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Abstract

The Dayak’s Tribes in West Kalimantan of Indonesia uses the leaves of san-sangk (Albertisia
papuana Becc.) as one of the seasoning ingredients. The leaves are known to contain gallic and
glutamic acid, which are important chemical compounds for human health. Various extraction
methods using solvents have been used to produce gallic and glutamic acid. Commercially,
fermentation methods are preferred to use tannase from microbial for hydrolysis of tannins to produce
gallic acid with glutamic acid as a by-product. Enzyme activity is strongly influenced by the condition
of its enzymatic process conditions, especially pH and temperature. Therefore, the conditions of the
research are carried out at certain pH and temperature conditions. The purpose of this research is to
find conditions of hydrolysis to produce a crude extract which is rich in gallic acid and glutamic acid
using commercial tannase. The research was applied factorial design, combination between the
temperature (30; 35; 40°C) and pH (5; 5.5; 6). The observed variables: yield, total phenolic (as mg
GAE/g) and total free amino acids (as glutamic acid). The results showed that the combination of
temperature and pH affected the yield, total free amino acids and total phenolic. The highest yield
and total phenolic, produced from incubation at 35°C and pH 5 and the highest total free amino acids
which produced at 35°C and pH 6.0. This is important to explain that A. papuana Becc. leaves is very
potential to be developed using enzyme hydrolysis to produce of gallic acid and glutamic acid.
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INTRODUCTION
The san-sangk leaves (Albertisia papuana Becc.) is
widely known as flavoring food (flavor enhancer) which
is used as a seasoning in the Ethnic Dayak community
in most of Borneo Island (West, Central and East
Kalimantan of Indonesia). Albertisia papuana Becc.
leaves have been known to contain gallic acid and
glutamic acid (Purwayanti et al. 2013a, 2013b).
Gallic acid is a compound that has antioxidant,
antimicrobial, antifungal, antibacterial (Gustavo et al.
2018, Oyagbemi et al. 2016, Rosman et al. 2018, Wang
et al. 2017). Gallic acid in plants is available in free form
and bound by glucose esters. The bound form of gallic
acid is mostly in the form as tannin. Tannin compounds
that are rich in gallic acid are called gallotanin. This type
of tannin is generally in the form of gallic acid bound to
glucose or with alcohol sugar (sorbitol) (Hagerman
2002). When gallotanin was hydrolyzed it will produce
gallic acid and simple sugar (glucose) or alcohol sugar
(Natarajan 2009).
Gallic acid production methods according to
Banarjee et al. (2007), which became the most popular

choice of many industries and used the microbial
fermentation technique with tannase producer. This
technique has been either used microbes that producing
tannase or used tannase directly (Belur and Pallabhanvi
2011, Nallabilli 2016). Enzymes maximum catalytic
activity is highly dependent on temperature and pH
(Oueslati and Mounirhaouala 2014). Tannase activity
depends on the operating conditions such as
temperature and ph toas well as affected by source of
microbes (Battestin and Macedo 2007, Iqbal and Kapoor
2012, Silvestre et al. 2012) and carbon source (El-Fouly
et al. 2012, Gaur et al. 2017).
Glutamic acid is an amino acid that gives a major
contribution to the taste of umami; the fifth basic taste
(Ghirri and Bignetti 2012), which has the taste
perception of savory and delicious. Foods that are rich
in glutamic acid also have a strong umami flavor. In the
body, the function of glutamic acid is as an energy
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Notes: t = temperature; t1= 30°C; t2 = 35°C; t3 = 40°C
p = pH; p1 = 5; p2 = 5.5; p3 = 6

Fig. 1. The yields of different combination treatments of hydrolysis A. papuana Becc. leaves by using tannase. Mean
(standard deviation); n =3. The Average value that is followed by same letter is insignificantly different in BNJ 0.05 test

producer in the intestine (Burrin and Stoll 2009), also
plays an important role in neurotransmitter (Bauer and
Robinson 2012).
The method of extracting gallic acid and glutamic
acid from A. papuana Becc. leaves has never been
using enzyme hydrolysis. It is necessary to be explored
in order to produce the crude extract which rich in gallic
acid and glutamic acid by using commercial tannase.

MATERIALS AND METHODS
Material and Chemicals
San-sangk leaves were bought from Sekais Village,
Jelimpo, Landak District, West Kalimantan (Indonesia).
Tannase (Aspergillus sp) was purchased from Dideu
Industrial Group Limited, Shaanxi (China), 80% (v/v),
meanwhile ethanol, Folin-Ciocalteu reagent, 0.1 N
NaOH, Na2 CO3, standard gallic acid, citrate buffers
(citric acid and sodium citrate), standard glutamic acid,
ninhydrin reagent, were obtained from Sigma-Aldrich
p.a. grade (Singapore).
Equipment
Stirrer, spectrophotometer, incubator, pH meters,
analytical scales, a 100 mesh sieve.
Research Design
The study was conducted using factorial designs (2
factors); incubation temperature (t) at levels 30, 35, 40oC
and pH (p) at level 5; 5.5; 6. So there were 9
experimental unit combinations and every combination
is repeated 3 times.
Preparation of Hydrolysis of San-Sangk
Leaves
The san-sangk leaves were dried for 1 month at room
temperature, ground into powder and sieved with a size
of 100 mesh. The hydrolysis of san-sangk leaves
powder using modified of (Karamac et al. 2006) in which
the ratio the material and citrate buffer was 1:20 (g/ml)
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while with tannase had been used as much as 5%. The
mixture sample with tannase was incubated at the
temperature conditions of 30, 35, 40oC and pH of 5; 5.5;
6 for 72 hours. The incubation results were filtered and
stored in cold temperature for 24 hours to separate the
solids and the supernatant and then to be analyzed
using a spectrophotometre.

Analysis of Hydrolysis Products
The products of tannins hydrolysis were analyzed by
spectrophotometric method, except the yield (Hartanti et
al. 2003). The observed variables: total phenolics
(Farhan et al. 2012), total free amino acids (Khokhani et
al. 2011).
Data Analysis
All experiments were carried out in triplicate. The
data was analyzed using F test, continued with BNJ test
with extent error 5%.
RESULTS AND DISCUSSION
Yield
Data analysis with ANOVA shows that there is strong
effect of the combination of temperature and pH
operating incubation on the yield of crude extract
(p>0.05), continued to BNJ test. The presence of
interaction between temperature and pH means that the
yields changes for different pH depends on the
temperature. Similarly, the yields changes for different
temperatures depends on pH. The yield of the hydrolysis
of A. papuana Becc. leaves using tannase can be seen
from Fig. 1.
During 72 hours of incubation hydrolysis there was
an increase in the yield compare than to the one without
incubating. The level of the yield have been found to
increase from 6 to 31%, it means the incubation has
been able to fold 5 times. The trend of yield data shows
that it is increasing at 35°C and decreasing again at
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Notes: t = temperature; t1= 30°C; t2 = 35°C; t3 = 40°C
p = pH; p1 = 5; p2 = 5.5; p3 = 6

Fig. 2. The total phenolics of different combination treatments of hydrolysis A. papuana Becc. leaves by using tannase.
Mean (standard deviation); n =3. The Average value that is followed by same letter is insignificantly different in BNJ 0.05
test

40°C and getting decreasing along with increasing of
pH. This is due to the incubation process with the
addition of heat to help improve the extraction process,
as the temperature is one factor that can affect the rate
of extraction. The fastest reaction occurs at optimum
temperature. The yield result ranged from 14.17% 31.29%. The highest yield was obtained from the
temperature conditions of 35oC and pH of 5 with a yield
of 31.29%.

Total Phenolics
Total phenolics test was calculated as gallic acid
equivalent which represents the mg GAE obtained from
1 g of dried leaves. Data analysis with ANOVA shows
that there is strong evidence effect of the combination of
temperature and pH during the incubation on the total
phenolics of crude extract (p>0.05), continued with BNJ
test. The presence of interaction between temperature
and pH means that the total phenolics changes for
different pH depends on the temperature. Similarly, the
total phenolics changes for different temperatures
depends on pH. The total phenolic content of the result
of hydrolysis of A. papuana Becc. leaves can be seen
from Fig. 2.
Trend data of total phenolic show that from 30°C
there is increase in temperature at 35°C and decreased
again at 40°C along with increasing of pH. During 72
hours of incubation hydrolysis there was an increase in
total phenolics from san-sangk leaves extract compared
to the without incubation. The average level of total
phenolics has been found to increase from 0.5 to 5 mg
GAE/g, which means 10 times fold. This explains that
hydrolysis of tannins into gallic acid were ancountered.
The total phenolics produced ranged from 3.2 to 5.02 mg

GAE/g during 72 hours incubation. The higher the pH,
the lower the total phenolics would be.
According to Yeni et al. (2014), the higher of
phenolics levels are highly dependent on the ratio of
ingredients and solvents, extraction time, also extraction
method. The type of tannase used also greatly affected
the results and in this research commercial tannase was
used from Aspergillus sp. This can be seen also from the
results of the study reported by El-Fouly et al. (2012).
Gallic acid production using extracellular tannase
(added) from A. niger AUMC 4301 in several types of
food industry waste, showed that at 12 hours it had
increased tamarind total phenolics from 0 to 3 mg/g,
while in olive mill from 0 to 20 mg/g for the same 12
hours, meanwhile in peat moss that from 0 to 268 mg/g
for 18 hours. In this research the total phenolic results
were still low. While if we compared results of Hong et
al. (2013) that using mixed commercial tannase and
viscozyme (Aspergillus sp and A. oryzae) on green tea
extract to release phenolic compounds, our total
phenolic (3.2 to 5.02 mg GAE/g during 72 hours
incubation) was not different than to that results (4.01±
0.13 mg/ml or ± 4mg GAE/ml) in successive 20 min
treatments.
This might be due to the incubation did not being
conducted by using other additives which were generally
increasing tannase activity (El-Fouly et al. 2012, Selwal
et al. 2011) explained that the degradation or hydrolysis
of tannins by tannase is strongly influenced by additives
(metal salts) which added in the substrate to increase
tannase activity. Another factor that can also affect the
low result during incubation is stirring. This technique
can increase the reaction rate of enzyme. Stirring or
agitation one of the key parameter in the effective use of
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Notes: t = temperature; t1= 30°C; t2 = 35°C; t3 = 40°C
p = pH; p1 = 5; p2 = 5.5; p3 = 6

Fig. 3. The total FAA of different combination treatments of hydrolysis A. papuana Becc. leaves by using tannase. Mean
(standard deviation); n =3. The Average value that is followed by same letter is insignificantly different in BNJ 0.05 test

the enzyme (Oueslati and Mounirhaouala 2014,
Mussatto et al. 2008). In this research, stirring was not
carried out during incubation because the conditions of
the incubator were closed and there was no direct
equipment system with automatic stirrer from outside the
incubator.

Total of Free Amino Acids (FAA)
The main contribution of umami flavor comes from
glutamic acid, so that the standard used in the evaluation
is glutamic acid. This is also done because A. papuana
Becc. leaves has been known contains free glutamic
acid based on Purwayanti et al. (2013b) and Mayasari
(2013). Data analysis with ANOVA shows that all
combination treatments show the significantly different
average total FAA. So that there is strong evidence of
the effect of the combination of temperature and pH on
the operating conditions of incubation on the total FFA
of crude extract (p>0.05), continued with BNJ test. The
presence of interaction between temperature and pH
means that the total FAA changes for different pH
depends on the temperature. Similarly, the total FAA
changes for different temperatures depends on pH. The
total content of FAA resulting from the hydrolysis of A.
papuana Becc. leaves using tannase can be seen from
Fig. 3. During 72 hours of incubation hydrolysis there
was an increase in total FFA compared to the one
without incubation. The level of FFA has been found to
increase from < 40 to > 600 ppm, it means 15 times fold.
In general, the trend of total FAA shows a trend that is
inversely proportional to total phenolics. The total amino
acids produced ranged from 280.17 to 674.97 ppm. The
highest total production of free amino acids occurs at pH
of 6 temperature of 35°C with the value of 674.97 ppm.
Most research reports that one of sources of glutamic
acid comes from fermented products especially from
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fermented beans (Jinap and Hajeb 2010) that break
down proteins into free amino acids, mainly glutamic
acid (Nout and Aidoo 2010). However, there are no
reports that tannase from Aspergillus sp. can also
produce amino acid as by products. Some tannaseproducing microbes that can produce glutamic acids are
from Brevibacterium (Nampoothiri and Pandey 1999),
Lactobacillus plantarum (Zarein et al. 2012) and Bacillus
subtilis and B. lecheniformis (Lawal et al. 2011).
According to Purwayanti et al. (2013b), free glutamic
acid of A. papuana Becc. leaves could be extracted in
phosphate buffer solutions (pH 5-8) with the highest
result at pH 5. The glutamic acid was not detected using
HPLC in crude water extract (Purwayanti et al. 2013b) at
pH 4-5, this may be caused by the small sampel size. In
Tris HCl buffer solution (pH 8.0) amino acid polar was
not detected too. It may be caused by the fouling occurs
when the membrane filtration processes was done by
using PES membrane material (Purwayanti et al. 2015).
Besides that, Nofiyanti et al. (2012) reported that
protease enzymes naturally available on san-sangk
leaves. The nature of this enzyme is to hydrolyze
proteins into amino acids, such as glutamic acid. That
research concluded that optimal protease works at 50oC,
while at 30, 40 and 60oC the activity is low. Because the
temperature applied of this research were 30-40oC,
hence glutamic acids formed was relatively low.

CONCLUSION
There was no report till date on gallic acid and
glutamic acid-rich extract production by enzyme on
Albertisia papuana Becc. Hence, in the present work has
been taken up with a view of exploring the possibilities
of using A. papuana Becc. leaves as a substrate for
gallic acid and glutamic acid-rich extract production by
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tannase commercial (industrially important enzyme).
The result showed that temperature and pH combination
affected the yield, total phenolic as a gallic acid and free
amino acid as a glutamic acid. In the future, we are
interested to scale up the production of gallic and
glutamic acid from A. papuana Becc. leaves by using
tannase combined with separation methods.
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