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ORIGINAL ARTICLE

Heritabilities and correlations for late leafspot resistance
and agronomic traits in peanut (Arachis hypogaea L.)

Thinnakorn Kormsa-art ', Sanun Jogloyz, Sopone Wongkaew3
and Kamol Lertrat'

Abstract
Kormsa-art, T., Jogloy, S., Wongkaew, S., and Lertrat, K.
Heritabilities and correlations for late leafspot resistance and
agronomic traits in peanut (Arachis hypogaea L.)
Songklanakarin J. Sci. Technol., 2002, 24(4) : 555-560

Late leafspot (Phaeoisariopsis personata (Berk. & M.A. Curtis) van Arx) is one of the most serious
diseases of peanut. Although fungicide application is effective in controlling the disease, its high cost is
considered uneconomical in many developing countries. In this situation, the use of resistant cultivars offers
a better alternative. The objective of this study was to determine the heritability parameters of late leafspot
resistance and agronomic traits and also to estimate correlations among the two parameters. Breeding
materials including F, of crosses between Tainan 9 x RLRS 15, Lampang x RLRS 15 and Khon Kaen 60-1
x RLRS 15, three backcrosses to female parent and three to male parent were planted in a RCBD with
4 replications at Khon Kaen University Farm. Natural infection of late leafspot was allowed. Disease score,
lesion number, lesion size and spore production were reccorded as the resistance parameters. Pod yield,
seed yield, pods number/plant, pod length, 100-seed weight and shelling percentage were also measured.
Heritability estimates were generally low for all resistance parameters except for lesion size in crosses
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Lampang x RLRS 15 and Khon Kaen 60-1 x RLRS 15 and sporulation in cross Tainan 9 x RLRS 15. This
suggested that selection in early generation based on phenotype of individual plants would be ineffective,
except for lesion size in these crosses and spore production in cross Tainan 9 x RLRS 15. Heritability esti-
mates were low for all of agronomic traits, except for pod number per plant in crosses Tainan 9 x RLRS 15
and Lampang x RLRS 15 and seed yield in cross Khon Kaen 60-1 x RLRS 15. This suggested that selection
of individual plants would be ineffective, except for pods per plant in crosses Tainan 9 x RLRS 15 and
Lampang x RLRS 15 and seed yield in cross Khon Kaen 60-1 x RLRS 15. Most components for disease
resistance and agronomic traits showed low correlations among each other. The results indicate that selec-
tion of individuals with high heritable resistant traits such as for small lesion size and little sporulation
would not affect the agronomic traits.

Key words : heritability, correlation, Phaeoisariopsis personata, agronomic traits,
Arachis hypogaea

o 1
UNANY

fiuns nay zenm  iiu venass 1 am 2aAUAD waz nua LAl

U ] U v U (4 w v A\ S o

RIZPR! Quwuﬁqnﬁiﬂuaz i (] Nw'uﬁ‘llmaﬂ‘ﬁmzmumumakﬂiugm 120
LAZANHMEZMINILNYAITVBIAIA 3 (Arachis hypogaea L.)

3. UAIUASUNS N, 2545 24(4) : 555-560

Usaluga™m dlulsait Wavesind ¢ msld ﬁtﬂﬁ“lumﬁmuﬂuuﬂ'%x‘lﬁwaﬁl,wil,ﬂumil,ﬁ'uﬁunu

makdn  deumsliduging sisumudelasaihiimsiesiumdaiand maduiliiagles e
Uszuiumdns HIumaiugnIanvesdnymzaNUMUMUAelIAlYYn " ALAZANHMENINIABATUAZHIA
W “wiusaznednpazite o3 madnynilulszmnsgan wiail 2 S1u0u 3 gu u Ae Tainan 9 x RLRS
15, Lampang x RLRS 15 uaz Khon Kaen 60-1 x RLRS 15 lagigngnn w2 wazilszinsvesgnu unay
(backeross) 1 mwlinaassveumingasvoundy laglfunumsnaasauwuy RCB & 4 a1 desliiy
Laluga mmusssunauneslsziivdnyazanumumudelsa  Aeazuuumadulsn 3nuuna vina
wea wazms 19 a3 wasdnvazmamsinuns Asvnnuidnnenu wandaidn wandanwda anuendn
Wniin 100 wiEa wazestFudmsnzims MamsAnIMLN Fan UMINUFTIHVRIAN BT UMULIA
fimen lunndnvazeniiuvinaunavesss u Lampang x RLRS 15 was Khon Kaen 60-1 x RLRS 15 was
M3 513 Yeslugu ¥ Tainan 9 x RLRS 15 mlvimsfiatdendugnu wluih F_apsdnyazdiumudalia
azlilawa smﬁuﬁ’mﬁamﬁaﬁnumxwmLtwalufjw 1 Lampang x RLRS 15 waz Khon Kaen 60-1 x RLRS
15 wazm3s 519 Yesluga 3 Tainan 9 x RLRS 15 80131 IUU8INUTNITHVRISNBHUSINMIAYAT WUNH
malunndnyazeniiu sunuiladedulugs u Tainan 9 x RLRS 15 uaz  Lampang x RLRS 15 uas
Handnuanvednn 1 Khon Kaen 60-1 x RLRS 15 ilvimsnaidenaugnw wluih F 429ansmenams
wuasezlilana sndudnymsdnauidndedulugn 3vas Tainan 9 x RLRS 15 waz Lampang x RLRS 15
waznandn@alugs 3ved Khon Kaen 60-1 x RLRS 15 uazonmsfinyn # uiusszrnadnyaznams
wnuasiudnyazdumulsanun § % aiusves esdnyazannau adimniinsdadendnuus
dumulsninadnyasifimaan UMATHENTIN 3 1Y dvinausadn  dms He desdes ozl ma
SENUAIMSLANHIDANG AL AZINIMSLINYAT




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

557

Agronomic traits in peanut
Kormsa-art, T., et al.

Late leafspot caused by (Phaeoisariopsis
personata (Berk. & M.A. Curtis) van Arx) is an
important disease in peanut (Arachis hypogaea
L.). Smith (1984) reviewed the symptomatology,
disease cycle, epidemiology and current control
measures for the disease. Yield losses from this
disease have been estimated to vary considerably
from place to place and between seasons, ranging
from 10 to 80% (McDonald et al., 1985; Miller
et al, 1990). Fungicide application is an effective
method to control the disease, but the production
cost would be increased by 10% (Coffelt and
Porter, 1986). Therefore the development of ge-
notypes that combine high yielding ability with
resistance to the disease would be desirable. To
obtain such genotypes, estimation of heritabilities
and correlations between late leafspot resistance
and agronomic traits will be important in design-
ing breeding schemes for those traits.

Materials and Methods

Development of breeding population

A late leafspot resistant cultivar, RLRS 15,
was crossed with three high yielding adapted
cutivars, Tainan 9, Lampang and Khon Kaen
60-1. The F’s of the three crosses were back-
crossed to both parents to generate backcrosses
to female parents (P1F1) and backcrosses to male
parents (P2F1). The F’s of each cross were also
self-pollinated to produce F, generation. The three
crosses in the F, F, generation and their res-
pective parents, P1F1 and P2F1 were used for
late leafspot resistance and agronomic trait eva-
luations in this study.

Late leafspot resistance and agronomic traits
evaluation

The three crosses in the F, F, and their re-
spective parents, P1F1 and P2F1 were planted at
Khon Kaen University Experimental Farm in a
randomized complete block design with 4 repli-
cations. Seeds were treated with fungicide and
planted in twenty-five seeded, two-row plots with
50 cm between rows and 20 cm between plants
within row. Normal cultural practices were fol-

lowed during the growing season. From previous
records of 3 consecutive years, peanuts in the
experimental farm were predominantly infected
by late leafspot (LLS) and rust and only light
infection of early leaf spot (ELS) was sometime
observed. To suppress the rust, oxycarboxin was
sprayed once at 30 days after emergence and the
ELS was frequently monitored during the early
phase of peanut growth. As it turned out, there
was only a trace of the ELS when the plants were
60 days old therefore no further precaution was
made to control the ELS and the LLS was
allowed to developed naturally. At 70 and 80 days
after planting, leafspot was scored on a 9-point
field scale (Subrahmanyam et al., 1995). Ten leaves
per plot were sampled from the third leaf on main
stem of each randomed plant. Lesion number
per leaf and lesion size were determined on the
sampled leaves. Spore production was scored
based on visual rating of a 1-5 scale, with 1 indi-
cating very little sporulation and 5 indicating
heavy sporulation. Pods were harvested from
individual plants and dried to approximately 8%
moisture. The pod number per plant, dry pod
weight (g/plant), seed weight (g/plant), pod length
(average from 10 pods), seed size (g/100 seeds)
and shelling percentage (seed weight x 100 / pod
weight) were evaluated.

Genetical statistic analyses

Heritability estimates. An estimate of
narrow sense heritability for resistance and agro-
nomic traits were computed from the variance
components in the F, generation and two back
crosses in three selected crosses (Tainan 9 x RLRS
15, Lampang x RLRS 15 and Khon Kaen 60-1 x
RLRS 15) as described by Allard (1960) and
Simmonds (1981)

2V, = 2V 42V 42V ... (1)
Vit Vom = V,F2V 42V 2)
(1-(2) =V,

b’ = VA/V R

where : vV, = variance of F, generation,
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vV, = additive variance,
vV, = dominance variance,
vV, = environmental variance,
Voierr Voo = variance of backcross to female and
male parents, respectively.
h’ = narrow sense heritability.

Correlation estimates

Phenotypic correlations among late leaf-
spot resistance parameters, agronomic traits, and
resistance parameters with agronomic traits were
computed using this formula given by Falconer
and Mackay (1996).

Results and Discussion

Heritability

Late leafspot resistance. Narrow-sense
heritabilities for resistance to late leafspot are
given in Table 1. Heritabilities for disease score
and P. personata sporulation of the three crosses
were low except for sporulation in the cross be-
tween Tainan 9 x RLRS 15 indicating that selec-
tion based on phenotypic differences of F, popu-
lation would be difficult. Low heritabilities for

lesion number were found in F, populations of
Tainan 9 x RLRS 15 and Lampang x RLRS 15.
However moderate heritability for this parameter
was observed in the F, population of Khon Kaen
60-1 x RLRS 15. High heritabilities for lesion
size were found in all F, crosses except in F,
population of Tainan 9 x RLRS 15 indicating that
selection based on phenotypic differences of
lesion size would be effective in F, population of
Lampang x RLRS 15 and Khon Kaen 60-1 x
RLRS 15.

Agronomic traits. Narrow-sense heritabi-
lities were low for all agronomic traits except pod
number per plant in crosses 1 and 2 (Tainan 9 x
RLRS 15 and Lampang x RLRS 15) and seed
weight in cross 3 (Khon Kaen 60-1 x RLRS 15)
(Table 1). The results indicated that selection of
individual plants for most of agronomic traits in
F, generation would be ineffective. However, se-
lection of phenotypic difference in F, generation
of crosses 1 and 2 for pods per plant and cross 3
for seed weight would be possible.

Correlation.  Although the phenotypic
correlations coefficients among the resistance
parameters were significant, the coefficients were

Table 1. Narrow-sense heritabilities for resistance to late leafspot and other agronomic traits.

Parameters

Tainan 9 x RLRS 15 Lampang x RLRS 15 Khon Kaen 60-1 x RLRS 15

Disease resistance parameter

Disease score at 70 days ! a
Disease score at 80 days ! a
Lesion number 0.14
Lesion size (mm) a
Sporulation Y 0.29
Agronomic traits

Pod weight (g/plant) 0.26
Seed weight (g/plant) 0.34
Pod number/plant 0.40
Pod length (mm) 0.27
100 seed weight (g) a
Shelling percentage 0.23

a a
a a
0.23 0.50
0.98 0.91
0.99 a
0.30 a
0.30 0.49
0.58 a
a a
0.32 0.30
a 0.17

" a scale of 1-9 where 1 = no disease and 9 = severe damage.
" a scale of 1-5 where 1 = very little sporulation and 5 = heavy sporulation.

a=V__+V

PIF1 P2F2

> 2V, expected h’ for these traits equal zero.
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generally low except for lesion size and sporula-
tion (Table 2). Less sporulation genotype tended
to have smaller lesion size. Correlation coeffi-
cients among agronomic traits were highly signi-
ficant due to the high number of degrees of free-
dom. However, the coefficients were relatively
low for the agronomic traits (Table 3). The coeffi-
cients were high for pod weight-seed weight, pod
weight-pod number per plant and seed weight-
pod number per plant. Correlation of resistance
parameters to agronomic traits were quite low
(Table 4). The results indicate that agronomic traits
and disease-resistance genes were not associated.

Narrow-sense heritability for leafspot re-
sistance parameters and agronomic traits were
quite low except for lesion size in crosses Lam-
pang x RLRS 15 and Khon Kaen 60-1 x RLRS 15
and for sporulation in cross Lampang x RLRS 15.
The results suggest that selection of individual

plant for most of resistance parameters and agro-
nomic traits in F, generation would not be effec-
tive. Similar results were also reported by Pensuk
et al 1993; Jogloy et al., 1999; Trisuvanwat et
al.,1997. In contrast, Anderson et al (1986) reported
that high heritability was found for late leafspot
resistance in F, generation. Selection was possible
only for highly heritable traits such as lesion size
in crosses Lampang x RLRS 15 and Khon Kaen
60-1 x RLRS 15, sporulation in cross Lampang x
RLRS 15, seed weight in cross Khon Kaen 60-1
x RLRS 15 and pod number per plant in cross
Tainan 9 x RLRS 15 and Lampang x RLRS 15.
The results suggested that selection for decreased
lesion size, slight sporulation and high pod num-
ber per plant was possible in the F, population of
cross Lampang x RLRS 15. The significant cor-
relation between lesion size and sporulation sup-
port this suggestion.

Table 2. Phenotypic correlation coefficients for late leafspot resistance in F, population

Disease score

Parameters (80 days) Lesion number Lesion size Sporulationy
Disease score at 70 days” 0.23%* 0.06 0.11%* 0.06
Disease score at 80 days” -0.21%* 0.16%* 0.00
Lesion number 0.12%%* 0.33%*
Lesion size 0.47%%*

** Significant at 1% level.

" a scale of 1-9 with 1 indicating no disease and 9 indicating severe damage.
* a scale of 1-5 with 1 indicating very little sporulation and 5 indicating heavy sporulation.

Table 3. Phenotypic correlation coefficients for agroromic traits in F, population.

. . Seed weight Pod length 100 seed  Shelling
Agronomic traits (e/plant) Pods/plant (mm) weight(g) percentage
Pod weight(g/plant) 0.98%* 0.87%* 0.34%* 0.39%* 0.20%**
Seed weight(g/plant) 0.85%* 0.31%* 0.42%* 0.33**
Pod number/plant 0.11%* 0.12%* 0.16%*
Pod length(mm) 0.25%%* -0.09*
100 seed weight(g) 0.31%*

** Significant at 5% and1 % level, respectively.
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Table 4. Phenotypic correlation coefficients of resistant parameters and agronomic

traits in F, population.

. 1
Disease score

Parameters Lesion Lesion Sporulation”
70 days 80 days Number  Size (mm)
Pod weight (g/plant) -0.15%* -0.06 0.07 -0.07 0.09*
Seed weight (g/plant)  -0.15%* -0.05 0.05 -0.06 0.10
Pod number/plant -0.15%* -0.06 0.03 -0.10%* 0.07
Pod length (mm) -0.02 -0.07 0.07 -0.03 0.00
100 seed weight (g) -0.06 -0.02 0.04 0.07 0.07
Shelling percentage -0.02 0.11%* -0.07 0.02 0.05

** Significant at 5% and1% level,respectively.

" a scale of 1-9 where 1 = no disease and 9 = severe damage.
" a scale of 1-5 where 1 = very little sporulation and 5 = heavy sporulation.
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Abstract
Te-chato, S., Chaiparkdee, W. and Rugpheug, R.
Effect of antibiotic cefotaxime and kanamycin on callus formation and
plantlet regeneration from leaves and callus of mangosteen
Songklanakarin J. Sci. Technol., 2002, 24(4) : 561-568

In order to get rid of contamination from Agrobacterium tumefaciens, the bacterium employed in
gene transformation, various kinds and concentrations of antibiotics were added singly or in combinations.
In this investigation, concentrations of cefotaxime and kanamycin were examined for callus formation
and regenerability from leaves and callus. The results showed that cefotaxime at the concentration of up to
300 mg/l gave a non-significant difference in callus formation. In the case of direct shoot bud formation,
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concentration over 100 mg/l drastically reduced percentage of leaf-forming shoot buds. The calli which
were cultured continuously in 300 mg/l cefotaxime-containing medium for 6 passages gave callus forming
shoot buds of 35%. Higher concentration of cefotaxime drastically decreased bud formation. In the case
of kanamycin, callus could be induced and maintained in the medium supplemented with a lower concen-
tration than cefotaxime. However, the callus could not be maintained after 3 subculturings.

Effect of antibiotic on callus and plantlet formation
Te-chato, S., et al.

Key words : mangosteen, cefotaxime, kanamycin, callus formation, plantlet regeneration
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Table 1. Effect of cefotaxime at various concentrations in MS medium sup-
plemented with 0.5 mg/l BA and 0.5 mg/l TDZ on percentage of
leaf forming callus and number of brown leaves.

cefotaxime (mg/1)

leaf forming callus (%)

number of brown leaves

week 3 week 6
0 100 95a 1
50 100 87ab 5
100 100 87ab 5
200 100 82ab 8
300 100 80ab 7
400 97.5 67b 10
F-test ns *
C.V. (%) 10.16

ns: no significant difference ;

* significant difference at P<0.05

Means not sharing common letter within columns differ significantly by DMRT.
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Table 2. Effect of cefotaxime at various concentrations in WPM supplemented with
5 mg/l BA on direct shoot bud formation.

Cefotaxime leaf forming callus leaf forming shoot number of brown leaf

(mg/l) (%) (%)

0 1 35a 2

50 2 38a 5

100 1 32ab 4

200 1 20b 8

300 1 20b 10

400 1 22b 11
F-test dx

C.V. (%) 13.67

** significant difference at P<(0.01

Means not sharing common letter within columns differ significantly by DMRT.
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Figure 1. Effect of cefotaxime on survival percentage and plantlet regeneration from nodular callus
after 6 passages of culture. Percentages of survival or of plantlet regeneration not sharing
common letter differ significantly by DMRT.
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Abstract
Te-chato, S., Naksombut, S. and Boonsiri, J.
Effect of variety and explant on callus formation and
micropropagation of anthurium
Songklanakarin J. Sci. Technol., 2002, 24(4) : 569-578

Various explant types-petiole, leaf lamina, spathe and spadix-of three varieties of anthurium were
cultured on modified Murashige and Skoog (MS) supplemented with 0.5 mg/l benzyladenine (BA) and
0.5 mg/l thidiazuron (TDZ). The results revealed that Tropicana variety gave the best average callus
formation from all explant types at 82 %, followed by Champaign and Duang-sa-morn variety, respectively.
Among the explants, petiole resulted in the best callus formation at 82%, followed by leaf lamina (57 %),
spadix (55%) and spathe (18 %), respectively. Callus from leaf lamina gave the best shoot bud development
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in the presence of 0.25-0.5 mg/l BA. Petiole-derived callus gave response to BA at concentration of 0.5-
0.75 mg/l whereas spathe- and spadix-derived callus could not develop into shoot. Mass propagation of
cultivated variety of anthurium was routinely carried out as follows: leaf-derived callus was transferred
to shoot induction medium; promotion of healthy and elongation of the shoots was carried out in basal
MS-free medium; the shoots were then rooted in '/, MS hormone-free as root induction medium; accli-
matization of plantlets was performed in coconut fiber as supporting planting material placed in 25-36-
hole plastic trays before transferring to growing pots.

Key words : callus formation, anthurium, micropropagation of anthurium
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Table 1. Callus formation from various sources of explants of the three varieties of anthu-
rium on modified MS medium supplemented with 0.5 mg/l BA and 0.5 mg/l TDZ.

Percentage explant forming callus Average
Variety rag
Petiole Leaf lamina Spathe Spadix (variety)
Champaign 91.66° 17.334 16.33¢ 66.67° 48.00B
Tropicana 100.00° 91.67° 39.00¢ 100.00? 82.66A
Duang-sa-morn 56.33" 64.67° 0° 0° 30.25B
Average (explant) 82.66A 57.88B 18.44C 55.55B

C.V.(%) variety = 10.92

C.V. (%) explant = 24.47
Means having the same small letters within treatment combination showed no significant different by DMRT.

Means having the same capital letters within factor showed no significant different by DMRT.

(A) Compact yellow callus from petiole of Champaign (B) Compact yellowish-green and friable white callus
variety from petiole of Duang-sa-morn variety

(C) Meristematic nodular callus from leaf lamina of Duang-sa-morn variety

Figure 1. Callus development from the two different explants of the two varieties of anthurium.
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2) Shoot formation from nodular
1) Callus induction in the dark (modified MS+0.25-1.0 mg/l BA)
(modified MS+0.5mg/1 BA+0.5mg/1 TDZ)
rﬂ 30-60 days

3) Promotion of healthy shoots

(Hormone-free MS medium)

‘ 30-60 days

o

4) Root induction from excised

5) Plantlets at 2 months after transfer to soil single shoot (1/2 hormone free)

Figure 2. Steps in clonal propagation of anthurium through meristematic nodular callus.
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Table 2. Shoot development from callus induced from various explants of the three varieties
of anthurium on MS medium supplemented with various concentrations of BA.

Explant Col;ze(n;lrg:;gon % Explant forming shoot Ave. nun(lil-)grE;)f shoots

Duang-sa-morn

Leaf lamina 0.00 28.5 1.50+0.50
0.25 50.0 3.60+1.62
0.50 55.5 3.00+1.41
0.75 60.0 2.11+0.99
1.00 454 2.60+1.20

Petiole 0.00 50.0 2.00+0.00
0.25 50.0 2.00+0.00
0.50 100.0 2.50+0.50
0.75 50.0 2.00+0.00
1.00 100.0 2.00+0.00

Champaign

Leaf lamina 0.00 25.0 1.00+0.00
0.25 50.0 1.50+0.50
0.50 66.6 7.50+0.50
0.75 75.0 1.60+0.47
1.00 25.0 1.00+0.00

Petiole 0.00 50.0 1.00+0.00
0.25 40.0 2.00+1.00
0.50 71.4 2.20+0.74
0.75 66.6 2.91+2.13
1.00 70.0 1.87£1.05

Tropicana

Leaf lamina 0.00 0.0 0.0+0.0
0.25 50.0 2.0+0.0
0.50 25.0 2.0+0.0
0.75 50.0 1.5+0.5
1.00 0.0 0.0+0.0
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Effect of cutting time on seed yield and seed quality of
Andropogon gayanus cv. Kent
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Abstract
Kiyothong, K., Satjipanon, C. and Rodchompoo, O.
Effect of cutting time on seed yield and seed quality of

Andropogon gayanus cv. Kent
Songklanakarin J. Sci. Technol., 2002, 24(4) : 579-585

The objectives of this experiment were to study the effect of cutting time on seed yield and seed
quality of Andropogon gayanus cv. Kent in Korat soil series at Khon Kaen Animal Nutrition Research
Center, during April 1997 - January 1998. The experiment was arranged in a randomized complete block
design with 6 treatments and 4 replications. The treatments were: T 1 -no cut; T 2 -cut at 60 days after
transplanting; T 3 -cut at 70 days after transplanting; T 4 - cut at 80 days after transplanting; T 5 -cut at
90 days after transplanting; T 6 -cut two times: the first cut at 60 days after transplanting and the second
cut at 30 days after first cut.

The result revealed that pure seed yield of T3 was highly significantly greater than others (P<0.01).
Pure germinated seed yield of T3 was significantly greater than TS5, T6 and T1 (P<0.05), but was not sig-
nificantly different from T2 and T4. Thousand-seed weight of T4 was significantly greater than others
(P<0.05), but TSW of T3 was not significantly different from the other treatments. Seed purity and ger-
mination percentages were not affected by cutting time, ranging from 93 to 97 and 54 to 63 %, respectively.
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Height of T1 and T2 were significantly greater than T4, TS5 and T6 (P<0.05), whereas T3 was not signifi-
cantly different from the other treatments. Inflorescence length was not significantly different among
treatments, ranging from 54 to 66 centimeter. Tiller number of T3 was significantly greater than other
treatments (P<0.05), but T2 was not significantly different with the others. Inflorescence number of T3
was highly significantly greater than others (P<0.01). Percentage of fertile tiller of T1, T2, T3, T4 and T5
were significantly greater than T6 (P<0.05); percentage of fertile tiller was markedly and consistently
higher in the 5 treatments (T1, T2, T3, T4 and T5) and lowest in T6.

Key words : Andropogon gayanus, cutting time, seed yield, seed quality
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Effect of cutting time of Andropogon gayanus cv. Kent
Kiyothong, K., et al.

Northeast Thailand covers approximately
one-third of the total area of the country. It is
situated between latitudes 14 "N to 19 °N. The
general topography is rolling uplands with the
elevation of 100-300 meters above sea level and
average annual rainfall 1,186 millimeters. The
vegetation is mainly semi-arid tropical forest.

The soil is infertile and characterized by being
sandy with about 10% of the area being saline.
A large portion of land is regarded less suitable
for cash crop production and is thus being left
fallow or used as communal grazing areas for
cattle and buffalo. There is generally a long dry
season of 6-7 months (Boonpukdee and Leera-
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tanachai, 2000).

Gamba (Andropogon gayanus) is a tropical
pasture grass thriving in areas with a long dry
season up to 7 months. It is adapted to a wide
range of soil types, with different ecotypes rang-
ing from sandy to heavy black cracking clays.
Itis very drought resistant and not susceptible to
frost (Duke, 1978). Satjipanon et al. (1995) con-
ducted an experiment at Chiagyeun Animal
Nutrition Station, Maha Sarakham Province on
forage crop evaluation in Korat soil series, where
soil properties were 4.5 pH, 0.49 % organic matter,
12.93 ppm available P, 13.75 ppm exchangeable
K and 1.70 ppm S. They found that Gamba grass
(Andropogon gayanus cv. Kent) gave highest DM
yield of 18.50 t/ha/year. Andropogon gayanus is
a short-day plant with a critical day-length for
flowering of between 12 and 14 hours (Tompsett,
1976). Flowering stems are erect and up to 3 m
high (Cameron, 2000). Seed harvesting is quite
inconvenient and seeds often fall before harvest,
leading to low seed yield and seed quality.
Andrade et al. (1983) reported that uncut Gamba
grass variety Planatina encounters seed falling
during seed setting stage, and that seed yield could
be decreased 65 %. Cutting of Gamba grass could
be enhance seed yield and decrease the problem
of stem fall down. The objectives of this experi-
ment were to study the effect of cutting time on
seed yield and quality of Andropogon gayanus
cv. Kent in order to identify appropriate cutting
time for seed production.

Materials and methods

Location, climate and soil characteristics of
the experimental site

The experiment was conducted at Khon -
Kaen Animal Nutrition Research Center, North-
east Thailand (16.5 °N, 103 °E; 105 m above sea
level), during April 1997 - January 1998. The soil
is classified as the Korat soil series and is charac-
terized by a sandy loam over a clay loam with
pH 5.20. The chemical analysis of the top O-
15 cm of soil revealed 28.85 ppm available P,
39.10 ppm exchangeable K, 169.29 ppm Ca,

32.00 ppm Mg and 0.53 % organic matter.

Plant cultivation

One-month-old seedlings of Andropogon
gayanus cv. Kent were transplanted on June 9,
1997 at the rate of three seedlings/hill and spacing
of 80 cm x 50 cm. A basal complete fertilizer
(312 kg/ha N, 312 kg/ha P, 312 kg/ha K) was
applied at planting, with an additional applica-
tion of 100 kg/ha N as urea in early August
1997, before flowering. The plot area was kept
weed-free with hand hoeing at 20 and 75 days
after transplanting and whenever necessary.

Design
The trial was arranged in a randomized
complete block design (RCBD) with 6 treatments
and 4 replications. Plots were 3 m x 4 m. The
treatments were as follows:
T 1 - no cut;
T 2-cut at 60 days after transplanting
(August 9, 1997) (Cut 60);
T 3 - cut at 70 days after transplanting
(August 19, 1997) (Cut 70);
T 4 - cut at 80 days after transplanting
(August 29, 1997) (Cut 80);
T 5 - cut at 90 days after transplanting
(September 8, 1997) (Cut 90);
T 6 - cut two times: at 60 days after trans-
planting (August 9, 1997) and 30 days
after first cut (September 8, 1997)
(Cut 60 and 30).

Data collection and seed harvesting

All records were taken from the inner 2 x 3
m of each plot. Initial flowering dates were
recorded for each plot. Ripening seedheads were
tied together into manageable bunches and when
the seed was almost ripe, nylon gauze bags were
tied over the bunches and remained for duration
of the harvest. Bags were used to facilitate the
seed collection. Plant height, inflorescence length
(IL), tiller number (TN), and inflorescence num-
ber (IN) per plant were counted on 10 randomly
selected plants in each plot at harvest. Seed in
each plot were harvested separately. Harvest took
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place after seed started to shed, and when seed
was easily displaced from racemes by light brush-
ing. Seed was allowed to collect in the gauze bags
until such time weather permitted the collection
of dry seed. Ripe seed was threshed by lightly
rubbing or tapping the gauze bag. At the final re-
trieval, seed heads were cut, heaped in the shade,
and allowed to sweat for 5 days.

Seed processing, seed quality measurement and
calculation of secondary attributes

Seed from all treatments was air-dried at
ambient temperature for 3-4 days in a seed shed
until seed moisture content was below 10%, be-
fore cleaning through hand screens and a Dakota
seed blower. Seed yield was weighed for each
plot. Seed moisture content (SMC), 1000-seed
weight (TSW), seed purity (SP), and seed germi-
nation (SG) were determined and tested follow-
ing the rules of the International Seed Testing
Association for Andropogon gayanus. TSW was
determined from pure-seed spikelet weight. Ger-
mination tests were done at 42, 33 and 36 days
after seed harvesting in 1999. Seed was treated
with 0.2% KNO, before germinating in a growth
chamber with 16 h of darkness at 20 °C and 8 h
of light at 35 °C for a 14-day germination period.
Seed yield and TSW were corrected to 9% SMC.
The percentage of fertile tillers (PFT), tiller num-
ber/m’, and inflorescence number/m’ were ob-
tained by calculation. Pure seed yield (PSY) was
calculated by SY*SP/100; and pure germinated
seed yield (PGSY) was calculated by PSY*SG/
100.

Statistical analysis

The experimental data were statistically
analysed by analysis of variance for a randomized
complete block design using the SAS programme
(1985). The treatments means were tested for
significance by least significant difference.

Results

Rainfall

The amount and distribution of rainfall are
shown in Figure 1. Total precipitation during the
planting period (April-December) was 926.9 mm
in 1997.

Seed yield components

The cutting time had a significant effect on
seed yield components of Andropogon gayanus
cv. Kent (Table 1). Height of T1 and T2 were
significantly greater than T4, T5 and T6 (P<0.05),
whereas T3 was not significantly different from
other cuts. Inflorescence length was not signifi-
cantly different among treatments, ranging from
54 to 66 cm. Tiller number of T3 was signifi-
cantly greater than other treatments (P<0.05), but
T2 was not significantly different from the others.
Inflorescence number of T3 was highly signi-
ficantly greater than others (P<0.01). Percentage
of fertile tiller of T1, T2, T3, T4 and TS5 were
significantly greater than that of T6 (P<0.05);
Percentage of fertile tiller was markedly and con-
sistently higher in the 5 treatments (T1, T2, T3,
T4 and T5) and lowest in T6.

300
250

200

Rainfall (m m)

50 I] -
0 | - H
JFMAMUJJASOND
Month

@ Rainfall in 1887 (mm)

Bl Average rainfall in 1986-1996
(mm)

Figure 1. Monthly rainfall in 1997 an average of
last 10 years (1986-1996).
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Table 1. Effects of cutting time on seed yield components of Andropogon gayanus cv. Kent.

Treatment

Height Inflorescence length Tillers Inflorescences Fertile tillers

(cm) (cm) (no/m")  (no./m’) (%)

T 1 -no cut 267" 64 95" 76" 80"
T 2 - (Cut 60) 259" 66 115" 95’ 82"
T 3 - (Cut 70) 244" 54 136" 115" 86"
T 4 - (Cut 80) 244" 54 109" 88" 81"
T 5 - (Cut 90) 231" 56 102" 82" 80"
T 6 - (Cut 60 and 30) 230" 59 112° 79 70"
Significant * NS * * *

CV (%) 6.80 15.02 12.70 13.61 7.50

(Cut 60) = cut at 60 days after transplanting (August 9, 1997); (Cut 70) = cut at 70 days after
transplanting (August 19, 1997); (Cut 80) = cut at 80 days after transplanting (August 29, 1997);
(Cut 90) = cut at 90 days after transplanting (September 8, 1997); (Cut 60 and 30) = cut two times: at
60 days after transplanting (August 9, 1997) and 30 days after first cut (September 8, 1997).

' Within columns, means followed by different superscript letters differ significantly (P<0.05).

? % = P<(.05.

Seed yield and seed quality components

Pure seed yield of T3 was highly signifi-
cantly greater than that of others (P<0.01). Pure
germinated seed yield of T3 was significantly
greater than that of TS, T6 and T1 (P<0.05), but
was not significantly different from that of T2
and T4.

Thousand-seed weight of T4 was signifi-
cantly greater than others (P<0.05), but TSW of
T3 was not significantly different from the other
treatments. Seed purity and germination percent-
ages were not affected by cutting time, ranging
from 93 to 97 and 54 to 63 %, respectively.

Discussion

Heights of T1 and T2 were greater than
that of T4, TS and T6; whereas T3 was not dif-
ferent from the other treatments (Table 1). In our
study, falling of plants did not occur, since it was
the first year of growing Gamba grass. Gobius
et al. (1998) reported that Gamba grass which
was shorter than 274 cm height had no problem
when uncut or cutting at different times. Inflores-
cence length of all treatments were not different.

*NS: Values are not significantly different (P>0.05).

Hare er al. (1999) reported that inflorescence
length of Paspalum atratum cut in June and July
1996 were alike. The T3 treatment gave the high-
est tiller number and inflorescence number, 136
tiller/m” and 115 inflorescence/ m’, respectively.
Percentage of fertile tillers was markedly and
consistently higher in the 5 treatments (T1, T2,
T3, T4 and T5) and lowest in T6. This might be
due to the low rainfall as well as poor distribution
in late August to September (Figure 1), and the
drought affect on tillering. As Gamba grass is a
short-day plant, when cutting was done in late
rainy season, flowering stage would be affected
by drought, causing a lower inflorescence and
fertile tiller numbers.

Thousand-seed weight of T4 was higher
than other treatments (P<0.05), but TSW of T3
was not different from the other treatments. This
might be due to uncut Gamba having a lot of dry
leaves causing a decrease in photosynthesis
area. When cutting after 80 days, the growth pe-
riod until flower would be decreased, causing a
decrease in size of seed (Humphreys and Riveros,
1986). Purity and germination of seed were not
affected by cutting time, ranging from 93 to 97
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Table 2. Effect of cutting time on seed yield and quality of Andropogon gayanus cv. Kent.

Pure seed yield PGSY 1000-seed weight Seed purity Seed germination

Treatment (kg/ha)  (kg/ha) (2 (%) (%)
T 1-no cut 571" 304" 2.968" 94 56
T 2 - (Cut 60) 604" 372" 3.128" 97 63
T 3 - (Cut 70) 782" 434" 3.202" 93 60
T 4 - (Cut 80) 579" 345" 3.454° 96 61
T 5 - (Cut 90) 559" 310 3.146° 93 61
T 6 - (Cut 60 and 30) 496 251" 3.152° 94 54
Significant * * * NS NS
CV (%) 17.88 22.03 5.84 2.46 15.28

(Cut 60) = cut at 60 days after transplanting (August 9, 1997); (Cut 70) = cut at 70 days after
transplanting (August 19, 1997); (Cut 80) = cut at 80 days after transplanting (August 29, 1997);
(Cut 90) = cut at 90 days after transplanting (September 8, 1997); (Cut 60 and 30) = cut two times: at
60 days after transplanting (August 9, 1997) and 30 days after first cut (September 8, 1997).

' Within columns, means followed by different superscript letters differ significantly (P<0.05).

? % = P<0.05.

and 54 to 63 %, respectively, since the inflores-
cences were covered with nylon gauze bags
since early seed setting stage. Unlike seeds which
directly fall down to soil, there was a smaller
chance of contamination and consequently no
difference in seed quality.

Average seed yields of Andropogon gaya-
nus cv. Kent from this experiment were very
high, compared with the research data of Gobius
et al. (1998), which showed 599 and 235 kg/ha,
respectively. In this study, the T3 treatment
gave the highest seed yield of 782 kg/ha. This
might be because inflorescence number, fertile
tiller and 1000 seed weight were greater than the
others. This result was similar to Cameron and
Humphreys (1976), who reported that increases
in seed yield were associated with an increase in
both tiller density and fertile tiller. Increasing
inflorescence number led to increasing seed
yield. PGSY of T3 also was higher than others.
Ramirez and Hacker (1994); Andrade and
Thomas (1984) reported that PGSY of Gamba
grass cut in the late rainy season or uncut would
be decreased. In addition, cutting before flower-
ing caused a decrease in fertile tillers which

*NS: Values are not significantly different (P>0.05).

led to an increase in seed yield (Mishra and
Chatterjee, 1968).

Conclusion and Recommendation

Andropogon gayanus cv. Kent cultivation
for seed production, could be cut until August 19,
which will give the highest seed yields and seed
quality. Moreover, harvesting seed will be shorter
that more convenient. As Andropogon gayanus
cv. Kent is a perennial grass, the experiment in
second- and third-year crops needs to be further
investigated to confirm that cutting at 70 days
after transplanting (August 19) will still give the
highest seed yields and seed quality, in order to
provide practical recommendations to farmers
especially those in the Northeast of Thailand.
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Effect of cutting height and time on seed yield and
seed quality of Stylosanthes guianensis CIAT 184
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Abstract
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Effect of cutting height and time on seed yield and seed quality of

Stylosanthes guianensis CIAT 184
Songklanakarin J. Sci. Technol., 2002, 24(4) : 587-593

The objectives of this experiment were to study the effect of cutting height and time on seed yield
and seed quality of Stylosanthes guianensis CIAT 184 in Korat soil series at Khon Kaen Animal Nutrition
Research Center, during April 2000 - May 2001. The experimental design was 2 x 4 factorial in randomized
complete block design with 4 replications. The treatment consisted of 2 factors: - 1) Two levels of cutting
height viz. 20 and 30 cm above ground; 2) Four periods of cutting time viz. at 60, 75, 90 days before 50%
flowering date and uncut.

The results revealed that seed yield and seed quality were unaffected by cutting height (P>0.05).
Seed yield and PGSY obtained from cutting at 90 days and uncut were significantly higher (P<0.05) than
cutting at 75 and 60 days (1,575 and 1,438; 1,563 and 1,425; 1,119 and 988; 644 and 563 kg/ha, respectively).
There were no significant differences between cutting at 60 and 75 days in 1000-seed weight, but both
treatments were significant higher (P<0.05) than cutting at 90 days and uncut. Seed purity and germination
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percentages were unaffected by cutting height and time, ranging from 93 to 95 and 93 to 96 %, respectively.
Significant interactions between cutting height and time on seed yield and seed quality were not found.

Key words : Stylosanthes guianensis CIAT 184, cutting height and time, seed yield,
seed quality
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Stylo (Stylosanthes guianensis) is a peren-
nial fodder legume of Latin America and Central
America origin. It is a sub-shrub, semi-erect or
erect, with a strong taproot and small round root
nodules. Its stem has many branches, is herba-
ceous or lignified at the base, and grows to a
height of 1 m. Leaves are trifoliate, leaflets el-
liptical to lanceolate. Inflorescence is a loosely
capitate spike, terminal or axillary, with more
than 4 flowers. There are several varieties. At
the present time, it is widely grown in many
tropical countries (Mannetje and Jones 1992).
The variety CIAT 184 (Stylosanthes guianensis

2 da v v ¢ ! o ' ° =) o LY
AUTIVYDINIT AVIULLNU AMVAMNIE 2ILABLNN IININA

CIAT 184) was introduced to Thailand in 1993 to
evaluate growth and biomass yield production
including flowering and seed production. It was
found is grow well; flowering started in late
October and finished in early November and
showed good seed setting and was free of insect
and disease problems (Satjipanon et al., 1995).

In Thailand, Stylosanthes guianensis CIAT
184, is nowadays commonly known as "Thapra
Stylo" (Department of Livestock Development
2002). Department of Livestock Development
has encouraged farmers to grow this fodder leg-
ume for feeding their animals and producing
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seed for propagating and selling. Cutting the tip of
legume at the appropriate time before flowering
causes a multiplying of the branches that leads
to increases in inflorescence number and seed
yield could be increase and farmers could also
obtain forage for animals. However, inappropriate
cutting height and time may decrease seed yield
and seed quality of the legume. Hare and Waran-
yuwat (1960) suggested that cutting or grazing
legume should not be done after August as it
would affect the productivity of flowering. In
addition, cutting height must not be less than 20
cm height. Therefore, the objectives of this ex-
periment were to study the effect of cutting height
and time on seed yield and seed quality of
Stylosanthes guianensis CIAT 184.

Materials and Methods

Location, climate and soil characteristics of
the experimental site

The experiment was conducted at Khon-
Kaen Animal Nutrition Research Center, North-
east Thailand (16.5 °N, 103 °E; 95 m above sea
level), during April 2000 - May 2001. The soil is
classified as the Korat soil series and is charac-
terized by a sandy clay loam with pH 5.27. The
chemical of the top 0-15 cm of soil was 29.85 ppm
available P, 40.20 ppm K, 179.29 ppm Ca, 31.93
ppm Mg and 0.55 % organic matter.

Plant cultivation

Three-week-old seedlings of Stylosanthes
guianensis CIAT 184 were planted on May 26,
2000 at a spacing of 1 m x 1 m. A basal complete
fertilizer (156 kg/ha N, 156 kg/ha P, 156 kg/
ha K); triple superphosphate (125 kg/ha P); and
gypsum (31 kg/ha S) were applied at planting.
The plot area was kept weed-free with hand
hoeing at 20 and 75 days after planting and
whenever necessary.

Design

The trial was 2 x 4 factorial in randomized
complete block design with 4 replications. Plots
were 3 m x 4 m. The treatments consisted of 2

factors.
1) Two levels of cutting height viz. 20 and
30 cm height above ground level.
2) Four periods of cutting time viz.
- cut at 60 days before 50% flowering
date (September 2, 2000);
- cut at 75 days before 50% flowering
date (August 17, 2000);
- cut at 90 days before 50% flowering
date (August 2, 2000);
- uncut.

Data collection and seed harvesting

All recordings were taken from the inner
2 x 3 m of each plot. Initial flowering date was
recorded for each plot. Ripening seedheads were
tied together into manageable bunches and when
the seed was almost ripe nylon gauze bags were
tied over the bunches and remained there for
duration of the harvest. Bags facilitate the col-
lection of all seed produced. Plots were cut
according to their respective treatments. A fresh
forage sample from each plot was weighed, a
200-g sub-sample taken, and oven-dried at 65 “C
for 48 hours to estimate DM. Sub-samples were
analyzed for crude protein (CP), neutral detergent
fiber (NDF), acid detergent fiber (ADF). Ca and
P were determined using the methods of Goer-
ing and Van Soest (1970). At peak flowering
stage, two 1 m’ quadrants were sampled for in-
florescence number. Plots were harvested indi-
vidually. Harvest took place after mature seeds
were observed; seedheads with nylon gauze bags
were cut. Seed was allowed to collect in the gauze
bags until such time weather permitted the col-
lection of dry seed. Ripe seed was threshed off
the inflorescences by heavily threshing the gauze
bag using a mallet.

Seed processing, seed quality measurement and
calculation of secondary attributes

Seed from all treatments was air-dried at
ambient temperature for 3-4 days in a seed shed
until seed moisture concentration dropped below
10%, before cleaning through hand screens and a
Dakota seed blower. Seed yield was weighed for
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each plot. Seed moisture content (SMC), 1000-
seed weight (TSW), seed purity (SP), and
seed germination (SG) were determined using
the seed test methods of the International Seed
Testing Association for Stylosanthes guianensis
CIAT 184. TSW was determined from pure-seed
spikelet weight. Germination tests were done at
42, 33 and 36 days after seed harvesting in 2001.
Seed was treated with concentrated H SO, before
germinating in a growth chamber with 16 h of
darkness at 20 °C, and 8 h of light at 35 °C for a
14-day germination period. Seed yield and TSW
were corrected to 9 % SMC. The inflorescence
number/m’ were obtained by calculation. Further
parameters were calculated as follows: Pure
seed yield (PSY) = SY*SP/100; and Pure ger-
minated seed yield (PGSY) = PSY*SG/100.

Statistical analysis

The experimental data were statistically
analysed using analysis of variance procedures
for a randomized complete block design. The
mean differences between treatment means were
tested for significance by least significance dif-
ference procedures. All data were analysed using
the SAS programme (1985).

Results

Rainfall

The amount and distribution of rainfall are
shown in Figure 1. Rainfall was evenly distri-
buted in the wet season (May-September). Total
precipitation during the planting period (April-
December) was 1,683.3 mm in 2000 and 1146.4
on the average over the previous 10 years (1990-
1999). In the year 2000 and in the previous 10
years, the heaviest rainfall occurred in September,
which is the time of the growing and flowering
stage of Stylosanthes guianensis CIAT 184.

Seed yield components

It appeared that there was no significant
difference between cutting at 90 days and uncut
in inflorescence number, but both treatments

350
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100
50

I..

J FMAMJI J A S OND
Month
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B Average rainfall in 1990-1999
(mm)

Figure 1. Monthly fainfall in 2000 and an aver-
age of the previous 10 years (1990-1999).

were highly significantly greater (P<0.001) than
cutting at 75 and 60 day. Cutting height had no
effect on inflorescence number. Significant
interactions between cutting height and time on
inflorescence were not found (Table 1).

Table 1. Effect of cutting height and time on inflo
rescence number of Stylosanthes guia-
nensis CIAT 184.

Treatment Inflorescence number (per m’)
Cutting height (cm)
20 1,452
30 1,511
Cutting time (days)
60 771°
75 1,352"
90 1,929°
uncut 1,925°
height X time NS
CV (%) 19.8

' Within columns, means followed by different superscript
letters differ significantly (P<0.05).
* NS : Values are non significantly different at P<0.05.
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Table 2. Effect of cutting height and time on seed yield and seed quality of Stylosanthes guianensis

CIAT 184.
Treatment Pure seed yield PGSY 1000-seed weight Seed purity Seed germination

(kg/ha)  (kg/ha) 2 (%) (%)

Cutting height (cm)
20 1,194 1,075 2.740 95 94
30 1,256 1,125 2.744 94 95

Cutting time (days)
60 644° 563° 2.783" 94 93
75 1,119° 988" 2.758 93 94
90 1,575 1,438' 2721 95 96
uncut 1,563 1,425 2.705° 94 95
Cutting height x Cutting time NS NS NS NS NS
CV (%) 20.9 21.0 1.7 2.1 2.8

‘Within columns, means followed by different superscript letters differ significantly (P<0.05).

’NS : Values are non significantly different at P<0.05.

Table 3. Effect of cutting height and time on DM
yield of Stylosanthes guianensis CIAT 184.

Treatment DM yield (t/ha)

Cutting height (cm)

20 4.7

30 4.3
Cutting time (days)

60 8.2

75 4.4

90 0.9

Note: The data were not analysed statistically.

Seed yield and seed quality components
Cutting time had a significant effect on
seed yield and seed quality of Stylosanthes guia-
nensis CIAT 184 (Table 2). There were no sig-
nificant differences between cutting at 90 days
and uncut in pure seed yield and PGSY but both
were significant greater (P<0.05) in treatments
than in others. There were no significant differ-
ences between cutting at 60 and 75 days in 1000-
seed weight but 1000-seed weight at 75 days is
insignificant difference from that at 90 days.
There were no significant differences between

cutting height treatments in seed yield and seed
quality. Seed purity and germination percentages
were unaffected by both cutting height and time.

Dry matter yield

The effect of cutting height and time on
DM yield are shown in Table 3. Increasing cut-
ting height from 20 to 30 cm affected DM yield,
which was reduced from 4.7 to 4.3 t/ha. Cutting
at 60, 75 and 90 days reduced DM yield from
8.2t0 4.4 and 0.9 t/ha.

Chemical composition

The effects of cutting height and time on
chemical composition are shown in Table 4.
Increasing the cutting height from 20 to 30 cm
affected CP, which tend to be increase, from 17.97
to 18.81%, whereas NDF and ADF values tended
to decrease from 55.72 to 53.84 and from 41.01
to 36.48 %, respectively. Cutting at 60, 75 and
90 days affected CP, which tended to increase
from 15.39 to 17.91 and 21.87%, while NDF and
ADF values tended to decrease from 63.34 to
55.77 and 45.23; from 47.08 to 38.03 and 31.12%,
respectively. Ca and P showed no differences, and
were in the range of 0.12 - 0.18 and 0.39 - 0.50%.
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Table 4. Effect of cutting height and time on chemical composition
of Stylosanthes guianensis CIAT 184 (dry basis).

Chemical composition (%)

Items

Cutting height (cm) Cutting time (days)
20 30 60 75 920
CP 17.97 18.81 15.39 17.91 21.87
NDF 55.72 53.84 63.34 55.77 45.23
ADF 41.01 36.48 47.08 38.03 31.12
Ca 0.12 0.18 0.17 0.13 0.13
P 0.50 0.45 0.39 0.41 0.40

Note: The data were not analysed statistically.

Discussion

Inflorescence numbers of plants cut at 90
days and uncut were greater than that of plants
cut at 75 and 60 days. It is because the longer
period of time for growing and storing food in
stem led to more branching and flowering. Inflo-
rescence number of 20 and 30 cm cutting height
were 1,452 and 1,511, respectively. Stylosanthes
guianensis CIAT 184 is a short-day plant as
observation in plots, revealed that flowering
appearance started on October 21, 2000 continued
until late December. The maximum inflorescence
number occurred in mid November 2000, which
was similar to the findings of Chen er al. (1994),
who reported that flowering appearance of Stylo-
santhes guianensis CIAT 184, planted in Northern
and Northeast Malaysia, started in October and
the maximum inflorescence number occurred in
December 1973.

Seed yield and PGSY obtained from cut-
ting at 90 days and uncut were higher than those
from cutting at 75 and 60 days (1,575 and 1,438;
1,563 and 1,425; 1,119 and 988; 644 and 563 kg/
ha, respectively). This is because the inflores-
cence number of cut at 90 days and uncut were
higher, led to a higher number mature of seeds.
Seed yields obtained from cutting at 90 days and
uncut were higher than in the experiment of
Chen et al. (1994) (1,575; 1,563 and 838 kg/ha,
respectively). In addition they were higher than

in Graham stylo (S. guianensis cv. Graham),
1,250 kg/ha (Udchachon et al., 1992). Seed yield
and seed quality were unaffected by cutting
height (pure seed yield, PGSY, TSW, SP and SG
were 1,194 kg/ha, 1,075 kg/ha, 2.740 g, 95 %, and
94 %; when cut at 20 cm height and 1,256 kg/ha,
1,125 kg/ha, 2.744 g, 94 % and 95 % when cut
at 30 cm height, respectively). Seed purity and
germination percentages were unaffected by
cutting height and time, ranging from 93 to 95
and 93 to 96 %, respectively. Because the inflo-
rescences were covered with nylon gauze bags
since early seed setting stage, it was unlikely
those seeds directly fell down to the soil and there
was a lower chance of seeds being contaminated;
consequently seed quality was not different.
The method of covering inflorescences with
nylon gauze bag currently used by Thai farmers
to harvest seed from Stylosanthes guianensis
CIAT 184 gave high quality seed. The highest
DM yield obtained under this experiment was
8.2 t/ha when cut at 60 day and decreased when
cut at 75 and 90 days, respectively, since the
period of time for growing and a branching was
reduced. In this experiment, P was found in the
range of standard requirement of beef cattle, but
Ca was lower than the standard. Standard require-
ment of Ca and P according to McDowell (1983)
are in the range of 0.18 - 1.04 and 0.18 - 0.70 %,
respectively. CP was found in the range of 15.39 -
21.87 %. At the 75-d harvest, CP was 17.91 %,
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which was similar to the report of Panichapol
and Jiumjetjaroon (1999) that the average crude
protein (CP) was 17.57 % at 75-d harvest.

Conclusion and recommendation

Stylosanthes guianensis CIAT 184 cultiva-
tion for seed production, could be cut at 20 to
30 cm height above ground levels and should be
cut at 90 days before approximately 50% flower-
ing (August 2), which would achieve high seed
yield and seed quality as well as forage yield for
animals. As Stylosanthes guianensis CIAT 184
is a perennial fodder legume, the experiment in
second- and third-year crops needs to be further
investigated to confirm that cutting at 90 day
before approximately 50% flowering will still
give the highest seed yield and seed quality, in
order to provide practical recommendations to
farmers especially those in the Northeast of
Thailand.
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Abstract
Saithanoo, S.l, Kochapakdee, S.l, Choldumrongkul, S.l, Lawpetchara, A.'and Pralomkarn, w.
Time of mating after buck introduction and incidence of oestrus during
pregnancy in Thai-native goats and their crosses with Anglo-Nubian
Songklanakarin J. Sci. Technol., 2002, 24(4) : 595-600

The objectives of the study were to investigate the effects of genotype [Thai native (TN), 25%
Anglo-Nubian cross-bred (AN) and 50% AN], season of mating (dry season, moderate rainy season and
heavy rainy season) and year of mating (1992-1998) on proportion of does mated and incidence of oestrus
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during pregnancy. On average, 63.6% of does were mated within 14 days of buck introduction and the
proportion for TN, 25% AN and 50% AN does mated in this period were 67.5, 58.0 and 60.3 %, respectively.
The proportions of does mated within 14 days in dry, moderate rainy and heavy rainy seasons were 61.2,
62.7 and 66.7 %, respectively. In 1998, only 36.1% of does were mated within 14 days whereas 48.1% were
mated after 21 days of buck introduction. Moreover, 10.9% of does in this study showed signs of oestrus
during pregnancy and 48.1% occured within 7 days.

Key words : buck effect, oestrus during pregnancy, Thai goats, Anglo-Nubian
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Table 1. Number of does mated after introduction of bucks as affected by genotype,
season of mating and year of mating

No. of does % does mated after buck introduction

Factor mated  07d. 8-14d. 15-21d. >21d.

Overall 865 423 21.3 14.6 21.8

Genotype

Thai native 381 47.0 20.5 13.6 18.9

25% Anglo-Nubian 119 294 28.6 21.0 21.0

50% Anglo-Nubian 365 41.6 19.7 134 25.3

x> =17.568, df = 6, P = 0.007

Season of mating

Dry 129 37.2 24.0 21.7 17.1

Moderate rain 499 47.1 15.6 13.2 24.1

Heavily rain 237 35.0 31.7 25.4 259

x> =34.6, df = 6, P = 0.000

Year of mating

1992 32 43.7 25.0 94 21.9

1993 123 55.3 17.9 6.5 20.3

1994 96 63.5 21.9 6.3 8.3

1995 143 34.3 9.0 224 343

1996 128 59.4 234 94 7.8

1997 207 38.1 29.0 21.3 11.6

1998 136 14.0 22.1 154 48.5

x> =179.251, df = 18, P = 0.000
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Table 2. Incidence of oestrus during pregnancy in Thai native (TN) and Anglo-Nubian (AN)

crossbred does

No. of does % of does in oestrus
Factor Pregnant In % 1-7 814 1521 >21
oestrus  oestrus (days in pregnancy)

Overall 753 82 10.9 48.1 19.8 8.6 235

Genotype

Thai native 340 37 10.9 46.0 16.2 54 324

25% Anglo-Nubian 113 13 11.5 38,5 385 76 154

50% Anglo-Nubian 300 32 10.7 547 16.1 129 16.1

x> =0.059,df=2,P=0.971

Season of mating

Dry 132 8 6.1 100 0 0 0

Moderate rain 412 63 15.3 436 17.7 9.7  29.0

Heavily rain 209 11 53 36.4 45.6 9.0 9.0

x> =18.216,df =2, P =0.000

Year of mating

1992 25 2 8.0 50.0 0 50 0

1993 99 16 16.2 68.8 0 63 250

1994 62 13 21.0 23.0 308 7.7 385

1995 145 21 14.5 10.0 250 200 450

1996 89 11 12.4 81.8 18.2 0 0

1997 214 16 7.5 62.5 313 0 6.3

1998 119 33 2.5 100 0 0 0

x?=22.825,df =6, P =0.001
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Abstract
Choldumrongkul, S.l, Kochapakdee, S.l, Saithanoo, S.l, Lawpetchara, A.'and Pralomkarn, w.
Rate and causes of preweaning mortality of Thai-native and
Anglo-Nubian cross-bred Kids.
Songklanakarin J. Sci. Technol., 2002, 24(4) : 601-610

The causes and influence of factors on preweaning mortality rate of Thai-native and Anglo-Nubian
crossbred kids raised at the Small Ruminant Research and Development Centre, Faculty of Natural
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Resources, Prince of Songkla University, were studied. Out of 1,660 kids born during the period of study
(1993-2000), 313 kids died. @ Major causes of death were still-birth and still-born, weak-starvation
complex, accident, helminthiasis and infection. Genotype, birth weight, birth type, season and year of
birth significantly (P<0.05) influenced the mortality rate (18.9%) of kids. Mortality rate for 75% Anglo-
Nubian cross-bred kids (32.4%) was higher than those for other genotypes (14.5-20.1%). Mortality rate
for kids born with a birth weight of less than 1 kg was highest (62.2%) and mortality decreased as
birth weight of kid increased. Kids from triple birth had the highest mortality rate (32.7%) followed by
those from twin (19.3%) and single birth (9.8%). Mortality rates for kids born during the heavy rainy
season (September-December) were greater (22.1%) than those for kids born during the dry season (17.8%)
and light rainy season (15.0%). Mortality rates for kids born in different years varied, with the highest
and lowest occurring in 1999 (37.0%) and 2000 (9.8 %), respectively. The majority of the mortality occurred
during one month after kidding, with 51.1% and 22.7% occurring during 0-7 day and 8-30 day post-
kidding, respectively.

Key words : preweaning, mortality rate, Thai goat, Anglo-Nubian
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Table 1. Preweaning mortality rate of kids by genotype, birth weight, sex, type of birth,
parity of dam, season and year of birth.

Source Number born Number died Mortality rate (%)

Overall 1,660 313 18.9

Genotype

Thai-native 599 114 19.0

25% Anglo-Nubian (AN) 331 48 14.5

50% AN 696 140 20.1

75% AN 34 11 324

x> =106.261, df = 3, P = 0.000

Birth weight (kg)

<1.0 37 23 62.2

9.0-1.5 313 100 32.0

1.6-2.0 690 122 17.7

2.1-2.5 445 49 11.0

>2.5 175 19 10.9

x?=106.261, df = 4, P = 0.000

(continued)
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Table 1. (continued)

Source Number born Number died Mortality rate (%)
Sex
Male 830 153 18.4
Female 830 160 19.3
x>=0.193,df = 1, P = 0.660
Birth type
Single 296 29 9.8
Twin 1,211 234 19.3
Triplet 153 50 32.7
x*=35.157,df =2, P =0.000
Parity
1 452 101 22.4
2 384 63 16.4
3 280 44 15.7
4 213 37 17.4
5 148 32 21.6
>5 183 36 19.7
x*>=8.036,df=5,P=0.154
Season
Dry (January — April) 516 92 17.8
Light rain (May — August) 447 67 15.0
Heavy rain (September — December) 697 154 22.1
x> =9.503, df =2, P = 0.009
Year
1993 264 60 22.7
1994 166 22 13.3
1995 214 51 23.8
1996 208 29 13.9
1997 250 32 12.8
1998 230 50 21.7
1999 135 50 37.0
2000 193 19 9.8

x> =159.389, df =7, P = 0.000
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Table 2. Causes of kid mortality rate (%) in 4 period before weaning

0-7 days 8-30 days 31-60 days  61-90 days
Overall 51.1 (160)* 22.7(71) 15.7(49) 10.5(33)
At birth 43.1(60) - - -
Weak and starvation 42.5 (68) 50.8(36) 30.6(15) 6.1(2)
Helminthiasis - - 20.4(10) 42.4(14)
Respiratory infections 1.3 (2) 1.4(1) 14.3(7) 15.2(5)
Other infections 0.6 (1) 11.3(8) 20.4(10) 12.1(4)
Scabby mouth 0.6 (1) - 2.0(1) 6.1(2)
Nervous symptom 1.3(2) 4.2(3) - -
Predator (dog) - 5.6(4) - -
Accident 6.3(10) 15.5(11) 4.1(2) 12.1(4)
Unknown 4.4(7) 11.3(8) 8.2(4) 6.1(2)

X2 = 229.292, df=27, P=0.000

* Number of animals that died for each cause of mortality are in parenthesis
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Abstract
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Some aspects in early life stage of sand goby, Oxyeleotris marmoratus Larvae
Songklanakarin J. Sci. Technol., 2002, 24(4) : 611-619

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



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

614

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

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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Figure 1. Increase in length of sand goby larvae at elasped time after hatching
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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,
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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)

0 2 4 6 8 10 12 14 16
Period (days)

—&— control —8—10g/ —8—20g/ =304/

—M—40 g/ —A—s50g1 —+—60 g/l - 70 g/l

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.

Ysanalulasvides g iniuanszezaa N meass
watlugaeiud 8-10 Usinalulasilunnganismenas
fenintuagneiinga wé’emﬂﬁ”'ummwmaaﬁl%
wagvuuiu 70 niu/aas fusaalulasiidnannd a
'awqﬂmﬁ‘n@aaaﬁluﬁﬂ%mmvl,uvl,mﬁama (Figure 4)

NI ND % NRUEsTAIIANRI LU R8s
noaduUSululatn assaszaziiansneasadn
Tulnanwmzulsan Lm:ﬁﬁ'ﬂ"wﬁ’mﬁama 8@ (P <
0.01) laanasn1smeasy 6 4 Je1any WRwsin



2. 3VAIUASUNS NN,

Uit 24 atfuit 4 a.a-5.0. 2545

mstvannsnnamstagafanaalaglivesaslnsunsuun
627

szl pauf uazame

0 2 4 6 8 10 12 14 16
Period (days)
—&— control —B—10g/ —8—20g/ =309/
—M=40 g/l —dr= 50 g/l =460 g/l —8—70g/

Figure 4. Mean nitrite concentrations in the ef-
fluent from intensive culture of black
tiger shrimp treated with 25-g oyster,
8 densities.

0.5

0.45
04
0.36
03
0.25
0.2

Phaosphate (mg/l)

c.15

0.1

0.05

0 2 4 6 8 10 12 14 16
Period (days)
=& control =—8—109 —8—209/1 —M—30g/
—= 40 g/ —A—50 g/l —+—s0g/ —8-=70g/

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
Chavalittumrong, P., Chivapat, S., Rattanajarasroj, S., Punyamong, S.,
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
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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).
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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

—*— M-water

—%— M-tragacanth

—5— M-10 mg/kg
—— M-50 mg/kg

—— M-250 mg/kg

—*— F-water

—*— F-tragacanth

Body weight (g)

—+ F-10 mg/kg
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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.



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

Six-month toxicity study of curcuminoids in rats

642

Chavalittumrong, P., et al.

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
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Abstract
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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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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
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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.



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

Consumption of polysaccharide gel from durian in mice
655

Pongsamart, S., et al.

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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200 - a Mice n Sex Bodywt. (g)
1 Control 14 M 37.4+29
V///7/) Standard 15 M 384+29
— 150 XY oF 059 15 M 366+18
=g
Ea ] DF0.25g 14 M  382+3.1
E= DFj 0.25g 13 M 388+28
100 —
50
ns
0 T A |

Glucose Cholesterol Creatinine BUN

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.

120 —
100 .
Mice n Sex Bodywt.(9)
1 Control 14 M 374+29
80 777 Standard 15 M  384+29
XY DF,05g 15 M 366+18
< 60 - DF,0.25g 14 M 382+3.1
2 a E== DF, 025g 13 M 388128
40
-
20 L
%

ALP

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.

100 —!

80

Mice
[ control
7777} Standard

n Sex Bodywt.(g)
8
8
8
8

314+27
297 +28
297+56
31.1+26

DFy 0.25g

N

Z)

60 —

m MMM

&= DF 0.25¢ 333+16

7

uiL

40

__

20

ALP SGOT SGPT

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.



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

Consumption of polysaccharide gel from durian in mice
661

Pongsamart, S., et al.

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).
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