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Larval sand goby were produced by controlled natural spawning. Fertilized eggs were incubated in
an aquarium tank for hatching. Sampling of the newly-hatched larvae was done at 2-hour intervals, when
20 of them were randomly taken and preserved in 10% buffered formalin solution for later analysis to
determine the time of final yolk absorption. Observation using a microscope revealed that newly hatched
larvae were 2.39+(0.12 mm in total length and had yolk sacs of 55.32+14.85 um3 volume. The yolk sacs
were completely absorbed within 82 hr after hatching at a water temperature of 27.0-30.5 °C.

Up until full mouth development (start of feeding), 2-hourly samplings of twenty newly hatched
larvae were taken from the aquarium hatching tank for observation of the size of mouth opening. All
the larvae had open mouths about 36 hr after hatching (2.86£0.97 mm TL), with the mouths measuring
332.29+17.76 um in mouth height.

The start-of-feeding experiments were carried out using a 15-liter aquarium (water volume 10 liters)
containing 1000 larvae aged 1.5 days post-hatching (just before the mouth opened). They were fed with
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rotifer at a density of 5-10 ind/ml. Twenty larvae were collected at random from the aquarium at 2-hourly
intervals, preserved in 10% buffered formalin solution, and then dissected to determine the presence of
rotifer in the digestive tract. Digestive tracts fixed 80 hr after hatching at water temperatures of 27.0-30.5 °C.,
had mouth height of 549.69+47.94 um. The average number of rotifer in the digestive tract at the start of
feeding was 0.57 individual/larva.

A starvation experiment was carried out using a 15-liter aquarium (water volume 10 liters) with
three replications. Two hundred newly hatched larvae of sand goby were kept without feeding. Larvae
started to die at 84 hr and totally died within 130 hr after hatching at water temperature ranging from 27.0
to 30.5 °C.

Key words : yolk absorption, mouth development, start of feeding, starvation, sand goby,
Oxyeleotris marmoratus
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Information on the early life history of fish needed for optimization of large-scale culture
such as yolk absorption, mouth and digestive and ultimately for the management of the fish
tract development and starvation of the larvae is  stocks. It is recognized that the critical period of
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larval rearing begins at the time yolk absorption
is completed. If some larvae do not begin to eat
during that period, then they become weak and
eventually die (Kosutaruk and Watanabe, 1984;
Holm, 1986; Eda et al., 1994 and Amornsakun
and Hassan, 1996).  Survival of fish larvae is
determined by the interplay of various environ-
mental factors, such as temperature, food supply
with a suite of species-specific characteristics,
egg and larval size, yolk and oil quantity and
resorption rates, and time of onset of feeding and
feeding behaviour (Blaxter, 1974 and May, 1974).
Larvae can use a varying part of their yolk sac
energy content for various activities.

Mouth size development is very important
in the first feeding of larvae to match appropriate
prey size. Mouth size at first feeding stage of
various larval fish to encounter their prey size
has been well documented for a number of cul-
tured fish (Shirota, 1970; Nash et al., 1974,
Fukuhara, 1986; Doi and Singhagraiwan, 1993 and
Eda et al., 1994).

To date, no research on sand goby regarding
the yolk absorption, mouth development in rela-
tion to feeding on rotifer and starvation has been
undertaken.

The purpose of this study was to investi-
gate the period of yolk absorption, the onset of
first feeding, mouth development and starvation
in larval sand goby. These may provide baseline
information useful for optimization of large scale
culture and ultimately for the culture management
of this fish in future.

Materials and Methods

Larvae of sand goby were produced by
controlled natural spawning. The sexually mature
fish were cultured in earthen ponds with stocking
density of 2 fishes/m’ and fed with fresh fish at
1% of body weight every second day. Concrete
plates as fish nesting were prepared for spawing
activities and egg observation at the plates was
made once a day at 0800 hr. Fertilized eggs were
transferred to an aqurium hatching tank. The
water depth level in the spawning pond was 1.5

meter and 10% water replacement was carried
out daily.

Yolk absorption experiment

The time of yolk absorption and the size
of yolk-sacs were determined using a profile
projector. Twenty newly-hatched larvae were
taken at random at 2 hourly intervals from the
rearing aquarium until the yolk sacs were fully
absorbed. Yolk volumes were calculated using
the formula 4/3 x &t (R1/2)2 x R2/2 (R1, minor
axis; R2, major axis) (Fukuhara, 1986). The
specimens were fixed in 10% buffered formalin
solution.

Mouth development experiment

Up until full mouth development (start of
feeding), samples of twenty newly hatched larvae
were taken every 2 hours from the rearing aqua-
rium for observation of the size of mouth opening,
and measurement of upper jaw length was done
using a profile projector. The mouth height was
calculated by multiplying the upper jaw length
by \2 (Shirota, 1970). Specimens were fixed in
10% buffered formalin solution.

Start-of-feeding experiment

The experiment was carried out using 15-
liter aquaria (water volume 10 liters) containing
1000 larvae aged 1.5 days post hatching (just
before the mouth opened). They were fed with
rotifer (100 um, width) at a density of 5-10
individual/ml. Twenty larvae were collected at
random from the aquarium at 2-hourly intervals,
and preserved in 10% buffered formalin solution.
They were then dissected to determine the pres-
ence of rotifer in the digestive tract which would
signal the time of the start of feeding (Pechmanee
et al., 1986). The procedure was carried out with
three replications.

Starvation experiment

A starvation experiment was carried out
using a 15-liter aquarium (water volume 10 liters).
Two hundred newly hatched larvae were kept
without feeding and mortalities of starved larvae
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were recorded at 2 hourly intervals until all had
died (Fukuhara, 1987). The procedure was
carried out in triplicate.

Results

Newly hatched larvae were 2.39+0.12 mm
in total length (mean+SD, n = 20), and had yolk
sacs of 55.32+14.85 um' volume (mean+SD,
n = 20) (Figure 1 and Figure 2). The yolk sacs
were completely absorbed within 82 hr (3.4

days) after hatching at water temperatures of
27.0-30.5 “C. Observation of 20 larvae showed
that after 36 hr the yolk size was about 54.68 %
of initial size.

All larval mouths were open 36 hr after
hatching but were not yet functioned (2.86+0.97
mm TL), and measured 332.29+17.76 um in
mouth height. At 80 hr after hatching, the fish
started feeding on the rotifer at which time the
yolk sac remained at 6.16 % of its initial volume.
Some digestive tracts developed fully within
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80 hr after hatching at water temperatures of
27.0-30.5 "C, measured 549.69+47.94 um in
mouth height (Figure 3), and contained numbers
of rotifer, indicating that feeding had commenced.
Numbers of rotifer in the digestive tract per larva
in replicates 1, 2 and 3 were 0.6 individual,
0.6 individual and 0.5 individual, respectively.
Thus the average number of rotifer in the diges-

Total Length (mm)

tive tract at the start of feeding was 0.57 indivi-
dual/larva.

Without feeding, the larval sand goby
started to die in all experiments at 84 hr and
totally died within 130 hr (5.4 days) after hatching
(Figure 4). Water temperature ranged from 27.0
to 30.5 °C.
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Discussion

The yolk absorption period for newly-
hatched larval sand goby (3.4 days after hatching)
was found to be similar to that of a number of
fish, both marine and freshwater types. Amornsa-
kun et al. (1997) reported the yolk absorption of
larval green catfish, Mystus nemurus, as being
complete at 3 days after hatching at water temp-
eratures of 25-30 °C. Houde et al. (1976) reported
the yolk absorption of larval white mullet, Mugil
curema Valenciennes, as being complete at
3.5 days after hatching at water temperatures of
26-27 ‘C. The yolk of larval milkfish, Chanos
chanos, was completely absorbed in about 2.5
day-old larvae at water temperatures of 26.4-
29.9 °C. (Chaudhuri et al., 1978). The yolk absorp-
tion of larval freshwater catfish, Clarias sp., was
completed 3-4 days after hatching (Tarnchalanukit
etal., 1982).

The larvae of rabbitfish, Siganus guttatus,
have rapid development of the eye, mouth and
alimentary tract during the yolk-sac stage which
makes it possible for the larvae to feed before
the yolk is completely absorbed (Bagarinao,
1986). Morphological investigations of the jaw
and the digestive tract showed that larval cod,
Gadus morhua, is able to absorb ingested food
well before exhaustion of the yolk sac (Kjorsvik,
et al., 1991). In this study, through microscopic
observation, it was found that after 36 hr about
54.68% of yolk remained and the mouths of all
larval sand goby had already opened but were not
yet functioning. The yolk sac remaining at the
time first feeding of sand goby larvae was less
than that in green catfish and red-tail catfish. The
result of the present study reveals that sand goby
larvae start to feed supplied rotifer at 80 hr after
hatching (549.69+47.94 um, mouth height) when
their yolk sacs remain at 6.16% of its initial
volume. Comparatively, Amornsakun et al. (1997)
reported that the green catfish started feeding on
Moina at 52 hr after hatching when the yolk sac
remained at 31.20 % of its initial volume. The
red-tail catfish started feeding on Moina at 64 hr
after hatching at which time the yolk sac re-

mained at 13.03 % of its initial volume (Amorn-
sakun, 1999).  The larval grey mullet, Mugil
cephalus, growth curve consisted of an increase
on the first day, which coincided with rapid yolk
absorption (Kuo et al., 1973). Reduction of
growth and poor swimming activity of unfed fish
larvae after complete yolk absorption, led to a
critical point for larval survival in association
with yolk absorption in the larval life of the
black sea bream (Fukuhara, 1987). The length of
time from hatching to first feeding depends
upon the nutrients stored in the yolk sac (Hodson
and Blunt, 1986 and Ware, 1975) and environ-
mental factors (Houde, 1974). Ishibashi (1974)
reported the first feeding of the larval Tilapia
sparmanii started later as the water temperature
decreased, i.e. they took food on day 2 at 30 °C,
on day 3 at 27 °C and on day 6 at 24 °C.

The size of the first live food, rotifer
(100 wm width), was 18.7 % of mouth height
(549 um height) of the larval sand goby in this
study (3.58+0.61 mm TL). It is close to the range
20-40 % of the mouth size in various fishes as
reported by Ito and Suzuki (1977), Hunter
(1980), Amornsakun et al. (1997) and Amorn-
sakun (1999). Larval sand goby is considered
as a fish species difficult to rear in early life
stages since certain food organisms with appro-
priate size suitable to larval mouth (18.7 % of
mouth height).

The start of feeding, with a mouth height
(549 um) of larval sand goby is similar to green
catfish and red-tail catfish but the time of first
feeding is later than in those fish. Green catfish
and red-tail catfish started to feed on Moina
when the mouth heights were 553 um at 52 hr
after hatching and 534 um at 64 hr after hatch-
ing, respectively (Amornsakun et al,.1997 and
Amornsakun, 1999). On the contrary, the mouth
height at first feeding of larval sand goby is
greater than that of rabbitfish and grouper. Juario
et al. (1985) reported that the mouth of the larval
rabbitfish, Siganus guttatus (Bloch), was about
125 pum wide when feeding started 2 days after
hatching on rotifers. Maneewong et al. (1986)
reported the mouth size of the larval grouper,



Songklanakarin J. Sci. Technol.
Vol. 24 No. 4 Oct.-Dec. 2002

617

Some aspects in early life stage of sand goby
Amornsakun, T., et al.

Epinephelus malabaricus (Bloch and Schneider),
was 169.7+16.1 um when it was first able to
consume rotifers with size of 91-100 um width.
Mouth size appears to be the limiting factor in
juvenile fish feeding on both natural and pellet
diets (Hyatt, 1979). Nash et al. (1974) reported
the mouths of larval mullet, Mugil cephalus, open
when the jaws are becoming ossified and eye
pigment is sufficiently developed. Larvae with
small mouths grew more slowly than those with
larger ones (Shirota, 1970 and Arumugum and
Geddes, 1987). The mouth height of the larval
sand goby was linearly related to total length.
The same relationship between mouth height
and total length was also found in larval perch,
Perca fluviatilis (Guma, 1978).

Rotifer could be a good live food for
larval sand goby because of its suitable size and
ease of culture. The number of rotifer in the
digestive tract at the start of feeding was 0.57
ind/larva. This is less than reported in milkfish.
Eda et al. (1990) reported that the gut of milk-
fish, Chanos chanos, larvae (3.57-3.81 mm, TL)
was first found to contain rotifers 80 hr after
hatch. The number of rotifers in the milkfish gut
ranged from 1-4 individual/larva.

Without feeding, the larval sand goby be-
come debilitated and eventually started to die off
in all experiments at 84 hr after hatching. A ca-
tastrophic mortality by 50 % was observed at
106 hr after hatching and all died off within
130 hr after hatch at water temperatures of 27.0-
30.5 °C. Larvae can tolerate feeding delay up to
a certain point depending on the amount of yolk,
temperature and other species-specific charac-
teristics (May, 1974; Hunter, 1980 and Holm,
1986). Mortality of unfed sand goby larvae is
similar to that of other starved fishes about 5 to
7 days after hatching, depending on the species.
For example, in the northern anchovy, Engraulis
mordax, mortality was observed on the sixth day
after hatching (Lasker et al., 1970), in the grey
mullet, Mugil cephalus, on the seventh day after
hatching (Kuo et al., 1973), in the milk fish,
Chanos chanos, on the sixth day after hatching

(Chaudhuri et al., 1978), in the larval dragonets,
Repomucenus sp., on the fifth to seventh day after
hatching (Eda et al., 1993) and in the seabass,
Lates calcarifer, mortality was observed on the
fifth day after hatching (Hassan and Amornsa-
kun, 1996). Larval sand goby is able to slightly
maintain its survival through starvation (5.4
days after hatching), shorter than red-tail catfish
(8 days after hatching), possibly owing to its large
yolk sac (1443.17 umz) (Amornsakun, 1999 and
Amornsakun, 2000). Ishibashi (1974) observed
that the yolk sac of unfed Tilapia sparmanii
larvae was absorbed faster than that of fed lar-
vae. Larvae of sand goby are like other larvae
in that after yolk is completely absorbed their
mortality becomes pronounced, particularly 2 days
after absorption. Lasker et al. (1970) experimented
on delayed feeding period of Engraulis mordax
and found in a catastrophic mortality after 2.5
days of complete absorption. The unfed larvae
grow slowly, swim weakly, eventually falling to
the bottom of the tank and dying.
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Abstract
Songkeao, P., Chiayvareesajja, S.”and Angsupanich, S.
Treatment of effluent from intensive culture of black tiger shrimp (Penaeus

monodon Fabricius) by using oyster (Crassostrea belcheri Sowerby)
Songklanakarin J. Sci. Technol., 2002, 24(4) : 621-631

This study examined the effect of using oysters (Crassostrea belcheri Sowerby) to treat effluent
resulting from the intensive culture of black tiger shrimps (Penaeus monodon Fabricius) at the Marine
Shrimp Research and Development Center, Songkhla Province. There were 8 treatments - 0 (control), 10,
20, 30, 40, 50, 60 and 70 g oysters/l, with 3 replicates. The oysters, weighing 25+5 g each with a mean shell
length of 5.2 cm, were placed in 30 x 60 x 30 cm-glass aquaria and placed outdoors with a static water system
(no water exchange, but aeration provided throughout the experiment). Water quality was monitored for
chlorophyll a, total ammonia nitrogen (TAN), nitrate, nitrite, phosphate, total suspended solids (TSS),
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BOD, salinity and temperature before adding the oysters and at 1, 2, 4, 6, 8, 10 and 16 days afterward.
It was found that the correlation coefficients between oyster density and concentrations of chlorophyll a,
TSS and BOD were negative, but positive for the correlation between oyster density and TAN. Thirty g
oyster/l at 4 days was the most efficient treatment based on the percentage decrease of chlorophyll a, TAN,
TSS and BOD (86.54%, 15.56%, 47.26% and 79.35%, respectively), all of which values are in acceptable
safety ranges for aquatic animals. With treatments longer than 4 days, or densities over 30 g oyster/l,
the TAN concentration increased with time and BOD exceeded the safety standard. At 70 g oyster/l, the
oyster mortality was greater than 10% after 16 days of the experiment, at which time the experiment was
terminated.

Key words : Crassostrea belcheri, Penaeus monodon, shrimp pond effluent, treatment
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Figure 1. Mean chlorophyll a concentrations in
the effluent from intensive culture of
black tiger shrimp treated with 25-g
oyster, 8 densities.
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Table 1. Correlation coefficients between oyster density and water quality.

Period (days)
Parameter
1 2 4 6 8 10 16

1. Chlorophylla  -0.671*%*  -0.685%* -0.722*%*  -0.556**  -0.469* -0.339 -0.373

2. Ammonia 0.796%** 0.768**  (0.815%* 0.755%* 0.418* 0.348 0.484*
3. Nitrate 0.851*%* 0.767**  0.866** 0.784** 0.896**  (0.883** (.703**
4. Nitrite 0.822%%* 0.882**  (.879** 0.905%** 0.869**  (0.813** (.762%*
5. Phosphate 0.377 0.436* 0.583** 0.541** 0.543**  (0.541** (.592%*
6. TSS -0.261 -0.785%**%  -0.571**  -0.708**  -0.003 0.122  -0.402
7. BOD -0.637**%  -0.748**%  -0.389 -0.531**  -0.320 -0.147  -0.353

* Correlations are significant at 5% (P<0.05)

0.140

TAN (mg/l)
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Period (days)
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Figure 2. Mean total ammonia nitrogen (TAN)
concentrations in the effluent from inten-
sive culture of black tiger shrimp treated
with 25-g oyster, 8 densities.
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Figure 3. Mean nitrate concentrations in the ef-
fluent from intensive culture of black
tiger shrimp treated with 25-g oyster,
8 densities.
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Figure 4. Mean nitrite concentrations in the ef-
fluent from intensive culture of black
tiger shrimp treated with 25-g oyster,
8 densities.
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Figure 5. Mean phosphate concentrations in the
effluent from intensive culture of black
tiger shrimp treated with 25-g oyster,
8 densities.
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Figure 6. Mean total suspended solids (TSS) con-
centrations in the effluent from intensive
culture of black tiger shrimp treated with
25-g oyster, 8 densities.
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Figure 7. Mean BOD concentrations in the efflu-
ent from intensive culture of black
tiger shrimp treated with 25-g oyster,
8 densities.
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Figure 8. Mortality rate from 8 densities of 25 g-
oysters used to treat effluent from inten-
sive culture of black tiger shrimp.
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Chronic toxicity study of curcuminoids in rats
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Abstract
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Chuthaputti, A., and Phisalaphong C.

Chronic toxicity study of curcuminoids in rats
Songklanakarin J. Sci. Technol., 2002, 24(4) : 633-647

A six-month chronic toxicity study of curcuminoids extracted from the powdered dried rhizome of
Curcuma longa L. was performed in six groups of 15 Wistar rats of each sex. Water control group received
5 ml of water/kg BW/day, while tragacanth control group received 5 ml of 0.5% tragacanth suspension/
kg BW/day orally. Three treatment groups were given the suspension of curcuminoids powder at the doses
of 10, 50 and 250 mg/kg BW/day, which were 1, 5 and 25 times of the proposed therapeutic dose. The fourth
treatment group, or the recovery group, also received 250 mg/kg BW/day of curcuminoids for six months,
but two weeks of no curcuminoids treatment elapsed before the time of sacrifice. It was found that the growth
rate of male rats receiving curcuminoids 50 mg/kg BW/day was significantly higher than that of the traga-
canth control group. Curcuminoids did not produce any significant dose-related changes of hematological
parameters. In the group of male animals receiving 250 mg/kg BW/day of curcuminoids, actual and relative
liver weights and the level of alkaline phosphatase (ALP) were significantly higher than those of the two
controls, but the ALP level was still within a normal range. There appeared to be a higher incidence of mild

‘M.S. (Phytochemistry), M.S. (Pathology), ‘M.S. (Pharmacology), ‘Cert. in Medical Science Technology,
*Ph.D. (Pharmacology), ‘Ph.D. (Phytochemistry), Medicinal Plant Research Institute, Department of Medical
Sciences, Ministry of Public Health, Tiwanond Rd., Muang, Nonthaburi 11000 Thailand.

Corresponding e-mail : praneec@dmsc.moph.go.th

Received, 22 April 2002 Accepted, 27 June 2002



Songklanakarin J. Sci. Technol.
Vol. 24 No. 4 Oct.-Dec. 2002

634

degree of liver fatty degeneration and adrenocortical fatty degeneration in this group of animals; however,
the incidence was not significantly different from that of the two controls. The results indicated that long-
term administration of curcuminoids at therapeutic dose (10 mg/kg BW/day) did not produce any toxicity
in rats. However, at higher doses, it may affect the function and morphology of the liver in a reversible
manner.

Key words : curcuminoids, toxicity
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Six-month toxicity study of curcuminoids in rats

Chavalittumrong, P., et al.

Turmeric is the dried rhizome of Curcuma
longa L. of the family Zingiberaceae. It has long
been used as a food-coloring agent and spice all
over the world, especially in Asia. Based on the
clinical study conducted in Thailand, turmeric is
recommended by WHO and Thailand’s Essential
Drug List as an herbal medicine for the treatment
of dyspepsia (Thamlikitkul, et al., 1989, World
Health Organization, 1999, National Drug Com-
mittee, 2000).

Chemically, turmeric contains curcumi-
noids, volatile oil, starch and resin. Curcuminoids
refer to a group of compounds present in turmeric,
which are chemically related to its principal
constituent, curcumin (diferuloylmethane). Three
main curcuminoids that can be isolated from
turmeric are curcumin, desmethoxycurcumin and
bisdemethoxycurcumin. These curcuminoids are
responsible for the yellow color of the herb
(Department of Medical Sciences, 1998).



Songklanakarin J. Sci. Technol.
Vol. 24 No. 4 Oct.-Dec. 2002

635

Six-month toxicity study of curcuminoids in rats
Chavalittumrong, P., et al.

There are many reports on pharmacolo-
gical and clinical studies of curcuminoids and
the doses of curcuminoids used in those clinical
studies varied from 500 mg to 1.2 g per day
(Majeed, et al., 1995, Soni and Kuttan, 1992). Re-
cently it has been discovered that curcuminoids
are potent antioxidant and possess chemopre-
ventive activity (Selvam, et al., 1995, Grinberg,
1996, Ramsewak, et al., 2000, Huang, et al.,
1994, Limtrakul, et al., 1997, Limtrakul, et al.,
2001). However, there appears to be only a few
published articles on the toxicity of turmeric but
none on the toxicity of curcuminiods (Bhavani,
et al., 1980, Sittisomwong, et al., 1990, Qureshi,
et al., 1992). The present study was therefore
conducted to determine toxicity of curcuminoids
extract in rats in order to obtain scientific evi-
dence about the safety of this group of com-
pounds upon long-term consumption. The result
of this study can be used to promote the safe use
of curcuminoids in Thailand.

Materials and Methods

Preparation of curcuminoids

Dried rhizomes of Curcuma longa L. were
collected from local market and ground into
powder. The turmeric powder was extracted with
ethanol and then evaporated at low pressure to
obtain ethanolic extract in the form of semisolid
residue containing oil and curcuminoids. The oil
part was then removed to give curcuminoid ex-
tract. The curcuminoid contents of the extract
used in the experiment were 58-67% and the ratio
of curcumin : demethoxycurcumin : bisdemethoxy-
curcumin was 1:0.4-0.5 :0.2-0.3. The curcuminoid
extract was suspended to the desired concentra-
tions with 0.5% tragacanth suspension.

Treatment of the animals

Ninety male Wistar rats weighing 290-
320 g and 90 female rats weighing 200-230 g
from the National Laboratory Animal Center,
Mahidol University, Nakhon Pathom province,
were used. The animals were housed in the animal
facility of the Department of Medical Sciences.

The temperature in the animal room was kept at
25 + 1 °C with 60% relative humidity. The ani-
mals were allowed to have free access to food
and clean water.

Six-months toxicity study

Ninety Wistar rats of each sex were ran-
domly divided into 6 groups of 15 animals per
sex. Group 1 (water control) received water 5 ml/
kg BW/day orally and Group 2 (tragacanth con-
trol) received 0.5% tragacanth suspension 5 ml/kg
BWr/day. Groups 3-6 were given the curcuminoids
suspended in 0.5% tragacanth suspension at the
doses of 10, 50, 250 or 250 mg/kg BW/day, res-
pectively. Body weight and food intake was
measured weekly and the animals were observed
for signs of abnormalities throughout the study.
At the end of 6-month treatment period, the 15"
groups of rats were fasted for 18 hours, then
anesthetized with ether and sacrificed by drawing
blood samples from the inferior vena cava for
hematological and biochemical examinations.
The 6" group of rats, the recovery group, was
allowed to have free access to food and water
without curcuminoids administration for another
14 days before being sacrificed.

Hematological analysis was performed
using an automatic hematological analyzer (Cell
dyne 3500, Abbott). Hematological parameters
measured were white blood cell (WBC), %neu-
trophil, %lymphocyte, %monocyte, %basophil,
Yoeosinophil, red blood cell (RBC), hemoglobin,
hematocrit (Hct), platelet, plateletcrit (PCT),
Yoreticulocyte, and reticulocyte.

Biochemical analysis of serum samples
was performed using an automatic chemistry
analyzer (Hitachi model 912). Biochemical para-
meters measured were aspartate aminotransfer-
ase (AST), alanine aminotransferase (ALT), alka-
line phosphatase (ALP), p-amylase, bilirubin, cre-
atinine, blood urea nitrogen (BUN), cholesterol,
triglyceride, total protein, albumin, uric acid,
glucose, sodium, potassium, and chloride.

The positions, shapes, sizes and colors of
internal organs, namely, brain, heart, both kidneys
and lungs, trachea, esophagus, stomach, liver,
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pancreas, intestine, spleen, bladder, and testis in
male rats or ovary and uterus in female rats were
visually observed for any signs of gross lesions.
These organs were then collected, weighed to
determine actual and relative organ weights, and
preserved in 10% buffered formalin solution. Tis-
sue slides were later prepared and stained with
hematoxylin and eosin, and histopathological
examinations were performed by a veterinary
pathologist.

Statistical analysis

Data were statistically analyzed using
SPSS/PC program and statistically significant
difference was set at p< 0.05. Food consumption,
body weight, hematology, serum biochemistry
and organ weight (absolute and relative) data
analyzed by one-way ANOVA followed by Bon-
feroni’s test or Tamhane 's test. Histopathological
results were evaluated by Fisher exact test at
p<0.05.

Results

Effects of the curcuminoids on body weight and
food intake

The body weights of male rats receiving
50 mg/kg/day of curcuminoids were significantly

higher than those of the tragacanth control group
from the first week until the end of the study
(Figure 1). The body weights of male rats re-
ceiving curcuminoids 10 mg/kg/day were signifi-
cantly higher than those of the tragacanth control
during the 3"-5" weeks.

In female rats, the body weights of the
group receiving curcuminoids 50 mg/kg/day
were significantly higher than those of the water
control during the 5" until the 8" weeks. The body
weights of the group receiving curcuminoids
250 mg/kg/day were significantly higher than
those of the water control between the 1" and16"
weeks. The body weights of tragacanth group
were significantly higher than those of the water
control group during the 1"-8" weeks (Figure 1).

The food intakes of both male and female
rats receiving curcuminoids were significantly
higher than those of the tragacanth controls on
some weeks during the study (Figure 2).

Effect of curcuminoids on actual organ weight
and relative organ weight

Male rats treated with curcuminoids at the
dose of 250 mg/kg/day had a higher actual weight
and relative weight of the liver than the water and
tragacanth control groups, and had a higher actual
weight of the left kidneys than the tragacanth

700
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Figure 1. Growth curves of male and female rats receiving curcuminoids for 6 months.
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Figure 2. Food consumption of male and female rats receiving curcuminoids for 6 months.

control group. Male rats treated with curcumi-
noids at the dose of 50 mg/kg/day had a higher
weight of the liver but a lower relative weight of
the brain than the tragacanth control group. (Table
1 and Table 3).

Female rats treated with curcuminoids at
the dose of 250 mg/kg had a higher actual weight
of the liver than the water and tragacanth control
groups. Female rats treated with curcuminoids at
the dose of 50 mg/kg had a higher actual weight of
the brain than the water control group. (Table 2 ).

Effect of curcuminoids on hematological para-
meters

Tables 5 and 6 showed that there was no
difference of the number of white blood cells,
9oneutrophil, %lymphocyte, % monocyte, %ba-
sophil, %eosinophil, the number of red blood
cells, hematocrit, platelet, PCT, or the number
of reticulocytes between curcuminoids-treated
groups and those of the water and tragacanth
control groups of both male and female rats. The
group of male rats receiving curcuminoids at the
dose of 250 mg/kg/day had significantly lower
hemoglobin level than the water control group. In
the recovery group of male rats, the number of
reticulocytes was significantly lower than that of

the water control group, while %hematocrit was
significantly lower than those of the two control
groups.

Effect of the curcuminoids on blood chemistry
In male and female rats, no difference in
the serum levels of AST, ALT, P-amylase, biliru-
bin, creatinine, BUN, triglyceride, total protein,
uric acid, glucose, sodium, potassium or chloride
was found between all curcuminoids-treated
groups and the water and tragacanth control
groups. The group of male rats receiving curcu-
minoids at the dose of 250 mg/kg/day had signi-
ficantly higher ALP than the tragacanth control
group and had significantly higher albumin than
the water and tragacanth control groups. The group
of female rats receiving curcuminoids at the dose
of 250 mg/kg/day had significantly higher cho-
lesterol than the tragacanth control (Table 7-8).

Effect of curcuminoids on histopathology of
internal organs

Upon gross examinations of internal organs,
no abnormal signs were observed. Histopatho-
logical results indicated that some lesions were
found in some groups or all groups of animals
in the lung, heart, liver, kidney, spleen, intestine,
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Table 1. Actual organ weight and body weight of male rats given curcuminoids orally for 6 months.

Group of animals

Male water tragacanth 10 50 250 250-R
mg/kg/day  mg/kg/day mg/kg/day  mg/kg/day
N=15 N=15 N=15 N=14 N=15 N=15
Initial body 306+18 292+17 309+12 31545%* 300+15 301+24
weight
Final body 635+63 576448 618+53 657+44%% 640+76 670+68**
weight
Weight gain 329451 285435 309451 342+42 340+67 368+59%**
Brain 2.08+0.075 2.10+0.063  2.11+0.067 2.11+0.070  2.14+0.120 2.14+0.043
Heart 1.50+0.16 1.47+0.14 1.45+0.13 1.54+0.094  1.54+0.24 1.58+0.17
Right kidney  1.37+0.11 1.31+0.10 1.31+0.11 1.40+0.12 1.60+0.60 1.49+0.17
Left kidney 1.33+0.11 1.24+0.13 1.24+0.15 1.3440.11 1.3940.12%*  1.4240.18%*
Urinary 0.143+0.032 0.143+0.021 0.153+0.022 0.169+0.030 0.145+0.034  0.148+0.031
bladder
Liver 14.66+1.97 13.10+1.30  14.17+1.20 15.3941.55%* 17.05+2.03%,** 15.77+2.08**
Spleen 1.10+0.13 1.04+0.15 1.14+0.15 1.12+0.14 1.15+0.17 1.11+0.16
Stomach 2.19+0.20 2.04+0.22 2.18+0.20 2.23+0.17 2.23+0.21 2.29+0.25%*
Lung 1.87+0.28 1.70+0.18 1.87+0.22 1.72+40.14 1.83+0.13 1.92+40.18%*
R adrenal 0.035+0.066 0.033+0.054 0.030+0.051 0.036+0.055 0.034+0.068 0.034+0.055
L adrenal 0.040+0.071 0.037+0.047 0.035+0.055 0.039+0.061 0.039+0.067 0.038+0.054
Right testis 3.16+0.55 3.10+0.37 3.24+0.26 3.23+0.25 3.23+0.44 3.21+0.23
Left testis 3.09+0.38 3.15+0.42 3.24+0.31 3.54+1.08 3.22+0.41 3.20+0.25

Each value represents mean+SD.

*  Significantly different from water control group (p < 0.05).

** Significantly different from tragacanth control group (p < 0.05).

thyroid gland, and testis (in male rats), or uterus
and mammary gland (in female rats) (Table 9-10).
Meanwhile, no lesion was found in the brain,
pancreas, esophagus, and salivary gland in all
groups of animals. The lesions found in all or
some groups of both male and female animals
were lymphoid proliferated peribronchioles, fatty
degeneration of the liver, tubular cyst of the kid-
ney, lymphoid hyperplasia of the spleen, and lym-
phoid aggregation in the submucosal layer of the
intestine. However, the incidence of those changes

in the controls and curcuminoids-treated groups
was not significantly different (Table 9-10).
Other histopathological findings in some
groups of male rats treated with curcuminoids
were focal myocardiosis, testicular atrophy, fol-
licular hyperplasia of the thyroid gland. The
incidence of those abnormalities was, however,
neither dose-related nor significantly different
from that of the controls (Table 9). Adrenocortical
fatty degeneration were found in all groups of
male rats with the highest incidence (10/15) in the
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Table 2. Actual organ weight and body weight of female rats given curcuminoids orally for 6 months.

Group of animals

Female water tragacanth mg/l:;(g)/day mg/lf(g)/day mg/zlf:g)/day mgz/iog-/l;ay
N=15 N=15 N=15 N=15 N=15 N=15

Initial body 20949 225+48%* 214+14 221+11 227+17* 221+14
weight
Final body 318429 330+24 318+31 345+31 356437 364+455%
weight
Weight gain 110425 105+19 104+24 124+27 130+31 143+47% **
Brain 1.9140.066  1.94+0.099  1.94+0.088 1.9940.066* 1.96+0.055 1.93+0.071
Heart 0.91+0.090 0.95+0.099  0.91+0.049  0.97+0.059 1.00+0.095  0.98+0.117
Right kidney  0.82+0.082 0.81+0.043  0.80+0.106  0.87+0.217  0.89+0.112 0.81+0.241
Left kidney 0.78+0.072 0.78+0.058  0.76+0.092  0.76+0.119  0.85+0.087  0.80+0.092
Urinary 0.078+0.011 0.086+0.012 0.082+0.095 0.086+0.011 0.085+0.012 0.080+0.096
bladder
Liver 6.94+0.74  6.98+0.55 6.78+0.73 7.44+0.65 8.47+1.55%** 7.80+1.15
Spleen 0.65+0.052 0.74+0.14 0.68+0.12 0.69+0.10 0.74+0.10 0.77+0.19
Stomach 1.57+0.17 1.59+0.18 1.57+0.23 1.59+0.20 1.59+0.17 1.63+0.20
Lung 1.3340.11 1.33+0.13 1.28+40.11 1.32+0.11 1.34+0.11 1.33+0.098
R adrenal 0.039+0.064 0.038+0.081 0.039+0.049 0.038+0.055 0.041+0.079 0.040+0.068
L adrenal 0.043+0.058 0.040+0.080 0.039+0.055 0.043+0.044 0.042+0.089 0.041+0.065
R ovary 0.065+0.014 0.062+0.017 0.062+0.013  0.060+0.014 0.062+0.016 0.084+0.116
L ovary 0.063+0.017 0.064+0.097 0.068+0.019 0.067+0.014 0.068+0.019 0.058+0.011
uterus 0.63+0.26  0.80+0.30 0.67+0.14 0.71+0.23 0.81+0.17 0.72+0.23

Each value represents mean+SD.
*  Significantly different from water control group (p < 0.05).
** Significantly different from tragacanth control group (p < 0.05).

group treated with curcuminoids 250 mg/kg, yet
the incidence was not significantly different from
controls (Table 9). An isolated case of renal cell
carcinoma was detected in one male rat receiving
curcuminoids 250 mg/kg

In female rats, tubular cast was found in
the kidneys of all groups of animals and glandular
hyperplasia of the mammary glands was found
in some groups of animals, but the incidence was
not dose-related or significantly different between

groups (Table 10). Glandular hyperplasia of the
uterus and cervix was found in only one animal
treated with 50 mg/kg curcuminoids, while con-
gestion of the adrenal gland was found in only one
animal in the water control group.

Discussion

Even though it was found that the body
weights of some groups of curcuminoids-treated
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Table 3. Organ weight relative to body weight © (g/kg BW) of male rats given curcuminoids orally

for 6 months.

Group of animals

Male water tragacanth 10 50 250 250-R
mg/kg/day mg/kg/day mg/kg/day mg/kg/day
N=15 N=15 N=15 N=14 N=15 N=15

Final body 635+63 576448 618+53 657+44%* 640476 670+68%**
weight
Brain 3.36+0.27 3.7240.30*  3.51+0.32 3.28+0.21%*  3.49+0.52 3.24+40.33%%*
Heart 2.42+0.24 2.60+0.24 2.4040.19  2.39+0.17 2.49+0.29 2.3840.18
Right kidney  2.20+0.18 2.33+0.23 2.16+0.15 2.18+0.24 2.56+0.81 2.25+0.18
Left kidney 2.14+0.16 2.20+0.24 2.05+0.19 2.08+0.22 2.26+0.21 2.13+0.18
Urinary 0.23+0.054  0.26+0.032  0.25+0.048 0.26+0.050  0.24+0.049 0.22+0.048
bladder
Liver 23.45+1.67  23.14+1.79 23.38+1.30 23.82+1.86  27.54+3.14* ** 23.66+1.76
Spleen 1.76+0.17 1.83+0.24 1.88+0.20 1.74+0.23 1.86+0.26 1.68+0.21
Stomach 3.53+0.32 3.60+0.26 3.60+0.33 3.46+0.33 3.61+0.44 3.46+0.34
Lung 3.00+0.31 3.01+0.25 3.09+0.41 2.67+0.23 2.97+0.39 2.90+0.32
Right adrenal 0.059+0.092 0.059+0.098 0.054+0.085 0.056+0.098 0.058+0.016 0.052+0.010
Left adrenal 0.064+0.091 0.067+0.013 0.059+0.010 0.062+0.011 0.066+0.020 0.056+0.071
Right testis 5.08+0.87 5.48+0.56 5.38+0.66 5.04+0.59 5.26+0.97 4.86+0.52
Left testis 5.00+0.74 5.56+0.67 5.37+0.68 5.53+1.90 5.23+0.88 4.84+0.48

@ Organ weight relative to body weight is expressed as (g organ weight/g body weight) x 1000

Each value represents mean + SD.

* Significantly different from water control group (p < 0.05).
** Significantly different from tragacanth control group (p < 0.05).

rats were significantly higher than those of the
controls on some weeks during the experimental
period, this may in part be due to the initial body
weights which were significantly higher than
those of the controls from the beginning of the
study. There was no difference of the hematolo-
gical parameters between curcuminoids-treated
groups and those of the control groups, except for
male rats treated with high dose of curcuminoids
that had significantly lower hemoglobin level than
the water control group, but the higher hemoglobin
level was still within the normal range (Gad, 1992)

Biochemical examinations of the serum
showed that male rats receiving high dose of
curcuminoids had a significantly higher ALP
level than the tragacanth control, and a signifi-
cantly higher albumin level than the two control
groups (Table 7). However, both the ALP and al-
bumin levels of this group of animals were still
within the normal range (Gad 1992). In addition,
these changes appeared to be reversible since the
levels of both ALP and albumin in the recovery
group were not different from those of the two
controls. Female rats receiving high dose of cur-
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Table 4. Organ weight relative to body weight © (g/kg BW) of female rats given curcuminoids

orally for 6 months.

Group of animals

Female water tragacanth 10 50 250 250-R
mg/kg/day  mg/kg/day mg/kg/day mg/kg/day
N=15 N=15 N=15 N=15 N=15 N=15
Final body 318+29 330+24 318+31 345+31 356437 364+55%*
weight
Brain 6.14+0.53 6.03+0.51 6.25+0.45 5.94+0.55 5.65+0.53  5.48+0.79*
Heart 2.94+0.28 2.96+0.32 2.92+40.16 2.87+0.20 2.88+0.23 2.75+0.34
Right kidney 2.62+0.31 2.53+0.25 2.59+0.28 2.60+0.74 2.55+0.34 2.27+0.69
Left kidney 2.50+0.29 2.44+0.27 2.45+0.22 2.26+0.35 2.45+0.26 2.25+0.30
Urinary 0.25+0.032  0.27+0.040 0.27+0.028 0.26+0.034  0.24+0.047  0.23+0.041**
bladder
Liver 22.35+3.10  21.61+1.30 21.85+2.25 22.09+2.16 24.23+3.54 21.73+2.04
Spleen 2.11+0.29 2.30+0.44 2.18+0.31 2.05+0.35 2.13+0.27 2.14+0.44
Stomach 5.07+0.80 4.94+0.59 5.06+0.85 4.7340.67 4.57+0.60 4.60+0.77
Lung 4.2740.49 4.124+0.52 4.1240.33 3.94+0.50 3.87+0.45 3.76+0.52
Right adrenal 0.13+0.019  0.1240.029  0.13+0.020 0.12+0.017  0.12+0.020  0.11+0.016
Left adrenal 0.14+0.028  0.12+0.026  0.13+0.020 0.13+0.016  0.12+0.023  0.12+0.024
Right ovary  0.21+0.048  0.19+40.057 0.20+0.039  0.18+0.043  0.18+0.052  0.25+0.37
Left ovary 0.20+0.052  0.20+0.032  0.22+0.054 0.20+0.033  0.20+0.051  0.17+0.041
Uterus 2.01+0.81 2.50+0.92 2.19+40.55 2.13+0.70 2.35+0.58 2.04+0.73

@ Organ weight relative to body weight is expressed as (g organ weight/g body weight) x 1000

Each value represents mean + SD.

* Significantly different from water control group (p < 0.05).
** Significantly different from tragacanth control group (p < 0.05).

cuminoids had significantly higher cholesterol
level than the tragacanth control; however, it
appeared to be a reversible change because cho-
lesterol level of the recovery group was not dif-
ferent from that of the tragacanth control (Table 8).

Histopathological examination of the inter-
nal organs of male rats receiving high dose of
curcuminoids showed an apparently dose-related
incidence of mild degree of fatty degeneration in
the liver and adrenocortical fatty degeneration
than that of the two controls. The incidence of

both histopathological findings in the recovery
group, however, appeared to be lower than that
of the high dose group and not significantly differ-
ent from that of the controls suggesting that these
observed pathological changes were reversible.
Since there were no change of serum triglyceride
or glucose levels in curcuminoids-treated male
rats, the fatty degeneration of the two organs was
not likely due to an increase of serum triglyceride
or glucose levels. The reason for the fatty change
in the two organs was not known.
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Table 5. Hematological examination results of male rats given curcuminoids orally for 6 months.

Group of animals

Male water tragacanth 10 S0 250 250-R
mg/kg/day  mg/kg/day  mg/kg/day mg/kg/day
N=15 N=15 N=15 N=14 N=15 N=15
WBC (K/uL) 6.73+2.14 5.33+1.27 5.76+1.32 5.92+1.27 5.20+1.51 6.37+1.26
% Neutrophil  17.88+5.76 17.46+5.66 18.70+4.89  18.56+5.34 15.75+4.36 16.7843.85
% Lymphocyte 78.69+5.19 79.3246.18 77.9845.21  77.96+5.47 80.28+5.72 79.80+4.14
9% Monocyte 1.32+41.43 1.22+1.66 1.04+1.27 1.06+1.07 1.78+1.91 0.99+0.89
% Basophil 0.64+0.24 0.55+0.26 0.56+0.29 0.64+0.47 0.66+0.27 0.70+0.31
% Eosinophil 1.48+0.29 1.44+0.49 1.71+0.65 1.79+40.53 1.5240.33 1.7340.73
RBC(x10%uL)  9.01+0.39 8.79+0.32 8.77+0.39 8.90+0.39 8.74+0.45 8.43+0.74*
Hemoglobin
(g/dL) 16.22+0.57 15.78+0.46 15.73+043  15.76+0.41 15.56+0.48* 15.8740.55
%Hematocrit  46.65+2.11 45.58+1.90 44.4742.69  45.55+1.29 44.65+1.99  42.69+4.38* **

Platelet (K/uL) 929.87+111.73 869.10+115.16 908.23+58.07 905.07+73.06 900.43+103.50 906.80+125.08

PCT (%) 0.92+0.14 0.84+0.15 0.89+0.13 0.86+0.081 0.86+ 0.099 0.92+0.17

%o Reticulocyte 18.48+6.51 13.1946.06 14.3842.57 13.8245.14 14.9345.58 13.7345.07

Reticulocyte 1676.53+ 1158.93+ 1260.00+ 122321+ 1312.86+ 1133.07+
(K/uL) 579.59 569.99 270.40 457.83 510.37 429.57*

Each value represents mean + SD.

* Significantly different from water control group (p < 0.05).
** Significantly different from tragacanth control group (p < 0.05).

Therefore, if curcuminoids will be taken at
a high dose for a long period of time, patients
should be advised to observe themselves for any
possible sign of liver toxicity, i.e. juandice or yel-
lowing of the skin or the eye, brown urine, nausea,
vomiting, abdominal pain, light-colored stool,
unusual tiredness, and loss of appetite. In addi-
tion, liver function test should also be performed
periodically.

Conclusion
Six-month chronic toxicity study of curcu-

minoids in Wistar rats indicated that curcumi-
noids at the doses of 10 and 50 mg/kg/day did not

produce any significant dose-related changes of
organ weights, hematological parameters, serum
chemistry, or pathology of the internal organs.
Both male and female rats receiving curcumi-
noids 250 mg/kg/day had higher actual weights
of the liver than those of the two control groups.
Fatty degeneration of the liver occurred in a
dose-dependent manner in male rats, while it was
observed in 2 out of 15 female rats receiving
the highest dose of curcuminoids. In addition, a
dose-related adrenocortical fatty degeneration
was also observed in curcuminoids-treated male
rats but not in female rats. However, the inci-
dence of these pathological changes was not
significantly different between curcuminoids-
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Table 6. Hematological examination results of female rats given curcuminoids orally for 6 months

Group of animals

50 250 250-R
Female water tragacanth mg/kg/day  mg/kg/day  mg/kg/day mg/kg/day
N=15 N=15 N=15 N=15 N=15 N=15
WBC (K/uL) 3.16+1.51 2.83+1.18 2.40+0.67 2.65+1.13 2.69+0.92 2.36+0.96
% Neutrophil 19.91+8.37 21.36+11.16 22.06+6.65 23.19+4.60 21.33+5.71 21.93+6.80
%Lymphocyte  75.56+9.62 75.49+11.12 73.54+7.70 72.3145.55 73.40+6.31 73.2248.05
% Monocyte 2.05+1.84 0.90+0.44 1.47+1.42 1.54+1.68 2.26+2.48 2.09+2.19
% Basophil 0.514+0.54 0.48+0.31 0.55+0.49 0.50+0.24 0.73+0.49 0.57+0.32
% Eosinophil 3.10+4.28 1.7740.61 2.37+40.92 2.46+1.11 2.29+0.62 2.19+0.84
RBC(x 10%/uL) 8.00+0.48 7.77+0.56 7.86+ 0.50 7.82+0.49 7.75+0.40 7.63+0.49
Hemoglobin 15.54+0.49 15.18+40.75 15.3140.55 15.31+0.74 15.20+0.46 15.10+0.46
(g/dL)
% Hematocrit 44.38+2.59 43.16+1.75 43.74+2.62 43.79+2.26 43.24+1.93 42.40+2.10
Platelet 855.07+100.51 803.20+84.62 848.00+98.19 843.37+100.51 814.03+87.63  812.30+99.91
(K/uL)
PCT (%) 0.84+0.12 0.76+0.073 0.80+0.11 0.81+0.11 0.76+0.069 0.78+0.09
% Reticulocyte  16.72+6.57 17.4945.13 15.4745.70 12.81+5.85 15.81+4.72 16.59+5.36
Reticulocyte 1340.07+ 1343.80+ 1234.50+ 983.73+ 1223.07+ 1268.14+
(K/uL) 535.38 337.44 493.81 42391 400.45 444.68

Each value represents mean + SD.

* Significantly different from water control group (p < 0.05).
** Significantly different from tragacanth control group (p < 0.05).

treated animals and the two controls, and was
lower in the recovery group suggesting a revers-
ible nature of these changes. Taken together, the
results suggested that long term administration of
curcuminoids at a high dose might affect the liver
of the rat morphologically and functionally in a
reversible manner.
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Table 7. Blood chemistry results of male rats given curcuminoids orally for 6 months

Group of animals

Mal ¢ ¢ th 10 50 250 250-R
ale water ragacan mg/kg/day  mg/kg/day  mg/kg/day mg/kg/day
N=15 N=15 N=15 N=14 N=15 N=15
AST (U/L) 70.47+8.55 68.67+6.91  71.93+10.09 73.86+14.42 67.07+6.58 71.13+15.09
ALT (U/L) 39.60+9.17 36.20+4.89 35.60+6.95 39.07+10.48 35.7347.98 42.13+16.01
ALP (U/L) 67.4749.16 62.7349.74  69.07+16.37  74.21+12.74 79.40+13.39** 68.13+12.67
p-amylase 1960.87+ 1833.73+ 1884.60+ 2099.36+ 1992.73+ 2063.60+
260.43 139.52 205.10 207.49 311.97 271.07
Bilirubin 0.066+0.039  0.073+0.037 0.070+0.028  0.080+0.025 0.069+0.042  0.052+0.036
(mg/dL)
Creatinine 0.67+0.062 0.68+0.045 0.65+0.061 0.65+0.041 0.65+0.063 0.67+0.041
(mg/dL)
BUN (mg/dL) 18.64+1.55 19.19+3.16 18.28+2.38 17.64+2.05 17.80+2.04 17.63+1.83
Cholesterol 89.31+ 85.75+ 91.71+ 81.68+ 104.47+ 118.40+
(mg/dL) 19.55 16.37 18.77 15.80 22.79 24.20% **
Triglyceride 183.42+ 139.42+ 155.20+ 149.90+ 152.12+ 253.94+
(mg/dL) 72.53 33.75 30.13 38.95 54.28 88.26%*
Total protein 6.95+0.31 6.83+0.19 6.91+0.29 6.94+0.23 6.94+0.29 7.1540.31%*
(g/dL)
Albumin (g/dL) 4.27+0.14 4.23+0.09 4.25+0.14 4.36+0.13 4.44+40.19* **  4.24+40.17
Uric acid 2.71+1.34 1.51+0.59 1.90+1.03 1.84+0.87 2.01+0.89 1.87+0.87
(mg/dL)
Glucose 185.57+30.78 154.04+17.72* 165.93421.81 169.66+22.36 171.07+28.88 172.28+19.04
(mg/dL)
Sodium 146.47+2.26  146.80+1.82 147.33+1.84  147.86+1.66 148.20+1.90  147.13+1.25
(mmol/L)
Potassium 6.54+1.37 5.69+0.81 5.65+0.37 5.44+0.48 5.65+0.43 5.93+0.75
(mmol/L)
Chloride 109.80+2.43  111.27+1.87 111.40+1.55 111.57+1.83 111.8742.26  112.73+2.31*
(mmol/L)

Each value represents mean+SD.
* Significantly different from water control group (p < 0.05).
** Significantly different from tragacanth control group (p < 0.05).
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Table 8. Blood chemistry results of female rats given curcuminoids orally for 6 months

Group of animals

F | ¢ ¢ th 10 50 250 250-R
emate water ragacan mg/kg/day mg/kg/day mg/kg/day mg/kg/day
N=15 N=15 N=15 N=15 N=15 N=15

AST (U/L) 86.87+29.15  93.07+24.86 102.80+41.78 97.40+36.66 73.80+12.39  74.07+11.75

ALT (U/L) 43.60+17.44  40.93+19.58 47.33+17.77  47.00+18.35 36.80+11.10 35.4049.83

ALP (U/L) 22.674+4.12 23.27+7.27 20.734+3.20 23.60+6.43 23.60+4.61 22.67+4.29

p-amylase 1217.53+ 1143.27+ 1146.67+ 1082.53+ 1230.60+ 1298.60+

299.96 170.25 178.65 212.42 167.27 238.92

Bilirubin
(mg/dL) 0.097+0.037  0.096+0.051 0.099+0.040  0.080+0.052 0.11240.059  0.074+0.035

Creatinine 0.75+0.079 0.76+0.084  0.76+0.070 0.77+0.090 0.75+0.065 0.74+0.061

(mg/dL)

BUN (mg/dL) 21.45+3.45 21.9543.72  22.3442.70 21.50+2.60 19.99+43.22 19.05+3.13

Cholesterol 71.59+14.39  65.02+10.76  74.24+9.83 79.05+16.66 83.46+18.86** 72.53+16.38
(mg/dL)

Triglyceride 109.93+30.98 112.82+40.87 122.29+39.66 127.74+39.82 134.81441.25 143.35+71.07
(mg/dL)

Total protein 7.27+0.49 7.28+0.36 7.31+0.27 7.40+0.36 7.56+0.29 7.33+0.44
(g/dL)

Albumin 5.00+0.31 5.00+0.35 5.09+0.21 5.1240.25 5.28+40.22 5.05+0.27
(g/dL)

Uric acid 1.77+0.86 1.43+0.91 1.94+1.21 1.47+0.68 1.58+0.82 1.48+0.55
(mg/dL)

Glucose 141.07422.46 133.45+19.19 144.32+33.92 139.75+23.68 143.33+15.77 153.704+23.05
(mg/dL)

Sodium 147.13+1.60  147.67+1.76  147.67+1.68  148.07+1.44 148.20+1.57  148.47+0.92
(mmol/L)

Potassium 5.42+0.94 4.69+0.96 5.15+1.06 4.88+0.95 5.05+0.95 4.63+0.67
(mmol/L)

Chloride 113.20+1.66  113.07+1.58 113.40+1.40 113.33+1.84 113.73+1.94 116.93+
(mmol/L) 1.87% *%

Each value represents mean+SD.
* Significantly different from water control group (p < 0.05).
** Significantly different from tragacanth control group (p < 0.05).
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Table 9. Histopathological results of visceral organs in male rats given curcuminoids orally for 6 months

Group of animals

Organs Microscopic findings 10 50 250 250-R
water tragacanth mg/kg/day mg/kg/day mg/kg/day mg/kg/day

Lung Lymphoid proliferated 4/14 6/14 8/15 4/14 3/15 8/15
peribronchioles
Heart Focal myocardiosis 3/14 1/14 1/15 1/14 0/15 0/15
Liver Fatty degeneration 4/14 3/14 2/15 5/14 8/15 4/15
Kidney Tubular cyst 2/14 2/14 0/15 2/14 0/15 2/15
Renal cell carcinoma 0/14 0/14 0/15 0/14 1/15 0/15
Spleen Lymphoid hyperplasia 0/14 0/14 0/15 1/14 0/15 0/15
Intestine Lymphoid aggregated 2/14 2/14 4/15 2/14 0/15 2/15
submucosal layer
Testis Atrophy 1/14 2/14 0/15 0/15 1/15 0/15
Adrenal gland Cortical fatty degeneration 5/14 5/14 2/15 5/14 10/15 6/15
Thyroid gland Follicular hyperplasia 0/14 0/14 0/15 2/14 0/15 0/15

The results were expressed as the number of rats with pathological findings per total number of rats treated

Table 10. Histopathological results of visceral organs in female rats given curcuminoids orally for 6 months

Group of animals

Organs Microscopic findings 10 50 250 250-R

water tragacanth mg/kg/day mg/kg/day mg/kg/day mg/kg/day

Lung Lymphoid proliferated 4/15 5/14 6/14 2/15 2/15 6/15
peribronchioles

Heart Myocardial calcification  1/15 0/14 0/14 0/15 0/15 0/15

Liver Fatty degeneration 0/15 0/14 0/15 0/14 2/15 0/15

Kidney Tubular cast 5/15 3/14 4/14 7/15 6/15 5/15

Tubular cyst 0/15 0/14 0/14 1/15 0/15 0/15

Spleen Lymphoid hyperplasia 0/14 0/14 0/15 1/14 0/15 0/15

Intestine Lymphoid aggregated 2/15 2/14 1/14 0/15 0/15 3/15
submucosal layer

Uteus and cervix Glandular hyperplasia ~ 0/15 0/14 0/14 1/15 0/15 3/15

Mammary gland Glandular hyperplasia ~ 0/15 2/14 2/14 0/15 0/15 3/15

Adrenal gland Congestion 1/15 0/14 0/14 0/15 0/15 0/15

The results were expressed as the number of rats with pathological findings per total number of rats treated
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Long-term consumption of polysaccharide gel from
durian fruit-hulls in mice
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Abstract
Pongsamart, S., Tawatsin, A. and Sukrong, S.
Long-term consumption of polysaccharide gel from durian fruit-hulls in mice
Songklanakarin J. Sci. Technol., 2002, 24(4) : 649-661

Consumptive safety studies of durian polysaccharide gel were performed in mice. The polysaccharide
gel, DF and DF , were given orally for 60 and 100 days to male and female groups, respectively. The
oral doses of 0.25 g/kg/d of DF, or DF, or standard polysaccharide pectin or a high dose of 0.5 g/kg/d of
DF , were given to test groups. Food and water were given ad libitum. The results indicated that no toxic
effect was induced in treated mice. Relative body weight gain profile in treated mice was not different
(p>0.05) from its control. However, the lowest mean values of relative weight gain were obtained at finale
in male and female groups treated with 0.5 g/kg/d of DF,. Other pathological effects were examined by
clinical analysis of animal blood and serum. Normal hematologic results and clinical data of glucose,
cholesterol, creatinine and BUN in treated groups were found and was not significantly different (p>0.05)
from those of control and/or standard groups. However, mean values of serum cholesterol in DF, - and
DF - treated groups were rather low in comparison to their control and standard. The serum enzymes ALP,
AST (SGOT) and ALT (SGPT) were examined for detection of any pathological changes of the liver. No
significant elevation of these enzymes (p>0.05) in DF - and DF - treated groups was observed in comparison
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to those of standard and control groups. This finding suggests that liver injury did not occur in treated
mice. The relative liver weights of treated mice were not different (p>0.05) from those of control male
mice, while lower relative liver weights (p<0.05) were obtained in female treated and standard groups
when compared to their control. Normal number and growth rate of offspring were obtained in DF - and
DF - treated and control female groups. Subchronic toxicity in this study suggests that polysaccharide
gel from fruit-hulls of durian at oral doses of 0.25 and 0.5 g/kg/d could be consumed safely for a long period
of 60-100 days in male and female mice.

Key words : consumptive safety, toxic effects, durian polysaccharide gel, Durio zibethinus
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Polysaccharide gel isolated from fruit-hulls
of durian (Durio zibethinus L.) has been found
to be useful in preparation of jellies and jams,
(Pongsamart et al., 1989 a), and as excipient in
pharmaceutical preparations such as tablet, sus-
pension and emulsion (Umprayn et al., 1990 abc;
Pongsamart, 1989). The chemical composition
and sugar components of polysaccharides in
form of DF, (crude) and DF, (partially purified)
were previously described (Pongsamart and Pan-
maung, 1998). Toxic effects of a high oral dose
of polysaccharide gel were also investigated in
mice and rats, with the results indicating that
polysaccharide gel did not induce acute toxicity
in mice and rats (Pongsamart et al., 2001). Toxic
effects did not occurred in subacute treatment at
doses of 0.125, 0.25 and 0.5 g/kg/day for 10 days
when compared with water and pectin which
were used as a control and a standard polysac-
charide, respectively (Pongsamart et al., 1989 b).
The purpose of this study was to determine in
more detail the consumptive safety after long-
term treatment in male and female mice with a
dose of 0.25g/kg/day of DF,, DF, and pectin (a
standard polysaccharide) as well as with a high
dose of 0.5 g/kg/d of DF .  The pathological
changes were characterized by observing the in-
crement of the relative weight of internal organs
especially liver weight and high levels of bio-
chemical compositions in blood. The sign of liver
damage was also characterized by the high levels
of some enzymes in serum such as alkaline phos-
phatase (ALP) aspartate aminotransferase (AST;
SGOT) and alanine aminotransferase (ALT;
SGPT) (Fauci et al., 1998).

Materials and Methods

Animals

Female and male Swiss Albino mice, age
30-35 days (20-25 g) were obtained from the
National Laboratory Animal Center, Mahidol
University at Salaya. All animals were weighed
and placed in individual stainless steel cages
(8 x 10 in.). The animals were acclimatized for
at least 3 days prior to the initiation of experi-

ments in an experimental room with a controlled
temperature (25+1°C) and 50-60 % humidity.
Animals were maintained on a commercial pellet
diet (from FE. Zuellig Co.) and tap water ad
libitum. Animal weights were recorded every
morning at 8-10 am. throughout the experimental
period.

Polysaccharide gel extracts

The polysaccharide gel isolated from fruit-
hulls of durian includes DF , a crude extract, and
DF , a partially purified form of DF,. The method
of isolation of DF and DF , and its properties
were previously described (Pongsamart and
Panmaung, 1998). A 5% polysaccharide gel in
water was freshly prepared before use. Oral
feeding with stainless steel stomach needle was
performed at a volume of 10 ml/kg body weight.
The dose of 0.25 g/kg of DF, and DF was given
in test groups. A high dose of 0.5 g/kg of DF,
was also performed in test groups of female and
male mice.

Experimental protocol

Mice were housed singly in stainless steel
cages, and given food and water ad libitum.
Initial body weight of animals was recorded at
day 0, the day on which experiment started. Two
preparations of polysaccharide gel, DF, and DF
(0.25 g/kg/d) were given to the treated groups
whereas pectin (0.25 g/kg/d) and water (10 ml/
kg/d) were given to the standard and control
groups, respectively. A high dose of DF, (0.5g/
kg/d) was also given to female and male test
groups. Each group of 14-15 male or 8 female
mice received polysaccharide gel and pectin
everyday for 60 and 100 days, respectively. Each
animal was weighed before feeding every morn-
ing, food and water intake was also observed
through out the experimental period. After 4
weeks of treatment, the treated females were
housed with normal untreated male for mating.
The pregnancy rate, litter size, number of off-
spring, offspring growth rate and animal weight
were determined for the following 70 days of
treatment. Offspring weight was recorded every
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day after birth for 4 weeks.

On the final day of treatment, treated ani-
mals were weighed and then anesthetized with
diethyl ether, and blood withdrawn immediately
from the inferior vena cava using a heparinized
hematocrit tube and syringe. Serum was obtained
following centrifugation at 3,000 x g, 5 min,
and used for biochemical and clinical analyses.
Immediately following collection of the blood
sample, liver, heart, lung and kidneys were
rapidly removed and weighed. The internal organs
were examined grossly.

Assessment of clinical parameters

Hematological parameters of blood samples
were analyzed for hematocrit and hemoglobin.
Blood count of red blood cells, white blood cells
and lymphocytes were examined (Dacie and
Lewis, 1975). Clinical pathology was assessed
according to biochemical analysis, i.e. the incre-
ment of serum concentrations of glucose, choles-
terol, creatinine and blood urea nitrogen (BUN)
by using spectrophotometric assay. The elevation
of enzyme levels of alkaline phosphatase (ALP),
aspartate aminotransferase (AST or SGOT), and
alanine aminotransferase (ALT or SGPT) was
determined to assess toxic liver injury and biolo-
gical toxicity.

Statistical method

Results are expressed as group mean
values = SD in tables ; graphs were constructed
using SigmaPlot Scientific Graphing Software
for Windows, symbols and bars on graphs repre-
sent mean = SD. Means not having superscripts
incomnon are statistically different (p<0.05).
Multiple means of the treatment, standard and
control groups were examined by using SPSS
for MS Windows program, and analysis under-
taken using analysis of variance followed by
Duncan's multiple range test or/and Post Hoc
Tests to evaluate significant differences between
groups. The limit for statistical significance (o)
was set up at 0.05. Relative weight gain mean
values were compared cross groups treated with
different amounts and types of food at 10- day

intervals for 60 and 100 days in male and female
groups, respectively, and at 7- day intervals for
30 days in groups of offspring.

Results and Discussion

In a previous study, investigation of a high
oral single dose (2 g/kg) of polysaccharide gel
from fruit-hulls of durian indicated that no acute
toxic effect was induced in mice and rats. Long-
term treatment in mice with an oral dose of 0.25g/
kg/d of DF and DF, was performed in this
study; pectin and water were used as a standard
polysaccharide and control, respectively. A high
dose of DF, (0.5 g/kg/d) was also assessed.
These doses were about 5-10 times or more than
20 times which would be consumed in the recipe
of food or drug formula, respectively. Normal
behavior of animals was observed. Food and
water were take normally in treated groups as
well as in the control group. Soft feces were
excreted normally in treated group as well as in
the groups of control and standard. However, at
the first 1-2 weeks of treatment, some animals of
the treated groups excreted very soft feces. This
result may suggest a mild laxative property of
polysaccharide fiber (Spiller, et al., 1979).

Effect of polysaccharide gel on body weight
and internal organ weight

Initial body weight and relative weight
gain in test male and female mice are illustrated
in Figure 1 and Figure 2, respectively. Final body
weights in test male and female are demonstrated
in Table 1 and 2, respectively. Average body
weights (Table 1) and the average weight gain
profile in male groups (Figure 1) were not sig-
nificantly different (p>0.05) from that of their
control. However, the DF_ at 0.5 g/kg/d treated
group at final period of experiment showed the
lowest average body weight. Figure 2 shows the
profile of relative weight gain in female mice.
The average weight gains of treated and control
groups were not significantly different (p>0.05)
at day 10 to 30 of treatment before mating period
and at day 80 to 100 of treatment after lactation
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Mice n Sex Initial body wt . (B.W.), g (sd)
O control 14 M 25.4 (1.5)
M Siandard 15 M 249 (1.6)
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Figure 1. Relative weight gain in male mice during 60 days treatment with DF, and DF, . Each bar
represents mean (sd). Mean values of treated groups at time illustrated are not significantly
different from that of control (p> 0.05). Control male mice were fed with water 10 ml/kg/d.
Standard male mice were fed with pectin 0.25 g/kg/d, M = male, n = number of mice

Mice

O control
M standard
Epruosg

Bopruoasg

Boprio2sg

70

60

50

g.wt.gain / 100 g. initial B.W.

Sex Initial body wt.(B.W),g (sd)
F 24.0 (1.8)
F 23.0 (1.5)
F 24.1 (1.4)
F 23.6 (1.0)
F 24.2 (0.7)

50 60 70 80 90 100
Time ( day )

Figure 2. Relative weight gain in female mice during 100 days treatment with DF, and DF . Each bar
represents mean (sd). Mean values of treated groups at time illustrated are not significantly
different from control (p> 0.05). Control female mice were fed with water 10 ml/kg/d. Stand-
ard female mice were fed with pectin 0.25g/kg/d, F = treated female, n = number of mice.
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Table 1. Relative internal organ weight in test male mice after 60 days treatment with DF, and DF . NS

= no significant difference between groups (p> 0.05),

a, b = significant difference between

groups (p< 0.05), M = male, n = number of mice.

Internal organ wt. (g)/100 g. body wt. Mean + SD

Test animals Weight (g) Kidney
. n, Sex M SD
(mice) can + Liver Heart Lung Right Left
NS NS NS

Control group b a

water 10 ml/kg/d  14,.M 374429  5.07+£0.52  0.4540.04 0.62+0.05  0.95+0.30 0.86+0.09
Standard group ab ab

pectin 0.25g/kg/d  15.M 384429 4724031  0.4540.81 0.66+0.10  0.91+0.15 0.82+0.10
Test group DF, ab ab

DF, 0.5g/kg/d 15.M 36.6+1.8 4394021  0.46+0.05 0.67+0.10  0.9340.19 0.83+0.06
Test group DF| a b

DF, 0.25g/kg/d  14M 38.243.1 4.89+0.76  0.40+0.13 0.73£0.09  0.94+0.18 0.7840.10
Test group DF, a ab

DF, 0.25¢g/kg/d 13.M 38.842.8 5.1540.45  0.44+0.06 0.73£0.09  0.88+0.10 0.81+£0.09

Table 2. Relative internal organ weight in test female mice after 100 days treatment with DF and DF .
NS = no significant difference between groups (p> 0.05), a, b = significant difference between
groups (p< 0.05), F =female, n = number of mice.

Internal organ wt. (g)/100 g. body wt. Mean + SD

Test animals Weight (g) Kidney
. n, Sex M SD
(mice) €an + Liver Heart Lung Right Left
NS NS NS
Control group a ab
water 10 ml/kg/d ~ 8,F 31.442.7 5.9940.70  0.57+0.12 0.7840.12  0.71+0.08 0.69+0.03
Standard group abc a
pectin 0.25g/kg/d  8,F 29.742.8 5.7340.49  0.52+0.07 0.884+0.11  0.72+0.05 0.70+0.06
Test group DF, cd a
DF, 0.5g/kg/d 8,F 29.745.6  5.2940.58  0.62+0.02 0.83+0.14  0.73+0.05 0.71+0.07
Test group DF| bed a
DF, 0.25g/kg/d 8,F 31.1+42.6  5.31+0.41  0.53+0.09 0.854+0.13  0.71+0.07 0.70+0.08
Test group DF, d b
DF, 0.25g/kg/d 8,F 33.3+1.6  5.09+0.48  0.5240.12 0.83+0.12  0.65+0.03 0.68+0.07

ended. In this experiment, normal untreated male
mice was housed with test females on day 28-
42 (14 days). The average relative weight gain

during pregnancy period is not shown. Most of
test female mice in treated and control groups
became pregnant and gave birth by day 50-56.
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The high relative weight gain profile on day 50-
70 as shown in Figure 2 was observed during
the lactation period. However, the average
relative weight gain appeared to be the lowest in
the DF, (0.5 g/kg/d) treated female group (Figure
2) on days 80-100 towords the end of the ex-
periment and the lowest final body weight was
also appeared in the DF, (0.5 g/kg) treated group
as well as standard group (Table 2) . These results
suggest that long term feeding of DF, at an oral
dose of 0.5 g/kg/d has potential to reduce weight
gain in male and female mice.

The relative weights of liver, heart, lung
and kidneys was determined at the end of the
experiment in male and female mice. The results
are shown in Table 1 and 2, respectively. Final
body weight of the animals is also demonstrated.
In the male groups (Table 1) the relative weights
of internal organs were not significantly differ-
ent (p>0.05) from those of control groups, except
for the lung and the left kidney; but these relative
weights were not different (p>0.05) from that of
the standard group. Among females (Table 2) the
relative weight of liver in treated groups was
lower (p<0.05) than that of the control group; but
not significantly different (p>0.05) from that of

the standard group. Enlargement of liver was not
observed in treated groups.

Effect of polysaccharide gel on pregnancy and
growth of offspring

The polysaccharide gel from fruit-hulls of
durian did not affect pregnancy and offspring in
treated female mice. The results are shown in
Table 3 and Figure 3. Every female mouse in
treated groups became pregnant normally after
being housed with an untreated male mouse
(within 14 days). Most females gave birth 22-
28 days later. Table 3 shows that the number of
offspring which was 10-11, the ratio of male :
female of offspring was 1 : 1. The average weight
at birth (day 1) of offsprings in treated groups
was not different from that of control group. The
average weight of offspring during 1-4 weeks
is also demonstrated in Table 3. The relative
weight gain profile of offspring is illustrated in
Figure 3. The average relative weight gain of
offspring was determined every week during the
suckling period (about 3 weeks), and also the fol-
lowing week. Figure 3 shows that the relative
weight gain of offspring from treated mother was
not significantly different (p>0.05) from their

Table 3. Body weight, sex and number of offspring from test female mice treated with DF, and DF .
Mean values of treated groups are not significantly different from control (p> 0.05). F =
female, M = male , n = number of test female mice.

Offspring average body weight (g), Mean + SD
Test animals . Sex No. of offspring
. 9

(Mice) Mean + SD F/M  pay1 Day 7 Day 14 Day21  Day28
Control group 8,F 10+1 4+1  1.76+0.20 4.47+0.59 6.88+1.13 10.71+1.22 19.30+2.94
water 10 ml/kg/d 6+1
Standard group ~ 8,F 11+1 4+1  1.66+0.07 4.07+0.49 6.31+0.71  9.07+1.05 17.08+1.78
pectin 0.25g/kg/d T+1
Test group DF,  8,F 10+1 5+1 1.6940.17 4.61+0.31 7.00+0.72 10.95+1.18 19.81+1.71
DF,, 0.5g/kg/d 5+1
Test group DF,  8,F 11+1 S+l 1.63+0.11  4.06+0.93 6.57+1.13  9.4442.39 18.16+2.11
DF, 0.25g/kg/d 6+1
Test group DF,  8,F 10+1 542 1.54+40.22 4.32+41.01 6.71+1.59  9.82+3.51 16.99+3.27
DF, 0.25g/kg/d 5+1
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14

12

10

g.body wt.gain / 1 g. body wt. day1

Time (day)

Mice n Sex Offspring (n)  Wt. day1(g)
] control 8 F 10+1 1.76 +0.20
Standard 8 F 11+1 1.66 +0.07
DF,05g 8 F 10+ 1.69+0.17
DF)0.25g 8 F 11+1 1.63 +0.11

E== DbFj0.25¢g 8 F- 10+1 1.54 +0.22

Figure 3. Relative weight gain of offspring during 4 weeks after birth from mother treated with DF, and
DF |, for 4 weeks before mating and during lactation. Each bar represents mean + SD * = sig-
nificantly different from control (p< 0.05). Control = offspring from mother receiving water
10 ml/kg/d. Standard = offspring from mother receiving pectin 0.25 g/kg/d. F = treated female

mice. n = number of mice.

control and standard groups, except that of off-
spring at day 21 and day 28 in group of DF,
(0.5 g/kg/d) treated mother, which showed higher
relative weight gain profile (p<0.05) than that of
offspring from control group. The hematological
data of offspring of treated and control groups
(Table 4) showed normal hematological parame-
ters. These results suggest that polysaccharide
gel did not affect the pregnancy and growth of
offspring in mice. The growth rate of offspring
from treated mothers was not low in comparison
to controls.

Biochemical and clinical analyses
Hematological data in Tables 5 and 6
demonstrate normal hematological parameters in
treated male and female mice. The percentages of
hematocrit, hemoglobin, lymphocytes, red blood
cells and white blood cells count between treated
and control male and female mice were not sig-
nificantly different (p>0.05). However, white
blood cells count in DF, and DF, treated (at a

dose 0.25 g/kg/d) male mice was significantly
higher (p<0.05) than their controls but was not
significantly different (p>0.05) from that of their
standard group. The results indicate that poly-
saccharide gel DF, and DF at an oral dose of
0.25 g/kg/d and DF, at a high dose of 0.5 g/kg/d
did not induce hematological changes in treated
male and female mice. However, WBC count in
treated male (Table 5) was higher than its control
(p<0.05) but not significantly different (p>0.05)
from standard group.

Serum concentrations of glucose, choles-
terol, creatinine and blood urea nitrogen (BUN)
in male and female mice are shown in Figures 4
and 6, respectively. The results of serum glucose,
cholesterol, creatinine and BUN in treated male
and female mice were not significantly different
(p>0.05) from those of their standard and control
groups. Data were compared among the test,
standard and control groups by test for homo-
geneity of variance (Levene test) using ANOVA
followed by Duncan's multiple range test, with
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Data are expressed as mean + SD,

significant difference between groups (p< 0.05), F

Table 6. Hematological parameters in female mice after 100 days treatment with DF, and DF,.

female,

no significant difference between groups (p> 0.05), a, b

number of mice.

NS
n

PMN %

Hb % RBC Cx10°mm® WBC
NS NS NS, Cx10°/mm® NS

Hct %
NS

Weight (g)

Test animals

Band % Lymph % Mon % Eos % Baso %

n,Sex

Mean + SD

ab

Control group

0-1 0-2

86.2+4.6

ab

12.5+¢3.9

2.0+0.9

8.840.9

+ 13.9+1.6

45.242.4

31.4+2.7

8,F

water 10 ml/kg/d

Standard group

0-1 0-2

86.2+5.9

13.0+6.0

1.5+0.9

8.4+1.4

+ 13.542.1

42.844.5

F  29.742.8

pectin 0.25 g/kg/d 8,

ab

Test group DF|
DF, 0.5 g/kg/d

0-2

88.2+4.0

11.2+3.9

1.3+0.8

7.2+41.7

11.3+2.9

43.245.2

F 29.7+5.6

8,

Test group DF|

0-1

90.6+4.7

8.7+4.9

1.8+1.3

7.840.9

31.142.6  43.844.8 14.2+4.2

8,F

DF, 0.25 g/kg/d

Test group DF,

0-4

0-3

81.0+5.7

15.8+6.1

3.3+1.9

8.840.5

-+ 14.340.7

46.0+2.0

33.3+1.6

8,F

DF, 0.25 g/kg/d

p<0.05 as the level of significance. Interestingly,
average serum levels of cholesterol in DF, at
0.25 mg/kg/d treated male as well as female
mice showed the lowest value in comparison to
those of their control and standard groups (Fig-
ures 4 and 6). The results of normal values of
BUN and creatinine obtained seem to indicate
that polysaccharide gel did not produce kidney
damage in treated animals (Wildman, 1984).

The pathological change and toxic effects
are characterized by an increase in liver and
kidney weights, as well as the high levels of bio-
chemical substances especially some specific
enzymes in serum, such as alkaline phosphatase
(ALP), aspartate aminotransferase (AST;SGOT)
and alanine aminotransferase (ALT;SGPT)
(Fauci et al., 1998; Wildman, 1984). In the present
study, the serum levels of these enzymes in
treated male and female mice were not markedly
increased in compaison to their controls as
shown in Figures 5 and 7, respectively. It is
illustrated in Figure 5 that serum levels of ALP
in treated male groups were lower than in the
control group. The serum levels of AST (SGOT)
<100 U/L and ALT (SGPT) <20 U/ were not sig-
nificantly different (p>0.05) from those of their
control group.  The result of no increment of
serum ALP in this study suggests that patholo-
gical changes of liver function had not occurred
(Fauci et al., 1998). The results of normal levels
of AST (SGOT) and ALT (SGPT) in treated male
mice also confirmed that pathological changes
of liver, heart and muscle had not occurred
(Fauci et al., 1998). The serum levels of AST
(SGOT) <100 U/L and ALT (SGPT) <35 U/L in
treated female mice (Figure 7) were not markedly
high and not significantly different (p>0.05)
from their control. The results clearly indicate
that pathological changes of liver, heart and
muscle function had not occurred (Fauci et al.,
1998). The serum levels of ALP in DF, treated
female group was not different (p>0.05) from
those of control group and the serum ALP in
DF, treated group was not different (p>0.05)
from that of standard group. ALP levels in treated
and control mice (<90 U/L) were not markedly
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Figure 4. Biochemical analysis of serum in male mice after 60 days treatment with DF, and DF . Each
bar represents mean + SD, ns = no significant difference between groups (p> 0.05), a, b = sig-
nificant difference between groups (p< 0.05). Control male mice were fed with water 10 ml/kg/
d. Standard male mice were fed with pectin 0.25 g/kg/d. M = male, n = number of mice.
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100 .
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Figure 5. Levels of enzymes in serum in male mice after 60 days treatment with DF, and DF . Each bar
represents mean + SD, ns = no significant difference between groups (p> 0.05), a, b = significant
difference between groups (p < 0.05). Control male mice were fed with water 10 ml/kg/d. Stand-
ard male mice were fed with pectin 0.25 g/kg/d. M = male, n = number of mice.
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Figure 6. Biochemical analysis of serum in female mice after 100 days treatment with DF, and DF .. Each
bar represents mean + SD, ns = no significant difference between groups (p> 0.05), a, b = signifi-

cant difference between groups (p< 0.05). Control female mice were fed with water 10 ml/kg/d.
Standard female mice were fed pectin 0.25 g/kg/d. F = female, n = numberof mice.
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Figure 7. Levels of enzymes in serum in female mice after 100 days treatment with DF, and DF . Each
bar represents mean + SD, ns = no significant difference between groups (p> 0.05), a, b = signifi-
cant difference between groups (p< 0.05). Control female mice were fed with water 10 ml/kg/d.
Standard female mice were fed with pectin 0.25 g/kg/d. F = female, n = number of mice.
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higher than normal ALP level in female mice.
The results of the present study suggest that
polysaccharide gel, DF, and DF at a dose 0.25g/
kg/d and DF at a high dose of 0.5 g/kg/d, could
be consumed safely for long periods of 60 and
100 days in male and female mice, respectively.
Interestingly, at a high oral dose (0.5 g/kg/d),
DF, seems to induce low level of serum choles-
terol and low body weight gain in male and
female mice after long term treatment. These
properties have also been observed with some
other dietary fiber (Chandalia, et al., 2000;
Vahouny, et al., 1988).

Acknowledgment

This work was supported in part by
Rachadapiseksompoach Research Funds, Chu-
lalongkorn University.

References

Chandalia, M., Garg, A., Lutjohann, D., Bergmann,
K. V., Grundy, S.M. and Brinkley, L.J. 2000.
Beneficial effects of high dietary fiber intake
in patients with type 2 diabetes mellitus. N.
Engl. J. Med. 342(19) : 1392-1398.

Dacie, J.V. and Lewis, S.M. 1975. Practical Hemato-
logy 4" ed., Churchill, Livingstone, London.
pp 1-1180.

Fauci, A.S., Braunwald, E., Isselbacher, K.J., Wilson,
J.D., Martin, J.B., Kasper, D.L., Hauser, S.L.,
Longo, D.L. 1998. Harrison's Principles of
Internal Medicine 14" ed., McGraw-Hill Co.
pp 1660-1704.

Pongsamart, S., Sukrong, S. and Tawatsin, A. 2001.
The determination of toxic effects at a high
oral dose of polysaccharide gel extracts from
fruit-hulls of durian (Durio zibethinus L.) in
mice and rats. Songklanakarin J. Sci. Technol.
23(1) : 55-62.

Pongsamart, S.and Panmaung, T. 1998. Isolation of
polysaccharides from fruit- hulls of durian
(Durio zibethinus Linn.). Songklanakarin J. Sci.
Technol. 20(3) : 323-332.

Pongsamart, S., Dhumma-upakorn, R. and Panmaung,
T. 1989 a. The studies of carbohydrate from
durian rind for pharmaceutical and food
preparations. Research Report, Rachadapi-
seksompoach Research Funds, Chulalongkorn
University.

Pongsamart, S. Jesadanont, S.N. and Markman, N.
1989 b. The studies on safety and toxicity of
the consumption of pectin-like substance
isolated from durian rinds. Research Report,
Faculty of Pharmaceutical Sciences, Chulalong-
korn University.

Pongsamart, S. 1989. The studies of carbohydrate
extracts from durian rinds to use as suspending
agent. Research Report, Department of Bio-
chemistry, Faculty of Pharmaceutical Sciences,
Chulalongkorn University.

Spiller, G. A., Shipley, E. A., Chernoff, M.C. and Cooper,
W.C. 1979. Bulk laxative efficacy of a psyllium
seed hydrocolloid and of a mixture of cellulose
and pectin. J. Clin. Pharmacol 19 : 313

Umprayn, K., Kaitmonkong, R., and Pongsamart, S.
1990 a. Evaluation of tablet disintegrating
properties of durian rind extracts. NUS-JSPS
Seminar, CHBA, JAPAN. Oct. 23-26, 1990.

Umprayn, K., Chanpaparp, K. and Pongsamart, S.
1990 b. The studies of durian rind extracts as
an aqueous binder : Evaluation of granule
properties. Th. J. Pharm. Sci. 15(2) : 95-115.

Umprayn, K., Chanpaparp, K. and Pongsamarts, S.
1990 c. The studies of durian rind extracts as
an aqueous binder I : Evaluation of Tablets
Properties. Th. J. Pharm. Sci. 15(3) : 173-186.

Vahouny, G. V., Satchithanandam, S., Chen, 1., Tepper,
S.A, Kritchevsky, D., Lightfoot, F.G. and
Cassidy, M.M. 1988. Dietary fiber and intesti-
nal adaptation : effects on lipid absorption and
lymphatic transport in the rat. Am. J. Clin. Nutr.
47 :201-6

Wildmann, FK. 1984. Clinical nterpretation of Labo-
ratory Tests. 9" ed., F.A. Davis Co., P.G. Asian
Economy Edition, P. G. Publishing Pte. Ltd.
Singapore. pp. 246-250.






ORIGINAL ARTICLE

Comparison of breaker height formulas using
large-scale wave tanks

Winyu Rattanapitikon1 and Thirapat Vivattanasirisak :

Abstract
Rattanapitikon, W., and Vivattanasirisak, T.
Comparison of breaker height formulas using large-scale wave tanks
Songklanakarin J. Sci. Technol., 2002, 24(4) : 663-674

The breaker height is an essential requirement for design of coastal structures, as well as for the
prediction of wave height transformation and beach deformation. Many formulas have been proposed
to compute the breaker height. However, most of the existing breaker height formulas were developed
based primarily on measured data from small-scale experiments. It is doubtful that those formulas are
applicable in large-scale experimental conditions, which are more representatives of natural conditions.
In this study, the predictive capability of 29 existing breaker height formulas is examined by comparison
against measured data from the large-scale experiments of CRIEPI (1983) and SUPERTANK (1994). The
comparison shows that the errors of the selected formulas vary from 8.7% to 69.4%. Overall, the formulas
that give very good predictions are those by Ostendorf and Madsen (1979), Larson and Kraus (1989),
Gourlay (1992), and Rattanapitikon and Shibayama (2000).
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The initiation of breaking wave height (or
breaker height) has been a subject of study for a
century due to its importance in design of coastal
structures, as well as for the prediction of wave
height transformation and beach deformation.
During the past century, a number of studies and
experiments have been carried out to develop
the breaker height formulas. Owing to the com-
plexity of wave breaking mechanism, any type of
breaker height formula has to be based on empi-
rical or semi-empirical formula calibrated with
the experimental results. Therefore the validity of
breaker height formulas may be restricted to the
experimental conditions used in the calibration or
verification. In order to confirm the validity of
the formula, a wide range of experimental condi-
tions should be used in the calibration or verifi-
cation of the formula. As it is very difficult to
measure the breaker height of each individual
wave in the field, small-scale and large-scale
experiments are the sources of quantitative
information for verifying the breaker height for-
mula.

Since most of the existing formulas were
developed based on only the measured data from

g = aaa a v < v a ° % Y
muumﬂiuinﬂmuwm IUDT  AMNINYIAYTITNA AT FUIN A BILABAANNHAN  IHIN

small-scale experiments, it is doubtful whether
those formulas are applicable in the large-scale
experimental conditions, which are more repre-
sentative of natural conditions. In spite of the
great number of studies in the initiation of break-
ing, few have evaluated the validity of the exist-
ing formulas. Moreover, the few available com-
parisons are not based on the large-scale experi-
ments. The aim of this study is to compare and
find out proper breaker height formulas that pre-
dict well for large-scale experimental conditions.

This paper is divided into three main parts.
The first part presents the existing breaker height
formulas. The second part is a brief review of
collected experiments used to examine the exist-
ing formulas. The third part is the examination
of all formulas for identifying the proper ones.

Existing breaker height formulas

Many different formulas for computing
breaker heights have been proposed during the
past century. Among the existing formulas, the
breaker height formulas of Miche (1944) and
Goda (1970) are widely mentioned. The majority
of the existing formulas represent a relationship
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between the breaker height (/) and the variables
at the breaking or deepwater conditions, i.e., still
water depth at breaking (h,) , wavelength at
breaking (L,) , local bottom slope (m) , deepwater
wavelength (L) , and deepwater wave height
(H) . From preceding studies, the following
formulas have been suggested to compute the
breaker height.

a) McCowan (1894), hereafter referred to
as MC94, derived a limit of breaking wave in
water of constant depth based on solitary wave
theory and proposed that the breaking will occur
when

H, =0.78h, (1)

b) Miche (1944), hereafter referred to as
MI44, developed a semi-empirical breaking crite-
rion for periodic waves in finite water depth and
proposed the limiting wave steepness as a func-
tion of water depth to wavelength ratio.

21mh
Hh = 0.142Lhtanh (L—’] 2)

b

Danel (1952) suggested changing the coefficient
from 0.142 to be 0.12 when applying to the hori-
zontal bottom.

¢) Munk (1949), hereafter referred to as
MU49, derived a breaker height formula based
on the solitary wave theory. The formula was
proposed to be

H =03H, (’Z_J 3)

d) Le Mehaute and Koh (1967), hereafter
referred to as MK67, proposed an empirical for-
mula based on three sources of the experimental
data (Suquet, 1950; Iversen, 1952; and Hamada,

1963). The experiments cover a range of 1/50 < m
<1/5and 0.002<H /L, <0.093.

H, =0.76H (L—J m 4)

0

e) Galvin (1969), hereafter referred to as
GAG69, performed laboratory experiments with
regular wave on plane beach and combined his
data with the data of Iversen (1952) and Mc-
Cowan (1894). The breaking criterion was de-
veloped by fitting empirical relationship between
h,/H, and m .

1

H=h —L  form<007 (5.1)
' 1.40-6.85m

H="1 form>007  (52)
0.92

f) Collins and Weir (1969), hereafter re-
ferred to as CW69, derived a breaking height
formula from linear wave theory and empirically
included the slope effect into the formula. The
experimental data from three sources (Suquet,
1950; Iversen, 1952; and Hamada, 1963) were
used to fit the formula.

H, = 1,(0.72 + 5.6m) 6)

g) Goda (1970), hereafter referred to as
GO70, analyzed several sets of laboratory data
on breaking waves on slopes obtained by several
researchers (Iversen, 1952; Mitsuyasu, 1962; and
Goda, 1964) and proposed a diagram presented
criterion for predicting breaker height. Then Goda
(1974) gave an approximate expression for the
diagram as

h
H = 0.17L0{1—exp[-1~5%(1 +15m4’3)]} (7)

0

h) Weggel (1972), hereafter referred to as
WE72, proposed an empirical formula for com-
puting breaker height from five sources of the
laboratory data (Iversen, 1952; Galvin, 1969; Jen
and Lin, 1970; Weggel and Maxwell, 1970; and
Reid and Bretschneider, 1953). The experiments
cover a range of 1/50 <m< 1/5.

H = h,gT*1.56 / [1+exp(-19.5m)]
" gT’ +h,43.75[1-exp(-19m)]

®)
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1) Komar and Gaughan (1972), hereafter
referred to as KG72, used linear wave theory to
derive a breaker height formula from energy flux
conservation and assumed a constant H/h, .
After calibrating the formula to the laboratory
data of Iversen (1952), Galvin (1969), and unpub-
lished data of Komar and Simons (1968), and the
field data of Munk (1949), the formula was pro-
posed to be

H, =0.56H, (’Z ) ©)

7) Sunamura and Horikawa (1974), here-
after referred to as SH74, used the same data set
as Goda (1970) to plot the relationship between
H /' H ,H/Land m . After fitting the curve
the following formula was proposed.

H - 025
}I}7 — H m 0.2 °
‘ Lo

k) Madsen (1976), hereafter referred to as
MA76, combined the formulas of Galvin (1969)
and Collins (1970) to be

(10)

H, =0.72h (146.4m) form<0.10 (11)

Black and Rosenberg (1992) found that the for-
mula of Madsen (1976) gives good predictions
for individual breaker height in laboratory and
field experiments.

1) Battjes and Janssen (1978), hereafter
referred to as BJ78, modified Miche (1944)’s
criterion by including an adjustable coefficient y/
0.88 into the formula. The formula calibration
indicated that the coefficient y= 0.8 gave the best
prediction.

H =0.142L tanh[ &8 27 | (1)
’ 0.88 L

b

m) Ostendorf and Madsen (1979), hereaf-
ter referred to as OM79, modified the formula of
Miche (1944) by including the beach slope in to
the formula. After calibrating to the laboratory

data, the Miche (1944)’s formula was modified to
be

2
H, = 0.14L, tanh [(0.8 +5m) "—h] for
h h L],

m<0.1 (13.1)

2nh
H, =0.14L, tanh[(0.8+5(0.1)) Z h:I for

b

m>0.1 (13.2)

n) Sunamura (1980), hereafter referred to
as SU8O0, conducted an empirical formula based
on an analysis of various laboratory data (Iver-
sen, 1952; Bowen et al., 1968; Goda, 1970; and
Sunamura, 1980) and obtained the following
formula.

(14)

1/6
H =1.1h mn
b b( HO/LOJ

0) Singamsetti and Wind (1980), hereafter
referred to as SWS80, conducted a laboratory
experiment. The experiments cover a range of
1/40 <m < 1/5 and 0.02 < H / L < 0.065. They
proposed two empirical formulas based on their
own data. The first formula is

H =0.575H m"™ (i) (15)
2 o L

Equation (15) is referred to as SW80a hereafter.
The second formula is

0.155 H(, o
H,=0.937hm (L—) (16)

Equation (16) is referred to as SW80b hereafter.

p) Ogawa and Shuto (1984), hereafter re-
ferred to as OS84, obtained the following for-
mula from the same data sets as Goda (1970).
The formula is limited to use for the range of 1/
100 <m < 1/10 and 0.003 < H / L < 0.065 .

H = O.68H0mm(%) (17)

0
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q) Battjes and Stive (1985), hereafter referred to as BS85, modified the formula of Battjes and
Janssen (1978) by relating the coefficient ywith H /L as

H, =0.142L, tanh{| 0.5+0.4tanh 33 | (22 (18)
: : L, )|o.8sL,

r) Seyama and Kimura (1988), hereafter referred to as SK88, measured wave height deforma-
tion of individual wave of the irregular wave experiments and investigated the wave height to water
depth ratio at wave breaking. The formula of Goda (1970) was modified to compute the individual
wave breaking in irregular wave trains as

H=h {o. 16%{1 - exp[—o.Sni—h(l + 15m‘“3)]}—0.96m + o.z} (19)

They also found that the individual waves of irregular waves tend to break before satisfying the
breaking criterion for regular waves. The reduction of the wave height to water depth ratio at the
breaking point was found to be about 20%. Therefore the coefficient of (19) when applying to regular
wave breaking should be changed to be 1.25 as

H =125h, {0.16 2 {1 - exp[—O.Sn%(l + 15m“)]}—0.96m + 0.2} (20)

s) Larson and Kraus (1989), hereafter referred to as LK89, developed a breaking criterion based
on the large wave tank data of Kajima ez al. (1983). The breaking height index H, / h, was related to
the surf similarity parameter. m /./H, /L, . By using regression analysis, the breaker height formula
was proposed to be

H = 1.14hb( 21

0.21
m
H /L, ]

The correlation coefficient of Eq. (21) is 55%. Equation (21) is referred to be LK89a hereafter.
They also related the term H,/ H with the deepwater wave steepness (H /L) . The regression
analysis was used to obtain the equation. The regression equation obtained is

0

H —0.24
H,=0.53H ( - ) (22)

The correlation coefficient of Eq. (22) is 80%. Equation (22) is referred to as LK89b hereafter.

t) Hansen (1990), hereafter referred to as HA90, used the laboratory data from Van Dorn (1978)
and unpublished data of ISVA to plot the relationship between H, / h, and mL, / h, and
proposed the following empirical formula.

H =105h, [m ﬂ] (23)

b
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u) Smith and Kraus (1990), hereafter referred to as SK90, proposed 2 empirical formulas based
on the analysis of 11 sources of laboratory data performed on plane beach conditions. The
experiments cover a range of 1/80 <m < 1/10 and 0.001 < H /L < 0.092. The first formula is

H=h{ 112 500 expa3mie 24
b b {1 +exp(—60m) [ exp( m)] Lu ( )

Equation (24) is referred to as SK90a hereafter. The second formula is

H —0.304+0.88m
H, =H (0.34 +2.47m) (L—) (25)

0

Equation (25) is referred to as SK90b hereafter.

v) Kamphuis (1991), hereafter referred to as KA91, modified Miche (1944)’s formula by
introducing the exponential form of the bottom slope into the formula and applied to compute the sig-
nificant wave height of the irregular wave breaking. After calibrating to his irregular breaking
wave data, the formula becomes

H, =0.095exp(4m)L, tanh (%) (26)
He also found that the regular breaking height formula can be used for irregular wave to compute the
significant wave height at the breaking but the coefficient have to be reduced to be about
0.75 of the proposed coefficient. Therefore the coefficient in Eq. (26) should be changed from 0.095 to
be 0.127 when applying to the regular breaking waves as

H, =0.127exp(4m)L, tanh (%) 27)

w) Gourlay (1992), hereafter referred to as GL92, proposed an empirical formula based on seven
sources of laboratory data (Bowen et al., 1968; Smith, 1974; Visser, 1977; Gourlay, 1978; Van Dorn,
1978; Stive, 1984; and Hansen and Svendsen, 1979). The experiments cover a range of 1/45 <m < 1/10
and 0.001 <H /L <0.066. The data was used to plot the relationship between H,/H and H /L ,the
curve fitting yields

-0.28
H, =0478H [i) 28)
D o L

x) Rattanapitikon and Shibayama (2000), hereafter referred to as RSO0, proposed 3 empirical
formulas based on the re-analysis of existing breaker height formulas. The published experimental data
from 24 sources were used to calibrate the formulas. The experiments cover a range of 0 < m < 0.44 and
0.001 <H /L, <0.10. The first formula is

H, = (-2.06m" +0.67m + 0.46)L (’Z_) : (29)

Equation (29) is referred to as RS00a hereafter. The second formula is

H =0.17L {1 —exp[ ’Zh (16.21m* - 7.07m - 1.55)]} (30)
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Equation (30) is referred to as RSO00b hereafter.
The third formula is

H =

0.1L tanh [(-81.07m2 +35.27m+7.88)i—":| 31

0

Equation (31) is referred to as RS00c hereafter.

Experimental data

Two sources of large-scale experiments
have been collected to examine the existing
breaker height formulas, i.e., experiments of
CRIEPI (Kajima et al., 1983) and SUPERTANK
(Kraus and Smith, 1994). The collected experi-
ments were performed over the movable bed
conditions. The experiments cover a wide range
of wave and bottom conditions (0.003 <H /L <
0.112, and 0 < m < 0.29). A total of 112 cases of

breaker height data are obtained from the ex-
periments. Brief summary of each experiment is
given below.

The experiment of CRIEPI was performed
by Kajima et al. (1983) at Central Research
Institute of Electric Power Industry (CRIEPI).
The experiments were performed under the con-
dition of regular wave and movable bed in a
large wave flume (205 m long, 3.4 m wide and
6 m deep). Coarse sand (D, = 0.47 mm) and fine
sand (D, = 0.27 mm) were used in the experi-
ments. The wave heights were measured at
various sections along the flume, covering both
offshore and surf zone. Table 1 shows the CRIEPI
experimental conditions that were used in this
study. Run number in Table 1 is kept to be the
same as the original.

The experiment of SUPERTANK Labora-
tory Data Collection Project (Kraus and Smith,
1994) was conducted to investigate cross-shore
hydrodynamic and sediment transport processes,

Table 1. Summary of collected experimental data used to examine the formulas.

No. of

Sources Run No. H /L m
cases o' o

2.1 6 0.028-0.030 0.06-0.21
22 7 0.006-0.007 0.00-0.09
2.3 6 0.046-0.052 0.00-0.03
3.1 5 0.007-0.011 0.08-0.23
3.2 7 0.017-0.022 0.06-0.18
33 8 0.003 0.06-0.16
CRIEPI (Kajima et al., 1983) 3.4 9 0.105-0.111 0.05-0.29
4.1 5 0.016-0.020 0.02-0.03
4.2 7 0.031-0.039 0.03-0.17
4.3 9 0.103-0.112 0.00-0.28
5.1 5 0.006 0.00-0.02
52 10 0.052-0.058 0.00-0.18
6.1 6 0.043-0.045 0.15-0.21
6.2 2 0.013-0.014 0.10-0.11
SUPERTANK (Kraus STGO 5 0.046-0.064 0.08-0.12
and Smith, 1994) STHO 4 0.013-0.063 0.10-0.13
STIO 11 0.004-0.008 0.08-0.11
Total 112 0.003-0.112 0.00-0.29
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during the period of August 5 to September 13,
1992, at Oregon State University, Corvallis, Or-
egon, USA. A 76-m-long sandy beach was con-
structed in a large wave tank of 104 m long,
3.7 m wide and 4.6 m deep. The 20 major tests
were performed and each major test consisted of
several cases. Most of the major tests were per-
formed under the irregular wave actions. How-
ever, 3 major tests were performed under regular
wave actions, i.e., test No. STGO, STHO and
STIO. The wave heights were measured at
various sections along the flume, covering both
offshore and surf zone.  Table 1 shows the
SUPERTANK experimental conditions that were
used in this study. Run number in Table 1 is kept
to be the same as the original.

The breaking point is determined from
wave height profile. The breaking point is de-
fined as the point where the wave height is
maximum. The breaker height (H,) and depth (h,)
are the wave height and still water depth at the
breaking point. The local bottom slope (m) is
defined as the local slope measured seaward of
the breaking point. If the bottom slope is adverse
slope (negative value), it will be set to be zero.

Formulas examinations

The objective of this section is to examine
the accuracy of the 29 breaker height formulas
mentioned in the first section. A straightforward
way to examine a formula is to compare the
computed breaker height with the measured data.
In order to evaluate the accuracy of the computa-
tion, the examination results are presented in
terms of root mean square (rms) relative error,
ER , which is defined as

“‘En:(Hhu _Hhmi)z
ER=100 |5
\“‘ ZHI?mi (32)
i=1
where i is the wave height number, H,  is the
computed breaker height of number i, H, is the
measured breaker height of number i , and tn
is the total number of measured breaker height.
Smaller values of ER correspond to a better

prediction.

According to the bottom slope conditions
in Eq. (5) and Eq. (13), the group of bottom slope
may be classified to be m < 0.07 , 0.07 <m <
0.10 , and m > 0.10 . However some formulas
(e.g., MK67, SH74, and SU80) are not valid for
the bottom slope m = 0 . Therefore, in this study,
the bottom slope is classified into 4 groups, i.e.,
horizontal (m = 0), gentle (0 < m < 0.07), inter-
mediate (0.07 < m < 0.10), and steep (m > 0.10).
The total number of cases of the collected data
form=0,0<m<0.07, 0.07 <m < 0.10 and
m > 0.10 are 4, 40, 24 and 44, respectively.

The computations of the breaker height
formulas are carried out with 2 sources of col-
lected data (see Table 1). Table 2 shows the rms
relative error (ER) of each formula for 4 groups
of bottom slope and all cases. The examination
results from Table 2 can be summarized as follows:

1) The errors ER shown in Table 2 vary
from 7.6 to 84.0. The formula of RSOOc gives
the best prediction (ER = 7.6) for the breaking
wave on the bottom slope of 0.07 < m < 0.10
while the formula of CW69 gives the worst pre-
diction (ER = 84.0) for the breaking wave on the
bottom slope of m > 0.10 .

2) Some formulas are not valid for the
horizontal slope (m = 0), i.e., the formulas of
MK67, SH74, SU80, SW80a, SW80b, 0S84,
LK89a, and HA90. The formulas that give very
good prediction (ER < 12) for the breaking wave
on the horizontal slope are the formulas of
Mld4, GA69, CW69, MA76, SK88, LK89b and
GL92.

3) The formulas that give very good pre-
diction (ER < 12) for the breaking wave on the
gentle slope (0 < m < 0.07) are the formulas of
Ml44, GO70, OM79, SW80a, LK89b, KA9I1,
GL92, RS00b, and RSO0c.

4) The formulas that give very good pre-
diction (ER < 12) for the breaking wave on the
intermediate slope (0.07 < m < 0.10) are the for-
mulas of MK67, OM79, SW80a, 0S84, LK89b,
SK90a, SK90b, GL92, RS00a, RS00b, and RS00c.

5) Most of existing formulas seem to give
unsatisfactory predictions for the breaking waves
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Table 2. The root mean square relative error (ER) of each formula for four groups of bottom

slope and all cases.

Formulas m=0 0<m<0.07 0.07<m<0.10 m>0.10 All 112 cases
MC94 (Eq. 1) 13.1 31.2 29.2 30.3 30.1
MI44 (Eq. 2) 9.6 10.2 18.8 25.8 20.7
MU49 (Eq. 3) 34.5 28.6 24.7 21.4 24.7
MKG67 (Eq. 4) N.A.* 19.8 8.2 19.2 17.9%*
GA69 (Eq. 5) 9.9 46.0 41.7 20.7 34.1
CW69 (Eq. 6) 9.9 52.1 52.3 84.0 69.4
GO70 (Eq. 7) 16.3 10.7 12.6 46.2 33.7
WE?72 (Eq. 8) 13.1 13.8 12.2 13.7 13.5
KG72 (Eq. 9) 16.0 17.3 15.6 9.6 13.6
SH74 (Eq. 10) N.A.* 18.1 16.9 40.8 31.6%*
MAT76 (Eq. 11) 9.9 46.6 444 66.5 56.7
BJ78 (Eq. 12) 12.9 13.6 24.5 31.3 25.6
OM79 (Eq. 13) 20.2 11.6 8.4 11.6 11.4
SU80 (Eq. 14) N.A.* 31.3 25.1 19.3 24.6%*
SW80a (Eq. 15) N.A.* 8.8 9.1 13.2 11.3%*
SW80b (Eq. 16) N.A.* 29.9 25.5 19.9 24 .4%*
0S84 (Eq. 17) N.A.* 13.8 8.7 17.5 15.1%*
BS85 (Eq. 18) 16.4 25.4 37.3 36.8 33.5
SK88 (Eq. 20) 9.3 19.1 18.0 14.8 16.7
LK89a (Eq. 21) N.A* 28.3 24.1 21.4 24 2%
LK89b (Eq. 22) 11.2 10.0 9.0 7.9 8.8
HA90 (Eq. 23) N.A.* 29.3 25.9 24.6 26.3%*
SK90a (Eq. 24) 24.0 15.0 8.5 17.0 15.4
SK90b (Eq. 25) 323 18.1 9.5 11.2 14.2
KA91 (Eq. 27) 17.1 11.8 13.6 55.4 40.1
GL92 (Eq. 28) 10.9 7.9 11.6 12.3 11.0
RS00a (Eq. 29) 17.5 14.4 8.9 8.3 10.9
RS00b (Eq. 30) 14.5 9.7 8.7 8.9 9.2
RS00c (Eq. 31) 13.9 9.2 7.6 8.4 8.7

* N.A. = Not Applicable
** Exclude m = 0

on the steep slope (m > 0.1). The formulas that
give very good prediction (ER < 12) for the break-
ing wave on the steep slope are the formulas of
KG72, OM79, LK89b, SK90b, RS00a, RS00b,
and RS00c.

6) The formula that gives very good pre-
diction (ER < 12) for the four groups of bottom
slope is the formula of LK89b.

7) The formulas that give very good pre-
diction (ER < 12) for all cases are the formulas
of OM79, LK89b, GL92, RS00a, RS00b, and

RS00c. The formula of SW80a gives very good
prediction for the breaking wave on the slope
m > 0.

8) The formula of RSOOc gives the best
prediction (ER = 8.7%) over a wide range of ex-
periments. However higher overall accuracy rat-
ing of a formula does not guarantee that the for-
mula is superior to others under all conditions.
The accuracy rating of a formula may vary de-
pending on the bottom slope conditions. The best
formulas for predicting the breaker heights on



Songklanakarin J. Sci. Technol.
Vol. 24 No. 4 Oct.-Dec. 2002

672

Comparison of breaker height formulas
Rattanapitikon, W. and Vivattanasirisak, T.

the bottom slopes of m=0,0<m <0.07,0.07 <
m < 0.1, and m > 0.10 are the formulas of SK88,
GL92, RS00c, and LK89b, respectively.

The comparison between measured and
computed breaker height from the RSO0Oc for-
mula is shown in Figure 1. The solid line in the
figure is the line of perfect agreement.

Conclusions

A total of 112 cases from 2 sources of
large-scale experimental results were used to
examine 29 existing breaker height formulas.
The experimental data cover a wide range of
wave and bottom conditions (0.003 < H /L <
0.112, and 0 < m < 0.29) . The examination results
were presented in terms of root mean square
relative error (ER). It was found that most pre-
vious formulas give a fair prediction for the
breaking waves on the steep slope (m > 0.1).
Overall, the formulas that give very good predic-
tions are those by OM79, LK89b, GL92, and
RS00. The formula of RS00c gives the best pre-
diction (ER = 8.7%) over a wide range of expe-
riments. However higher overall accuracy rating

25
3
g’ o ¥
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5] MR
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0 0.5 1 1.5 2 25
Measured breaker height (m)

Figure 1. Comparison between measured and com-
puted breaker heights from the RS00c for-
mula (measured data from CRIEPI, 1983
and SUPERTANK, 1994).

of a formula does not guarantee that the formula
is superior to others under all conditions. The
accuracy rating of a formula may vary depending
on the bottom slope conditions. The best for-
mulas for predicting the breaker heights on the
bottom slopes of m=0,0<m<0.07,0.07<m<
0.1, and m >0.10 are the formulas of SKS8S8,
GL92, RS00c, and LK89b, respectively.
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Abstract
Tonnayopas, D., Chaisen, S. and Kooptarnond, K.
Potential building sand deposits in Songkhla province area
Songklanakarin J. Sci. Technol., 2002, 24(4) : 675-700

An investigation of potential building sand deposits in Songkhla province area subdivided them
into four regions according to their accumulation in various alluvial plains, meanders throughout alluvial
deposits and residual soils. Four selected deposits, were Rattaphum-Khuan Niang, U-Taphao river,
Na Mom, and Chana-Thepha regions. Information obtained from these deposits revealed a good correla-
tion between the geomorphological features as interpreted from aerial photographs and those identified
from vertical electrical resistivity sounding results. Sand samples were analysed for their physical and
chemical properties. Petrographic studies were also undertaken to characterize the composition types,
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texture and shapes. An overview of the sand properties was used them to be within the acceptable limits
for building sand. However, relatively high organic impurities and soundness were found in sand from
Khuan Niang and Na Mom deposits. The result indicated a potential reconnaissance mineral resource
of about 46 square kilometres.

A reserve evaluation for natural building sand was carried out by using Geographic Information
System (GIS). Maps of the various parameters considered were constructed in digital database format
with the aid of Arc/Info and ArcView software. Overlay mapping and buffer zone modules were performed
to evaluate inferred resources of building sand. The key parameters of analysis included the distance
from transportation, distance from streams, lithology and thickness of sand layers. The remaining
inferred sand total was of about 386 million cubic metres or about 1,021 million metric tons was therefore
estimated, of which 60 percent lies in the Rattaphum-Khuan Niang region and 40 percent in the other
regions.

Key words : Engineering geology, sand deposit, Songkhla, GIS, geoelectric, buffer zone,
overlay mapping
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Table 1. The characteristics of the studied aerial photograph

Run path  Number of photograph Date of acquisition

Location
Rattaphum-Khuan Niang 16 A
15B
U-Taphao 17A
Na Mom 19
Chana-Thepha 22

159-175 31 March 1995
22-52 7 April 1995
16-18 7 April 1995

212-216 11 April 1995
90-102 9 April 1995
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Figure 2. Flow chart of GIS processing data for
potential sand deposit areas
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Table 2. Summary of potential building sand deposits in Songkhla province area

Feature of Rattaphum-

deposits Khuan Niang U-Taphao Na Mom Chana-Thepha
Aerial light gray, fine  variable gray light to white to light
appearance texture tones, smooth medium gray  gray, mottled
Drainage pattern dendritic dendritic and dendritic dendritic
parallel
Stream stage maturity to old old youth to maturity youth
Topography hilly with flood plain, valley and hill irregular hill
granite knob oxbow lake and ridges
Area, km”. 21.02 8.42 2.78 13.86
Grain shape angular to well rounded angular to very angular to
subrounded round subrounded
Source rocks granite, sandstone- granite granite,
sandstone shale sandstone-shale
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Figure 3. Aerial photograph showing feature of braided drainage pattern deposits (B) including , natu-
ral levee deposits, flood plain deposits, part of an alluvial high terrace (HT) and surrounded
by limestone and sandstone-shale rocks (S) in Rattaphum-Khuan Niang deposit.
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Figure 4. Aerial photograph showing features of a flood plain along U-Taphao. Erosion is taking place
at (E) and deposition at (D). Meander scars and scrolls are seen at point (S). The oxbow lake
at (O) is being filled by overflow sediments and by peat.

Figure 6. Aerial photograph showing view of an

Figure 5. Aerial photograph showing view of allu alluvial plain (A) and granite wash (GW)
vial plain (A) of Na Mom sand deposit. developed on the slope of mountain range
The small lower terraced fields (LT) are of granite (G) and sandstone-shale (S)

on the residual granite (G). in Chana-Thepa deposit.
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Figure 7. Geology, sand distribution and mine localities in Rattaphum-Khuan Niang area

(modified from geological map 1:250,000)
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Figure 8. Litho-stratigraphic column of a) Rattaphum-Khuan Niang sand deposit and
b) profile of sand deposit at a sand pit.
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Figure 11. Geology, sand distribution and mine localities in Na Mom area (after Nakapadungrat

and Chaisen, 1986)
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Figure 12. Geology, sand distribution and mine localities in Chana-Thepha area
(after Nakapadungrat et al., 1988)
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Table 3. Summary of the average vertical electrical sounding depth of sand deposits

Thickness of Rattaphum-
formations, m Khuan Niang U-Taphao Na Mom Chana-Thepha
Overburden, m. 0.0-94 0.0-12.6 0.0-6.9 0.0-4.3
Gravel-sand bed, m. 1.2-36.0 1.1-51.9 0.5-14.1 1.3-11.9
Weathered bed rocks, m. >7.0->25.5 >6.8->51.9 0.8-36.5 >6.1-21.6
Bed rocks, m >16.9 - >5.3->36.5 >16.0->21.6
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Figure 13. Geoelectrical layers interpretation of sand deposits in region of a) Rattaphum-Khuan Niang,
(RP-8) b) U-Taphao (UT-1), c) Na Mom (NM-1) and d) Chana-Thepa (CH-2).
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Table 4. Results of physical and chemical properties on the sand samples of Songkhla province

Region Sample §.G. Absorption Soundness Fineness AASHTO USC
number , % Modulus

Rattaphum- RP-1 2.63 0.68 4.06 3.07 A-1-b SW
Khuan Niang  RP-2 2.65 0.80 2.53 3.70 A-1-b SP
RP-3 2.64 0.51 5.09 2.69 A-1-b SP

RP-4 2.64 0.39 6.49 3.00 A-1-b SwW

RP-5 2.64 0.72 10.01 2.92 A-1-b SwW

RP-6 2.65 0.78 6.28 2.40 A-1-b SP

KN-1 2.64 0.69 12.54 3.60 A-1-b SP

KN-2 2.64 0.44 14.76 3.39 A-1-b SP

KN-3 2.65 0.41 12.05 3.14 A-1-b SP

U-Taphao UT-1 2.65 0.39 3.34 2.62 A-1-b SP
UT-2 2.64 0.19 3.03 3.29 A-1-b SP

UT-3 2.64 0.18 5.37 2.84 A-1-b SP

UT-4 2.64 0.28 11.68 2.60 A-1-b SP

Na Mom NM-1 2.67 1.00 10.64 2.44 A-1-b SP
NM-2 2.64 0.64 11.68 3.14 A-1-b SP

NM-3 2.64 0.65 15.46 3.42 A-1-b SwW

Chana-Thepha CH-1 2.64 0.59 11.38 2.84 A-1-b SP

CH-2 2.66 1.12 7.73 247 A-1-b SW
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Table 5. Mineral composition and silica oxide contents

Region Sample Essential particles . Orgafn.c SiO, (%)
number impurities 2
Rattaphum- RP-1 Smoky quartz, milky quartz and 2 91.36
Khuan Niang RP-2 rock crystal more than 85 % of 2 94.32
RP-3 composition, feldspar and rock 1 94.99
RP-4 fragments of chert, peat and 2 92.72
RP-5 trace elements of tourmaline, 2 93.05
RP-6 biotite and muscovite 1 92.45
KN-1 3 95.28
KN-2 4 95.13
KN-3 2 93.31
U-Taphao UT-1 Quartz, feldspar, small amount 1 97.12
UT-2 of tourmaline and rock frag- 2 97.80
UT-3 ments of chert, sandstone, 2 97.48
UT-4 shale, mudstone, and siltstone 3 97.63
Na Mom NM-1 Quartz, feldspar, small amount 5 91.12
NM-2 of tourmaline and muscovite 5 89.93
NM-3 1 94.12
Chana- CH-1 Mainly milky quartz to rock crystal, 1 94.89
Thepha CH-2 feldspar, few biotite and tourmaline 5 96.29

Table 6. Requirements for buffer zone and nature reserves for evaluation
of building sand deposits in this study

List of items

Information feature

Buffer zone distance

1. Mineral Statutory 1967
modified 1994
1.1 Transportations
- Principle road
- Minor road
1.2 Drainage or sources
2. Nature reserve
3. Republic area

line
100 m
50 m
line 50 m
area -
point -

4.3 mmdnﬁnwwl,l,azmsgﬂc?m%
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Table 7. Summary of buffer zone and remaining sand areas by ArcView processing

Subarea Buffer zone (km’) Total buffer Remaining
Transportation Drainage Public zones zone area (km®) resources (km’)

Rattaphum- 2.773 2.653 0.050 5.326 15.697
Khuan Niang

U-Taphao 0.430 3.642 0.044 3.925 4.496
Chana-Thepha 2.728 1.189 0.125 3.852 10.007
Na Mom-1 0.175 0.309 - 0.433 0.421
Na Mom-2 0.360 0.206 0.009 0.467 0.325
Na Mom-3 0.175 0.450 - 0.545 0.590




Potential building sand deposits in Songkhla province area

Songklanakarin J. Sci. Technol
694 Tonnayopas, D., et al.

Vol. 24 No. 4 Oct.-Dec. 2002

X
=
-]
=
=
drainages
contour lines
transportation routes
% potential area
L9 |
o @ am
ok |
— r

e,
:}.--.r

contour lines

J ~:- drainages

transportation routes

- potential area

Figure 16. Some U-Taphao potential building sand deposit with buffer zone areas.
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Figure 18. Chana-Thepha potential building sand deposit with buffer zone areas.
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Figure 19. Isopach map of potential building sand deposit area at region of a) Rattaphum-

Khuan Niang and b) Chana-Thepha
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Table 8. Overview of total thickness of natural sand deposits in Songkhla province

Rattaphum-Khuan Niang U-Taphao Na Mom Chana-Thepha

Station Thickness (m) Station Thickness (m) Station Thickness (m) Station Thickness (m)

RP-1 7.2 UT-1 6.8 NM-1 7.3 CH-1 5.5
RP-2 11.4 UT-2 17.08 NM-2 5.1 CH-2 6.6
RP-3 12.5 UT-3 25.0 NM-3 1.9 CH-3 4.6
RP-4 20.7 UT4 20.2 NM-4 1.5 CH-4 7.6
RP-5 20.6 UT-5 5.7 Ave. 3.95 CH-5 9.5
RP-6 12.9 UT-6 12.0 NM-5 1.0 CH-6 8.5
RP-7 16.1 UT-7 29.1 NM-6 Error CH-7 7.2
RP-8 16.8 UT-8 15.6 NM-7 1.9 CH-8 7.7
RP-9 5.8 UT-9 45.4 Ave none CH-9 73
KN-1 10.8 UT-10 10.0 NM-8 - CH-10 10.0
KN-2 3.0 UT-11 12.3 NM-9 7.4 CH-11 6.2
KN-3 19.1 UT-12 8.6 NM-10 4.5 Ave. 7.34
KN-4 29.5 UT-13 12.3 Ave. 5.95

Ave. 14.34 Ave. 16.92

Table 9. Calculated area of total reserves from thickness map at Rattaphum-
Khuan Niang and Chana-Thepha regions

Rattaphum-Khuan Niang Chana-Thepha
Contour Level (m) Area (m’) Contour Level (m) Area (m’)
0 21,023,730 0 13,859,275
2 21,023,730 1 13,859,275
4 21,023,730 2 13,859,275
6 21,023,730 3 13,859,275
8 20,710,022 4 13,859,275
10 18,245,395 5 13,825,129
12 15,781,011 6 12,846,191
14 13,257,714 7 10,231,876
16 9,157,223 8 4,634,208
18 3,260,362 9 914,445
20 2,242,307
22 1,453,928
24 897,113
26 400,266
28 49,004
aunaatszuim 76,087,339 avu.luas winUIzuim silnauazinsal

201.63 a1uLuaIngw (Table 10)
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Table 10. Inferred reserves of building sand deposits in various regions of Songkhla province

. Inferred Resources in Remaining inferred resources
Region 3 3 3 6
resources total (m”) buffer zone (m”) m tx10

Rattaphum-Khuan Niang 305,713,097 76,373,314 229,339,783 605.35

U-Taphao 142,480,000 66,408,733 76,071,931 200.83

Na Mom, NM-1 3,372,119 1,443,894 1,661,611 4.40

NM-3 6,753,101 3,247,520 3,511,029 9.30

Chana-Thepha 104,361,364 28,274,025 76,087,339  201.63

Total 1,337,726,156 406,698,253 386,671,693 1021.51
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Recycled gloves as a filler
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Abstract
Patarapaiboolchai, O., Tulayapitak, T. and Sriwang, 1.
Recycled gloves as a filler
Songklanakarin J. Sci. Technol., 2002, 24(4) : 701-706

Glove rejects can be loaded as filler in the formula (NR 100, ZnO 5, stearic acid 1, MBT 1, S 2.5, BHT
1 and calcium carbonate 40 phr) up to 100 phr to give good properties such as cure time, tensile strength,
300% modulus, elongation at break, tear strength, crack growth and abrasion index. However, scorch
time and extrusion quality show a shorter time and rougher surface with higher loading, respectively.
A recommended quantity for obtaining good properties in scorch time and extrusion process by garvey die
is 40 phr. Powder gloves show a different cure time and scorch time from chlorinated gloves but show no
significant changes in physical properties.
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Nowadays, people produce tons of scrap
rubber every year, for example in the United State
alone 170,000 tons of factory scrap are produced
annually. In addition, Americans discard 250
million used tires every year. A number of rubber
technologists have tried to solve this major
waste problem. One of the most common is to
burn the scrap rubber as fuel but it generates
new air pollution problems. Therefore, the best
prospect for recycling scrap rubber is to reuse it
in new rubber products. In this way, instead of
being a disposal problem, the scrap becomes a
raw material. The simplest approach is to use this
scrap rubber as filler in new rubber products.

Thailand is one of the biggest glove pro-
ducters.  Each day, there are rejected gloves
created about 2-10% in the process depends on
the manufacturers individually. Only 7% of the
total daily rejects leading to a serious problem
for the industry in producing the mountain of
black gold. With this result, if one can reuse the
rejects by putting them into a virgin compound,
the saving costs would be considerable.

The degradation of glove rejects resulting

from mechanical treatment is sufficient for them
to be used as a recyclate. This process is known
as devulcanization that cleaves totally or partial-
ly, the poly-di-, and monosulphide crosslinks
formed during the initial vulcanization (Warner,
1994). The disposal/utilization of scrap latex re-
jects can be approached in many ways. The first
example is to reclaim or remove the crosslinks
(Phadke, et al, 1983) in the scrap rubber and
then use it as a raw material. The second example
is to reuse it as an impact modifier in brittle plas-
tics like polystyrene (Rajalingam and Sharpe,
1993; Pittolo and Burford, 1985) by solution or
melt blending techniques. The last one is to reuse
it as a filler in polyolefin (Oliphant and Baker,
1993).

Two kinds of glove rejects were studied in
this research, one was powder gloves the other
was chlorinated gloves. Both gloves were used
as a filler in the compounds used as shown in
Table 1. The influence of filler loading on the
physical properties included cure characteristic
(scorch time, t, and cure time, t,) and the extru-
sion quality was compared and presented.
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Table 1. Formulations

Ingredients
phr
1 2 3 4 5 6

STR 20 100 100 100 100 100 100
ZnO 5 5 5 5 5 5
Stearic acid 1 1 1 1 1 1
BHT 1 1 1 1 1 1
CaCO, 40 40 40 40 40 40
MBT 1 1 1 1 1 1
Sulphur 25 25 25 25 25 25
Loaded

glove 0 20 40 60 80 100

Table 2. Steps of mixing

Step Ingredients Mixing time (min.)
1 STR 20 8
2 Zinc oxide 2
3 Stearic acid 2
4 Ground glove rejects 4
5 Calcium carbonate 10
6 BHT 1
7 MBT 1
8 Sulphur 1
9 Make sheet 1
Total 30

Materials and Methods
All the chemicals used are shown in
Table 1. The basic material used in this work

was natural rubber grade STR 20 (Standard Thai
Rubber), manufactured by a local manufacturer.
The glove rejects were supplied by Safeskin Co-
operation (Songkhla, Thailand) Ltd.. Other com-
pound ingredients were of reagent grade and
obtained from rubber chemical suppliers.

Both powder and chlorinated gloves used
as a filler were prepared by passing the rejects
through a two-roll mill six times in a friction
ratio 1: 1.2, after which they were made into a

sheet form. The steps in preparing compounds
are shown in Table 2. All the ingredients were
mixed with a two-roll mill at 45 C for 30 minutes.
Then, the compounds were analyzed for scorch
time and cure time by Rheometer 2000 at 150 “C.
In addition, the compounds were prepared for
testing tensile strength, modulus and elongation
at break, following ISO 37-1977(E), but tear
strength followed ASTM 624-86 (using Universal
Testing Machine, Tensometer), crack growth
followed ASTM 1052-85 (using Ross Flexing
Machine) and abrasion index followed BS: 903:
part A (using Akron Abrasion Machine). In addi-
tion, the compounds were extruded with 2 inches
sample strip through garvey die of cold feed
extruder with a speed of 45 rpm at temperature of
110+15 °C and 70x10 °C for die and barrel, res-
pectively, which followed ASTM D2230-93.

Results and Discussion

The scorch time and cure time were found
to decrease as powder gloves were loaded. This
can be explained by the presence of unreacted
accelerator used in the glove rejects (Mathew,
et al; 2001) leading to decreases in scorch time
and cure time with loading filler. Chlorinated
gloves showed opposite results in scorch time
and cure time when they were loaded over 40 phr
because the amount of chlorine from the gloves
generated an acid to delay the reaction with load-
ing filler. These results are presented in Figures
1, 2, 3 and 4. Both scorch time and cure time
from loaded powder gloves are lower than those
from loaded chlorinated gloves. The extruded
surface from loaded powder and chlorinated
gloves are shown in Figures 5 and 6. It was
found that the more loaded the glove rejects,
the rougher the surface of the extruded product
of both powder and chlorinated gloves, with the
extruded edge showing a better result (without
obtaining rug edge). In addition, it could be seen
that the latter could not be obtained when ex-
truded through a garvey die with powder or
chlorinated gloves loaded more than 60 phr
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Figure 1. Cure characteristics of powder glove Figure 2. Cure characteristics of chlorinated glove

| | —@— chlorinated glove |
L—l—powdefglove |

y
i

Scorch time ( min )
Cure time ( min

[

80 100 120

ZOLO”:,’ vas:( phr) 0 20 40 60 80 100 120,
Loaded glove ( phr)
Figure 3. Effect of loaded glove on scorch time Figure 4. Effect of loaded glove on cure time

Figure 5. Extruded surface from loaded powder  Figure 6. Extruded surface from loaded chlor-
glove inated glove
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because the compound is scorched during the
process. Moreover, the extruded surface starts to
get very rough when powder or chlorinated
gloves are loaded at over 40 phr. These results
can be explained by the higher concentration of
unreacted accelerator used in the glove rejects
to cause the scorching (Mathew, et al; 2001). In
the case of physical properties such as tensile
strength (Figure 7), 300% modulus (Figure 8),
elongation at break (Figure 9), tear strength

W]

—e— chiorineted glove | Ll

N
v

) Ten.s-i!e str-e‘ng{h ( MPa '
N
o

| —m— pow der glove

-
v

10 4

sl ,
o 20 40 80 80 100  120|
Loaded glove ( phr) |

Figure 7. Effect of loaded glove on tensile strength

850 . e |

' —e—chiorinate glove| |
—— pow der glove | ‘

800 -

750 -

700 -

3% éldn‘g‘ation ai break

650 - |
|

oy e

800 e e s
0 20 40 60 80 100 120
Loaded glove ( phr)

Figure 9. Effect of loaded glove on elongation at
break

(Figure 10), % crack growth (Figure 11) and abra-
sion index (Figure 12), it was observed that the
properties tend to decrease insignificantly as
powder or chlorinated gloves are loaded for
tensile strength (Scott, 1994), 300% modulus,
elongation at break and abrasion index but tear
strength and %crack growth tend to increase in-
significantly. Furthermore, physical properties
are not significantly different between powder
and chlorinated gloves.

A |
T T |
\ ' —&— chlorinated glove | !
‘ \
. 1 —— pow der glove |
34 . i
= |
o i
2
g 2
(=]
=
R ]
[=] |
] 1-
|
i
T TS S e |
0 20 40 60 80 100 120

Loaded glove ( phr)

Figure 8. Effect of loaded glove on 300% modulus

| rasbe — = pE R s |
- 50 - E— |

|[—e— chlorinated glove]
| —m—power glove |

40

Tear strength ( MPa )
&

20 ¢ |

0 20 40 60 80 100 120
Loaded glove

Figure 10. Effect of loaded glove on tear strength
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%0 .
- —e— chiorinated glove | i
s | | —ili— pow der glove ‘

15 4

% Crack growth 51‘250,00(‘) éycle -

1 I e e

0 20 40 80 80 100 120
Loaded glove ( phr )

Figure 11. Effect of loaded glove on crack growth

Conclusion

The utilization of latex glove rejects as a
potential filler in natural rubber compounding
deserves much attention. It has been observed
that as the filler contents increase, the curing
characteristics like scorch time and cure time
decrease for powder gloves but not for chlori-
nated gloves. In addition, for the compound
with calcium carbonate as a base filler, the physi-
cal properties (tensile strength, 300% modulus,
elongation at break, tear strength, % crack growth
and abrasion index) change insignificantly with
loading glove rejects. Furthermore, 40 phr of
glove rejects loading is a recommended quantity
for obtaining good properties and extrusion
quality.
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Chromosome numbers of some flowering plants
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Somatic chromosome numbers in the root tips of 22 species in 8 genera of Amaryllidaceae, Anther-
icaceae, Asphodelaceae, Convallariaceae, Palmae and Poaceae were examined. All showed a wide range of
chromosome numbers between 2n = 14 to 72 . The species of Brachiaria decumbens (2n = 48) and Pennisetum
purpureum (two varieties, 2n = 26, 22) are different in chromosome numbers from earlier reports. The
chromosome numbers of Aloe juvenna (2n = 28), A. prinslooi (2n = 14) and Brachiaria ruziziensis (2n = 18)
have not previously been reported.
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Table 1. Chromosome numbers (2n) in 22 species from 8 genera of 6 families.

Family and Species Thai name 2n

Amaryllidaceae
Haemanthus multiflorus (Tratt.) Martyn Ul 90ad 18
Hippeastrum puniceum (Lam.) Urban T Aaeanu 22
Hippeastrum reticulatum striatifolium Herb. IV 22
Hippeastrum sp. T Gananua 22
Anthericaceae
Chlorophytum bichettii (Karrer) Becker cv. St. Bernard Lily ~ a3ugi3auuan 16
C. bichettii (Karrer) Becker LATHFLIOULTLY 16
C. comosum (Thunb.) Jacques cv. Spider plant e Ioulu 28
C. comosum (Thunb.) Jacques cv. Milky way wsepioulul aes 28
Asphodelaceae
Aloe aristata Roem & Schult. - 14
A. brevifolia Mill. - 14
A. juvenna Brandham & S. Carter - 28"
A. prinslooi Verdoorr &Hardy - 14
A.vera (L.) Burm. f. TUr195ELd 14
Aloe sp.1 STl hle! 14
Aloe sp.2 Fane 14
Aloe sp.3 - 14
Aloe sp.4 - 14
Convallariaceae
Ophiopogon jaburan (Kunth) Lodd.cv. White Lily Turf LIEFLIOUND 36
O. jaburan (Kunth) Lodd. cv. Variegatus wsug ledau 36
O. jaburan (Kunth) Lodd. wsEgnaansng 36
O. japonicus L.f. cv. Snake’ s Bread it 72
0. japonicus L.f. cv. Kyoto Dwarft AL NUATE 72
Palmae (Arecaceae)
Elaeis guineensis Jacq. &t

Tenera type 32

Dura type 32

Pisifera type 32
Poaceae (Gramineae)
Brachiaria decumbens Stapf HENBNWUE 48"
B. mutica (Forssk.) Stapf BV 36
B. ruziziensis Germain & Everard %Eﬂ’lg% 18"
Pennisetum purpureum Schumach. g sssinen 26"
P. purpureum Schumach. cv. Mott ngwdasuase 22

“new record ** different from previous reports
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Figure 1-6. Mitotic chromosomes from root tips.

1. Haemanthus multiflorus, 2n = 18 (700x) 2. Hippeastrum puniceum, 2n = 22 (900x)
3. H. reticulatum striatifolium, 2n = 22 (900x) 4. H.sp.,2n= 22 (900x)
5. Chlorophytum bichettii cv. St. Bernard ‘s Lily, 2n= 16 (1800x) 6. C. bichettii, 2n = 16 (1800x)
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Figure 7-14. Mitotic chromosomes from root tips.

7. Chlorophytum comosum cv. Spider plant, 2n = 28 (700x) 8. C. comosum cv.Milky way, 2n = 28 (700x)
9. Aloe aristata, 2n = 14 (700x) 10. A. brevifolia, 2n = 14 (700x)

11. A. juvenna, 2n = 28 (700x) 12. A. prinslooi, 2n = 14 (700x)

13. A. vera, 2n = 14 (700x) 14. A. sp. 1,2n= 14 (700x)
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Figure 15-22. Mitotic chromosomes from root tips.

15. Aloe sp. 2, 2n = 14 (700x) 16. A. sp. 3, 2n = 14 (700x)

17. A.sp. 4, 2n = 14 (700x) 18. Ophiopogon jaburan cv. White Lily Turf,
2n =36 (1250x)

19. O. jaburan cv. Variegatus, 2n = 36 (1800x) 20. O. jaburan, 2n = 36 (700x)

21. O. japonicus cv. Snake’ s Bread, 2n = 72 (1250x) 22. Elaeis guineensis Tenera type, 2n = 32 (1800x)
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Figure 23-27. Mitotic chromosomes from root tips.

23. Brachiaria decumbens, 2n = 48 (1200x)
25. B. ruziziensis, 2n=18 (1200x)
27. P. purpureum cv. Mott, 2n = 22 (1200x)

1 L ¢ > g 1
uand19iu @9 Larsen (1963) léidnmudy nadiua
dvrianwlulszinelng fa B . milliformis (2n =
54-56) fu B. subquadripara (2n =72) waz Darling-

. 1 A’ 1

ton & Wylie (1955) e 1wt nanien 2n = 14,
18, 28, 36, 42 uaz 54 laad x =7 uaz 9 4 ae
A g 1 a a o = a 6
W nanudazriaataduiulaslulanduinasad
WIoWANARHA “MIU B. decumbens (2n = 48) u

= & & Ao | o =
Msdneasen  Aauunlesiulanldasedunisfinm
289 Zerpa (1952 §19lag Darlington & Wylie, 1955)
d! = A g % a 1 a
TIANWINTWLLOULVAIDUVDIDLNINT WUIN 2n = 36

de . x4 . de 4
NI WLTUUAIULDIIINUINAN DIUNNW AT
s 1 z a
nu Larsen (1963) NauNNTNARa Inavile

24. B. mutica, 2n = 36 (1200x)
26. Pennisetum purpureum, 2n = 26 (1200x)

=2 a

Panicum notatum AUIMNNIUYNIEAE  2n = 36
dl < a d‘ a a
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= & X ' .. .oo® oa &
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dJ Q/ 1 = 1 1
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B. mutica 813z duwadnana
. v 6€a
N8 Pennisetum purpureum 2 NAWHLHN
uulaslulaulivindude 2n = 26 uaz 22 @aTe
) = P & A
AunsAnmuasieedilulng  na  Ischaemum
2 18Wng wudiden 2n =36 waz 54 (Larsen, 1963)
. . a g {
uaz Darlington & Wylie (1955) seunraianii
AnuuauizaSawuasuawin  wudnlan 2n = 27, 28

{ &
wae 56 havanhy naniel x = 5,7, 9 ( Rao
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5-Aminolevulinic acid (ALA) or 5-amino-
4-oxo-pentanoic acid, is an aliphatic precursor
of tetrapyrrole biosynthesis present in all living
cells. ALA is the natural photodynamic com-
pound effective as a biodegradable herbicide and
insecticide harmless for crops, humans and ani-
mals (Sasikala et al., 1994) as well as having
promotive effect on the growth and photosynthe-
sis of crops and vegetables (Sasaki et al., 1993).
Further applications of ALA are now in the area
of medicine and pharmacy products (Levy, 1995).

Commercial ALA is produced by chemical
synthesis, which involves many complex reactions

and causes of high expenditure. Biological pro-
duction of ALA by algae, anoxygenic photo-
synthetic bacteria and chemotrophic bacteria
(Table 1) is an alternative approach as it is a
less expensive method than chemical synthesis.
Anoxygenic phototrophic bacteria (APB) can
accumulate and excrete high concentration of
ALA into the medium, hence it is suitable for
commercial exploitation (Sasikala et al., 1994)
and it now commercially produces from Rhodo-
bacter sphaeroides.

This paper gives an overview on the bio-
synthesis and regulation of ALA by photosynthe-

Table 1. Production of ALA by different groups of microorganisms

Microorganisms C arbon and LA ALA References
nitrogen source (uM)
Phototrophs
Algae
Agmemnellum quadruplicatum Glutamate + 0.225 Kipe-Nolt and Steven, 1980
Cyanidium caldarium Glutamate + 0.483 Jugensonetal., 1976
Bacteria, oxygenic phototrophic
Anacystis nidulans Glutamate + 0.38  Anderson et al., 1983
Anabaena variabilis Glutamate + 0.019 Avisseretal., 1983
Bacteria, anoxygenic phototrophic
Rhodobacter. sphaeroides Succinate and glycine + 0.75  Anderson et al., 1983
R. sphaeroides Succinate and glycine + 2-4  Sasaki et al., 1991
R. sphaeroides Succinate and glycine + 160.0  Ishii et al., 1990
R. sphaeroides Swine waste (VFA) + 4200  Sasaki et al., 1990
R. sphaeroides Mandarin orange peel + 16000  Sasaki et al., 1993
(modern synthetic
waste water)
R. sphaeroides Sewage sludge + 9300 Tanakaetal., 1983
Chlorobium limicola Glutamate + 3,950 Anderson et al., 1983
Chemotrophic bacteria

Aerobes
Pseudomonas riboflavina L-alanine + 0.2 Rheeetal., 1987
Propionicbacterium shermanii Succinate and glycine + 0.04 Menon and Shemin, 1967
Anaerobes
Clostridium thermoaceticum Glucose and L-lysine + 1550 Sjojietal., 1989
Methanosarcina barkeri Methanol, 2-oxoglutarate + 0.4 Linetal., 1989
Methanobacterium thermoautotrophicum H, + CO, + 0.2 Linetal., 1989

VFA : Volatile Fatty Acid ;
Source : Sasikala ef al., 1994

LA : Levulinic acid ;

+ : Addition
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tic bacteria as well as its application as herbi-
cide, insecticide and growth stimulator and in
the medical fields.

Biosynthesis of ALA

The biosynthesis of ALA can be formed via
two distinct metabolic pathways (Figure 1).

1. C, pathway (Shermin pathway)

Shermin pathway is observed in mam-
malian cell, yeast, fungi and very common among
the purple non-sulfur photosynthetic group and
a few chemotrophs (Sasaki et al., 1990). The key
enzyme involved in the C, pathway of ALA for-
mation is ALA synthetase (EC 2.3.1.37) cata-
lyzing the condensation of succinyl-CoA and
glycine. The ALA synthetase activity was highest
from cells harvested at the logarithmic phase of
growth (Sato et al., 1985).

The culture conditions have high influ-
ence on the synthesis of ALA synthetase and
changing the culture condition from aerobic to
micro-aerobic increased the ALA synthetase
activity by 2-4 fold (Sandy et al., 1985). On the
other hand, the enzyme synthesis in light was
repressed by oxygen and the effect could be
overcome upon the restoration of anaerobic con-
dition (Viale et al., 1983).

2. C, pathway

The C, pathway is present in higher
plants, algae and several bacteria, (Kajiwara
et al., 1994), indicating the purple and green
sulfur bacteria (Sasikala and Ramana, 1995). In
C,pathway, ALA is formed from glutamate or
the o-ketoglutarate via a path that does not
involve the ALA synthetase reaction. The purifi-
cation of the C, pathway enzyme indicates that
glutamate is reduced to ALA in three steps
(Sasikala et al., 1994).

a) Ligation of t-RNA to glutamate catal-

yzed by glutamyl-t-RNA synthetase

b) Reduction of glutamyl-t-RNA to

generate glutamate-1-semialdehyde
(GSA) catalyzed by glutamyl-t-RNA
reductase (EC 6.1.1.17)

¢) Transamination of GSA to generate

ALA catalyzed by GSA aminotrans-

ferase (GSA-AT, EC 5.4.3.8)

Two catalytic mechanisms (Figure 2)
have been proposed for the GSA conversion to
ALA (Grimm et al., 1991). ALA is formed by
accepting and releasing amino group at position
5 and 4 of GSA, respectively (Figure 2a) or two
molecules of GSA oriented head to tail forma-
tion to amino-hemiacetal dimer, which converted
into a double Schiff base and rearranged into the
amino-hemiacetal (exchange amino groups) and
subsequently dissociate into two molecules of
ALA (Figure 2b) (Sasikala et al., 1994).

Regulation of 5-aminolevulinic acid production
in photosynthetic bacteria
1. Carbon and nitrogen sources

Although glutamate is the carbon and
nitrogen source for ALA production by many
microorganisms, ALA production can also be
produced with other carbon sources (Sasikala
et al., 1994). Glucose had the advantage of being
are inexpensive source for the industrial produc-
tion of ALA. In the batch fermentation of mutant
strain of R. sphaeroides CR606 accumulated
ALA to level of 20 mM after 18 h with the pro-
duction rate was 1.1 mMh" and the yield coef-
ficient for ALA was 40% (mol/mol) of glucose
(Nishikawa et al., 1999).

R. sphaeroides can utilize volatile fatty
acid (VFA) such as acetic, propionic and butyric
acid as carbon and energy sources (Sasaki et al.,
1987). In addition, VFAs produced from the
anaerobic digestion liquor of sewage sludge was
reported to be the carbon source for production
of ALA, up to 9.2 mM, by R. sphaeroides with
repeated addition of the glycine and glutamic
acid as the organic nitrogen source (Tanaka et
al., 1994). The effluent of anaerobic mandarin
orange peel (Tinpi) supplemented with glycine
could be used to produce 5-aminolevulinic acid
from R. sphaeroides (Sasaki et al., 1993).

2. Precursors

The addition of precursors (succinate
and glycine) in the range of 20-60 mM into the
digestion liquor medium resulted in the positive
effect to ALA production of R. sphaeroides IFO
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Figure 2. Mechanism of the conversion of glutamate 1-semialdehyde to ALA

Source : Grimm et al., 1991

12203, but above 80 mM of precursors resulted
in a negative effect on ALA formation. The supply
of succinate is sufficient but the glycine supply
might limit ALA formation in this culture system
(Sasaki et al., 1990). ALA synthetase and ALA
dehydratase activities in the cells are not influ-
enced by the simultaneous addition of precursors
compared with these activities in the control
(no addition of precursor) but the growth is
excessively suppressed by the addition of glycine
(Sasaki et al., 1991).

The growth and ALA production of
Chlorella sp. strain 4S is enhanced by glutamate
addition, whereas the addition of succinate and
glycine suppresses both (Sasaki ef al., 1995).
However, the addition of glutamate to the heter-
otropic medium culture of Chlorella regularis
YA-603 does not enhance ALA production and
Shermin pathway is suggested to contribute to
ALA production of this strain (Ano et al., 1999).

3. Levulinic acid

Levulinic acid (LA), analog of ALA, is
an inhibitor of ALA dehydratase which enhances
extracellular ALA formation (Sasaki et al., 1987).
In photoheterotrophic culture of R. sphaeroides,
repeated addition of LA results in moderate cell
growth suppression while extracellular ALA is

not produced during the cultivation without the
addition of LA. The amount of LA should be as
small as possible since LA is expensive com-
pared with glycine and 30 mM LA are recom-
mend for use to save cost (Sasaki et al., 1990).
At LA concentration over 50 mM, growth ceased
completely and ALA was not excreted (Sasaki
etal., 1987).
4. Metal ions

Metal ions particularly Fe™ and Co™"are
important elements for regulating tetrapyrrole
biosynthesis in R. sphaeroides. ALA synthetase
is regulated by heme compound as feedback
inhibition or repression under iron- sufficient con-
ditions. Therefore, ALA production medium
should contain neither cobalt nor iron to enhance
ALA accumulation (Sasikala et al., 1994).

5. Light intensity

Light intensity is an important factor
for enhancing ALA formation. Growth of photo-
synthetic bacteria is found to be independent of
light intensity (1-5 klux), while the amount of
ALA is reached the maximum value at 3 klux.
High illumination (over 5 klux) was not effective
for ALA production and low illumination (below
1 klux) produced quite a low growth rate and
virtually no formation of ALA (Sasaki et al.,
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1987).
6. Aeration

Oxygenation is one of the important
factors affecting ALA synthetase activity in the
loss of pigmentation due to the decrease in the
ALA synthetase activator, cysteine trisulfide and
glutathione trisulfide (Sandy et al., 1985). Chang-
ing the culture conditions from aerobic to micro-
aerobic increased the activity of ALAS by 2-4 folds.
The biosynthesis of ALA synthetase under light
condition was repressed by oxygen and the effect
could be overcome upon the restoration of anae-
robic conditions (Viale et al., 1983).

7. pH

The effect of pH (6.0-8.0) of the VFAs
culture medium is studied on ALA production by
R. sphaeroides. At neutral pH (6.8 and 7.0) extra-
cellular ALA production is up to 16 mM. Under
controlled pH 6.8+1, intracellular ALA synthe-
tase activity is significantly enhanced after
adding LA, while ALA dehydratase is inhibited
to low level. At higher pH (8.0) ALA synthetase
activity was low and ALA dehydratase is rela-
tively high (Sasaki et al., 1993). The inhibitory
effect of LA for ALA dehydratase activity of
R. sphaeroides is strongly dependent on the pH
value of the GM medium. At pH 5.5, 5 mM LA
inhibited 85% of ALA dehydratase activity (in
vitro), while 100 mM LA decreased 45% of ALA
dehydratase activity at pH 7.5 (Sasaki et al., 1997).

8. Others factors

Biotin was needed for ALA synthetase
activity in the formation of ALA which is the
intermediate of bacteriochlorophyll synthesis.
Thiamine is the substrate of the coenzyme thia-
mine pyrophosphate which converts a-oxaglu-
tarate to the C -intermediate of Shermin pathway
(Lascelles, 1956).

Low molecular weight sulfur com-
pounds of cysteine or glutamine, cysteine trisul-
fide (CySSSCy), glutathione trisulfide (GSSSG),
glutathione and cysteine trisulfide (GSSSCy)
and trisulfanedisulfonate (SO 62') regulated the
activity of ALA synthetase in vivo. Poly (sulfane)
disulfonate (—Ozs—Sn—SO;) and R-S»n-R’ (R and
R’ are organic or inorganic group) with n > 3 are

exhibited as the activators of ALA synthetase.
LA requires the presence of an exogenous thio,
such as 2-mercaptoethanol or dithioerythritol to
maintain catalytic activity while nitrite in the
growth medium inhibited ALA production (Sasi-
kala et al., 1994).

Application of 5-aminolevulinic acid
5-aminolevulinic acid converts molecular
oxygen into singlet oxygen when excited by the
absorption of light. ALA is potentially useful in
agriculture as a herbicide and can be used as an
antimicrobial drug. The important reason is that
it is nontoxic to mammals, is readily biodegrad-
able, and has no adverse effects on the environ-
ment (Tanaka et al., 1992). ALA can also be
applied as photodynamic therapy for malignant
skin tissue tumors.
1. Herbicide

ALA has photodynamic herbicide prop-
erties under appropriate treatment conditions. An
immediate dark-incubation period after spraying
ALA is an essential step to accumulate tetrapyr-
role within the plants. ALA serves as a building
block of tetrapyrrole accumulation, while a group
of modulators, O-phenanthroline, ethyl nicotinate
and 2,2'-depyridyl (DP), have affected to the
pattern of tetrapyrrole accumulation and act in
concert with ALA. DP is a cheap chemical then
it is selected to mix with ALA to enhance the
accumulation of tetrapyrrole. During the daylight
period, the excess tetrapyrrole produces active
oxygen (singlet oxygen) which oxidizes the
unsaturated fatty acid on the cell surface (lipopro-
tein component), thus setting in motion a greatly
damaging free-radical chain reaction. The cell
membranes become leaky and this in turn results
in a rapid and severe dehydration, bleaching and
collapse of the leaf and/or hypocotyl tissue
(Rebriz et al., 1984). Within 24 h the green plant
tissue turns into a brownish desiccated mass of
dead tissue (Rebriz et al., 1990). On the other
hand, treated plants kept for the same period of
time in darkness were unaffected.

The accumulation of tetrapyrrole in
plant leaves causes very severe photodynamic
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damage and the leave die within a few of hours
while the cotyledons, stem and growing point
remain unaffected. Dicotyledonous weeds such as
redroot pigweed, purslane and lambquarter are
highly susceptible to the tetrapyrrole induced
photodynamic damage. Monocots such as core,
wheat, oats and barley were not adversely af-
fected by the spray (Rebriz et al., 1984). The death
of plants depended on the ages of plant, ALA
concentration, type of modulators, ratio of ALA
and modulator, light intensity and kinds of plant
treated (Kobayashi and Haque, 1971).
2. Insecticide
Rebriz and his co-worker (1988) devel-
oped a novel porphyrin insecticide consisting of
modulator of porphyrin, 3.0 mM of ALA plus
30 mM of DP at pH 3.5. When this solution was
sprayed on the larvae of Trichoplusia ni (Hubner
insects) ALA induced the massive accumulation
of protoporphyrin IX causing death in darkness
via an unknown mechanism and in the light
probably via singlet oxygen formation. Besides
the advantages of ALA being nontoxic to non-
target organisms, such as other crops, animals
and human, it is also difficult for insects to de-
velop resistance against ALA.
3. Growth stimulator
Besides having herbicidal property,
ALA is a very good growth simulator when used
at low concentrations (Sasikala and Ramana,
1995). ALA has promotive effect on the growth
and yield of several crops and vegetables, en-
hancing photosynthesis, stimulating fixation of
CO, in light. The ALA also suppresses the res-
piration and the release of CO, under dark (Hotta
et al., 1997). The appropriate applications of
ALA showed 10-60% promotive effect over the
control on radish, kidney beans, barley, potatoes,
garlic, rice and corn (Sasikala et al., 1994). In
addition, the culture medium from ALA produc-
tion by R. sphaeroides could be directly used as
a fertilizer having herbicide activity (Sasaki
et al., 1990).
4. Photodynamic therapy
Photodynamic therapy (PDT) involves
the use of photosensitizers (light-sensitive

molecules) that are activated by light caused the
formation of active forms of oxygen which is
resulted in the killing of cell in which the photo-
sensitizers are present, while sparing the normal
surrounding tissue (Levy, 1995).

Kennedy et al (1990) proposed the use
of tropically ALA based PDT for selected cuta-
neous disease. The cosmetic results of ALA-
PDT treatment are very good and with a minimal
effect on the normal skin (Sveanberg et al., 1994).
Promising clinical results have been obtained in
photosensitizing superficial skin tumors. In con-
trast, non-superficial and tumors of morpheaform
histologic pattern have shown minor response
rates only (Martin et al., 1995, Szeimies et al.,
1994).
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REVIEW ARTICLE

Yogurt: The fermented milk

Nathanon Trachoo

Yogurt has been known to mankind for
over 6,000 years. The word “yogurt” is possibly
derived from the Turkish word “jugurt” which
first appeared in the 8" century (Rasic and
Kurmann, 1978) but today various names are
used to refer to yogurt or similar products. These
names include Dahi or Dahee in India, Roba in
Iraq, and Fiili in Finland (Tamime and Deeth,
1980; Tamime and Robinson, 1985) and several
others. It is likely that yogurt originated in the
Middle East where there was a limited availa-
bility of milk due to the desert environment.
Ancient Turks who lived as nomads possibly in-
troduced yogurt to village people as a preserved
milk product (Akin and Rice, 1994; Rasic and
Kurmann, 1978; Tamime and Robinson, 1985).
Popularity of yogurt is greatly attributed to Pro-
fessor Elie Metchnikoff of the Pasteur Institute
in Paris, who shared the Nobel Prize in Phy-
siology and Medicine in 1908 and authored the
book, “The Prolongation of Life” in which he

advocated the health benefits of yogurt.

Yogurt was first introduced to the U.S. in
the early 20" century and gained significant con-
sumer popularity during the 1960’s and 1970’s.
Sales in the U.S. increased from 141 million kg
in 1974 to 616 million kg in 1995 (Anon, 1996).
Yogurt has now become a popular subject for
researchers nationwide as it has been claimed to
be a healthy food.

During the past decade, full fat yogurt con-
sumption has declined due to changes in dietary
habits of consumers, in particular, reduction in
milkfat consumption. Many modifications in
yogurt manufacturing have therefore been de-
veloped to reduce milkfat content in yogurt
resulting in the availability of nonfat and lowfat
yogurt.

Definition of yogurt
According to the Code of Federal Regula-
tions of the FDA (FDA, 1996¢), yogurt is defined
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as the “food produced by culturing one or more
of the optional dairy ingredients (cream, milk,
partially skimmed milk, and skim milk) with a
characterizing bacteria culture that contains the
lactic acid-producing bacteria, Lactobacillus
delbrueckii subsp. bulgaricus and Streptococcus
thermophilus”. Other descriptions are included
as follows. “To increase the nonfat solids content
of the food, other optional ingredients (concen-
trated skim milk, nonfat dry milk, buttermilk,
whey, lactose, lactalbumins, lactoglobulins and
modified whey) may also be added and shall be
included in the culturing process. Yogurt, before
the addition of bulky flavors, contains not less
than 3.25% milkfat and not less than 8.25% milk
solids not fat, and has a titratable acidity of not
less than 0.9%, expressed as lactic acid. Yogurt
may be heat treated after fermenting to destroy
viable microorganisms for a longer shelf life of
the food”.

Lowfat yogurt and nonfat yogurt are
similar in description to yogurt but contain 0.5
to 2% and less than 0.5% milkfat, respectively
(FDA, 1996a; FDA, 1996b).

In many other countries, regulatory agents
follow the definition of yogurt defined by Food
and Agriculture Organization/World Health
Organization (FAO/WHO). The FAO/WHO Co-
dex Alimentarius Commission defines yogurt as
“a coagulated milk product obtained by lactic
acid fermentation through the action of Lb. del-
brueckii subsp. bulgaricus and St. thermophilus
from milk (pasteurized or concentrated milk)
with or without additions (milk powder, skim
milk powder, etc.). The microorganisms in the
final product must be viable and abundant” (Ma-
reschi and Cueff, 1989; Rasic, 1987).

Manufacture of yogurt

Although, yogurt was accidentally discov-
ered in ancient times through natural processes,
yogurt manufacturing procedures are now highly
developed. Before yogurt bacteria were discov-
ered, no one knew what caused milk to coagulate.
Yogurt was traditionally made from boiled milk
inoculated with yogurt from the previous day. In-

oculated milk was kept overnight at room temp-
erature (Tamime and Deeth, 1980; Tamime and
Robinson, 1985). Since the first commercial pro-
duction of yogurt by Danone in Spain in 1922,
yogurt manufacturing has expanded dramatically
and quality has improved. Some guidelines for
yogurt manufacturing have been described by
Norling (1979) and White (1995).

Raw materials. Yogurt was traditionally
made from milk with no added ingredients. To
improve yogurt texture, milk or skim milk was
fortified with other materials such as nonfat dry
milk (NDM), whey protein concentrate (WPC)
and some other dairy or plant-based ingredients.
Milk from at least nine different species is used
commercially; cow, mare, ass, goat, buffalo, yak,
ewe, reindeer and camel (Kehagias and Dalles,
1984; Kroger et al., 1989; Rasic and Kurmann,
1978; Tamime and Robinson, 1985). These milks
differ in composition from each other, which con-
siderably affects yogurt qualities. For example,
yogurt made from milk of ewe, buffalo, yak or
reindeer is high in fat (6.5 to 11.0%) and has
better consistency than that made from milk of
cow, goat and ass (1.4 to 4.0% fat) (Rasic and
Kurmann, 1978).

Preparation of yogurt mix often involves
addition to milk of milk powder, sweet buttermilk
powder (BMP), whey powder, WPC, casein pow-
der or plant protein, and concentration by evapo-
ration, reverse osmosis or ultrafiltration (Broome
et al., 1982; Bundgaard et al., 1972; Chapman et
al., 1974; Jepsen, 1979; Kolar et al., 1979; Mistry
and Hassan, 1992; Norling, 1979; Tamime and
Deeth, 1980; Tamime and Robinson, 1985; White,
1995). The addition of 3 to 4% of NDM to yogurt
mix is common to increase total solids (TS) for
lowfat, nonfat and low calorie yogurt (Morris and
Ghaleb, 1995; Tamime et al., 1994). Researchers
(Harwalkar and Kalab, 1986) found that yogurt
with a higher TS content was less susceptible to
syneresis and had shorter casein particle chains.
Modler et al. (1983) compared the physical and
sensory properties of yogurt fortified with casein-
based proteins (sodium caseinate, ultrafiltered
milk and NDM) and whey proteins concentrated
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by three different methods (ultrafiltration, ion
exchange and electrodialysis/lactose crystalliza-
tion) to increase protein content by 0.5 and 1.0%
in yogurt mixes. It was found that yogurts with
added casein-based proteins had a coarser texture
than those with added WPC. To increase gel
strength and reduce syneresis of yogurt, sodium
caseinate was the most effective supplement.
However, they did not recommend the use of
WPC as a replacement for starch and hydrocol-
loids because of excessive syneresis (Modler and
Kalab, 1983; Modler et al., 1983).

Nonfat and lowfat yogurt can also be made
from plant-based ingredients such as soybean
milk. However, such yogurt has a beany flavor and
produces flatulence. Soybean yogurt mix with
added NDM, evaporated milk or whey-based in-
gredients can reduce beany flavor and flatulence
due to improved fermentation by yogurt cultures
(Buono et al., 1990; Granata and Morr, 1996;
Karleskind et al., 1991). Sufficient yogurt flavor
intensity cannot be obtained in soy milk-based
yogurt (Lee et al., 1990). To increase amounts of
nutrients such as vitamin A, C and dietary fiber,
Collins et al. (1991) used milk with added sweet
potato as raw material for yogurt production. This
yogurt received a mean score of 7.7 out of 10 for
flavor. Soy protein isolates have also been in-
vestigated to replace NDM in yogurt manufac-
turing to improve viscosity and reduce syneresis
(Kolar et al., 1979).

A scientist in Cornell University’s Food
Science and Technology Department (Kosikow-
ski, 1979) used diluted ultrafiltered skim milk
for low-lactose yogurt production. The yogurt
flavor was flat, thus BMP and/or sodium citrate
were added to improve lactic acid fermentation.
Becker and Puhan (1989) reported that using ultra-
filtered milk in yogurt manufacturing could in-
crease the nutritional value of yogurt because of
higher protein, calcium and phosphorus content
in the product.

Homogenization. Homogenization breaks
down fat into smaller globules which prevents
the formation of a cream line. This improves the
consistency and viscosity of yogurt, thus a greater

stability to syneresis can be obtained (Rasic and
Kurmann, 1978; Tamime and Deeth, 1980; Tam-
ime and Robinson, 1985). Furthermore, homo-
genization of yogurt mix breaks up powdered
ingredients resulting in uniform distribution of
the ingredients (Vedamuthu, 1991). According to
Schmidt and Bledsoe (1995), homogenization
has an adverse impact on yogurt with a lower fat
content; it increases syneresis or reduces water-
holding capacity due to empty spaces between
casein matrices, and lack of native milkfat glo-
bule membrane (FGM) (Schmidt and Bledsoe,
1995). In higher fat yogurts clusters of fat glob-
ules can fill up these spaces, thus syneresis can be
minimized. Darling and Butcher (1978) studied
FGM in homogenized cream and reported that
caseins and whey proteins were adsorbed on the
fat-serum interface. The whey proteins in unpas-
teurized cream could be easily removed from the
interface, but after pasteurization they strongly
bonded and were more difficult to remove.

Heat treatment. The objectives of heat
treatment of yogurt mix are to kill pathogenic
microorganisms, to minimize spoilage microor-
ganisms and to inactivate lipase and hence to
prevent lipolysis (Rasic and Kurmann, 1978).
Yogurt mix is normally heated at a higher temp-
erature and longer time than normal pasteuriza-
tion, ranging from 90 to 95°C for 5 to 10 min, to
help improve product consistency through whey
protein denaturation (Mottar et al., 1989; Rasic
and Kurmann, 1978; Tamime and Deeth, 1980;
Tamime and Robinson, 1985). The degree of de-
naturation depends on the intensity of heat
applied. Low TS yogurt may require more whey
protein denaturation than high TS yogurt (Rasic
and Kurmann, 1978). Whey proteins which par-
ticipate in casein aggregation in yogurt are o-
lactalbumin (o-LA) and B-lactoglobulin (B-LG).
The former has a denaturation temperature of
62°C and the latter, 78°C (Wong et al., 1988).
Denaturation of whey proteins is determined not
only by heat treatment but also by other condi-
tions. For example, the removal of calcium pre-
vents o-LA redenaturation. The native tertiary
structure of heat treated o-LA can be recovered
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upon cooling because of its high affinity to
calcium. Thus calcium aids in reconstruction of
the tertiary structure of a-LA (Bernal and Jelen,
1984). B-LG accounts for 50% of whey proteins
in skim milk or 9% of total protein, two times
more than o-LA, therefore it plays an important
role in casein aggregation (Wong et al., 1988).
When x-casein is heated in the presence of B-LG,
K-casein - B-LG complex is formed via disulfide
bonds (Davies et al., 1978; Elfagm and Whee-
lock, 1978; Long et al., 1963; Tessier and Rose,
1964). B-LG could also react with o-LA during
heating (Elfagm and Wheelock, 1978; Elfagm
and Wheelock, 1978; Tamime and Deeth, 1980;
Tamime and Robinson, 1985). Mottar et al. (1989)
indicated that the ratio of B-LG to o-LA at mi-
cellar surface and the level of heat treatment
affected yogurt texture. Rasic and Kurmann
(1978) indicated that during heat treatment there
were two possible events depending on heat
intensity; very high heat treatment such as 90°C
for 10 min induces both a-LA and B-LG to parti-
cipate in protein aggregation resulting in less
susceptibility to syneresis in yogurt, but a lower
heat treatment (vat pasteurization) causes B-LG
to participate rather than o-LA because 80 to
90% of denatured o-LA is reversible after heat-
ing (Wong et al., 1988). Incorporation of B-LG
at the micellar surface gives a long chain casein
micelle linked by a finely flocculated protein
resulting in a loose structure and an increase in
syneresis (Modler and Kalab, 1983).

Microbiology of yogurt

Early investigations of yogurt microorgan-
isms were conducted by a number of scientists
such as Metchnikoff (1904, 1907), Grigoroff
(1905), Maze (1905) and Guerbet (1906). They
found rod and coccal-shaped bacteria, yeasts
and molds in yogurt (Rasic and Kurmann, 1978;
Tamime and Robinson, 1985). Much of the credit
for the study of yogurt bacteria was contributed
to Orla-Jensen. Yogurt bacteria are now charac-
terized as lactic acid bacteria belong to the Lac-
tobacillaceae and Streptococcaceae genera. Gen-
erally, yogurt cultures are L. delbrueckii subsp.

bulgaricus and S. thermophilus, which are ther-
moduric, homofermentative lactic acid bacteria
(Tamime and Deeth, 1980). Some other strains
such as L. helveticus, L. jugurti, L. acidophilus
and Bifidobacterium spp. are also sometimes
used as adjuncts.

Lactobacillus delbrueckii subsp. bulgaricus
can ferment glucose, fructose, galactose and lac-
tose to lactic acid. It produces D (-)-lactic acid up
to 1.7% in milk and has a growth temperature of
22 to 60°C (Rasic and Kurmann, 1978) with an
optimum growth temperature of 40 to 50°C
(Mayra-Makinen and Bigret, 1993). The growth
temperature for St. thermophilus ranges from 20
to 50°C with an optimum of 40 to 45°C. It can
ferment glucose, fructose, lactose and saccharose
and produces L (+)-lactic acid up to 0.7 to 0.8%
in milk. It can grow in the presence of bile salts,
but is very sensitive to antibiotics. Both yogurt
organisms are non-motile. The average size of L.
delbrueckii subsp. bulgaricus is 0.8 to 1.0 x 4 to
6 um, and that of S. thermophilus is 0.7 to 0.9 um
in diameter (Rasic and Kurmann, 1978).

When a single strain of either L. delbruec-
kii subsp. bulgaricus or S. thermophilus is used,
lactic acid and acetaldehyde production is lower
compared with that in a mixed culture (Hamdan
et al., 1971; Rasic and Kurmann, 1978). There
are two stages involved in yogurt fermentation.
In the first stage, L. delbrueckii subsp. bulgari-
cus stimulates the growth of S. thermophilus by
liberating essential amino acids from casein by
proteolytic activity (Sandine and Elliker, 1970).
In this stage, L. delbrueckii subsp. bulgaricus
grows slowly because it is microaerophilic
(Vedamuthu, 1991). At the end of the first stage,
the growth of S. thermophilus is slowed down
because of the high lactic acid concentration.
When S. thermophilus produces enough formic
acid, which stimulates growth of L. delbrueckii
subsp. bulgaricus, the second stage begins. By
this symbiotic action, the desirable acidity of the
final yogurt can be achieved (Rasic and Kurmann,
1978). Lactobacillus delbrueckii subsp. bulga-
ricus and S. thermophilus are proteolytic bacte-
ria. The former has a higher proteolytic activity.
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Slocum et al. (1988) reported that in yogurt with
10.0 to 17.5% total solid (TS) maximum proteo-
lysis occurred at 14.5% TS.

Although, there is no regulatory require-
ment in the U.S. regarding the number of viable
L. delbrueckii subsp. bulgaricus and S. thermo-
philus, it has been established with respect to
therapeutic properties that yogurt should contain
live lactic acid bacteria (Roberts and Maust,
1995). In countries such as Japan, South Korea
and Poland, legislation requires viable lactic acid
bacteria in the final product ranging from 10° to
10° cells/g (Hamann and Marth, 1984; Orihara
etal., 1992).

Media for rods and cocci. Media for
differentiation of rods and cocci in yogurt have
been studied. Lee et al. (1974) differentiated rod
and coccus colonies based on the capability for
saccharose utilization of L. delbrueckii subsp.
bulgaricus and S. thermophilus. In the presence
of saccharose in a basal media with added brom-
cresol purple indicator, referred to as Lee’s media,
S. thermophilus ferments both saccharose and
lactose and lowers pH to change the color of the
bromcresol purple indicator, and thus forms
yellow colonies. Although L. delbrueckii subsp.
bulgaricus is a stronger acid producer, it can
ferment lactose but not saccharose. Thus, it pro-
duces less acid, and forms white colonies in this
media. Matalon and Sandine (1986) modified
Elliker’s lactic agar by addition of 0.1% Tween
80 and 7.0% sterile reconstituted NDM. This
media was referred to as Yogurt Lactic Agar. As
L. delbrueckii subsp. bulgaricus can produce
more lactic acid, its larger colonies have cloudy
zones, which result from casein precipitation,
whereas colonies of S. thermophilus in the same
media are smaller and lack cloudy zones.

Acetaldehyde production in yogurt

Generally yogurt flavor, other than lactic
acid, consists of acetaldehyde, acetone, acetoin
and a small amount of diacetyl (Sandine and
Elliker, 1970). Among these, acetaldehyde is be-
lieved to be responsible for typical yogurt flavor
(Bottazzi and Dellaglio, 1967). Lactobacillus

delbrueckii subsp. bulgaricus is more capable in
both acid and acetaldehyde production compared
to S. thermophilus (Singh and Sharma, 1982).
Acetaldehyde is mainly produced from glucose
via pyruvate catabolism (Keenan and Bills, 1968;
Lees, 1969; Lees and Jago, 1978). Yogurt bacteria
also have threonine aldolase, which converts
threonine to acetaldehyde and glycine. Strepto-
coccus thermophilus may be responsible for
increased acetaldehyde production as its threo-
nine aldolase is stimulated by the addition of
threonine (Wilkins et al., 1986). Marranzini et al.
(1989) used ultrafiltration to deplete free amino
acids in the skim milk in their study. Lactose and
standard free amino acids except threonine and
glycine were added to skim milk. They found that
threonine aldolase activities of L. delbrueckii
subsp. bulgaricus and S. thermophilus were re-
duced in the high glycine and low threonine
media, but increased in high threonine and low
glycine media. Threonine and glycine concentra-
tions did not affect yogurt bacteria growth and
acid production. Marshall and El-Bagoury (1986)
increased acetaldehyde level in goat’s milk
yogurt by adding 0.1% threonine to yogurt mix
made by ultrafiltered milk.

Textural properties of yogurt

Textural properties for yogurt include vis-
cosity, firmness and syneresis. Measuring viscos-
ity of yogurt is challenging because it is non-
Newtonian, i.e. viscosity changes as shear stress
changes (Charm, 1971). Therefore, in order to
report on the apparent viscosity of yogurt, one has
to precisely specify the measurement conditions
used.

Viscosity of yogurt is affected by compo-
sition, type of starter cultures, heat treatment and
stabilizer. As the TS increase, viscosity and firm-
ness increase (Becker and Puhan, 1989; Guirguis
et al., 1984). Ropy strains of L. delbrueckii subsp.
bulgaricus and S. thermophilus have been studied
and used to produce smooth and viscous yogurt
(Hess et al., 1997; Vedamuthu, 1991). These bac-
teria, often called slime-producing bacteria, pro-
duce exopolysaccharides, which help increase
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viscosity.

Heat treatment affects textural properties
of yogurt. Labropoulos ef al. (1981) indicated that
yogurt made from UHT-treated milk (149°C,
3.3 s) had lower viscosity than that made from
vat-treated milk (63°C and 82°C, 30 min). This was
confirmed by Salji ef al. (1984). When less intense
heat treatment was used (Schmidt et al., 1985),
yogurt made from UHT-treated milk (138°C, 3
to 6 s) had lower viscosity and firmness but less
syneresis than that made from vat-treated milk
(82°C, 20 min). Whey protein denaturation was
believed to be responsible for this phenomenon.

Becker and Puhan (1989) noted that yogurt
fortified with ultrafiltered milk had higher vis-
cosity and firmness compared to yogurt fortified
with NDM and evaporated milk with similar
composition. Susceptibility to syneresis of 2.0%
fat and 5.0% protein yogurts fortified with va-
rious dairy ingredients including NDM, BMP,
sodium caseinate and WPC (35 to 75% protein)
were studied by Guinee et al. (1995). They reported
that BMP yogurt yielded the least syneresis.

During cold storage of milk that has been
contaminated by psychrotrophic bacteria, K-casein
is subjected to break down by proteolysis. This
causes the yogurt made from such milk to be
firmer, more viscous and sensitive to syneresis;
however, sensory qualities of the yogurt were not
reported (Gassem and Frank, 1991).

Microstructure of yogurt

Microstructure of yogurt is usually studied
by transmission electron microscopy (TEM) of
thin section and scanning electron microscopy
(SEM) (Kalab et al., 1983). Sample preparation
for TEM is time consuming but it allows for the
visualization of casein aggregation, whereas with
SEM sample preparation is easier and aids in the
study of gel structure (Kalab and Harwalkar,
1973). Skriver et al. (1995) used SEM to differen-
tiate the microstructure of yogurt made with ropy
and nonropy strains of L. delbrueckii subsp.
bulgaricus and S. thermophilus. Harwalkar and
Kalab (1986) found that an increase in TS in-
creased the density of yogurt matrices which

resulted in decreased syneresis. Interestingly,
casein particles of 30% TS yogurt were finer than
those of 10% TS yogurt. Yogurt made by fermen-
tation to pH 3.85 was more porous and firmer
than that made by fermentation to pH 4.5.

Heat treatment of a yogurt mix causes
changes in the microstructure of finished product.
As previously mentioned, denaturation of whey
proteins is responsible for the changes in gel
formation. Protein micelles in yogurt mix when
heated at 90°C for 10 min have appendages
which are complexes of whey proteins and x-
casein, but without casein fusion (Davies et al.,
1978). During the fermentation process, these
appendages inhibit casein fusion resulting in a
loose structure (Davies et al., 1978; Mottar et al.,
1989). Davies et al. (1978) noted that not only
temperature of heat treatment but holding time
was also an important factor influencing the ap-
pendage formation on the micelle surface. Mistry
and Hassan (1992) studied the use of high milk
protein powder (18.9% protein) in the production
of nonfat yogurts (5.04 to 7.39% protein). They
indicated that a high protein yogurt (7.39%)
yielded a less porous structure and had lower
syneresis than lower protein yogurts.

The existence of FGM in reconstituted
BMP and yogurt made from such powder was
confirmed by TEM (Kalab, 1980). Tamime et al.
(1989) noted that FGM of large fat globules
(5 um) in Labneh (6.8 to 8.2% protein and 9.2 to
10.5% fat) were broken by homogenization,
whereas FGM of small fat globules were intact
but they could not conclude if incorporation of
FGM improved yogurt quality (Tamime ef al.,
1991). Aguilera and Kinsella (1991) reported that
recombined fat globules with diameters < 1.26 um
increased the compression stress of a gel consist-
ing of 83% NDM, 3% whey protein isolate
(92.7% protein) and 4.4% fat.

In a recent development, confocal scanning
laser microscopy was used to study the micro-
structure of yogurt during fermentation in real
time without sample preparation (Hassan et al.,
1995). It was noted that there were three stages
involved in yogurt fermentation: lag phase, ag-
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gregation and contraction of milk proteins.

Nonfat and lowfat yogurt

Nonfat and lowfat yogurts were introduced
to meet consumer needs. During the past decade,
many attempts have been made to produce nonfat
and lowfat yogurts which are similar in quality to
full fat yogurt. In order to be able to state “nonfat”
or “lowfat” on the label, a yogurt manufacturer
must produce yogurt conforming to fat content
requirements. Roberts and Maust (1995) meas-
ured fat content in nonfat, 1% and 1.5% fat
yogurts and reported that 50% of these commer-
cial yogurts did not meet the requirements for
fat content.

To manufacture reduced fat yogurt, proper
ingredient selection is important such as use of
skim milk and NDM. However the consequences
can be undesirable. Adding NDM increases ca-
loric value of yogurt and acid production as
about 50% of NDM is lactose (Kalab et al., 1983).
A powdery flavor can be detected in yogurt
fortified with too much NDM (Tamime and
Robinson, 1985). Using fat replacers is another
effort to reduce fat content in yogurt. Farooq and
Haque (1992) reported that nonfat low calorie
yogurt produced by adding a sugar ester as a fat
substitute, aspartame as a sweetener and a cream-
like substance as a flavor enhancer had a better
mouthfeel and texture compared with yogurt
without the fat substitute. Microstructure of yo-
gurt containing whey protein-based fat substitute,
Simplesse 100™, or anhydrous milkfat were
compared by Tamime et al. (1995). Both the fat
substitute with 0.1 to 3 um diameter and the an-
hydrous milkfat interacted with protein matrices,
but yogurt with the fat substitute was softer and
more susceptible to syneresis. In a study on the
effect of seven different starch-based fat substi-
tutes on nonfat yogurt (0.1% fat) firmness of
yogurt increased with the substitutes, but flavor
and mouthfeel worsened (Tamime et al., 1996).
Lowfat yogurt (1.5% fat) made with oils from
olive, groundnut, sunflower and maize differed
in flavor and aroma from yogurt made with an-
hydrous milkfat but the oils did not affect lactic

acid bacteria (Barrantes et al., 1996; Barrantes
et al., 1996).

Nonfat yogurt is normally low in TS (10 to
12%) and consequently suffers from whey sepa-
ration or syneresis (Harwalkar and Kalab, 1986;
Schellhaass and Morris, 1985). To reduce syner-
esis, thickening agents such as gelatin, starch,
cellulose derivatives, alginates and carrageenan
can be legally added (FDA, 1996b). Gelatin and
carrageenan result in the clustering of casein
micelles (Kalab et al., 1983), therefore potentially
reducing syneresis (Modler et al., 1983). As indi-
cated earlier, yogurt texture may also be improved
by the utilization of ropy strains of yogurt bacteria
(Hess et al., 1997; Teggatz and Morris, 1990).

Summary

Yogurt manufacturing has long been known
to mankind. Yogurt gained its popularity from
health-concerned consumers worldwide. Due to
the presence of cholesterol in milkfat, nonfat and
lowfat yogurt were invented. Similar to Bulgarian
milk, other nutritive and therapeutic properties
are of significance.
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Fish immunostimulants
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Fish immunostimulants are important substances useful to control infectious fish diseases and are
substantially beneficial to the aquaculture business and environment.

This literature review covers the results of using fish immune modulators, including bacteria
and bacterial derivatives, adjuvants, chitin, glucan, vitamin, and other synthetic materials. These immu-
nostimulants enhance the activities of phagocytotic cells, stimulate the immunological cells to create more
lysozymes and more antibodies, enhance the complement efficiency in fish and eventually increase the
abilities to prevent bacterial infection. These responses are able to prevent fish from succumbing to various
infectious diseases.
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28 (challenge test)
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Uszloaindadmsiainunaia1sg iaranIzdunis

Table 1. Fish immunostimulant
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o 28
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wuaiise (bacterial derivative)
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g | k3 [} |
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¥ a v o U l&/ 'O v | o o
nazdugidunulasldirawuaiisaninlisaningas

Fish immunostimulant Fish species Administration

Bacteria and derivative =~ Rainbow trout immersion
products Channel catfish ~ immersion
Coho salmon injection
Adjuvants Turbot injection
Trout injection
Chitin Rainbow trout injection
Yellowtail injection
Glucan Channel catfish injection
Atlantic salmon  mixed feed
Vitamin C Channel catfish ~ mixed feed
Vitamin E Atlantic salmon  mixed feed
Spirulina sp. Channel catfish ~ mixed feed
Psidium guajava In vitro test
Momordica charantina
Growth hormone Rainbow trout injection
Levamisole Rainbow trout injection

(attenuation) @ ldlaanisldanuTaunianisld
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Increase resistance to A. salmonicida
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Increase resistance to P. piscicida

Increase resistance to E. ictaluri

Increase resistance to V. anguillarum

Increase resistance to E. tarda

Increase resistance to A. salmonicida

Increase in phagocytotic cells

Inhibit A. hydrophila growth in vitro

Increase resistance to V. anguillarum

Increase resistance to V. anguillarum
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