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 Spider flower (Gynandropsis gynandra), also known as “Maman” that is traditionally 
fermented and consumed as pickles in Malaysia. In this study, the chemical composition, 
microbiological content and biological activities of the fresh and fermented Maman leaves and 
stem were evaluated. Approximate analysis was carried out by using AOAC standard methods, 
microbial content was determined by using total plate count, antioxidant activity was evaluated 
DPPH (%) and ferric reducing power. The antimicrobial activity evaluated by 96 well micro-
titer plates against Salmonella Typhimurium ATCC14028, Escherichia coli ATCC12229 and 
Staphylococcus aureus ATCC6538. The results demonstrated reduction in the protein, fiber, and 
carbohydrate contents of Maman sample after fermentation in both leaves and stem, while the 
content of ash was increased. Fermented Maman contained significantly high (p<0.05) number 
of anaerobic bacterial count which is 5.5600 log CFU/mL for the stem and 5.4633 log CFU/mL 
for the leaves. The aerobic bacterial count was reduced significantly after the fermentation by 
approximately two logs. The antioxidant activity, phenolic compounds, and flavonoids content 
of fresh Maman was slightly higher than the fermented samples. The fermented Maman samples 
demonstrated 90% growth inhibition towards selected pathogens, while fresh samples showed 
less than 50% bacterial growth inhibition. This indicates that natural fermentation process 
improved the nutrient content and the biological activity of Maman. 

Keywords: fermented Mamamn, Physicochemical, antioxidant,
Microbial activity, Malaysian fermented foods.

 Fermentation is the oldest method of 
preserving food and improving many favourable 
food features such as flavour, shelf-life and 
texture. There are many types of fermented 
vegetable products around the world such as 
miso, soy sauce, pickled vegetable and kimchi 
(Lee, 1997). According to Rhee et al., (2011), 

fermented foods are those foods which involves 
the action of microorganisms or enzymes that 
cause biochemical changes and improve the food 
properties. Furthermore, acidification of fermented 
foods may reduce food poisoning and transmission 
of pathogenic organisms (Fernández et al., 2015). 
Gynandropsis gynandra (L.) commonly known 
as spider flower, cat whiskers, African cabbage, 
and in Malaysia known as “Maman” is considered 
as one of the medicinal plants which grows in 
many tropical countries, and in some areas, it is 
cultivated as an indigenous leafy vegetable. This 
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plant is widely used in various countries like 
Indo-China, Africa, North and Central America 
as an alternative ailment for headache, neuralgia, 
cough, wounds, counter irritants (Kori et al., 2009). 
The medicinal or healing properties are due to the 
bioactive components such as phenolic compound, 
and flavonoid. 
 In Malaysia Maman is traditionally 
consumed as pickles and also consumed raw 
or cooked. The traditional method to prepare 
fermented Maman is starts by washing the raw 
materials, remove lower part of the steam, add 
hot water to the fermentation plastic containers, 
adding 10% salt and red chilli for flavouring, then 
incubate at room temperature for 5-6 days before 
consumption. Maman is a superior source of 
micronutrients as compared to the leafy vegetables 
such as cabbage, kale, lettuce, spinach and others 
(Chweya, 1983). The extractable protein from the 
leaf of Maman is rich in amino acid such as aspartic 
and glutamic acids, leucine and lysine (Oke, 1973). 
Fermentation process is reported to increase 
the nutrient values and the biological activities 
of several leafy vegetables such as cabbage 
(Kusznierewicz et al., 2008). Moreover, fermented 
Maman is heavily consumed by local people in 
Malaysia but to the best of our knowledge there are 
no studies to determine the chemical composition 
and biological activity changes after the natural 
fermentation. Therefore, the aims of this study were 
to determine the physical, chemical properties, and 
biological activity of fresh and fermented Maman.

Materials and Methods

raw material sample 
 The Maman plants (3 kg) were collected 
from the Agriculture University Park, Universiti 
Putra Malaysia (UPM), and transferred to the 
Biotechnology laboratory, Faculty of Food Science 
and Technology, UPM for fermentation process 
and further analysis. The plants were separated 
into two parts leaves and stem, washed with water 
to remove soil and the damaged parts. They were 
then dried and stored at room temperature. 
Preparation of fermented samples
 Maman plants were separated into two 
parts leaves and stem, both soaked overnight in 
clean water. The leaves and steams were subjected 
to spontaneous fermentation separately in jars 

containing 10% brine and incubated at room 
temperature 28 °C for 3 days. The fresh and 
fermented sample of leaves and stem were dried in 
the convection dryer at 45 °C for 48 hours. Dried 
samples were ground using pastel and mortar. 
Characterization of fresh and fermented 
Maman
determination of ph value 
 Ten grams of fresh and fermented dry 
samples were dissolved in 100 mL of water and 
the pH was determined at room temperature 28 °C 
using a digital pH meter (JENWAY 3505).
approximate analysis 
 The chemical constituents including crude 
fat, crude protein, crude fiber, ash and moisture, 
were determined following the standard methods 
according to AOAC (2012). The carbohydrate 
contents were calculated by subtracting the total 
percentage value of other proximate composition 
with 100 %. Samples were analysed in triplicate.
Colour analysis
 The colour analyses for fresh and 
fermented leaves and stems were carried out 
following the method as described by Claussen et 
al., (2007) using the Hunter lab instrument (Minolta 
R-300 Chromameter, Japan). The rates of lightness 
(L*), redness (a*) and yellowness (b*) of fresh and 
fermented sample fractions were measured.
Microbiological analysis
 Microbial count was carried out to 
determine the aerobic and anaerobic microorganisms 
present in the fresh and fermented Maman. Briefly, 
1 gm of each sample was added to 9 mL of peptone 
water (0.1 g/L). Then, 0.1 mL was inoculated onto 
nutrient agar for aerobic count and on MRS agar 
for anaerobic count using spread plate method. The 
plates were incubated for 24 to 48 h at 37 °C. Plates 
containing 25 to 250 colonies were enumerated, 
and the bacterial count is express as log 10 CFU/
ml. 
antioxidant activity 
 The antioxidant activity of fresh and 
fermented Maman was determined by DPPH and 
FRAPS methods, while the phenolic content and 
flavonoids were determined by proper methods. 
One gram (1 g) of powder Maman was extracted 
with 50 mL of methanol at room temperature for 
one hour.  The sample mixture was continuously 
mixed for 30 minutes (150 RPM) in orbital shaker 
at room temperature. Then, the extraction was 
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filtered using vacuum filtration and stored at 4 
°C for 2 weeks. The total phenolic content of the 
extract was determined using the Folin-Ciocalteau 
method (Wong et al., 2006). The total phenolic 
content of fresh and fermented Maman was 
calculated using gallic acid as standard. In addition, 
total flavonoid content was determined following 
the aluminum chloride colorimetric assay as 
described by Sulaiman and Balachandran (2012) 
and quantified using quercitin as standard. The 
radical scavenging assay were carried out using the 
DPPH method as described by Chan et. al (2007). 
Ferric reducing power (FRP) was measured using 
the potassium ferricyanide assay (Siow and Hui 
2013) with gallic acid as standard. 
antibacterial activity
 Antibacterial activity of fresh and 
fermented Maman was determined against food-
borne pathogenic bacteria including Salmonella 
Typhimurium ATCC14028, Escherichia coli 
ATCC12229, and Staphylococcus aureus 
ATCC6538. Selected bacteria were growing 
aerobically at 37 °C for 24 hour in nutrient broth. 
The 96 wells micro-titer method was carried out 
for antibacterial activity as described by Muhialdin 
et al., (2016) with some modifications. Briefly, the 
pathogenic bacteria was incubated in nutrient broth 
overnight. The aqueous extract of the fresh and 
fermented powder samples was placed in micro-
titer plates and 100 uL of nutrient broth containing 
106 of each pathogens was added to the wells. The 
plates were incubated at 37 °C for 24 hours and the 
optical density was measured at 600 nm by using 
ELISA reader. 
statistical analysis
 All data collected were recorded as mean 
± standard deviation for triplicate determination 

and analysed statistically by analysis of variance 
(ANOVA) using Minitab version 14 (MIniatb Inc., 
NSW, Australia).

results and disCussion

Fermented Maman ph value 
 The pH value of Maman leaves decreased 
significantly after fermentation from 5.46±0.02 
to 4.70±0.56 while the pH of stem was slightly 
decreased from 5.38±0.04 to 5.29±0.01 (Figure 
1). During the fermentation carbohydrates 
are metabolized by lactic acid bacteria which 
subsequently decreased the pH value. Lactic 
acid bacteria are naturally present on majority 
of plants and are the most importance bacteria in 
food fermentation (Woodford, 1985). The result 
showed that the production of acid was higher 
during the fermentation of leaves in comparison 
to the fermented stems. This is due to the higher 
nutrient contents stored in plant leaves, for example 
carbohydrates content is higher in leaves as 
compared to the stems. According to Daeschel et 
al. (1987), the growth of lactic acid bacteria that 
present on plants is restricted by availability of 
nutrients, temperature and competition with other 
microorganisms. During the fermentation process, 
LAB converts carbohydrates into carbon dioxide 
and organic acids which subsequently reduced 
the pH value and causing acidic environment 
that inhibits the growth of other microorganisms. 
Therefore, fermented foods are significantly safe 
for direct consumption and have long shelf life. 
Maman proximate analysis
 The proximate analysis of fresh and 
fermented Maman was carried out to evaluate the 
effects of fermentation on Maman. The results 

table 1. Color analysis, L* (lightness); B) a* (redness); C) b* 
(yellowness) values for the fresh and fermented Maman

                               Stem                             Leaves
 Fresh Fermented Fresh Fermented

L +77.78±0.07a +80.29±0.31b +36.96±0.13c +43.17±0.40d

a -4.39±0.33a +0.77±0.11b -13±0.36c +1.54±0.19d

b +5.84±0.40a +2.49±0.40b +16.89±0.98c +23.77±0.26d

Results are expressed in means ± standard deviation (n=3)
a,bLetters indicate significant difference at p < 0.05 between column for stem
c,dLetters indicate significant difference at p < 0.05 between column for leaves
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Fig. 1. pH value of Maman leaves and stem before and after fermentation

Fig. 2. Proximate analysis of fresh and fermented Maman

demonstrated the significant changes of the 
chemical composition after the fermentation for 
3 days (Figure 2). The moisture content of fresh 
Maman leaves was 84.34 ± 0.33% and slightly 
increased to 88.12 ± 0.07% after fermentation. 
However, the moisture content of fresh Maman 
stems was slightly reduced from 87.79 ± 0.41% to 
86.35 ± 0.06% (p<0.05). This is could be due to 
movement of water in and out from brine into the 
plant, where the water moves from the brine into 
the leaves pores (hypotonic) as a result of water 
pressure which was lower on the leaves than the 
brine. Likewise, the water pressure in the stems 
(hypertonic) was higher than brine and resulted in 
the water moving out to the brine. However, high 
water activity and brine conditions are preferred 
by LAB and can improve the fermentation (Chen, 
2013; FAO, 1998). The chemical composition 

of Maman including ash, protein, fat, fibre and 
carbohydrate showed significant differences before 
and after the fermentation (Figure 2). It is observed 
that all the constituents of Maman were decreased 
after fermentation process for the leaves and stem 
except for ash. The increment of ash content after 
fermentation is due to the addition of salt in brine 
used in the preparation of fermented Maman. The 
reduction in crude fiber values could be due to the 
activities of microorganisms that are known for the 
bioconversion lignocelluloses into protein. This 
agrees with the findings of Hwei-Ming et al. (1994) 
and Balagopalan (1996). The decrease carbohydrate 
content could be attributed to the utilization of the 
soluble dietary fibre and carbohydrate as source 
of energy by the fermenting microorganisms for 
growth and metabolism.  According to Tortora et 
al. (2001), the carbohydrate breaks down during 
fermentation by lactic acid bacteria. 



J PURE APPL MICROBIOL, 12(2), JUnE 2018.

501Muhialdin et al.:  FerMentation Process oF Gynandropsis gynandra

table 2. Total aerobic and anaerobic bacteria counts isolated from 
the stem and leaves of fresh and fermented Maman

Samples                                    Aerobic Bacterial  (log CFU/ml)                Anaerobic bacteria (Log CFU/ml)
 Stem Leaves Stem Leaves

Fresh Maman 5.10 ± 0.03a 4.50 ± 0.38a 3.80 ± 1.04a   3.19 ± 0.52a  
Fermented Maman 3.48 ± 0.06b 3.47 ± 0.15b 5.56 ± 0.07b 5.46 ± 0.08b                       

Results are expressed in means ± standard deviation(n=3)
a,bLetters indicate significant difference at p < 0.05 between rows

table 3. Antioxidant activity, total phenolic compounds, and 
total flavonoid compounds of fresh and fermented Maman

                              Stem                            Leaves
 Fresh Fermented Fresh Fermented

Total phenolic mg/g  46.20 ± 2.91 22.93 ± 0.74 83.51 ± 2.32 38.66 ± 10.00
Total flavonoid mg/g 0.91 ± 0.10 0.11 ± 0.05 5.40 ± 0.71 1.07 ± 0.19
FRAP (mM) 7.17 ± 0.24 5.22 ± 0.06 20.11 ± 0.27 11.48 ± 0.07
DPPH (%) 91.49 ± 0.02 88.49 ± 0.54 79.79 ± 2.29 76.61 ± 0.86

Results are expressed in means ± standard deviation (n=3)

table 4. Antibacterial activity of fresh and fermented Maman
leaves and steams against food-borne pathogens after
24 h incubation at 37 °C in 96 well micro-titer plates

Pathogens                       Fresh sample                         Fermented sample
 Leaves Steam Leaves Steam

S. Typhimurium  25.6 31.1 97.2 88.8
E. coli 38.5 38.8 94.7 80.5
S. aureus 47.3 36.6 97.7 91.1

 The protein content was significantly 
reduced after the fermentation of the Maman 
leaves and steam due to high proteolytic activity 
of LAB that includes extracellular and intracellular 
enzymes (Matthews et al., 2004). During 
fermentation, LAB secretes protease enzymes 
to digest the large proteins and convert it to low 
molecular bioactive peptides and amino acids 
that are utilized as an energy sources for LAB 
metabolism activity. The generated bioactive 
peptides are known to have several biological 
activities such as antimicrobial, anticancer, anti-
hypertension, and anti-inflammation (Daliri et 
al., 2017). Furthermore, during fermentation the 
soluble proteins may be diffused from the leaves 
and steams into the brine (Daeschel et al., 1987). 
The fat content was very low for the Maman leaves 

and steam before and after fermentation and no 
significant differences were observed. Leafy herbs 
have very low fat content especially for fresh leafs 
that is ranged between 0.41 and 0.84 % of the plant 
composition (Oulaï et al., 2016). 
Colour analysis
 Colour analysis of fresh and fermented 
Maman was measured by using Minolta R-300 
chromameter measured. Lightness L*, and 
redness a*, yellowness b* values of Maman stem 
and leaves increased significantly (p<0.05) after 
fermentation except for yellowness b* values of 
stem was reduced (Table 1). The colour of leaves 
and steam observed to be considerably darker 
after fermentation. The fermented Maman became 
darker due to the presence of acids which interacts 
with chlorophyll. In addition, the incubation 
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temperature during fermentation can cause the 
darker color of the fermented Maman (FAO, 1998). 
Microbial count
 The total aerobic and anaerobic counts of 
fresh and fermented Maman showed significant 
changes (Table 2). The aerobic bacteria were 
higher for the fresh samples in the stem and 
the leaves, while the anaerobic bacteria count 
was low. The fermentation of Maman increased 
the anaerobic count and reduced the aerobic 
bacteria. Several factors can determine bacterial 
counts in the fermented products including the 
anaerobic conditions during fermentation, the high 
competition of the microflora, and the production 
of secondary substances by certain microorganisms 
that inhibit the growth of others (Hibbing et al., 
2010). The anaerobic bacteria are mostly lactic 
acid bacteria isolated on the selective media MRS 
agar. The fresh sample of Maman contained low 
anaerobic count for stem and leaves (3.19 log 
CFU/mL) (3.19 log CFU/mL) respectively, while 
fermented Maman showed a higher anaerobic 
bacterial count. LAB are naturally present in the 
plants and they are responsible of spontaneous 
fermentation fermentation process improve the 
quality and nutritional value of plants raw material. 
LAB produces several secondary metabolites to 
inhibit the growth of other microorganisms such as 
aerobic bacteria (Steinkraus et al., 1997). The LAB 
counts increased by 2 logs after the fermentation 
and their inhibition activity reduced the aerobic 
bacteria counts by approximately 2 logs.  
antioxidant activity
 The antioxidant activity was determined 
by two direct methods namely DPPH and FRAP 
to evaluate the effects of fermentation on Maman 
leaves and stem. Moreover, the phenolic compounds 
and flavonoids content were determined (Table 3). 
The results demonstrated no significant effects 
of fermentation on the antioxidant activity of 
Maman and the fresh samples had slightly higher 
antioxidant activity. However, the phenolic and 
flavonoids contents were reduced more than 50% 
after the fermentation for the stem and leaves. The 
fresh leaves showed the highest total phenolic 
content, flavonoid content and FRAP, 83.51±2.32 
mg/g, 5.40±0.71 mg/g and 20.11±0.27 mg GAE/
mg, respectively. Meanwhile, highest DPPH 
value was observed for fresh stem that was 91.49 
± 0.02%. The antioxidants activity was slightly 

reduced after the fermentation for both stem and 
leaves. There is correlation between the phenolic 
and flavonoids content, and the antioxidant 
activity (Piluzza and Bullitta, 2011). The higher 
the phenolic and flavonoid content, the higher 
the antioxidant activity. The increased counts of 
anaerobic bacteria during fermentation require 
certain nutrient, phenolic and flavonoids are very 
good source for the anaerobic bacteria growth. The 
reduction of phenolic flavonoids compounds cause 
the slight reduction of the antioxidant activity of 
Maman leaves and stem (Adetuyi and Ibrahim, 
2014).
antibacterial activity
 The antibacterial activity of fresh and 
fermented Maman was evaluated to determine 
the effects of fermentation on the plant. The 
results showed very high antibacterial activity of 
fermented leaves and stem in comparison to the 
fresh samples (Table 4). The fermented leaves 
inhibited the growth of S. Typhimurium, E. coli, 
and S. aureus for more than 94%. The fermented 
stem inhibited the growth of S. Typhimurium, 
E. coli, and S. aureus for almost 88%, 80%, and 
91%, respectively. On the other hand, the fresh 
samples of Maman stem and leaves showed very 
low antibacterial activity which is below 50%. 
Organic acids including lactic acid are the main 
compounds produced by LAB and they very 
strong antimicrobial agents associated with many 
fermented foods and can enhance the shelf life 
(Reis et al., 2012). Thus, it is observed by the pH 
value of fermented Maman that was significantly 
dropped after the fermentation. Moreover, 
LAB utilizes several phenolic compounds and 
flavonoids for their growth requirements and 
stimulating the production of volatile phenols 
with strong antibacterial activity (Silva et al., 
2011). This is the reason of decreased phenolic 
content after fermentation and the occurrence of 
growth inhibition towards selected food-borne 
pathogens. The other factor that enhanced the 
antibacterial activity is the bioactive peptides that 
are generated by LAB proteolytic enzymes that 
hydrolyze complex proteins into biologically active 
peptides. In previous studies, the fermentation of 
several plant-based materials reported to increase 
the antibacterial activity due to the enzymatic 
activity of LAB (Borresen et al., 2012). 
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ConClusions

 The natural fermentation process 
significantly influenced Maman leaves and stem. 
The color of the fermented Maman was darker 
than fresh samples because of the incubation 
temperature and the production of organic acids. 
The protein, fiber, and carbohydrates contents were 
decreased after fermentation while ash content was 
increased. The pH value of fermented Maman was 
low due to the production of organic acids by LAB 
during fermentation. Fresh and fermented Maman 
demonstrated strong antioxidant activity while the 
phenolic and flavonoids content was 50% reduced 
during fermentation. The fermentation enhanced 
the antibacterial activity by two folds. The results 
indicate that natural fermentation improved the 
nutritional qualities and biological activity of 
Maman. It is recommended that future work should 
be carried out to identify the nutrients contents 
and the antibacterial related compounds to further 
explore the health benefits of fermented Maman.
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