure the absorbance of the standard solutions.
3. Measure the absorbance of the sample solution. If the absorbance of sample
solution is too high, dilute and repeat the measurement.

Calculation:
1. Prepare a calibration graph of absorbance against concentration.
2. Calculate the sodium and potassium contents of the original food given from

the measured absorbance.
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APPENDIX D
Determination of Calcium, Magnesium, Iron, Zinc and Copper
(Wet digestion)

Principle:

Wet ashing technique was used to prepare the sample for the determination of
calcium, magnesium, iron, copper and zinc content. The samples were digested by
nitric acid and perchloric acid at ratio 5:1 and then determined the iron content using
inductively coupled plasma- optical emission Spectrometry (ICP-OES) at different

wavelength.

Reagent:

1. Conc. nitric acid (Merck # 1.00456.2500)

2. Conc. perchloric acid (JT Baker 3 9625-04)

3. Calcium standard solution (Merck # 1.09943): Stock standard solution (1000
ppm)

4. Magnesium standard solution (Merck # 1.09949): Stock standard solution
(2000 ppm)

5. Ferric standard solution (Merck # 1.09972): Stock standard solution (1000 ppm)

6. Zinc standard solution (Merck # 1.09953): Stock standard solution (1000 ppm)

7. Copper standard solution (Merck # 1.09987): Stock standard solution (1000

ppm)

Instrument:
1. Teflon
2. Volumetric flask
3. Funnels
4. inductively coupled plasma- optical emission Spectrometry (ICP-OES)

Procedure:
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1. Weigh 2 g of the sample (depending on expected iron content) into teflon jar.

2. Add 5 ml conc. Nitric acid and 1 ml Perchloric acid to each of teflon sample
and tightly covered with lids.

3. Keep the teflon sample under fume hood at room temperature for predigestion
overnight.

4. Place the teflon sample in hot air oven at 100-120 °C about 8-12 hrs or until
the solution clear.

5. Transfer the digested sample to an appropriate volume of volumetric flask and
dilute with deionized distilled water.

6. Measure the diluted sample, working standard iron and reagent blank by
inductively coupled plasma- optical emission Spectrometry (ICP-OES)

7. Wavelength for determination of mineral

Mineral Wavelength (nm)
Calcium 317.933
Magnesium 279.077
Iron 238.204
Zinc 206.200

Copper 327.393




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 195

APPENDIX E
Determination of total polyphenol
by the Folin-Ciocalteu method

Principle:
The polyphenol contained in a dry food sample are extracted in a organic
solvent. The extracted polyphenols are then quantified by spectrophotometer after

reaction with the Folin-Ciocalteu reagent.

Chemicals:

1. Dimethylformamide ( Carloerba reagent # 444923)
Sodium acetate (Merck # 106268)
Glacial acetic acid (Merck # 100063)
Hydrochloric acid, 37% (Merck # 100317)
Folin-Ciocalteu reagent (Merck # 109001)
Sodium hydroxide , NaOH (Merck # 106498)
Gallic acid monohydrate (Riedel-deHaen # 27645)

N oroarhk W N

Apparatus:
- UVIVIS spectrophotometer (TECAN sunrise remote control microplate reader)
- Shaking machine (Gyrotary water bath shaker model G76)

Reagent preparation:
- 0.1 M acetate buffer pH 4.4:
Solution A - 11.6 ml glacial acetic acid dilute to 1000 ml with
deionized distilled water
Solution B - 16.4 g sodium acetate anhydrous dilute to 1000 ml with

deionized distilled water
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Acetate buffer solution: mix solution A 305 ml and solution B 195 ml
and adjust to 1000 ml with deionized distill water; adjust pH to 4.4 with
0.5 M NaOH
Extraction reagent: mix equal volumes (500 ml + 500 ml) of
dimethylformamide (DMF) and acetate buffer.
Folin-Ciocalteu’s reagent (FCR): dilute 10 ml of FCR stock solution to 100 ml
with water in a volumetric flask.
0.2 M HCI: fill a 500 ml volumetric flask with ca. 400 ml water; add 8.3 ml
HCI 32% and fill up to the mark with water.
0.5 M NaOH: weigh 10 g of NaOH in a 500 ml volumetric flask; add about
400 ml water, and after dissolution and when the solution has cooled down, fill
up to the mark with water.
Gallic acid solution 1 mg GA/ml: weigh precisely 110 mg of gallic acid
monohydrate in a 100 ml volumetric flask, dissolve and fill up to the mark with
water
Gallic acid, 100ug GA/ml: dilute 10 ml of GA solution ( 1 mg/ml) tad@ ml
with water
Gallic acid working standard solutions: pipette respectively 1.0 ml — 2.0 ml —
4.0 ml — 6.0 ml-8.0ml into tubes; add 2 ml of DMF/acetate mixture; fill up to
10 ml with water (GA concentrations: 1@®/ml — 20 pg/ml — 40 pg/ml —
60ug/ml -80 pg/ml

Safety: dimethylformamide is toxic, especially for pregnant women!

Procedure:

a) extraction

Weigh 50 to 2000 mg of dried sample (depending on expected polyphenol
content) into a 100 flask.

Add 50 ml of DMF/acetate buffer mixture and close the flask tightly.

Extract for 16 hrs in the dark on a shaking machine

Filter the mixture over a folded filter

After filtration, pipette 1 ml of extract into a tube and add 4 ml of water
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- Prepare 2 micro plates, one for the FCR reaction, the other for the
determination of the own color from the samples.

- Fill both plates as follow:

1 2 3 4 5 6 7 8 9 10, 11| 12

A Blank | GA |GA |GA |GA | GA
1 2 3 4 5

B Blank| GA |GA |GA |GA |GA
1 7 3 4 5

C Sa.l| Sa.|Sa. [Sa. |Sa. [Sa. |Sa. [Sa. | Sa. | Sa. | Sa. | Sa.
2 3 4 5 6 7 8 9 10 |11 12

D Sa.l| Sa.|Sa. |Sa. |Sa. |Sa. |Sa. |Sa. | Sa. | Sa. | Sa. | Sa.
2 3 4 5 6 7 8 9 10" | jIsL 12

E Sa. Sa. |[Sa. |Sa. |Sa. |Sa. |Sa. |Sa. | Sa. | Sa. | Sa. | Sa.
13 14 |15 |16 17 18 19 (20 (21 |22 |23 |24

F Sa. Sa. |Sa. |Sa. |Sa. |Sa. |Sa. |Sa. | Sa. | Sa. | Sa. | Sa.
13 14 |15 16 17 18 19 |20 |21 |22 |23 |24

G Sa. Sa. |Sa. |Sa. |Sa. |Sa. |Sa. |Sa. | Sa. | Sa. | Sa. | Sa.
25 26 |27 |28 |29 |30 |31 (32 |33 |34 |35 |36

H Sa. Sa. |Sa. |Sa. |Sa. |Sa. |Sa. |Sa. | Sa. | Sa. | Sa. | Sa.
25 26 |27 |28 |29 |30 |31 (32 |33 |34 |35 |36

Where:

Blank: 25l diluted DMF/acetate
GA: 25l of gallic acid standard
SA: 251 of sample

o Onthe lines A and B, pipette 328 of the standard solution (2 wells per
concentration), and blanks
o Pipette 25 Lof the sample extracts in duplicates
- Thefirst plate will be the sample blank plate, without the reaction with FCR

0 Using the mutichannel pipette, add 12%f HCI 0.2 M to each well
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0 Add 100ul of NaOH 0.5 M to each well
0 Shke the plate briefly
- The reaction with FCR will occur on the second plate:
0 Using the multichannel pipette, add 1gbof FCR to each well, as
quick as possible
o One minute after the addition of FCR, add 10@f NaOH 0.5 M to
each well
- Read the FCR plate at 750 nm about 15 min after the addition of NaOH

- Read the sample bkanlplate at the same wavelength.

Calculations:
- Subtract the absorbance of the color reference plate from the FCR plate.
- For the calculation, select the sample dilute to which they will gives an

absorbance value about the middle of the calibration curve.
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APPENDIX F
Determination of tannin

(Spectrophotometric assay)

Principle:

Phenolic compounds were extracted from dry or freeze-dried food samples by
dimethylformamide (DMF) in acetate buffer. A ferric ammonium sulfate reagent
(FAS-reagent) was added, and the resulting color read spectrophotometrically against
a reagent blank at two wavelengths corresponding to the absorbance maxima of iron-
galloyl (blue color) and iron-catechol (green color) complexes. After subtracting food
blank absorbance, the content of catechol groups (expressed as catechin equivalents)
and galloyl groups (expressed as tannic acid equivalents) were calculated from
standard curves for catechin and tannic acid at 578 and 680 nm.

Reagents:

1. Standard Tannic acid 1000 pg/ml (Sigma # T-0125) and (I)-Catechin 1000
pag/ml (Sigma # C-1788) — weight each standard 0.05 g and dilute to 50 ml
with 50% DMF acetate

2. 0.1 M acetate buffer solution, pH 4.4

Solution A - 11.6 ml glacial acetic acid (Merck 1.00063.2500) dilute to
1000 ml with deionized distilled water.
Solution B - 16.4 d sodium acetate anhydrous dilute to 1000 ml with

deionized distilled water.
- or 27.2 g sodium acetate trihydrate (Merck # 1.06267.1000)
dilute to 1000 ml with deionized distilled water.

Table 27 Acetate buffer solution preparation

Acetate buffer, Solution A| Solution B| Adjust pH 4.4/ Made to vol.
pH 4.4 (ml) (ml) (ml) with 0.5 NaOH| with DI*
1000 305 195 X 1000

* DI: Deionized distilled water.
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3. 50% DMF (N,N-dimethylformamide) (Carloerba reagent # 444923) in acetate
buffer, pH 4.4 solution. 50% DMF — acetate was made equal volumes of DMF
and 0.1 M acetate buffer, pH 4.4. A solution of the mixture was cooled to room
temperature before use.

4. 50% urea (Univar # 817) in acetate buffer, pH 4.4 solution A 50%
(weight/volume) urea — acetate solution was prepared by dissolving 500 g urea
in 500 ml 0.1 M acetate buffer, pH 4.4.

5. 1% gum Arabic (Sigma # G-9752) solution. Dissolve with deionized distilled
water.

6. Ferric ammonium sulfate (5% FAS reagent)(Merck # 1.03776) was dissolved
in 1 M HCI (Merck # 1.00317.2500)

Instruments:
1. Filler paper whatman # 42 and funnel
Spectrophotometer (Unicam)
Vortex mixer
Test tubes

Pipettes

S

Volumetric flasks

Procedure:
1. Standard solutions of tannic acid and catechin in DMF-acetate were prepared,
five solutions were made at concentrations between 50 and 400 pg/ml.
standard solutions were stable up to 1 week, when stored in darkness.

Table 28 Preparing working standard of tannin (concentration 25-400 pg/ml)

Concentration (ug/ml) Volume pipette (ml) Final volume (ml)
25 0.25 10
50 0.50 10
100 1 10
200 2 10

400 4 10
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2. A dry food sample was extraction; 50-2000 mg (depending on expected
phenolic content) was placed in a 125 ml flask. Fifty ml DMF — acetate was
added and the stoppered flask was mixed in a shaking machine for 16 hr in
darkness at room temperature. The extract was filtered through folder filter
paper # 42.

3. prepare an iron-containing reagent (FAS-reagent) was made by mixing, just
before use, 89 parts of 50% urea-acetate, 10 parts of gum Arabic solution and 1
part of ferric ammonium sulfate solution. A food blank reagent was made by
mixing, just before use, 89 parts of 50% urea-acetate buffer, 10 parts of gum

arabic solution and 1 part of 1 M HCI.

Table 29 Iron-containing reagent (FAS-reagent) and food blank reagent.

Reagents Food sample blank (ml)  Unknown FAS reagent (ml)
50% urea-acetate buffer 89 89

1% Arabic gum 10 10

1IN HCI 1 -

5% FAS - 1

4. Pipette 1 ml of the filtered extract was placed in a 10 ml test-tube and 4 ml of
fresh FAS-reagent was added. After 15 min, the absorbance of the food
samples at 578 nm and 680 nm were read versus a reagent blank consisting of
1 ml DMF-acetate and 4 ml FAS-reagent. A food blank was made by mixing 1
ml of the filtrate with 4 ml food blank reagent in a 10 ml test-tube. The
absorbances at 578 nm and 680 nm were read versus a blank consisting of 1 ml
DMF-acetate and 4 ml of food blank reagent. The absorbances thus obtained
were measurements of the food sample base color and was subtracted (see
calculation) from food blanks, reagent blank, food samples and standard curves

were read in the same series and made in duplicate.

Calculation:
The food blank absorbance was subtracted from the food sample absorbance at
578 nm and 680 nm. The absorbance spectra of the two kinds of Fe-phenolic
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complexes overlapped. The content of galloyl and catechol groups in the sample was,
therefore, calculated using linear regression equiptions for the four standard curves,
tannic acid (galloyl groups) and catechin (catechol groups) at the two wavelengths.
The resulting equation set was readily solved with a programmable calculator.
1. Abbreviations
A. Unknown sample;
N578 = Net sample extinction at 578 nm
N680 = Net sample extinction at 680 nm
SW = Sample weight in grams
B. Standard solutions
St.ext TA 578 = Standard extinction tannic acid at 578 nm
St.ext TA 680 = Standard extinction tannic acid at 680 nm
St.ext TA 578 = Standard extinction catechin at 578 nm
St.ext TA 680 = Standard extinction catechin at 680 nm

St.cone.T = Standard concentration tannic acid (pg/ml)
St.cone.C = Standard concentration catechin (ug/ml)
Text.578 = True extinction at 578 nm (tannin extinction)
Text.680 = True extinction at 680 nm (catechin extinction)

2. Calculations
A. Extinction ration of standard:

K1 = St.ext C578
St.ext C 680

K2 = St.ext TA578
St.ext TA 680
B. Calculation of content of tannin and catechin in unknown samples

Step |. Calculation of true extinctions:

T ext.578 = R"®— K;N°®®°
1-kK:>
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T ext.680 = R¥— K;N>"®
1-KK;
Step II. Calculation of amount of catechin equivalents (mg/100g) and tannin

guivalents (mg/100g)

Tannin equivalents = St.conc TA X 50 x T ext.5¥800
(mg/1009) SW x ST. ext. TA 578

Catechin equivalents = St.conc C x 50 x T ext.680D00
(mg/100g) SW x ST. ext. TA 578
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APPENDIX G
Determination of Phytate in Food Sample
(Modified Method from Hotz’s, 2001)

Principle:

Base on Hotz's methods (2001), approximately 0.5 g of dried sample was

extracted with 0.67 M HCI. The supernatant after centrifuged was removed and diluted

with Millipore water and then percolated through strong anion exchange columns

(Sep-pak (anion-exchange column), commercial columns). Innositol phosphates were

eluted and evaporated to dryness, and the residue was diluted with 1 ml of Millipore

water before determined using ion-pair reverse-phase chromatography.

Reagent:
1. Tetrabutylammonium hydroxide solution (TBNA) (Flika#86881)
2. Phosphoric acid 85% (Merck # 1.00573.1000)
3. Methanol (CHOH) (Baker analyzed #9070-68)
4. Sulfuric acid (NBHSOy) (Merck # 1.00731.2500)
5. Inositol hexaphhosphoric acid dodecasodium salt, from corn (P-8810, Sigma
Chemical Co.)
Apparatus:
1. Vortex mixer (Model: G-560E, Scientific industries)
2. Centrifugation machine (Model: H-103 N series Kokusan enchinki Co.)
3. Sonicater (Model: 1510E-MT Bransonic)
4. Vacuum manifolds (Model: Vacuum manifold processing station, Agilent
technologies)
5. Evaporator vacuum (Model: SpeedVac concentrator (SVC 100H), Savant
instrument INC.)
6. HPLC system
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7.

Sep-pak,Vac 1cc. (100 mg) (water® Acc¥ll Plus QMA cartridges Part
No:WAT023620)

Procedure:

1.
2.

© __Rews="0)

Approximately weigh 0.5 g of dried sample into test tube in duplicate.

Add 5 ml of 0.67 M HCI into each sample tube and homogenize by vortex

mixer and sonicate in a bath for 30 minutes.

Centrifuge sample tubes at 3000 rpm for 10 minutes, then remove 2.5 ml of
supernatant and dilute with 22.5 ml Millipore water.

Condition anion-exchange columns by adding 3 ml of 0.067 M HCI to sep-pak
columns which is performed on vacuum manifolds and adjust flow rate to be
0.5-1 mil/min.

Add diluted samples (final volume about 25 ml) through the sep-pak column
with folw rate 0.5-1 ml/min ; discard eluted.

Add 2 ml of 0.067 M HCI; discard eluted.

Elute with 4 ml 2 M HCI ; collect this fraction in test tube.

Eluants are evaporated to dryness in evaporator vacuum at 40°C.

The residue is dilute with 1 ml Millipore water and then sonicated for 10

minutes before injection into HPLC system.

Preparation of the Mobile Phase for HPLC system:

1.
2.

Add 1.1 ml phosphoric acid in 200 Millipore water.
Add 10 ml TBNOH in solution and then ad 300 ml methanol {QH), let
cool at room temperature (total volume is 500 ml).

3. Adjust pH to 4.0 with 9N sulfuric acid (N4SQy).

4. Filtrate the mobile phase by vacuum filtration through a 0.45 um filter.

Preparation of the Standard Phytate:
Stock Standard:

Weigh Dodecasodium phytate 0.09238 g and then dilute with 10 ml of

Millipore water.
Standard Dilution:

3.2 pmol/ml = 400ul of stock standard + 600 pl Millipore water
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1.6 pmol/ml =200 pl of stock standard + 800 pl Millipore water
0.8 pmol/ml = 100 pul of stock standard + 900 ul Millipore water
0.4 pmol/ml = 50 pl of stock standard + 950 ul Millipore water

Apparatus and Chromatographic Condition for HPLC system:

The HPLC system consists of pump equipped with a loop injector (515 HPLC
pump water), ion-pair reverse-phase column (model: p Bondapak C 18 type: 125A°,
10 pum, size: 3.9 mm x 300 mm), and a reflective index detector (model: varian series
R13). The flow rate of the pump is 0.45 ml/min. The column is performed in a heater
lock at 45°C.

Calculation:
The content of inositol phosphate (IP5 and IP6) is calculate in mg/100g of

samples.

Inositol phosphates (mg/100g) =AxB x C x D
E xF x 10

Where;

A = sample area

B = standard concentration (pmol/ml)
IP5 = 660.08 %peak area std. IP5 x 3.2

580.1

IP6 = %peak area std. IP5 x 3.2

C = Molecular weight of inositol phosphates (IP5 or IP6)
IP5 =580.1
IP6 = 660.8

D = dilution factor

E = standard area (IP5 or IP6)

F = weigh of sample (g)
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