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1 Introduction
Aging is considered a significant manifestation of chronic 

diseases such as cancers, cardiovascular disease, diabetes, and 
various degenerative diseases (He & Sharpless, 2017). Finding 
out strategies to support and keep up a long and healthy life as 
well as to expand an elderly population is a great challenge for 
scientists all over the world. Mechanistic studies of aging in 
many model organisms have provided theoretical insights into 
aging, especially the free radical theory of aging. This primary 
theoretical assumption deals with an imbalance in antioxidant 
defense and the levels of reactive oxygen species (ROS). Thus, 
the improvement of the antioxidant system and the decrease of 
ROS levels can basically prolong lifespan. Aging is an intrinsic 
and extrinsic process of a body, hence making it inappropriate 
for in vitro studies. In research of the aging process related to a 
human being, Drosophila melanogaster (D. melanogaster) may be a 
preferable choice among effective models for evaluating anti-aging 
compounds due to its incredibly favorable characteristics for 
biological research in genetics, physiology, microbial pathogenesis, 
and life history evolution. This model organism shares many 
conserved biological pathways and disease-causing genes in 
humans (Kim et al., 2011; Lee & Min, 2019; Panchal & Tiwari, 
2017). In addition, D. melanogaster is a body of evidence for a 
fast and cost-effective model system in longevity research because 
of its characteristics of rapid lifespan, relatively simple genetics 

with only four pairs of chromosomes, and a large number of 
offsprings per generation.

There were various conspicuous case-in-points proving 
that for over 100 years, plant extracts have played a significant 
role in increasing lifespan in the field of traditional medicine of 
Vietnamese people. Lasia spinosa L. is known as an herbaceous 
plant that belongs to the family of Araceae. In Vietnam, this plant 
is widely used as a medicinal plant for the treatment of cough, 
inflammatory diseases, swollen lymph nodes, rheumatism, and 
injuries. In Lasia spinosa L. extracts, there are the presence of 
antioxidant properties, antimicrobial activities, cytotoxicity, 
and antihelminthic abilities (Goshwami et al., 2013; Shefana & 
Ekanayake, 2010; Yadav, 2012). Rahman et al. (2019), indicated 
that the extracts of Lasia Spinosa L. contained an abundance of 
phenolic and flavonoid compounds. Its antioxidant constituents 
can combat oxidative stress through the free radical scavenging 
mechanism of phytochemicals such as vitamin E, vitamin C, 
flavonoids, and polyphenols (Pizzino et al., 2017). However, the 
effect of Lasia spinosa L. extracts on the lifespan of D. melanogaster 
has not been studied so far. This study aims to identify the 
mechanism of lifespan extension of fruit flies by using crude 
ethanol extract from Lasia spinosa L. stem in analyzing the 
phytochemical constituents, antioxidant effect, and investigate 
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Abstract
Anti-aging effect is a stimulating topic that attracting serious consideration from many researchers. Medicinal plants with 
anti-aging properties thereby have become common research subjects in various fields of science. This study aims to determine 
phytochemical constituents, specifically the total of phenolic and flavonoid contents and evaluate the anti-aging activity of 
ethanolic extracts from the stem of Lasia spinosa L. The DPPH and ABTS assays were applied to investigate the in vitro antioxidant 
and free radical scavenging properties. Drosophila melanogaster Canton-S was used as the model organism to evaluate in vivo 
antioxidant activity, lifespan extension, climbing, and reproduction abilities. The results indicated that Lasia spinosa L. extract 
presented the phenolic and flavonoid contents, which were 271.65 mg GAE/g and 579.57 mg QE/g, respectively. The EC50 values 
of antioxidant activity was 23.80 µg/mL in DPPH assay and was 3.56 µg/mL for the assay of ABTS. The result also showed 
that the lifespan of adult fruit flies fed on extracts from Lasia spinosa L. was increased in oxidative stress conditions induced 
by H2O2. In lifespan assays, Drosophila melanogaster fed on the ethanolic extract from Lasia spinosa L. stem at 0.5 mg/mL of 
concentration in combination with standard food showed their mean lifespan increased to 22.9%, 50% survival increased to 
22.2%, and the maximum lifespan of last flies increased to 20.7% compared with the control. The research results demonstrated 
a potential property among its natural compounds of Lasia spinosa L, which is capable of anti-aging through antioxidant activity 
in vitro and in vivo conditions.
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the longest living fruit flies through three evaluation criteria 
including maximum lifespan, 50% survival time and mean lifespan.

2 Materials and methods
2.1 Preparation of Lasia spinosa L. extract (LSE)

Lasia spinosa L. stems were collected, rinsed with water, and 
shade dried at 50 °C in a dryer machine; after that, they were 
subjected to get fine powder by grinding using a mechanical 
grinder. By maceration for 24 h, dried powdered stems (100g) 
were extracted with 1.0 L of 96% ethanol (India). Whatman 
filter paper No.1 (Camlab, UK) was applied to filter the solution. 
Used a rotary vacuum evaporator to evaporate the solvent at 
50 °C. The final extract (which is considered as LSE) was then 
lyophilized and stored for further analysis.

2.2 Qualitative and quantitative analysis of phytochemical 
constituents

Qualitative natural compounds from LSE were observed and 
reported by Jasuja et al. (2013). In this study, the compounds 
of alkaloid, saponin, flavonoids, phenolic, and tannins were 
tested. The total phenolic content was measured through 
Folin-Ciocalteu reagent (Merk, China), applying the method 
described by Singleton  et  al. (1999), while total flavonoid 
content was determined by the method in the description of 
Thitilertdecha et al. (2008).

2.3 Determination of in-vitro antioxidant activity

The antioxidant activity of LSE was determined using DPPH 
(Sigma, Germany) and ABTS (Sigma, China) methods. These 
two different scavenging methods were used with the same 
latex sample. While the DPPH was determined according to the 
method described by Sharma & Bhat (2009), the ABTS assay 
process was mentioned in the description of Nenadis et al. (2004).

2.4 Fly strain and culturing of Drosophila

Fly stock applied was wild-type Drosophila melanogaster 
Canton-S (CS) (Bloomington Drosophila Stock Center, 
Department of Biology, Indiana University, Bloomington, USA). 
Fly stock was maintained on a standard diet containing agar, 
saccharose, dry yeast, and cornmeal. Specifically, 1000 mL of 
diet includes 50 g of cornmeal, 40 g of yeast, 100 g of saccharose, 
and 10 g of agar (Sigma, China). Propionic acid (5 mL) and 
sodium benzoate (1 g) (both from Sigma, China) were added 
to the diet to prevent mold growth. 15 mL of the standard diet 
was poured and set into the vials of maintained-fly stock, while 
10 mL of the standard or experimental diets were prepared for 
experimental flies in each vial. Rearing conditions of fruit flies 
were maintained at 25 ± 1.2 °C, with a relative humidity of 
70-80% and a photoperiod of 12:12 (light/dark).

2.5 In vivo antioxidant assay

The antioxidant assay was carried out according to Wongchum 
and Dechakhamphu’s description (Wongchum & Dechakhamphu, 
2021). H2O2 was used for generating hydroxyl radical (•OH). The 

newly eclosed male fruit flies were reared in three different food 
conditions, including in the control diet, diet adding 0.5 mg/mL 
of LSE (20 per vial) and diet supplying 0.05 mg/mL gallic acid 
(GA) (Sigma, China), which was used as a positive control. On 
day 30, all three groups of the fruit flies were starved for 2 h 
in an empty vial containing filter paper soaked with distilled 
water. They were then transferred to separate vials containing a 
filter paper saturated with 10% H2O2 (Sigma, China) which was 
prepared with 6% sucrose solution. Fly mortality was recorded 
every 4 h until the last fly was dead.

2.6 Examine of LSE effects on reproduction of flies

Add 0.5 mg of LSE (LSE treatment) and 0.05 mg gallic acid 
(GA treatment), respectively, in the standard food per milliliter 
to prepare LSE and GA diets. In order to examine its probable 
effect on the solvent used in preparing stock solutions of LSE and 
GA, an equivalent amount of 96% ethanol in the test sample was 
added to the culture medium administrated to the control group 
(control treatment). Fertilized female fruit flies of the same age 
(2-3 days) were placed in each treatment for 48 h to lay eggs. 
After 48 h, the male and female flies were removed from the 
vials. The development of an organism named parental or “P” 
generation is present in vials. After their imaginal molt, the fruit 
flies were removed from vials. Next, adult females and males 
from “P” were transferred to another vial containing the same 
vial medium, separately. These flies were transferred to a fresh 
medium every two days. After 40 days, three adult females and 
three adult males were chosen to mate together. Mated flies laid 
eggs after mating overnight. The organism of first-generation 
(F1) completed their development were counted to analyzing the 
development and reproductive ability. Numbers of third instar 
larvae, pupae (visible on the surface of substrate and vial), and 
imagoes were counted throughout the test. The third instar larva, 
pupa, and adult stages in vials (time in days and the number 
that flies reached each stage) were calculated. These experiments 
on fruit flies were repeated five times along with control sets.

2.7 Climbing assay

The assay for the climbing ability of fruit flies was performed 
as described previously (Kyotani et al., 2016). After cultured in 
the food with or without LSE for 40 days, “P” male flies were 
placed in an empty 15 cm glass vial with a 2 cm diameter. The 
way to put the flies in the bottom is by tapping at the vials. The 
movements of flies were then measured for a duration of 15 s. 
In all experiments for climbing ability, the height which each fly 
climbed was measured after 5 s. Climbing ability was expressed 
as the distance from the bottom of the vail to the position in 
which flies climbed up on the vial. The reiteration for these 
procedures was carried out five times, and the experiment result 
was recorded by a digital camera.

2.8 Lifespan assay

This assay was mentioned by Zhang et al. (2014), newly 
eclosed male flies were separated and randomly divided into 
three vials (20 flies per vial) for each experiment. The control 
group was subjected to feed on standard food, and the other 
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two groups were fed on standard food adding 0.5 mg/ml of LSE 
and D-galactose replaced for saccharose, respectively. Flies in 
three groups of experiments were transferred to fresh medium 
every three days. Its mortality was recorded until all flies died. 
The lifespan curve, mean lifespan, and maximal lifespan were 
obtained and calculated.

2.9 Statistical analysis

The mean ± standard deviation was used to express the 
data collected from five-time determinations. The recorded data 
were treated statistically using a one-way analysis of variance 
(ANOVA). Statistical comparison of means followed by the 
Student’s T-test with p < 0.05 considered to be statistically 
different. All statistical analysis was carried out by applying 
Minitab (Version 16) software.

3 Results and discussion
3.1 Phytochemical contents

The result demonstrated the existence of alkaloid, saponin, 
flavonoids, phenolic, and tannins compounds in LSE. A previous 
study indicated that plants produce secondary compounds 
belonging to phenolic, alkaloid, flavonoid, and tannin that present 
antioxidants in vitro and in vivo (Lee  et  al., 2004; Wu  et  al., 
2011). Phenolic and flavonoid compounds have antioxidant 
activities, thus benefit human health, especially in curing and 
preventing many diseases (Tungmunnithum et al., 2018). This 
study showed that in LSE, there were a certain number of 
biological compounds with potential applications in antioxidant 
research. An outstanding of LSE was its phenolic content of 
271.65 ± 0.11 mg GAE/g of extract (gallic acid equivalents per 
gram of extract) and flavonoid content of 579.57 ± 12.62 mg QE/g 
of extract (quercetin equivalents per gram of extract). Lasia 
spinosa L. leaves had also been studied for their phenolic content 
of 158 ± 0.56 mg GAE/g (Nguyen et al., 2020), which is much 
lower than in the stem. There was no flavonoid content mentioned 
in this previous study.

3.2 Effect of LSE on the in vitro and in vivo oxidative stress 
resistance

In this research, the DPPH and ABTS methods were used to 
evaluate the antioxidant activity in vitro of LSE. The data which 
were estimated expressed the EC50 values of LSE through each 
method. EC50 (or IC50) value is a standard parameter used to 
examine the antioxidant capacity of substances or compounds. It 
is determined by the content of antioxidants needed to decrease 
the initial DPPH concentration by 50% (Rivero-Cruz et al., 2020). 
The lowest EC50 indicates the most potent antioxidant activity. 
Those with an EC50 value of lower than 50 µg/mL indicate a very 
strong antioxidant; the EC50 value, which is from 50 to100 µg/mL, 
is considered as a sample with strong antioxidant, and from 
101 to 150 µg/mL as a medium antioxidant sample while a weak 
antioxidant in the sample will be presented with the EC50 of over 
150 µg/mL (Kusmardiyani et al., 2016). As presented in Table 1, 
the EC50 values of LSE in ABTS method was 3.56 ± 0.06 µg/mL, 
which was lower than its EC50 value of 23.80 ± 0.60 µg/mL in 

DPPH method. The EC50 of LSE through the two methods has 
also demonstrated its very strong antioxidant activity.

In in vivo analysis, flies fed on a diet supplying 0.5 mg/mL 
of LSE were monitored for their survival time. Figure 1 and 
Table 2 presented the experiment results that LSE had in vivo 
antioxidants in the H2O2 method. Under H2O2 condition, flies 
fed on LSE had a mean lifespan, 50% survival, and 10% survival 
(also known as maximum lifespan and determined as the average 
lifespan of the 10% last surviving flies), which were 2.06, 1.67, 
and 1.57 times higher than the control, respectively. These values 
of mean lifespan, 50% survival, and maximum lifespan in LSE 
treatment were lower than in GA treatment but without statistical 
significance (p > 0.05). This result was reasonable because GA 
is a standard commercial antioxidant with high purity. At the 
same time, medicinal extracts are highly synthetic extracts 
containing many different compounds that can act as mutual 
inhibitors (Mansouri et al., 2014). All in all, the study results 
provided evidence for the presence of antioxidant activity in 
LSE through in vitro and in vivo analysis.

Figure 1. Effect of hydrogen peroxide on lifespan curve of wild-type CS 
flies fed on standard food (control), 0.05 mg/mL GA, and 0.5 mg/mL 
LSE. Data were expressed as the maximum lifespan of the 10% last fly, 
50% survival time, and mean lifespan for each group (Table 2).

Table 2. In vivo antioxidant effects of GA (0.05 mg/mL) and LSE (0.5 
mg/mL) under 10% H2O2 condition.

Treatment Mean lifespan 
(hour)

50% survival 
(hour)

Maximum 
lifespan (hour)

Control 21.00c ± 1.0 26.33b ± 0.58 40.33b ± 0.58
GA 47.00a ± 1.0 46.00a ± 1.0 60.33a ± 0.58
LSE 43.20ab ± 1.58 44.00a ± 1.73 63.33a ± 0.58

Means (n = 5) presented in different letters differ significantly at p < 0.05.

Table 1. EC50 values of GA and LSE.

Sample
EC50 (µg/mL)

DPPH ABTS
GA 3.60 ± 0.30 0.40 ± 0.01
LSE 23.80 ± 0.60 3.56 ± 0.06
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3.3 LSE effect on reproduction of D. melanogaster

The research results of the effects of LSE on the reproduction 
of 40-day-old D. melanogaster were presented in Table 3.

The reproductive output is physiology-related criteria for 
survey the aging. In Drosophila, long-lived flies lead to their 
decrease of reproduction (Sun et al., 2013). In this study, we 
had 40-day-old male and female D. melanogaster mated to 
observe the reproduction ability. The result showed the different 
development stages of flies, including third-instar larvae, pupae, 
and adult. The result in Table 3 showed the appearance period of 
the third instar larvae, pupae, and adult is not different between 
the treatments when fruit flies were raised at the same ambient 
conditions of 25 °C. However, at the pupae stage, flies fed on GA 
supplementary had a total number of pupae recorded after ten 
days of 149.00 ± 4.58, which was the highest and was significantly 
different compared to its on LSE and control. The number of 
third instar larvae transforming to pupae after ten days of the 
LSE experiment is 76.68 ± 3.51 offsprings, significantly different 
from the control treatment of 63.67 ± 3.51 offsprings. The research 
results also recorded the number of pupae that transformed into 
adult flies after 14 days was similar to the number of pupae after 
ten days of the experiment. From the research result, it can be 
assumed that LSE at the concentration of 0.5 mg/ml of the food 
supplement is capable of improving health expressed by the 
ability to improve the reproduction of CS fruit flies. Experimental 
results showed that the reproduction and the development of 
fruit flies raised with higher GA supplement over control and LSE 
was appropriate because GA is a commercial antioxidant with 
high purity and has been used as for positive control in many 

previous studies (Ortega-Arellano et al., 2013). LSE contains 
antioxidant compounds that are flavonoid and phenolic. In 
addition, LSE has antioxidant capacity in vitro through DPPH 
and ABTS methods (Table 1), has effective antioxidant capacity 
in vivo conditions on fruit flies expressed in the H2O2 method 
(Table 2 and Figure 1). Thus it might argue that the effectiveness 
of improving the reproduction and development of LSE is due 
to the presence of flavonoids and phenolic in Lasia spinosa L. 
through their oxidation resistance.

3.4 LSE improved climbing ability

The result identifying movement ability of 40-day-old 
male fruit flies raised in the conditions of control, LSE and GA 
were presented in Figure 2. The movement ability of fruit flies 
in experiments was recorded and presented as a distance (cm) 
of moving up in the first 5 s after tapping the vials to cause the 
flies to fall to the bottom.

Movement ability is one of the indicators to survey for anti-
aging assessment of pharmaceutical materials. Pharmaceuticals 
with good anti-aging activity will possibly improve the movement 
ability of fruit flies (Arabit et al., 2018). Figure 2 showed that the 
movement ability of 40-day-old fruit flies raised in the conditions 
of control, LSE, and GA reached 4.19 cm, 4.61 cm, and 4.9 cm, 
respectively. Accordingly, the movement ability of fruit flies 
raised in the environment adding 0.05 mg/mL of GA increased 
by 17%; in the environment adding 0.5 mg/mL of LSE increased 
by 10% compared to those raised in standard food (control) 
environment. The physiological function declining by age is the 
main cause of illness and death by age. Therefore, maintaining 
physiological function in aging is essential to prolong human 
health (Seals & Melov, 2014).

3.5 Effect of LSE on longevity of wild-type CS flies

The present study demonstrated that LSE had a beneficial 
effect on the lifespan of D. melanogaster. The effect of D-galactose 
and LSE were showed in Figure  3 and Table  4. As shown 
in Table  4, the D-galactose group had a mean lifespan of 
34.75 ± 1.15 days; LSE and control groups had a mean lifespan 
of 49.10 ± 2, 39.95 ± 1.06, respectively. Supplementation with a 
0.5 mg L.S.E./mL diet significantly increased the mean lifespan 
by 22% compared with that of the control group. The mean 
lifespan of the D-galactose group was shorter than that of the 
control group, and a significant difference was observed. The 
50% survival time of wild-type CS flies reared with D-galactose 
diet was 36.67 ± 0.58 days, while that of the LSE diet and the 
control were 51.33 ± 2.08 days and 42.00 ± 2 days, respectively. 
LSE experiment significantly extended the 50% survival time 
of wild-type CS flies while D-galactose showed decreased Figure 2. Effect of LSE on climbing ability of D. melanogaster.

Table 3. Effect of GA and LSE on development and reproduction of D. melanogaster.

Treatment
Third instar larvae Pupae stage Adult stage

Reached time 
(day)

Number after 
5 days

Reached time 
(day) Number after 10 days Reached time 

(day) Number after 14 days

Control 5 12 ± 0.58 7 63.67c ± 3.51 10 63.33c ± 3.06
GA 5 13 ± 0.58 7 149.00a ± 4.58 10 148.67a ± 4.73
LSE 5 12 ± 0.58 7 76.68b ± 3.51 10 76.67b ± 3.51
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(p < 0.05). In addition, the control treatment reached a 
maximum lifespan of 54.67 ± 2.52 days fed on a standard diet 
higher than the D-galactose (45.67 ± 0.58 days), whereas when 
the dosage of LSE was increased, the maximum lifespan of the 
wild-type CS flies reached 66.00 ± 2.00 days. The maximum 
lifespan increased more than 11.33 days in the 0.5 mg LSE/
mL group compared to the control one and with a significant 
difference (p < 0.05).

Cui  et  al. (2004) demonstrated that D-galactose caused 
rapid aging and shortened lifespan of fruit flies. In this research, 
wild-type CS flies were fed on the condition of adding D-galactose 
and LSE to observe their effects on the lifespan of D. melanogaster 
compared to those fed in standard food. As shown in Table 4, 
flies raised in the condition of adding D-galactose had a mean 
lifespan of 34.75 ± 1.15 days; LSE and control groups had a mean 
lifespan of 49.10 ± 2.00 days, 39.95 ± 1.06 days, respectively. 
Supplementation with a 0.5 mg LSE/mL diet significantly 
increased the mean lifespan by 22% compared to the control 
group. The mean lifespan of the D-galactose group was shorter 
than the control group, and a significant difference was observed 
(p < 0.05). The 50% survival time of wild-type CS flies fed on 
D-galactose diet was 36.67 ± 0.58 days, while the LSE diet 
and the control had a 50% survival time of 51.33 ± 2.08 days, 
42.00 ± 2.00 days, respectively. LSE treatment significantly 
extended the 50% survival time of wild-type CS flies, whereas 

it is decreased in D-galactose treatment (p < 0.05). In addition, 
the control treatment reached 54.67 ± 2.52 days of maximum 
lifespan, higher than the D-galactose, which was 45.67 ± 0.58 days, 
whereas, at the condition of adding LSE, the maximum lifespan of 
the wild-type CS flies reached 66.00 ± 2.00 days. The maximum 
lifespan increased more than 11.33 days in LSE group compared 
to the control and with a significant difference (p < 0.05). The 
experimental results of raising flies in the food supplement with 
D-Galactose fully match the mentioned research. In addition, the 
research results showed that fruit flies raised in the LSE group 
have mean lifespan increased by 22.9%, 50% survival increased 
by 22.2%, and maximum lifespan increased by 20.7% compared 
to flies raised in the basal diet. Thus it can be stated that LSE at 
a concentration of 0.5 mg/ml has the anti-aging ability through 
longevity extension effects on Drosophila melanogaster. Moreover, 
the ability of lifespan extension of LSE is considered to be more 
effective than the extracts from blueberry. Fruit flies, feeding 
on food with the extracts from blueberry at a concentration of 
5 mg/mL, had a longer mean lifespan which was 10% higher 
than those in the control environment (Peng et al., 2012); those 
fed on higher vitamin E at a concentration of 20 μg/mL, had a 
mean lifespan increased to 16% compared to the control (though 
there is no effect at higher or lower concentrations) (Driver & 
Georgeou, 2003); flies with N-acetylcysteine antioxidant (NAC) 
at 1 mg/mL had 16,6% higher mean lifespan compared to the 
control (Brack et al., 1997); whereas fruit flies fed on the extracts 
of brown rice at 30 mg/mL can extend their mean lifespan of 
fruit flies by 14% (Zuo et al., 2012).

The research results on lifespan extension of LSE showed 
that the survival time values increased and differed significantly 
compared to the control. This result matched perfectly with the 
experiments on chemical composition and antioxidant activity 
of LSE, thereby stating that the anti-aging property (lifespan 
extension) on fruit flies of LSE is due to many pharmacological 
ingredients with an effective stress-oxygen resistance ability, which 
are antioxidants including phenolic and flavonoids. Antioxidants 
can neutralize the inactivation of free radicals, inhibit activities 
or inhibit the expression of genes that specify enzymes creating 
free radicals such as NADPH oxidase and xanthine oxidase, and 
enhance the activity and the manifestation of genes regulating 
oxidative enzymes such as SOD, C.A.T., GPx, Rpn11. This issue 
on its mechanism needs further studies.

4 Conclusions
Even if further experiments on the mechanism were carried 

out, we would like to emphasize that adding LSE in food media 
could prolong the lifespan, alleviate climbing ability and maintain 
the reproduction in D. melanogaster model. The anti-aging 
activity of LSE was at least partially associated with its antioxidant 
activities of a chemical compound from LSE.

Conflicts of interest
The authors declare no conflict of interest.

Funding
This research was under the funding by the Vietnam 

Ministry of Education and Training (MOET), project number: 
B2019-TCT-01.

Figure 3. Lifespan curve of wild-type CS flies fed with basal diet 
(control), 0.5 mg/mL of LSE, and D-galactose (replace for saccharose). 
Data were expressed as the maximum lifespan of the 10% last flies, 50% 
survival time, and mean lifespan for each group. The results showed 
0.5 mg LSE/mL could significantly extend the maximum lifespan of 
wild-type CS flies (p < 0.05).

Table 4. Effect of LSE on the survival time of CS wild type flies fed 
with the control diet.

Treatment Mean lifespan 
(days)

50% survival 
(days)

Maximum lifespan 
(days)

Control 39.95b ± 1.06 42.00b ± 2.00 54.67b ± 2.52
D-galactose 34.75c ± 1.15 36.67c ± 0.58 45.67c ± 0.58

LSE 49.10a ± 2.00 51.33a ± 2.08 66.00a ± 2.00
Means (n = 5) presented in different letters differ significantly at p < 0.05.
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