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Background: The tamarind seeds have a lot of nutrients that may be used to control cholesterol or
glucose levels.
Objective(s): The effects of tamarind seeds (T) on lipid and carbohydrate metabolism in rats were
studied. Rats were offered basal diet (BD) with T (2%, 4% or 8%) or without T.
Materials and methods: Feeding and growth performance in rats were measured and samples of liver and
blood were analyzed for glycogen content and levels of cholesterol and glucose respectively.
Results: The inclusion of T in the diet influences the feeding and growth performance in rats. The serum
cholesterol level was reduced (p < 0.05) in Sprague Dawley (SD) rats fed on basal diet (BD) containing 4%
and 8% T (0.24 ± 0.14 g/l and 0.31 ± 0.06 g/l respectively) compared to control (0.79 ± 0.04 g/l). The
serum glucose levels in the spontaneous hypertensive rats (SHR) was lower (50.74 ± 2.50 mg/dl;
p < 0.05) than control (93.52 ± 10.83 mg/dl) at 4% T. Incorporation of increasing doses of T resulted in
linear increase of glycogen storage in livers of SD rats fed on BD and high sucrose diet.
Conclusion: Tamarind seeds can lower blood glucose and serum cholesterol and enhance storage of
glycogen in rats.
© 2017 Transdisciplinary University, Bangalore and World Ayurveda Foundation. Publishing Services by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction from defects in insulin secretion, insulin action or both [3]. In
Hypercholesterolemia is an abnormal condition characterized
by high cholesterol concentration of low density lipoprotein (LDL)
and a lower concentration of functional high density lipoprotein
(HDL) which could lead to cardiovascular diseases due to devel-
opment and increase of atheroma (atherosclerosis) [6]. It could also
lead to myocardial infarction (heart attack), stroke and peripheral
vascular disease [10]. Generally, the balance in LDL and HDL is
genetically determined but can be affected by body build, medi-
cations, food choices and other factors [19]. It is suggested that total
blood cholesterol (HDL þ VLDL) of less than 200 mg/dl is desirable
for the body [43]. Serum cholesterol levels of 200e239 mg/dl can
be regarded as borderline while values greater than 240 mg/dl are
considered high [32].

Hyperglycemia is a metabolic disorder in which the circulation
of blood glucose level is excessive in the blood plasma resulting
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addition, postprandial glycemia (related insulinaemia and lip-
idaemia) has been associated in chronic metabolic diseases such as
type 2 diabetes mellitus and cardiovascular disease [9].

Dietary manipulation through the consumption of specific plant
materials containing phytochemicals has proven to regulate the
level of glucose and lipids in the blood [30]. Studies have shown
that Tamarindus indica can be used to reduce visceral fat accumu-
lation and improve hyperlipidemia and hyperglycemia in rats
[28,40]. T. indica contains phenolic compounds like catenin, pro-
cyanidin B2, epicatechin, tartaric acid, mucilage, pectin, arabinose,
xylose, tannins, galactose, glucose, uronic acid and triterpene [7] as
well as all essential amino acids except tryptophan [1,25,36]. The
tamarind seeds also have similar properties found to be important
and used in traditional therapies [25]. Till date, there are intensive
bioactivity studies on tamarind pulp. However, the tamarind seed
which is basically considered a waste product is an under-utilized
resource. Therefore, the aim of the present study is to determine
in vivo effects of tamarind seeds inclusion (2%, 4% and 8%) in diets
on parameters related to diabetics and hypertension such as blood
glucose, glycogen in liver and cholesterol levels in three rat models:
normal, hypertensive and exposed to hyperglycemic condition by
ion. Publishing Services by Elsevier B.V. This is an open access article under the CC
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Table 2
Proximate analysis of the basal diet containing different concentration of tamarind
seeds.

Materials 0% 2% 4% 8%

Dry matter 88.00 ± 0.20 88.00 ± 0.10 88.8 ± 0.20 88.3 ± 0.60
Lipid 2.30 ± 0.30 2.20 ± 0.30 2.20 ± 0.30 2.20 ± 0.30
Protein 19.10 ± 0.10 19.10 ± 1.10 19.10 ± 1.20 19.10 ± 1.30
Ash 4.60 ± 0.10 4.60 ± 0.10 4.60 ± 0.10 4.60 ± 0.01
Total carbohydrates 62.00 ± 2.00 62.10 ± 1.50 62.90 ± 2.10 62.40 ± 1.80

Data are presented as the mean of four observations ± standard error mean.

Table 3
Proximate analysis of high sucrose diet containing different concentration of
tamarind seeds.

Materials 0% 2% 4% 8%

Dry matter 87.80 ± 0.20 87.70 ± 0.10 87.90 ± 0.20 87.80 ± 0.60
Lipid 2.20 ± 0.30 2.10 ± 0.30 2.20 ± 0.30 2.2 ± 0.30
Protein 19.10 ± 0.10 19.10 ± 1.10 19.10 ± 1.00 19.10 ± 1.40
Ash 4.60 ± 0.30 4.60 ± 0.10 4.60 ± 0.20 4.60 ± 0.00
Total carbohydrates 61.90 ± 2.00 61.90 ± 1.50 62.80 ± 2.10 62.10 ± 1.80

Data are presented as the mean of four observations ± standard error mean.

U.E. Uchenna et al. / Journal of Ayurveda and Integrative Medicine 9 (2018) 258e265 259
feeding on high sucrose diet (HSD) during 4 weeks of feeding
period. Additionally, evaluation of feeding and growth performance
of rats was also carried out.

2. Materials and methods

2.1. Materials

2.1.1. Animal feed
Rat chow made from soybean meal was purchased from local

feed manufacturer (Gold Coin Malaysia). Tamarind and soybean
milk powder (Nutrisoy Inc.) were purchased from local markets.

2.1.2. Experimental animals
Male SpragueeDawley rats (SD; n ¼ 56) and spontaneously

hypertensive rats (SHR; n ¼ 28) out bred of Wistar-Kyoto rats, 6e8
weeks old were randomly selected from University of Malaya ani-
mal house. These animals were individually caged
(600 � 380 � 200 mm3) at all time and had access to rat chow and
fresh water ad libitum.

2.2. Methods

2.2.1. Preparation of ground tamarind seeds
The pulp of fresh tamarind fruits was removed and the seeds

were washed out of residual flesh. A total weight of about 8 kg of
seeds from the fruits was obtained and the seeds were dried in the
oven (50 �C) and ground separately into fine particles of about
50 mm particle size.

2.2.2. Preparation of diets containing ground tamarind seeds
The basal diet (BD)wasmixedwith ground tamarind seeds at the

following concentration: 2%, 4% and 8% w/w. High sucrose diet
(HSD) was prepared by adding 30% w/w sucrose to the BD. Equiv-
alent weight of soymilk was added into the diets to balance the
difference in nitrogen and energy content as a result of the seeds
inclusion. Proximate analysis of rat chow and fresh ground tamarind
seeds is shown in Table 1. Furthermore, proximate analysis of the
basal diet and high sucrose diet containing different concentration
of tamarind seeds are shown in Tables 2 and 3 respectively.

2.2.3. Experimental procedures
Three different and independent experiments were conducted.

In the first experiment, SD rats (n ¼ 28) were randomly assigned
into seven groups of four each and served with test diets (BD)
containing tamarind seeds at various concentrations of 2, 4 and 8%,
respectively where 0% served as control in the group. In the second
experiment, the same procedures were carried out except that each
group was fed on HSD containing 2, 4 and 8% tamarind seeds
respectively and 0% tamarind seeds served for control group. In the
third experiment, SHR rats were assigned into seven groups
accordingly and fed with BD. Initial body weight (IBW), body
weight gain (BWG), feed intake (FI) and faecal output from each rat
Table 1
Proximate analysis of rat chow and fresh ground seeds (%).

Materials Rat chow Tamarind seeds

Dry matter 88.00 ± 0.10 95.10 ± 0.10
Lipids 2.20 ± 0.10 2.90 ± 0.10
Protein 19.10 ± 0.10 11.80 ± 0.11
Ash 4.60 ± 0.10 4.50 ± 0.00
Total carbohydrates 62.00 ± 2.03 75.80 ± 3.21

Data are presented as the mean of four observations ± standard error mean.
were measured at the beginning and every seven days thereafter
for 4 weeks.

The animals were sacrificed by cervical dislocation at the end of
the feeding period. Blood samples were collected into heparinized
tubes and after centrifugation (2500 g; 10min 4 �C) the plasmawas
harvested and kept cold at 4 �C for further analysis. Liver samples of
approximately 5 g were collected and stored at �20 �C for liver
glycogen estimation.
2.2.4. Feeding performance analysis

1) The amount of weekly diet ingested was calculated as the dif-
ference in the total weight of feed offered at the beginning and
balance at the end of the week. The weekly data collected were
then used to calculate daily feed intake according to Ennouri
et al. [15] with the following formula:

Feed intake ðg=dayÞ ¼ Feed placed� Feed remaining
7 days
2) Fecal dry matter (DM) was determined after drying faeces
collected in 24 h at 105 �C to constant weight [15].

3) Macro nutrients digestibility were assessed as the difference
between daily DM intake and 24 h DM excretion in faeces ac-
cording to Ennouri et al. [15]:

Digestibility ¼ Dietary DM intake� Faecal DM excretion
Dietary DM intake

� 100
4) The feed conversion efficiency (FCE) was determined by the
following formula [15]:

FCE ¼ Feed consumed ðDMÞ in 28 days ðgÞ
Body weight gained in 28 days ðgÞ
5) The protein efficiency ratio (PER) is the weight gain of the
growing rat divided by total protein intake during the feeding
period [15] according to the following formula:



Fig. 1. Feed intake (g/kg BW) of SD rats fed on BD containing different concentration of
tamarind seeds (T) during 4 weeks of feeding period. Values are presented as
mean ± SEM (n ¼ 4). *p < 0.05 compared to control (0% tamarind seeds).

Fig. 2. Body weight (g) of SD rats fed on BD containing different concentration of
tamarind seeds (T) during 4 weeks of feeding period. Values are presented as
mean ± SEM (n ¼ 4).
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Proteinefficiency ratio ðPERÞ¼ Bodyweightof rat in28days ðgÞ
Total Protein intake in28days ðgÞ

2.2.5. Enzymatic determination of total cholesterol
The total cholesterol was determined using commercial kits

from Chemo Lab (Malaysia). The cholesterol level was evaluated by
mixing thoroughly 10 ml of serum or standard solution with 1.0 ml
of kit reagent. The mixture was allowed to stand for 5 min at 37 �C
prior to absorbance reading at 500 nm.

The cholesterol concentration was calculated using the
following formula:

Total cholesterol ¼
�
Abssample

.
Absstandard

�

� standard concentration

2.2.6. Estimation of blood glucose concentration
Serum glucose level was determined according to modified

Trinder method [15]. Serum glucose content was estimated by
mixing 0.1 ml of serumwith 1 ml of water, 1 ml of 5.0% zinc sulfate
and 1 ml of 0.25 N sodium hydroxide. The mixture was then
centrifuged (2500 g, 10 min) and the supernatant (1 ml) was
transferred into a test tube containing 1 ml of alkaline copper re-
agent followed by boiling inwater bath for 10min. Themixturewas
cooled by placing the tubes under running water for 3 min. Arseno-
molybdate reagent (1 ml) was added to the resultant solution and
the volume was made up to 10 ml with water. The optical density
was read at 500 nm against a blank set at zero. The glucose con-
centration in the samples was then calculated from a glucose
calibration curve which was also run at the same time with the
glucose analysis.

2.2.7. Estimation of liver glycogen content
Liver glycogen content was determined according to Vats et al.

[42]. Liver samples (200 mg) were rinsed with ice-cold saline and
then solubilized by incubating with 2 ml of 30% potassium hy-
droxide at 55 �C for 30 min. The solubilized liver tissue (0.2 ml) was
placed on ice bath and then neutralized with 0.2 ml of 1 M HCL,
0.8 ml of water and 2 ml anthrone reagent (0.2 g anthrone/100 ml
of 95% H2SO4). The mixture was then incubated at 100 �C for
10min. Absorbancewasmeasured at 620 nm and the liver glycogen
content (mg glycogen/g tissue) was calculated using glucose stan-
dard curve.

2.2.8. Statistical analysis
All results presented are means of three independent mea-

surements. Data were presented as mean ± standard error mean
using one-way analysis of variance (ANOVA) by SPSS software
version 16. The statistical significance was tested at p < 0.05 using
post hoc Tukey's analysis at 95% least significant difference (LSD).

3. Results

3.1. Feeding and growth performance in rats

3.1.1. Feed intake and body weight gain of SD rats fed on BD
containing tamarind seeds

The control group consumed feed of 63 ± 4 g/kg BW/day during
the first week of feeding and this value reduced gradually to
23 ± 10 g/kg BW/day by the end of week four (Fig. 1). The inclusion
of 2% tamarind seeds into BD resulted in reduced feed intake (FI) to
38 ± 15 g/kg BW/day (p < 0.05) during week 1 of feeding whereas
BD containing 4% or 8% tamarind seeds was not different from
control. Intake of diets containing tamarind seeds during the next 3
weeks was not different from control except at 4% and 8% of
tamarind seeds in week 2, and 2% in week 3 (p < 0.05; Fig. 1).

All treated groups had a marginal increase in BWG of between
15 and 47 g during the 4 weeks of feeding (Fig. 2). The increase in
BWG was linear and similar (25e47 g) for groups consumed 0%, 2%
and 4% tamarind seeds whereas group fed on 8% showed the least
increase in BWG (15 g). The average BWG (g) to IBW (kg) during the
entire feeding period showed that control group had the lowest
BWG (57 ± 15 g/kg BW) compared to those fed on tamarind seeds
(105 ± 27 (p < 0.05), 69 ± 22 (p > 0.05) and 71 ± 38 (p > 0.05) g/
kg BW) for 2%, 4% and 8% respectively (data not shown).
3.1.2. Feed intake and body weight gain of SD rats fed on HSD
containing tamarind seeds

Average daily FI of treated groups fed on HSD containing 0%, 4%
and 8% of tamarind seeds ranged 50e60 g/kg BW at the first week
(Fig. 3). These values reduced (p > 0.05) to about 33e48 g/kg BW
during the subsequent 3 weeks of feeding. Treated group fed on
HSD containing 2% of tamarind seeds had lower (p < 0.05) initial FI
(30 g/kg BW) that remained for the first 3 weeks of feeding before
increasing to 44 g/kg BW at the 4th week (Fig. 3).

All treated groups were increased in BWG compared to IBW
during the feeding (Fig. 4). The difference in IBW and final body



Fig. 3. Feed intake (g/kg BW) of SD rats fed on HSD containing different concentrations
of tamarind seeds (T) during 4 weeks of feeding period. Values are presented as
mean ± SEM (n ¼ 4). *p < 0.05 compared to control (0% tamarind seeds).

Fig. 5. Feed intake (g/kg BW) of SHR fed on BD containing different concentration of
tamarind seeds (T) during 4 weeks of feeding period. Values are presented as
mean ± SEM (n ¼ 4). *p < 0.05 compared to control (0% tamarind seeds).
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weight of the rats was in the range of 20%e40%. The inclusion of
tamarind seeds (2% and 4%) into the diet reduced (p < 0.05) average
BWG. The average BWG of the control group (282 ± 36 g/kg BW;
p < 0.05) was higher than treated groups (155 ± 22, 118 ± 36 and
156 ± 26 g/kg BW) for 2%, 4%, and 8% tamarind seeds respectively
(data not shown).
3.1.3. Feed intake and body weight gain of SHR fed on BD
containing tamarind seeds

FI of the control group increased significantly from 42 g/kg BW
to 73 g/kg BW (p < 0.05) during the first three weeks of feeding
(Fig. 5). However, this value reduced (p < 0.05) to about 55 g/kg BW
by week 4. The inclusion of tamarind seeds (2%, 4% and 8%) to the
BD did not affect the FI compared to control (Fig. 5).

Treated group fed on BD containing 4% of tamarind seeds
showed the highest BWG (Fig. 6). All rats showed an increase in
BWGwithin 15e25% by the end of the feeding. However, increasing
the inclusion of tamarind seeds to 8% into the diet reduced
Fig. 4. Body weight (g) of SD rats fed on HSD containing different concentration of
tamarind seeds (T) during 4 weeks of feeding period. Values are presented as
mean ± SEM (n ¼ 4).
(p < 0.05) average BWG (95 ± 18 g/kg BW) compared to control
(134 ± 21 g/kg BW) (data not shown).
3.1.4. Effect of tamarind seeds on the digestibility of diets in rats
BDwasmore digestible thanwhen sucrose was included (Fig. 7).

Furthermore, BD was more digestible when consumed by SD rats
than by SHR. The inclusion of tamarind seeds did not change the
digestibility of BD in SD rats and SHR. However, the digestibility of
HSD tended to improve (p < 0.05) with increasing inclusion of
tamarind seeds, the optimum effect was achieved at 8%
(80.46 ± 1.23%) compared to control (76.86 ± 0.42%).
3.1.5. Effect of tamarind seeds on feed conversion efficiency (FCE) of
diets in rats

SD rats group fed on BD showed the least FCE (27 ± 5) followed
by SHR fed on BD (14 ± 4) and SD fed on HSD (5.3 ± 0.2; Fig. 8). The
inclusion of 2% tamarind seeds increased (p < 0.05) FCE up to 50% in
SD rats fed on BD. The addition of the tamarind seeds did not
Fig. 6. Body weight (g) of SHR fed on BD containing different concentrations of
tamarind seeds (T) during 4 weeks of feeding period. Values are presented as
mean ± SEM (n ¼ 4).



Fig. 9. The protein efficiency ratio (PER) of BD and HSD containing different concen-
trations of tamarind seeds fed to SD rats and SHR. (a) SD rats fed on BD, (b) SD rats fed
on HSD and (c) SHR fed on BD. Values are presented as mean ± SEM (n ¼ 4). *p < 0.05
compared to control (0% tamarind seeds).

Fig. 7. The digestibility of BD and HSD containing different concentrations of tamarind
seeds fed to SD rats and SHR. (a) SD rats fed on BD, (b) SD rats fed on HSD and (c) SHR
fed on BD. Values are presented as mean ± SEM (n ¼ 4). *p < 0.05 compared to control
(0% tamarind seeds).
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improve (p > 0.05) FCE in SD rats and SHR fed on HSD and BD
respectively.
3.1.6. Effect of tamarind seeds on protein efficiency ratio (PER) of
diets in rats

Inclusion of 2% tamarind seeds resulted in the highest PER
(0.54 ± 0.20; p < 0.05) in SD rats fed on BD compared to control
(0.19 ± 0.02; Fig. 9). SD rats fed on HSD had the highest PER
(0.90 ± 0.03) but the inclusion of tamarind seeds (4% and 8%)
reduced (p < 0.05) PER to the lowest values (0.5). The inclusion of
tamarind seeds in BD had no significant effect on the PER of SHR as
compared to control (Fig. 9).
3.2. Serum cholesterol concentration of rats fed on BD and HSD
containing tamarind seeds

SD rats fed on BD had blood cholesterol of 0.79 ± 0.04 g/l
(Fig. 10). The blood cholesterol level was lowered (p < 0.05) with
the inclusion of tamarind seeds at all doses in BD. The inclusion of
different doses of tamarind seeds did not affect significantly the
cholesterol level of the SD rats fed on HSD. SHR (control group) had
the highest blood cholesterol (1.19 ± 0.05 g/l). The addition of
tamarind seeds resulted in lowering of blood cholesterol but a
Fig. 8. The feed conversion efficiency (FCE) of BD and HSD containing different con-
centrations of tamarind seeds fed to SD rats and SHR. (a) SD rats fed on BD, (b) SD rats
fed on HSD and (c) SHR fed on BD. Values are presented as mean ± SEM (n ¼ 4).
*p < 0.05 compared to control (0% tamarind seeds).
significant effect was only seen at 2% of tamarind seeds inclusion
(0.91 ± 0.14 g/l; Fig. 10).

3.3. Serum glucose concentration of rats fed on BD and HSD
containing tamarind seeds

The lowest blood glucose was shown in SD rats fed on BD
(41.72 ± 12.46mg/dl) followed by SHR fed on BD (93.52 ± 10.83mg/
dl) and SD rats fed on HSD (133.08 ± 31.24 mg/dl) (Fig. 11). The
addition of tamarind seeds did not affect serum glucose levels
except for SHR, which showed a significant reduction (p < 0.05) of
serum glucose to 50± 3 mg/dl at 4% tamarind seeds inclusion.
However, the inclusion of 4% tamarind seeds in HSD resulted in
increased (p < 0.05) serum glucose level in SD rats (250 ± 44mg/dl)
compared to control.

3.4. Liver glycogen content of rats fed on BD and HSD containing
tamarind seeds

All control groups fed on diet with no tamarind seeds showed
similar liver glycogen content (0.95e1.27 mg/g; Fig. 12). Incorpo-
ration of increasing doses of tamarind seeds resulted in a linear
increase of glycogen storage in livers of SD rats fed on BD with
Fig. 10. The serum cholesterol of SHR and SD rats fed on BD and HSD containing
different concentrations of tamarind seeds. (a) SD rats fed on BD, (b) SD rats fed on
HSD and (c) SHR fed on BD. Values are presented as mean ± SEM (n ¼ 4). *p < 0.05
compared to control (0% tamarind seeds).



Fig. 11. The serum glucose concentration of SHR and SD rats fed on BD and HSD
containing different concentrations of tamarind seeds. (a) SD rats fed on BD, (b) SD rats
fed on HSD and (c) SHR fed on BD. Values are presented as mean ± SEM (n ¼ 4).
*p < 0.05 compared to control (0% tamarind seeds).
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maximum level recorded at 8% tamarind seeds (3.43 ± 0.55 mg/g,
p < 0.05). There was also evidence of increased liver glycogen
storage with increasing tamarind seeds inclusion for SD rats fed on
HSD ranged from 2e2.5 mg/g compared to control (Fig. 12). The
inclusion of tamarind seeds brought about an increased (p < 0.05)
liver glycogen content at 2% and 8% (1.45 ± 0.14 and 1.80 ± 0.53 mg/
g respectively) than control in SHR (Fig. 12).

4. Discussion

4.1. Effects of tamarind seeds on feed intake and body weight gain

Feed intake can be affected by diet palatability, flavor and odor
[22] whereas body weight gain is determined by the energy and
nitrogen content of food consumed [41]. Previous attempts on
Fig. 12. The liver glycogen content of SHR and SD rats fed on BD and HSD containing
different concentrations of tamarind seeds. (a) SD rats fed on BD, (b) SD rats fed on
HSD and (c) SHR fed on BD. Values are presented as mean ± SEM (n ¼ 4). *p < 0.05
compared to control (0% tamarind seeds).
tamarind seeds inclusion in the diet showed lower feed intake in
cow [8] and pig [27]. This has been suggested to be due to the
presence of tannin [16] in seed which in general could cause feed
avoidance as the percentage inclusion of seed in the compound
feed increased. In the present study, the inclusion of 2e8%
tamarind seeds in the diets was shown not to affect the feed
intake of the SD rats during the period which is in agreement with
Kumar and Bhattacharya [24]. Nevertheless, there were some
variations (10e40%) in the quantity of feed consumed (g/kg BW)
per day between control and treatments during the trial and this
occurred possibly due to differences in adaptations of the rats to
test diets [38]. In general these variations did not result in sig-
nificant change in feed intake over the period in normal SD rats;
however in SHR, the negative effect of the tamarind seeds sec-
ondary compounds (tannins) resulted in lowering voluntary feed
intake after two weeks of feeding possibly by decreasing palat-
ability of the ration because of astringent effects of tannin on the
oral cavity [45].

The inclusion of tamarind seeds had no effect on body weight
gain of SD rats fed on BD although there were some variations in
body weight gain between the treated and control which may be
attributed to the differences in animal's efficiency in converting
absorbed nutrients into body mass [29]. Previous study showed
that rats fed on high carbohydrate meal (e.g. sucrose) gained more
weight than rats fed on normal rat chow [17] which was also seen
in rats fed on HSD in the present study. However, the apparent
beneficial effect of sucrose on body weight gain was lowered when
tamarind seeds were included in the diet. Tannins in these feed
may have acted as anti-nutritive factors since it was demonstrated
that this plant's secondary metabolites lower absorption and post
digestive assimilation of nutrients into bodymass in animals [5,39].
In SHR fed on BD, the inclusion of tamarind seeds lowered the body
weight gain of the rats when compared with control and this may
be explained by reduced feed intake by SHR (Fig. 3).
4.2. Effects of tamarind seeds on digestibility, FCE and PER

Digestibility is described as the difference in feed intake and fecal
excretion in relation to feed intake [29]. Thus, when consumption of
feed is high and fecal excretion is also high, the value of digestibility
is low i.e. feed is not properly digested and/or absorption is
impaired. The values of digestibility from the present study ranged
from 77 to 80% which are comparable to previous report using
normal rats [15] and hypercholesterolemic rats [29]. The addition of
tamarind seeds in HSD may however provide additional beneficial
effect of the phytochemical compounds of tamarind seeds.

FCE is defined as a measure of an animal's efficiency in con-
verting feed mass into increased body mass, which is expressed as
the mass of the food eaten divided by the body mass gain over a
specified period of time [29]. Low values of FCE implies high effi-
ciencies and vice versa. The lowest FCE of control groups were
recorded in BD-fed SD rats followed by BD-fed SHR and HSD-fed SD
rats. This shows that the same diet may have different effect on rats
of different physiological status and thus the same rat may perform
differently on different diet [21,38]. The increased (p < 0.05) FCE up
to 50% in SD rats fed on BD containing 2% of tamarind seeds may
associated with high growth performance (Fig. 2).

PER relates the body weight gain over the protein consumed
with the implication that a high PER value indicates an efficient
feed as a protein source [15]. There was an evidence of improved
PER in BD-fed SD but it occurred only at 2% of tamarind seeds
(Fig. 9). In general, tamarind seeds inclusion in the diet did not have
a profound effect on PER improvement. In fact, tamarind seeds
inclusionmay even reduce PERwhen the diet also contains sucrose.
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4.3. Effects of tamarind seeds on serum cholesterol, glucose and
liver glycogen content in rats

According to American Heart Association [4] high total choles-
terol content (>2.5 g/l) indicates hypercholesterolemiawhile values
less than 2.0 g/l is considered normal. The lowering of blood
cholesterol as a result of tamarind seeds inclusion in the BD fed SD
rats and SHR may be occur due to the presence of the phyto-
chemicals. Tamarind seeds contain phenolic compounds such as
phytosterols [1,14] in a concentration of 590mg/kg dry weight [26].
These phytosterols, especially the beta-sitosterols are recognized to
decrease plasma lipoprotein and cholesterol levels [20] via
reducing the cholesterol solubility and absorption across the in-
testinal barrier [18,44]. In fact, phytosterols' hydrophobicity is more
readily to mix with bile salt and acid micelles [34] than can animal
cholesterol [13]. This causes the excretion of a greater part of un-
absorbed cholesterol particularly the low density lipoprotein with
the faeces [35].

Blood sugar concentration in the body has a range of
64.8e104.4 mg/dl in a normal person [2]. Blood glucose is the
primary source of energy in the body obtained from carbohydrates
breakdown [23]. The elevation or reduction of blood glucose occurs
as a result of certain conditions like illness, stress, surgery or intake
of a particular substance [11]. Phenolic compounds in plants can
have blood glucose lowering capacity [12,15,31,46]. However,
tamarind seeds appeared not to be a strong suppressor of blood
glucose elevation in SD rats fed on HSD and BD as compared to
control. This could be due to the physiological conditions of the
animals [37]. The difference in response of these rats reflects the
importance of several facets of blood glucose homeostasis.

Glycogen is stored in the liver or muscles and it functions as
secondary energy storage in animals which is reconverted back to
glucose by glycogenolysis in low energy state [33]. The increase of
glucose intake or use additives or phenolic compounds could
enhance glycogen storage [15]. In the present study, the inclusion of
tamarind seeds had positive effects on glycogen storage which
occurred in a dose dependent manner. The improved liver glycogen
storage could be associated with the presence of phenolic com-
pounds in tamarind seeds.
5. Conclusion

The inclusion of tamarind seeds into the diet influenced the
feeding and growth performance to some extent. The inclusion of
tamarind seeds (4% and 8%) in basal diet lowered the cholesterol
levels of normal rats. In addition, 4% of tamarind seeds suppressed
high blood glucose of SHR. Increased doses of tamarind seeds
enhanced glycogen storage in the liver in all the threemodels of rats.
Thus, tamarind seeds could be useful in treating people with hy-
perglycemia and/or hypercholesteremia. The present investigation
may discover the promising values of tamarind seeds as a source of
energy, protein as well as bioactive phytochemical for health
improvement. Further studies are needed to identify the principal
phenolic compounds in tamarind seeds which are responsible for
lowering cholesterol and blood glucose levels in rats.
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