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Aquilaria malaccensis leaves known as Karas leaves are widely used in ethno medicine. Recently, this 

plant has caught attention among manufacturers on its pharmacological values for human health. As 

there are limited studies on its toxicology profile, consumption of Aquilaria malaccensis at a higher 

concentration might have long term significant detrimental concerns that could affect the normal 

physiology and the growth performance. This study was conducted to evaluate the toxicity effects of 

supplementing Aquilaria malaccensis aqueous leaves extract  as feed on physical, behavioural and 

growth performance parameters (Body weight gain, feed intake, relative organs weights’ and feed 

conversion ratio) in female Sprague Dawley rats. This 28-days oral toxicity study allocated twenty four 

(n=24; n=6 per group) female Sprague Dawley rats to four treatment groups that consist of Control (0 g 

Aquilaria malaccensis/kg body weight), T1 (1 g of Aquilaria malaccensis /kg body weight), T2 (2 g/ of 

Aquilaria malaccensis /kg body weight), and T3 (3 g of Aquilaria malaccensis /kg body weight). Results 

obtained from daily treatment of aqueous extract of Aquilaria malaccensis has shown that the selected 

dose, T3 dose had significantly decreased the mean of liver weight and increased mean weight of uterus 

when compared to the control group. Weekly food intake and body weight gains of the rats in all treatment 

groups (T1, T2, T3) did not vary significantly (p>0.05) when compared to control (C) group in week 1, 

week 2, week 3 and week 4. In conclusion, this study suggests that the higher daily dose of Aquilaria 

malaccensis, did not show any delayed toxicological indicators on behavioural, physical and growth 

parameters within the treatment period. Nevertheless, it is suggested that the usage of Aquilaria 

malaccensis aqueous extract at higher dose within a longer period should be administered carefully as 

it could alter the mean of the organs weights.  
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INTRODUCTION 

In recent years, health awareness among 
Malaysian people has improved especially on 
benefits of consuming natural products and herbs. 
Consumption of these natural products has 
increased among consumers as an alternative 
health treatment. The incremental responses by 
consumers on these natural herbs are due to their 
pharmacological properties which could bring 
health benefits to consumers.  
 

Aquilaria malaccensis or known as Karas 
is a unique plant that comes from a Thymelacceae 
family (Elias et al. 2017). In Malaysia, Aquilaria 
malaccensis plant was known to produce 
impregnated resin used in production of fragrances 
(Musa et al. 2019). This plant has been used in 
numerous religions ceremonies since early 
antiquity in some parts of the world (López-
Sampson and Page, 2018). Today, Aquilaria 
malaccensis is categorized as a protected species 
in Malaysia (appendix II CITES) as supply of this 
species has plunged down due to continuous 
exploitation including illegal logging activities.  

In traditional practices, this plant has been 
used as a tonic for reduction of shooting pains, 
treats fever and relieve abdominal pain (Alwi et al. 
2019) while some components of the plant were 
also reported to provide advantageous effects like 
pain relievers, anti-diabetic (Rashid et al. 2020), 
anticancer (Jok et al. 2015; Millaty et al. 2020) and 
antioxidants (Nik et al. 2014). Aquilaria 
malaccensis has also been used as a health drink 
due to its high antioxidant content (Rashid et al. 
2020). A previous study conducted by Mahmod et 
al. (2017) and Wan-Nadilah et al. (2020) syggested 
that Aquilaria malaccensis possess a considerable 
antioxidant activities that  

Another distinctive edge of Aquilaria 
malaccensis is its aromatic scent coupled with 
health benefits for consumers (Welz et al. 2018); 
(Hamouda, 2019) , making many healthy food 
producers to venture into producing tea, tonic drink 
and to some extent produce culinary ingredients 
made from Aquilaria malaccensis for cookies, ice 
cream and coffee (Adam et al. 2017).  

Aquilaria malaccensis may produce 
potential toxicity when consumed by human. 
Extract from Aquilaria malaccensis leaves 
produces potential toxicity at greater dosage 
toxicity, and is likely to induce organ malfunction 
according to Razak et al. (2019a). Although there 

are very limited numbers of preliminary studies that 
investigated on the toxicological effects of this 
plant, reports by Razak et al. (2019a) is still 
inadequate to clarify the potent properties of this 
plant. Therefore, it is crucial to conduct research 
that could provide strong evidence on safe 
amounts or concentration that can be taken to 
optimize benefits of using this plant as an 
alternative health treatment or as a supplement. 
The 28-days study evaluated effects of periodic 
toxicology like sensitivity and susceptibility to toxin 
on rats to determine efficacy of Aquilaria 
malaccensis feeding on behavioural, physical and 
growth performance parameters in rats.  It is hoped 
that this study can provide more findings on toxicity 
profile of Aquilaria malaccensis and can be used as 
a future reference on toxicological effects of 
Aquilaria malaccensis on human health. 

MATERIALS AND METHODS 

Collection of Plant Materials  
Aquilaria malaccensis leaves were collected 

from Merchang Karas Forest Reserved, 
Terengganu, Malaysia. Identification and selection 
of matured leaf samples were done according to 
Manual to Detection of Aquilaria malaccensis in 
peninsular Malaysia (JPSM, 2015). Samples were 
then carefully packed in plastic bags away from 
direct sunlight right after harvesting process.  
 
Processing of Plant Materials 

Fresh Aquilaria malaccensis leaves were 
weighed and washed thoroughly with clear water. 
Leaves were spread evenly on parchment papers 
and dried at room temperature for three 
consecutive days until the weight of the leaves 
became constant (Rashid et al. 2020). The dried 
leaves were coarsely ground for 20-25 seconds 
using a Waring blender (Waring Commercial, 
USA)  and weighed before macerated for 24 hours 
in distilled water at a sample-to-solvent ratio of 1:10 
(Rashid et al. 2020). Maceration process of leaves 
took place for 24 hours before the sample were put 
into ultrasonic bath (Wisd, Korea) for 15 minutes to 
accelerate the extraction rate of active 
pharmaceuticals ingredients. These samples were 
centrifuged under 5000 rpm for 4 minutes and 
filtered using Whatman paper No. 4. The filtered 
supernatants were concentrated using a rotary 
vacuum evaporator (Heidolph, Germany) at 40⁰C-
50⁰C until dark brown dry extracts were obtained. 
This dry crude extracts were then weighed and 

stored in 4℃ to avoid from deterioration. Distilled 
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water was added to the dry crude extract during 
dose preparation and dilution, (Razak et al. 2019a) 
before the extract was administered to animals 
using oral gavage according to calculated dose.  
 
Experimental animals  

This trial were conducted in facilities approved 
by Centralized Laboratory Management Centre 
(CLMC), Universiti Sultan Zainal Abidin (UniSZA), 
Besut Campus, Malaysia. 24 sexually and 
physically matured adult Sprague Dawley female 
rats were used. The rats were allocated randomly 
into separated individual cages with a steel cover.  
consist of absorbent bedding with sufficient amount 
of commercial pellets (Gold Coin Feedmills, 
Malaysia), set up in a temperature-controlled 
environment at 22 ± 3°C, with 50-60% humidity, at 
photoperiod lighting with 12-hours light (0800-
2000) / 12-hour dark cycle (2000-0800). A day 
before the trials, the rats were fasted overnight with 
free access to water. The Organization for 
Economic Co-operation and Development (OECD) 
Test guideline 407 (OECD, 2008) was referred to 
and slight modifications were made in line with 
laboratory conditions.  
 
Experimental Design  

Twenty four (n =24; n=6 per group) of female 
Sprague Dawley rats with weight average of 200-
250 g were allocated into four treatment groups; 
Control (C: administered with 0 g of Aquilaria 
malaccensis /kg body weight + 1 ml of distilled 
water), Treatment 1 (T1: 1 g of Aquilaria 
malaccensis /kg body weight), Treatment 2 (T2: 2 
g of Aquilaria malaccensis /kg body weight), and 
Treatment 3 (T3: 3 g of Aquilaria malaccensis /kg 
body weight) respectively. Prior to dose up, all 
animals were examined for any physical and 
behavioural abnormalities. Animals with illness or 
abnormalities were excluded from the trial. The 
aqueous extract of Aquilaria malaccensis were 
administered according to the selected doses once 
daily continuously for 28 days using oral gavage. 
All rats were sacrificed at Day 29. Approval from 
UniSZA Animal and Plant Research Ethics 
Committee (UAPREC) Ref.No: UAPREC/04/044 
and UAPREC/04/045 were obtained to run the 
research.  
 
Proximate analysis of Aquilaria malaccensis 
leaves 

The dried Aquilaria malaccensis leaves 
sample were pulverized and analysed according to 
the standard methods by (AOAC,1995); 
(Akinwunmi and Omotayo,2016). The moisture 

content was determined by oven-drying method at 
temperature of 105°C for 24 hours, ash content 
was done by ashing the samples in 500°C in muffle 
furnace until the sample was fully ashed, Crude fat 
was determined by undergoing an ether extraction, 
determination of crude fibre was determined by 
digestion with sulphuric acid (H2SO4) and sodium 
hydroxide (NaOH). Kjedahl method was used for 
protein content determination. The value of 
Nitrogen Free Extract (starches and sugars) was 
calculated by subtracting 100 to the sum of values 
of crude protein, crude fat, crude fibre and ash.  
 
NFE = 100 – (Ash + Crude Protein + Crude Fibre + 
Lipids + Moisture content)             (1) 
 
Behavioural and Physical Assessment  
Thorough examination on external structure was 
carried out before the dissection process and 
collection of internal organs were conducted. Prior 
to dissection, the rats were anaesthetized 
humanely with suitable anaesthesia, Diethyl ether 
in anaesthetized chamber and handled in proper 
manners (Dey et al. 2020). The fur condition, eyes, 
mucous membrane colour were also recorded. Any 
abnormal clinical signs were observed and 
documented during the observation period 
(Burkholder et al. 2012). 

Growth performance (Weekly Feed Intake (FI), 
Body Weight Changes (BWC) 
 

The feed consumption were measured and 
recorded daily at the same time. The feed intake 
was measured after 24 hours after feeding time. 
Same amount of pre-weighed feed (30 g) were put 
in the feeding tray and provided to the rats. The 
feed leftover including the spillage at the bottom of 
the cage was weighed was measured and the 
mean of feed intake by the animals were calculated 
(Komilus et al., 2021). 

Preweighed feed (30 g/day) – feed left over = Total 
feed intake                            (2) 
 
Before the replacement of the new pre-weighed 
feed, the rats were removed from cages and 
weighed. The weekly body weight gain of the 
animal’s body weight was calculated every week 
(Day 7, 14, 21, 28). Body weight gain (BWG) was 
calculated according to Komilus et al. (2021).  
 
BWG = (Final body weight – Initial body weight) / 
Initial body weight   × 100             (3) 
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Feed conversion ratio (FCR) 

Feed conversion ratio (FCR) was calculated 
by using this formula (Fry et al. 2018); (Komilus et 
al. 2021)  
 
FCR = Feed intake by animal (g) / Animal weight 
gain (g)               (4) 
 
Organs weight  

Each female was then sacrificed by cervical 
dislocation (AVMA Guideline, 2013).The 
Dissection process took place once the animals 
fully sedated and started by cutting the skin of the 
abdominal region until the abdominal cavity was 
revealed (Murkunde, 2021). Organs were removed 
carefully for further detailed evaluation. Internal 
organs like uterus, ovary, adrenal gland, spleen, 
kidney, heart, liver and lung were trimmed 
cautiously to remove excess tissues that attached 
to it. Organ weights and any related findings during 
physical examination were recorded properly. 
Weight of all samples were taken and kept in 10% 
neutral buffered formalin. Relative organ weight 
(ROW) (organ-to-bodyweight ratio) was calculated 
according to Porwal et al. (2017). 
 
ROW = (Organ weight (g) / body weight of the 
animal on sacrifice day (g)) × 100                          (5) 
 
Statistical Analysis  
Parametric data such as Relative Organs Weights’ 
(ROW) was analysed using Analysis of Variance, 
one-way ANOVA (SPSS, Version 24.0), followed 
by Tukey’s post-hoc test. Main effects of treatment, 
time and interaction effects between the two factors 
of Body Weights Gain (BWG), Weekly Feed Intake 
(WFI), and Feed Conversion Ratio (FCR) were 
analysed using between-within repeated ANOVA. 
Pearson Correlation test was used to test 
correlation between BWG, WFI, and FCR. Data 
were expressed in Mean ± Standard Error of Mean 
(S.E.M) and the value of p<0.05 was considered as 
significant. Meanwhile, for the non- parametric data 
(Physical and Behavioural Assessment) were 
analysed by using Chi-Square Test. 

RESULTS 

Proximate analysis of Aquilaria malaccensis 
 

Proximate analysis of Aquilaria malaccensis 
leaves (%) is presented in table below. The protein 
content of Aquilaria malaccensis leaves was 

8.75%, followed by ash (2.35%), lipid (1.27%), fibre 
(22.02%) and carbohydrates (65.62%), 
respectively (Table 1). 
 
Table 1:  The proximate composition of 
Aquilaria malaccensis leaves (Air-dried) 
Values are the means of triplicate determinations 

Macromolecule Proximate composition (%) 

Protein 8.75 
 

Ash 2.35 
 

Lipid 1.27 
 

Fibre  22.02 
 

Carbohydrates  65.62 
 

 
General Physical and Behavioural Observation 
  
The rats were observed intensely within 28 days 
period of observation. No mortality and morbidity 
caused by the administration of higher dose of 
Aquilaria malaccensis aqueous extract were 
observed throughout the 28-days study. No 
abnormality on skin, fur, mucous membrane, eyes 
colour were observed on external parameters for 
all treatment groups (C: control, T1: 1 g/kg, T2: 2 
g/kg and T3:3 g/kg) respectively. At the few first 
day (Day 1-5) of administration, 1 out of 6 rats in 
treatment group T3 showed weird circular motion 
soon after the administration of Aquilaria 
malaccensis aqueous extract. However, it only 
lasted for only 3-5 minutes after feeding. All animal 
were in normal condition until the end of study. 
 
Body Weight Gain (BWG)  
 
The 28-days of treatment using Aquilaria 
malaccensis aqueous extract resulted no 
significant differences (p>0.05) of weekly body 
weight gain in all treatments (Table 2). 
 
  



Nasir et al.                                                                 Efficacy of Aquilaria malaccensis aqueous extract   

 

    Bioscience Research, 2022 volume 19(SI-1): 233-385                                                             377 

 

Table 2: The effect of Aquilaria malaccensis 
extract on weekly body weight gain of animals 
in 28 days (p>0.05) 

Body 
Weight 
Gain (g) 

Treatment  

Control 
 

Treatment 
 

0 g/kg 
bw 

1 g /kg  
bw 

2 g /kg  
bw 

3 g/kg  
bw 

 

Week 1 17.750 
± 0.765 

17.670 ± 
0.730 

17.160 ± 
0.916 

16.790 ± 
1.618 

 
Week 2 17.090 

± 1.019 
16.500 ± 

0.554 
17.160 ± 

0.936 
18.330 ± 

1.940 
 

Week 3 18.040 
± 0.959 

18.110 ± 
1.687 

17.670 ± 
1.065 

16.500 ± 
1.680 

 
Week 4 17.670 

± 1.272 
17.310 ± 

1.304 
19.070 ± 

1.467 
19.070 ± 

1.467 
 

The data are presented as mean ± standard error mean 
(SEM). 
 

 

 
 
The figure are presented in mean ± standard error mean 
(SEM 

 
Figure 1: Body Weight Gain (BWG) among 
treatments. 
 
Maunchly’s test indicated that the assumption of 
sphericity had not been violated for the main effects 
of time, χ2 (5) = 2.517, p > .05.  The results of the 
between-within repeated ANOVA in Figure 1 show 
that there were no significant main effect of 
treatment, F (3, 8) = 0.022, p > .05, and time, F (3, 
24) = 1.349, p > .05, on the body weight gain 
(BWG). There was also no significant interaction 
effect between the treatment and the time, F (9, 24) 
= 1.118, p > .05. The results indicate that the body 
weight gain (BWG) was not significantly different 
according to the treatment or the time or the 
combination of these two factors as can be seen 
from the figure above.  

Weekly Feed Intake (WFI) 
 
The 28-days treatment with Aquilaria malaccensis 
aqueous extract resulted no significant differences 
(p>0.05) in weekly feed intake among groups as 
shown in Table 3. 
 
Table 3:  The effect of Aquilaria malaccensis 
extract administration on weekly feed intake of 
animals in 28 days study. (p>0.05) 
 

Weekly 
Feed 

Intake (g) 

Treatment  

Control  Treatment  

0 g/kg 
bw 

1 g/kg  
bw 

2 g/kg  
bw 

3 g/kg  
bw 

 

Week 1 77.000 
± 1.528 

76.330 ± 
2.404 

78.000 ± 
0.577 

 

78.000 ± 
2.517 

 
Week 2 85.330 

± 3.528 
85.330 ± 

0.882 
83.330 ± 

3.712 
85.000 ± 

3.512 
 

Week 3 86.670 
± 2.186 

86.000 ± 
3.055 

86.000 ± 
3.606 

82.000 ± 
3.056 

 

Week 4 81.330 
± 1.453 

87.330 ± 
0.667 

85.000 ± 
2.887 

86.670 ± 
1.856 

 

The data are presented as mean ± standard error mean 
(SEM).  
 

 
 

The figure are presented in mean ± standard error mean 
(SEM). 
 
Figure 2: Weekly Feed Intake (WFI) among 
treatments. 
 

Mauchly’s test indicated that the assumption of 
sphericity had not been violated for the main effects 
of time, χ2 (5) = 2.890, p > .05.  The results of the 
between-within repeated ANOVA show that there 
was a significant main effect of time, F (3, 24) = 
10.212, p < .05. However, there were no significant 
main effect of treatment, F (3, 8) = 0.108, p > .05, 
and interaction effect between the treatment and 
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the time, F (9, 24) = 0.716, p > .05, on the Weekly 
Feed Intake (WFI).  
The results indicate that the Weekly Feed Intake 
(WFI) was only significantly different according to 
the time. To break down this difference, contrasts 
were performed and the results show that the 
Weekly Feed Intake (WFI) has significantly 
increased in week 2 as compared to week 1, t(8) = 
-3.751, p < 0.05, regardless of the treatment type 
applied as shown in the Table 4 below. But there 
was no significant different on WFI between week 
2 and week 3, t (8) = -0.221, p > 0.05, as well as 
between week 3 and week 4, t (8) = -0.054, p > 
0.05.  
 
Table 4. Repeated Contrast-Time of WFI 
(p<0.05) 
 
Repeated Contrast - Time  

Comparison Estimate SE df t p 

Week 1 - Week 2  -7.417  1.977  8  -3.751  0.006*  

Week 2 - Week 3  -0.417  1.882  8  -0.221  0.830  

Week 3 - Week 4  0.083  1.548  8  0.054  0.958  

 

*Results are averaged over the levels of treatment 

*p<0.05 

 
Feed Conversion Ratio (FCR) 
 

The finding show that the feed conversion 
ratio (FCR) did not vary significantly (p>0.05) when 
comparing the treatment groups to control group 
after daily dose administration for 28 days as stated 
in Table 5. 
Table 5: Effect of Aquilaria malaccensis 
aqueous extract on feed conversion ratio.  
(p>0.05)  
 

Feed 
Conversion  
Ratio (FCR) 

Feed Conversion Ratio (FCR) 

Control 
 

Treatment 
 

0 g/kg 
bw 

1 g/kg 
bw 

2 g/kg 
bw 

3 g/kg 
bw 

Week 1 4.357 ± 
0.219 

4.320 ± 
0.141 

4.567 ± 
0.222 

4.717 ± 
0.374 

Week 2 5.037 ± 
0.403 

5.180 ± 
0.146 

4.903 ± 
0.462 

4.730 ± 
0.502 

Week 3 4.820 ± 
0.144 

4.880 ± 
0.423 

4.913 ± 
0.433 

5.030 ± 
0.332 

Week 4 4.657 ± 
0.409 

4.830 ± 
0.441 

4.503 ± 
0.361 

4.593 ± 
0.312 

 
The data are presented as mean ± standard error mean 
(SEM).  
 

 

  
 
The figure are presented as mean ± standard error mean 
(SEM).  

 
Figure 3: Feed Conversion Ratio (FCR) among 
treatments. 
 
Mauchly’s test indicated that the assumption of 
sphericity had not been violated for the main effects 
of time, χ2 (5) = 7.560, p >0 .05.  The results of the 
between-within repeated ANOVA show that there 
were no significant main effect of treatment, F (3, 
8) = 0.024, p >0 .05) and time, F (3, 24) = 2.632, p 
> .05) on the Feed Conversion Ratio (FCR). There 
was also no significant interaction effect between 
the treatment and the time, F (9, 24) = 0.404, p >0 
.05). The results indicate that the Feed Conversion 
Ratio (FCR) was not significantly different 
according to the treatment or the time or the 
combination of these two factors as can be seen 
from Figure 3 above.  
 
Table 6 to Table 9 expressed the correlation 
between BWG, WFI and FCR. Results show 
negative correlation for BWG and FCR in week I, 
2, 3 and 4.  
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Table 6: Pearson’s Correlation Test from Week 
1 for BWG, WFI and FCR  
 
Week 1  

Variable   
BWC 

WEEK 1 
TFI 

WEEK 1 
FCR 

WEEK 1 

1. BWC 
WEEK 1 

 
Pearson'
s r 

 —      

  p-value  —        

2. TFI  
WEEK 1 

 
Pearson'
s r 

 0.215  —    

  p-value  0.502  —     

3. FCR  
WEEK 1 

 
Pearson'
s r 

 -0.902 *** 0.221  —  

  p-value  < .001  0.490  —  

 

* p < .05, ** p < .01, *** p < .001 

 
Table 7: Pearson’s Correlation Test from Week 
2 for BWG, WFI and FCR 
 
Week 2  

Variable   
BWC 

WEEK 2 
TFI 

WEEK 2 
FCR 

WEEK 2 

1. BWC 
WEEK 2 

 
Pearson'
s r 

 —      

  p-value  —        

2. TFI 
WEEK 2 

 
Pearson'
s r 

 -0.126  —    

  p-value  0.695  —     

3. FCR 
WEEK 2 

 
Pearson'
s r 

 -0.880 *** 0.575  —  

  p-value  < .001  0.050  —  

 

* p < .05, ** p < .01, *** p < .001 

 
Table 8: Pearson’s Correlation Test from Week 
3 for BWG, WFI and FCR 

 
Week 3  

Variable   
BWC 

WEEK 3 
TFI  

WEEK 3 
FCR 

WEEK 3 

1.BWC 
WEEK 3 

 
Pearson'
s r 

 —      

  p-value  —        

2.TFI  
WEEK 3 

 
Pearson'
s r 

 0.431  —    

  p-value  0.162  —     

3. FCR 
WEEK 3 

 
Pearson'
s r 

 -0.901 *** -0.012  —  

  p-value  < .001  0.969  —  

 

* p < .05, ** p < .01, *** p < .001 

 
 
 
 
 
 

 
 
Table 9: Pearson’s Correlation Test from Week 
1 for BWG, WFI and FCR 

 
Week 4  

Variable   
BWC 

WEEK 4 
TFI 

WEEK 4 
FCR 

WEEK 4 

1. BWC 
WEEK 4 

 
Pearson'
s r 

 —      

  p-value  —        

2. TFI 
WEEK 4 

 
Pearson'
s r 

 -0.027  —    

  p-value  0.933  —     

3. FCR 
WEEK 4 

 
Pearson'
s r 

 -0.865 *** 0.313  —  

  p-value  < .001  0.322  —  

 

* p < .05, ** p < .01, *** p < .001 

 
 
Relative Organs Weights’ (ROW) 
 

T3 shows a significant lighter liver weight than 
control group (p<0.05) as presented in Table 10.  

 
Table 10: Effect of Aquilaria malaccensis 
aqueous extract supplementation on relative 
organs weight of Sprague Dawley rats (28 
days). 
 

 Treatment  

Organ n Control 
0 g/kg 

Treatment 

1 g/kg 2 g/kg 3 g/kg 
 

      
Liver 6 

 
3.950  ± 

0.121a 
 

4.165 ± 
0.060ab 

4.190 ± 
0.075b 

 

4.042 ± 
0.051a 

Lung 
6 

 

0.651 ± 
0.016 

 

0.653 ± 
0.012 

 

0.671 ± 
0.020 

 

0.621 ± 
0.010 

Heart 6 
 

0.364 ± 
0.010 

 

0.345 ± 
0.005 

 

0.361 ± 
0.005 

 

0.349 ± 
0.009 

 
Spleen 6 

 
0.201 ± 

0.005 
 

0.191 ± 
0.008 

 

0.201 ± 
0.011 

 

0.210 ± 
0.005 

 
Kidney 6 

 
0.391 ± 

0.011 
 

0.401 ± 
0.008 

 

0.403 ± 
0.007 

 

0.402± 
0.013 

 
Adrenal 6 

 
0.021 ± 

0.001 
 

0.014 ± 
0.001 

 

0.019 ± 
0.001 

 

0.015± 
0.001 

 
Ovary 6 

 
0.033 ± 

0.001 
 

0.036 ± 
0.001 

 

0.038 ± 
0.002 

 

0.034± 
0.003 

 
Uterus 6 0.153 ± 

0.003a 

0.178 ± 
0.010ab 

0.174± 
0.006ab 

0.201± 
0.014b 

      

* Significant differences were determined by one-way 
ANOVA followed by Tukey's post hoc test with p<0.05. A 
significant difference is denoted by a different subscript 
(a, b) in the same row.  
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DISCUSSION 

 Results from proximate analysis show that 
the air-dried leaves of Aquilaria malaccensis 
consist of crude protein at 8.75%, followed by 
carbohydrates (65.54%), fibre (22.02%), ash 
(2.35%) and lipids (1.27%). This indicates that the 
content of all properties was generally lower when 
compared to a previous study by Rashid et al. 
(2020) on oven-dried Aquilaria malaccensis 
leaves. Result obtained from Rashid et al. (2020) 
demonstrated that Aquilaria malaccensis leaves 
harvested from the same location of plantation and 
using oven dried drying method had resulted in 
protein higher value of protein content (10.94%), 
carbohydrates (57.23%), fibre (26.79%) ash 
(3.06%) and lipid (1.83%).  
 

The differences of both results may be due 
to time of harvest and processing method. As 
samples were dried under natural sunlight which 
could cause fluctuation in temperature that could 
possibly over dried the nutrients in leaves (Tetteh 
et al. 2019). This observation adheres to that air dry 
method had resulted in lower level of protein and 
fibre compared to those leaves dried using oven 
dried method (Jiamjariyatam et al. 2022).  
Uncontrolled heat with prolonged drying time could 
not retain these nutrients in leaves. This conforms 
to observation by Shonte et al. (2020) that 
approximately 90 % and 72 %, respectively, of the 
nutrients are retained in the oven-dried leaves. 

 
Aquilaria malaccensis leaves have the 

ability to be used as one of the potential herbals in 
future product development.  The crude protein 
contents that ranged from 8.75% to 10.97% 
(Rashid et al. 2020) has  shown that Aquilaria 
malaccensis leaves are good sources of protein 
that could help the body in growth process  and 
maintenance of the cells, tissues, and organs. 
Protein is also needed in generation of bloods, 
nails and connective tissues and muscles 
(Akinwunmi and Omotayo,2016). Crude fibre 
content of Aquilaria malaccensis leaves that 
ranged from 22.02% to 26.79% is considered as 
high and at sufficient amount, could lower the risk 
of heart disease, helps in constipation, diabetes 
and breast cancer including lowering cholesterol 
level (Razak et al. 2019b).  

 
This finding also indicates that Aquilaria 

malaccensis leaves could also help to promote 
guts health by increasing peristalsis rate.  
 

Nevertheless, the nutritional properties 
found in this plant may not be sufficient to suggest 
Aquilaria malaccensis as a nutrition supplement for 
good growth performance as too much intake of 
these plant parts may cause toxicity that triggers 
health problem (Malik et al. 2021). A study by 
Yunusa et al. (2019) identified major chemical 
compounds in Aquilaria malaccensis includes myo-
inositol, 2,3-butanediol, glycerol, D-lylose, D-
glucitol, D-threitol, D-gluconic acid, butanedioic 
acid, palmitic acid, oleic acid, eicosapentaenoic 
acid, phytol, squalene, and β-amyrin. Synergistic 
activities by some of the compounds may cause 
disintegration and contribute complexity in body 
due to complex mixtures of bioactive compounds 
(Mohd, 2017) although the identification of these 
chemical compounds was not conducted in this 
study.  
 
Effect of supplementation of Aquilaria 
malaccensis extract on physical and 
behavioural  
 
Oral toxicity assessment of pharmacological 
substances can be observed by mortality rate, 
changes in physical appearance and behaviour 
such as  hypersalivation, sleepiness, lethargy and 
any form of illnesses especially within 4 hours after 
dosing (Suleiman et al. 2016);(Porwal et al. 2017). 
The result from this study found that aqueous 
extract of Aquilaria malaccensis for 28 days did not 
show any continuous and delayed harmful sign on 
rats, even at the highest dose tested. Only 1 out of 
6 rats in T3 (3 g/kg body weight) showed a weird 
circular movement right after the administration of 
the Aquilaria malaccensis extract for the first 1-5 
days. This might be due to the unpleasant bitter 
taste and aromas of the extract given. The 
components that produce astringency and 
bitterness are organoleptic qualities that are 
commonly associated with tannin compounds 
contain in Aquilaria malaccensis leaves extract 
(Soares et al. 2020).  
 

However, this weird movement only lasts 
for 3-5 minutes before the rats return to normal 
condition. Similar condition was also observed by 
Berthoud et al. (2021) who suggested that bad 
aroma from the ingested food could affect satiation 
and affect behavior of treated animals. Another 
study by Leigh et al. (2018); Masuo et al. (2021) too 
had mentioned that food-related odours could also 
affect the behaviour of animals either by providing 
comfort, or by inducing stress. Overall, no deaths 
or obvious clinical signs were found in all treatment 
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groups (C, T1, T2, and T3). Nor continuous or 
delayed signs of toxicity were showed by rats by 
observing at the condition of the skin, eyes, fur, 
salivation and the rats’ behaviour until Day 28. 
 
Effect of supplementation of Aquilaria 
malaccensis extract on Body Weight Gain 
(BWG)  
 
This finding found no significant differences in 
BWG suggesting that higher daily doses of 
aqueous extract of Aquilaria malaccensis in 28-
days treatment has no adverse effect on body 
weight gain (BWG) of rats. However, the increasing 
pattern of body weight at the end of the study is 
also a positive indicator that higher concentrations 
of Aquilaria malaccensis extract did not cause 
reduction of body weight of animal as shown in T2 
and T3 with higher BWG when compared to T1 and 
control group. T3 groups also show a good pattern 
of body weight gain within 4-weeks of treatments. 
This observation indicates that this extract is not 
associated with toxicity as there were no any 
adverse on body weights (Musa et al. 2019).  
 
Effect of supplementation of Aquilaria 
malaccensis extract on Weekly Feed 
Intake (WFI) 
 
In this 28-days study, the pattern of feed intake 
show no significant difference (p>0.05) in all 
treatment groups along the period of treatment 
(week 1 – week 4). This finding also aligned with 
weekly body weight gain in each week. No 
significant differences were detected in both body 
weight and feed intakes in all treatments. The test 
substance will only considered to be toxic when 
there were reduction of the feed intake by the 
animals. Animal that experiencing delay 
toxicological side effect from supplemented extract 
in oral toxicity study will usually shows decreasing 
pattern of food intake which indicate sickness 
behaviour (Razak et al. 2018).  In comparison, the 
feed intake by animals also might be influenced by 
other factors such as palatability towards the test 
substances, including the taste and smell of the 
ingested food as these factors are linked to each 
other and improve the amount and frequency of the 
food consumption as mentioned by Pekel et al. 
(2020). The finding from this trial also showed that 
Aquilaria malaccensis aqueous extract at higher 
dose did not influenced the weekly feed intake of 
the animals even at the higher dose, 3 g of 
Aquilaria malaccensis/ kg body weight. 
Effect of supplementation of Aquilaria 

malaccensis on Feed conversion Ratio (FCR) 
 
Feed conversion ratio (FCR) was used to measure 
animals’ production efficiency by dividing the feed 
intake by the weight gain of the animal (Fry et al. 
2018; Komilus et al., 2021). Results show no 
significant differences in treatments although there 
was lower feed conversion indicating less feed is 
required to produce one kilogram of body weight. 
Lower feed conversion ratio also indicates that the 
feed has the high quality that could satisfy the 
animal even though at the minimum quantity of 
consumption. In addition, the content of higher 
dietary fibre as found in Aquilaria malaccensis 
leaves as shown by the proximate analysis 
conducted by Rashid et al. (2020) also may lead to 
the optimum quantity of feed intake by the rats.  
 
Effect of supplementation of Aquilaria 
malaccensis on Relative Organs Weight (ROW) 
 
In this study, the treatment at higher dose of T3 
show significant changes (p<0.05) in the mean 
weight of uterus. The increasing uterus weight in 
T3 when compared to Control group is most likely 
due to the hormonal changes due to the oestrus 
cycle as it could affect the reproductive organ 
weight (An et al. 2020). Other than that, the 
inconsistent of reproductive hormone levels also 
could lead to the alteration of the organ weight 
(Dewan et al. 2000).  
 

During the estrous cycle, the major sex 
hormones such as progesterone and estrogen will 
undergo dramatically fluctuations in the level of 
secretion which could affect the secondary 
development in female’s bodies such as 
development of uterus and breast (Kerns et al. 
2022). Few studies also have stated that the major 
constraint of using female animal model was the 
effect of female sex hormones variation during 
testrous cycle phases that altered weight of the 
reproductive organ (Wang et al. 2018); (Lovick and 
Zangrossi, 2021). Stability of sex hormones and 
oxidative stress status also become one of the 
factor that important in maintaining fertility (Abdel-
Razik et al. 2021).in addition, Pellondo’up et al. 
(2021) also has stated that, in most of biomedical 
studies, male rats were commonly chosen by the 
researchers over female rats because the male 
Sprague Dawley strain rats are biologically stable 
compared to the female rats (Lee, 2018) ;(Scholl et 
al.2019).  
 

The significant reduction (p>0.05) in T3 
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liver weight when compared to T2 for this oral 
supplementation may also associate with 
accumulation of test substances that lead to the 
occurrence of fibrosis in liver cell (Niazi et al., 
2020). This finding also supported by previous 
finding, Razak et al. (2018) whereby the aqueous 
extract of Aquilaria malaccensis at higher dose of 2 
g/kg has caused the liver weight in male rats to 
reduce significantly when compared to the control 
groups.  
 

Compared to the other organs, liver as one 
of the main site for detoxification of waste products 
and metabolites waste had persistently exposed to 
the oxidative damage cause by reactive oxygen 
species (ROS) that could lead to cancers, and 
serious diseases(Devan et al. 2015);(Kumari et al. 
2018). The exposure to the accumulation of toxic 
substances within a long period also could 
deteriorate the function of cells, affecting the organ 
systems and could lead to the occurrence of herbal 
toxicity (Zulkifle et al. 2018).  
 

Generally, Hepatoxicity that caused by 
toxin and drugs can be divided into two types, 
which are idiosyncratic and intrinsic reaction 
(Fisher et al. 2015) ;( Gao et al.2020).In this 28-
days study, the intrinsic reaction were expected to 
occur as the animals is supplemented with higher 
daily dose of Aquilaria malaccensis aqueous 
extract. Exposure to toxicants too could cause 
hepatocytes hepatotoxicity and liver that could lead 
to the dysfunctional of mitochondrial cells that lead 
to ATP depletion. Adenosine triphosphate (ATP) is 
well-known as energy-carrying molecule that found 
in the normal cells of all living things. Once ATP is 
depleted, the condition like apoptosis and fat 
accumulation on liver cells (fatty liver) or known as 
steatosis could occurs (Farrell et al. 2018) This 
ATP depletion also lead to oxidative stress which 
increase the intracellular calcium concentration 
and lead to the occurrence of necrosis (Li et al. 
2018)., The interaction between free radicals and 
fatty acids in membrane through lipid peroxidation 
commonly also produces metabolites which could 
generate the DNA damage (Arroyave-Ospina et al. 
2021).  
 

This condition may contributes to scarring 
of liver cells. These scar tissue were not able to 
self-repair. Thus, the occurrence of fibrosis led to 
the reduction of overall liver function and impair the 
organ's ability to regenerate (Arroyave-Ospina et 
al. 2021). In addition, any decrease or increase in 
mass of the organ also may indicate systemic 

toxicity which can affect the vital function in 
organism as stated by ur Rahman et al. (2021)  

CONCLUSION 
Administration of aqueous extract from Aquilaria 
malaccensis over a period of 28-days and at higher 
doses (1 g, 2 g, 3 g/kg of body weight) did not 
possessed any delayed toxicity sign on behavioural 
and physical assessment in treated female rats. 
Growth performance parameters such as total feed 
intake (TFI), body weight gain (BWG), and feed 
conversion ratio (FCR) in all groups were not 
affected by the greater doses of Aquilaria 
malaccensis supplemented throughout the study.  
 

Proximate composition of Aquilaria 
malaccensis has shown that this plant has higher 
content of fibre, protein and carbohydrate that give 
a lot of benefits for human consumption. However, 
there were significant reduction observed in 
relative liver weight in animals treated with higher 
dose of Aquilaria malaccensis, T3. Thus, in order 
to avoid the serious adverse effects of the plant 
extract at higher dose, it is advisable to utilize the 
extract cautiously for long term consumption. This 
study has offered the valuable preliminary data on 
toxicology profiling and nutritional components of 
Aquilaria malaccensis aqueous extract that would 
be beneficial for future research and toxicological 
studies.  
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