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ABSTRACT Hydrolysis of polysaccharides can increase biological activity by changing the structure of polysaccharide 
functional groups and reducing molecular weight. Enzyme hydrolysis is an environmentally friendly hydrolysis method 
because it does not form toxic by-products. Lactobacillus plantarum can produce amylase and cellulase enzymes, which 
can be used to hydrolyze C. racemosa polysaccharides. This research aims to determine the best fermentation time and 
starter concentration in the C. racemosa polysaccharide hydrolysis process and the C. racemosa glucose concentration 
before and after fermentation. The research was divided into phases: phase I and II. The fermentation time in Phase I is 
six days, while in Phase II, it is 48 hours. The starter concentrations used are 0%, 5%, and 10%. The analysis showed that 
differences in starter concentration and fermentation time caused changes in the total values   of LAB, TTA, pH, reducing 
sugar and glucose concentration. The best treatment was shown by adding 5% starter with a fermentation time of 24 
hours.
Keywords: C. racemosa; fermentation; hydrolysis; L. plantarum

INTRODUCTION 
Seaweed is high in polysaccharides, widely used in chem-
istry, food, pharmaceuticals, and cosmetics, among 
other industrial fields. Polysaccharides are complex mol-
ecules composed of several monosaccharide units con-
nected via glycosidic bonds (Muthukumar et al., 2021). 
Polysaccharides can be composed of the same monosac-
charide units (homopolysaccharides) or from different 
monosaccharide units (heteropolysaccharides) (Hentati 
et al., 2020). Seaweed polysaccharides have various bi-
oactive compounds that can be used for human health. 
These compounds have broad biological activities such 
as antioxidant, antitumor, antimicrobial, anticoagulant, 
antiviral, anti-inflammatory, and immunomodulatory ac-
tivities (Charoensiddhi et al., 2017).

Caulerpa racemosa is a seaweed classified as a group of 
green algae (Chlorophyta), commonly called sea grapes 
(Kusumawati et al., 2018). The nutritional content of C. 
racemosa seaweed is 21.7% protein, 8.6% fat, 20.9% 
ash, 48.6% carbohydrates, and 8.4% crude fiber. Carbo-
hydrates have the highest nutritional value in C. racemo-
sa, most of which are sulfated polysaccharides (Ma’ruf 
et al., 2013). Sulfated polysaccharide from Caulerpa 
racemosa (SPCr) has water-soluble properties (Wang et 
al., 2014). It is classified as a heteropolysaccharide be-
cause it is composed of several monosaccharide units 
such as glucose (52.42%), galactose (15.62%), mannose 
(12,61%), xylose (8.21%), and fucose (1,30%) (Magdu-
go et al., 2020). The sulfated polysaccharide of Cauler-
pa racemosa has been widely reported to have several 
biological activities such as antioxidant, antiobesity, an-
ticancer, antitumor, and antiaging (Permatasari et al., 
2021). Nurkolis et al. (2023) reported that the SPCr has 
strong antioxidant activity because it has a lower EC50 
value (93.81 μg/ml) compared to the EC50 value of the 
positive control trolox (102.5 μg/ml).

Seaweed polysaccharides are known to have a complex 
structure and high molecular weight (10-1000 kDa), so 
a hydrolysis process is needed so that their biological ac-
tivity can be increased. Hydrolysis can increase biological 
activity by modifying the structure of functional groups 
and reducing molecular weight (Charoensiddhi et al., 
2017). According to (Li et al., 2018), ulvan fraction with 
a molecular weight of 83 kDa had stronger antioxidant 
activity than the ulvan with a larger molecular weight of 
190 kDa. Hydrolysis of seaweed polysaccharides can be 
carried out physical, chemical, biological (enzymes), or in 
combination (Mutmainnah et al., 2023). Hydrolysis using 
enzymes is considered more environmentally friendly be-
cause it does not form toxic by-products but has a high-
er conversion efficiency (Offei et al., 2018). Agar waste 
from seaweed Gracilaria sp. hydrolyzed with cellulase en-
zymes had a glucose concentration of 28.8 g/L. This con-
centration is higher than acid hydrolysis, which produces 
glucose of 0.85 g/L  (Pabriani, 2022).

Amylase and cellulase are the enzymes that are utilized 
in the hydrolysis of seaweed polysaccharides. These two 
enzymes can be obtained naturally by fermentation or 
commercially. Cellulase and amylase enzymes are two 
enzymes naturally secreted by cellulolytic and amylo-
lytic bacteria, such as Clostridium, Bacillus, RuL. plan-
tarum bacteria include lactic acid bacteria (LAB), which 
can produce cellulase enzymes with an enzyme activity 
of 0.054 U/ml at pH 7 and a temperature of 65°C (op-
timum). The resulting cellulase enzyme activity index 
ranges from 1.24 to 1.98, which is classified as moder-
ate (Putri, 2016). L. plantarum bacteria can also produce 
amylase enzymes with enzyme activities ranging from 
0.403−0.641 U/ml at pH 5−8 (Khusniati et al., 2020). 
L. plantarum SK (5) is a Gram-positive bacterium isolat-
ed from bekasam seluang fish (Rasbora sp.) originating 
from Kayu Agung Village, Ogan Komering Ilir Regency, 
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South Sumatra (Desniar et al., 2012).

Hydrolysis of seaweed polysaccharides by physical, 
chemical, and enzymes (commercially) has been wide-
ly researched and developed. However, using enzymes 
produced by microorganisms through the fermentation 
process has yet to be widely used. Therefore, this re-
search examined the characteristics of glucose produced 
through hydrolysis of C. racemosa seaweed polysaccha-
rides by fermentation by L. plantarum SK bacteria (5). 
This research was also carried out to obtain optimal fer-
mentation time and concentration of L. plantarum SK (5) 
bacteria with the best characteristics.

MATERIALS AND METHODS 
Materials 
The material used in this research was green seaweed 
C. racemosa obtained from Jepara, Central Java. The 
starter used in fermentation was the bacterial isolate L. 
plantarum SK (5), which was isolated from bekasam sel-
uang fish (Rasbora sp.) from Kayu Agung Village, Ogan 
Komering Ilir Regency, South Sumatra. The additional 
ingredients used are bacteriological peptone (Oxoid) 
and glucose monohydrate (Merck). The equipment used 
in this research consisted of a 100 ml Schott bottle, pH 
meter (Walklab TI9000), Thomas-Wiley Laboratory Mill, 
centrifuge (Beckman J2-21), autoclave (Yamato SM 52), 
incubator (Thermolyne type 42000 incubator), homoge-
nizer (Nissei AM-3, HPLC instrument (LC-20AB, refractive 
index detector RID-10A), and spectrophotometer UV-Vis 
(Hitachi U-2800).

Methods
Research design 
Two phases comprise this research. Determining the sea-
weed C. racemosa fermentation period is the goal of the 
phase I research. Total LAB, Total Titratable Acidity (TTA), 
pH, and reducing sugar values in fermented C. racemosa 
seaweed (fermentation period of six days) were analyzed 
to determine the duration of fermentation. Phase I re-
search consisted of several processes: preparing C. race-
mosa seaweed raw materials, preparing L. plantarum SK 
(5) starter, and determining the fermentation time 
for C. racemosa seaweed. Phase II research aims to see 
the effect of differences in L. plantarum SK (5) starter 
concentration and selected fermentation time on 
microbiological and chemical characteristics. In phase II 
research, 48 hours was the fermentation period. Phase 
II research consisted of one process: fermentation of C. 
racemosa seaweed at selected fermentation times.

Sample preparation 
Samples of green seaweed C. racemosa were washed to 
remove dirt attached to the seaweed and dried indoors 
for 7 days. The dried C. racemosa samples were ground 
using a Thomas-Wiley Laboratory Mill-type grinding ma-
chine.

Preparation of bacterial culture 
Isolate L. plantarum SK (5) was grown on MRSA slant 
media. The growth isolates were characterized by 
performing Gram staining, motility tests, and catalase 
tests. The characterized isolate was then inoculated 
into 15 ml MRSB medium and incubated at 37 oC for 24 

hours. 10% inoculum was then added to 135 ml of MRSB 
working culture. The working culture is then placed back 
into the incubator in a closed container.

Determination of selected times of C. racemosa 
fermentation 
Fermentation of C. racemosa seaweed according to 
Rafiquzzaman et al. (2015) with modification. As much as 
5 g C. racemosa powders were put into a Schott bottle. 
The sample was added with 5% (w/v) glucose, 0.8% 
(w/v) peptone, and 1:20 distilled water. Samples were 
sterilized using an autoclave for 15 minutes at 121oC. 
Starter bacteria L. plantarum SK (5) as much as 5% and 
10% (v/v), were inoculated into different Schott bottles. 
In phase I of the research, a control treatment (without 
a starter) was added as a comparison. Samples were 
incubated at 37°C for 6 days and analyzed on days 0, 3, 
and 6 at each L. plantarum SK (5) starter concentration. 

Fermentation of C. racemosa seaweed with selected 
fermentation time 
Fermentation of C. racemosa seaweed with the selected 
fermentation time was carried out based on research by 
Ambarsari et al. (2018) with modifications. In this phase 
II study, 5 g of powdered C. racemosa seaweed was add-
ed to a Schott bottle along with 5% (w/v) glucose, 0.8% 
(w/v) peptone, and 1:20 distilled water. The autoclave 
sterilized the samples for 15 minutes at 121oC. Differ-
ent Schott bottles were inoculated with varying concen-
trations of the starter bacteria L. plantarum SK (5) at 0%, 
5%, and 10% (v/v). Samples were incubated for 48 hours 
at 37°C. For every starting concentration, analyses were 
done at 0, 12, 24, 36, and 48 hours. The total LAB, pH, 
TTA, and reducing sugar values were used to determine 
a subset of fermentation samples. The selected sam-
ples were then centrifuged at 15,000×g for 15 minutes 
to separate the supernatant and pellet. The supernatant 
was pipetted and collected into a vial, and the glucose 
profile was analyzed using HPLC.

Total Microbes and Lactic Acid Bacteria (LAB) 
The calculation of total microbes and total LAB refers to 
SNI 2332.3:2015. The media used were PCA for total mi-
crobial testing and MRSA added with CaCO3 0.5% sterile 
for testing total LAB. A sample of 10 ml was dissolved in 
90 ml of sterile Butterfield’s buffered phosphate (BPB) 
to obtain a 10-1 dilution. 1 ml of the solution was pipet-
ted and put into a test tube containing 9 ml of sterile BPB 
solution for a 10-2 dilution. This process was carried out 
until the dilution was 10-8. A sample of 1 ml was pipet-
ted at each dilution (10-6, 10-7, and 10-8) and put into a 
petri dish, then 6-7 ml of PCA/MRSA media was poured 
into a cup containing the sample and then homogenized. 
Samples were incubated in an incubator at 37oC in an in-
verted position for 48 hours. The total number of bacteria 
was counted (25–250 colonies) and expressed in CFU/
ml (BSN, 2015). The calculation formula used is as fol-
lows:
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Note:
N = Number of colonies (colonies/ml)
∑C = Number of colonies on all plates was counted
n1 = Number of plates in the first dilution is counted
n2

  = Number of plates in the second dilution is counted
d = First dilution is calculated

Total Titratable Acidity (TTA)
Analysis of total titratable acidity using the AOAC method. 
Five grams of sample were added with 45 ml of distilled 
water and then homogenized. The sample was dissolved 
using distilled water in a volumetric flask until the 50 ml 
reading mark. The sample was filtered using filter paper 
and pipetted 5 ml into a beaker. Indicator solvent phenol-
phthalein (PP) 1% was added in 2 drops, then titrated us-
ing 0.1 N NaOH until the colour of the solution changed to 
pink (AOAC, 2005). Calculation of total acid is carried out 
using the formula:

Note:
W = Sample weight (mg)
V = Volume of NaOH used
N = Normality of NaOH
Fp = Dilution factor
90 = MW lactic acid

pH measurement 
Measurement of pH using a pH meter following SNI 
6989.11:2019. The measurement process begins with 
calibrating the electrode with a pH 7 solution and then 
drying the electrode using a soft tissue. The calibrated 
electrode is then dipped into the liquid sample as much 
as ±20 ml until the pH meter shows a stable number dis-
played on the pH meter screen (BSN, 2019).

Reducing sugars quantification using DNS (3,5-Dinitro-
salicylic Acid) assay
Analysis of reducing sugars was accomplished accord-
ing to Miller (1959) using DNS (3,5-dinitrosalicylate). 
The standard galactose solution was made in 1000 ppm 
and diluted to 500 ppm, then standard solution concen-
trations were made at 50, 100, 150, 200, 250, and 300 
ppm in different test tubes. 1 ml of solution was pipetted 
from each standard solution and mixed with 3 ml of DNS 
reagent. In addition, take 1 ml of sample solution and mix 
it with 3 ml of DNS. The sample was heated at 100oC for 
10 min until the colour changed to dark brown-black. The 
sample was measured at 512 nm absorbance using a 
UV-Vis spectrophotometer, and the reducing sugar con-
tent was calculated using the regression equation from 
the glucose standard curve that had been created.

Analysis of glucose and xylose using HPLC 
Glucose and xylose were analyzed using the High-Perfor-
mance Liquid Chromatography (HPLC) method according 
to AOAC (2006). The analysis begins by weighing 0.5 g 
of the sample and placing it in a 50 ml measuring flask. 
Aquabidest was added to the volumetric flask until the 
tera mark, then stirred until homogeneous. The sample 
solution was filtered using a 0.45 µm microfilter into a 2 
ml vial, after which it was injected into the HPLC. Mixed 
sugar standards (glucose and xylose) have been inject-
ed first into the HPLC with a concentration series, name-

ly, 0.01%, 0.025%, 0.05%, 0.10%, 0.25%, 0.50%, and 
1.00%.

Statistical analysis
Quantitative data on the analysis of total LAB, TTA, pH 
and reducing sugars in phase I and II research were pro-
cessed using Microsoft Excel 2019 to obtain average 
values   and standard deviations. Data is presented in 
the form of tables and graphs and analyzed descriptive-
ly. Glucose concentration data were processed statisti-
cally using ANOVA analysis of variance. The results that 
showed the differences are continued with the Tukey 
Test. Analysis was conducted using SPSS ver.27.

RESULT AND DISCUSSION
Characteristics of Bacterial Starter L. plantarum SK (5)
A starter culture is a material containing large amounts 
of microorganisms that are deliberately added to the 
fermentation raw material to speed up the fermentation 
process and improve the characteristics of the fermenta-
tion raw material. The microorganisms contained in start-
er cultures are generally known for their metabolic activ-
ity in producing final fermentation products (Abubakar et 
al., 2019). The starter used in this research was L. plan-
tarum SK (5), which comes from the seluang fish (Rasbo-
ra sp.). L. plantarum is a LAB commonly used as a starter 
in fermented products. The results of the Gram staining 
of L. plantarum SK (5) bacteria can be seen in Figure 1.

The Gram staining results showed that L. plantarum SK 
(5) bacteria are Gram-positive bacteria and have a rod 
cell shape. Catalase and motility tests on L. plantarum 
SK (5) bacteria showed negative results and were non-
motile. These results follow research by Desniar et al. 
(2012), which states that the bacteria L. plantarum SK 
(5) has the characteristics of being Gram-positive, rod-
shaped, does not produce spores, is non-motile, and is 
negative in the catalase test. L. plantarum SK (5) bacte-
ria are classified as homofermentative because they can 
produce organic acids in formic acid, fumaric acid, acetic 
acid, oxalic acid, lactic acid, and ascorbic acid. 

Figure 1.  Gram stain of L. plantarum SK (5) bacteria 
(10x100 magnification).

The number of L. plantarum SK (5) bacterial colonies 
used as a starter in phase I research was 9.35 Log CFU/
ml, while in phase II research was 9.24 Log CFU/ml. The 
quantity of colonies is in accordance with studies con-
ducted by Oliveira et al. (2002), which indicate that 107 
CFU/ml of bacterial colonies can be utilized as a starting.

Total Lactic Acid Bacteria (LAB)
L. plantarum SK (5) is a LAB that plays a role in the 
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fermented C. racemosa. The adaption, log, stationary, 
and death phases comprise L. plantarum SK (5) bacte-
ria’s growth phase. Each phase that occurs shows chang-
es in the physiological activity of cells in the media during 
growth. Changes in total LAB of fermented C. racemo-
sa can be seen in Figure 2. 

Figure 2.  Changes in total LAB of fermented C. race-
mosa in research phase I (a) and phase II (b) 
with treatment without adding starter (0%)  
(▲), 5% starter (♦), and 10% starter (●). 

The results of the total LAB analysis in phase I of the re-
search showed that the treatments with the addition of 
5% and 10% starter had relatively the same pattern of 
change, namely decreasing during the six-day fermenta-
tion. The decrease in lactic acid bacteria (LAB) is caused 
by the bacteria having passed the stationary phase and 
entered the death phase. These results showed that the 
logarithmic phase occurred before the third day of fer-
mentation, so phase II research was carried out with a 
fermentation time of two days (48 hours). The results of 
total BAL analysis in phase II research showed different 
patterns of change in each treatment. The total amount 
of LAB with the addition of 5% starter increased up to a 
fermentation time of 24 hours to 8.89 log CFU/ml (up 
8.9%), then decreased with a fermentation time of 48 
hours to 8.12 log CFU/ml (down 6, 2%). The addition of 
10% starter increased up to 12 hours of fermentation to 
8.91 log CFU/ml (up 5.2%), then fell to 8.13 log CFU/ml 
(down 8.8%) at 48 hours of fermentation (Figure 2).

The increase in total LAB during the fermentation of C. 
racemosa grass was caused by bacteria in the logarith-

mic phase. Environmental conditions and the availability 
of sufficient amounts of nutrients influence the logarith-
mic phase of bacteria. Adding glucose and peptone as 
carbon and nitrogen sources also helps LAB growth. The 
higher the nutritional content in the fermentation sub-
strate, the greater the number of lactic acid bacteria that 
grow (Agustine et al., 2018). The decrease in the number 
of LAB is due to the reduced availability of nutrients for 
bacterial growth, in addition to the accumulation of lac-
tic acid formed during the fermentation process, causing 
the environmental pH to become too acidic. Environmen-
tal conditions that are too acidic can inhibit the growth of 
lactic acid bacteria (Silitonga et al., 2022).  

In phase I of the research, total microbial analysis was 
carried out in the treatment without adding a starter (0%). 
This analysis aims to ensure that the bacteria that work 
in the fermentation of C. racemosa seaweed are L. plan-
tarum SK (5) bacteria. The total number of microbes that 
grew in the control treatment during 6 days of fermen-
tation was 2.5 x 105 CFU/ml. In phase II research, total 
LAB analysis was also carried out using MRSA selective 
media in the treatment without adding a starter (0%). The 
results of total LAB analysis in the treatment without add-
ing 0% starter showed an increase during 48 hours of fer-
mentation from 2.82 log CFU/ml at the start of fermenta-
tion to 4.57 log CFU/ml at 48 hours of fermentation. The 
results of this analysis show that microorganisms grow 
on the C. racemosa substrate after the sterilization pro-
cess. The bacteria that grow are thought to be spore-pro-
ducing bacteria or thermophilic bacteria. Spore-produc-
ing bacteria are bacteria that produce spores to protect 
themselves in extreme conditions. Bacterial spores are 
more resistant to heat and can develop into new individu-
als when they meet environmental requirements and the 
appropriate amount of nutrients (Mailia et al., 2015). C. 
racemosa seaweed has a carbon source in polysaccha-
rides, which can encourage the growth of bacteria that 
can utilize it (Yap et al., 2019).

The results of bacterial isolation from C. racemosa sea-
weed originating from Jepara Waters, Central Java, show 
that there are bacterial isolates that are similar to Cald-
alkalibacillus mannanilyticus (Kartika et al., 2021). C. 
mannanilyticus bacteria are Gram variable, motile, aer-
obic, spore-forming, catalase positive, mesophilic, and 
form round yellow colonies. This bacterium was isolated 
from soil in Kunitachi City, Tokyo, Japan. C. mannanilyti-
cus bacteria have a cell length of 3−6 µm with a width of 
0.6−0.8 µm. The growth temperature for this bacterium 
ranges between 20-45°C, with an optimal growth tem-
perature of 37°C, while the growth pH ranges from 8-10, 
with an optimal pH 9 (Nogi et al., 2005). The bacterium C. 
mannanilyticus was initially named Bacillus mannanilyti-
cus (Gupta et al., 2020)

Total Titratable Acidity (TTA) and pH Value
The two main chemical parameters that indicate wheth-
er the fermentation process is successful are total titrat-
ed acid and pH levels. The amount of acid in a material 
is known as total titrated acid (TTA). The concentration 
of hydrogen ions (pH value) represents a solution’s acid-
ity level (Anwar et al., 2014). TTA content and pH value 
tend to change during fermentation, and the values are 
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inversely proportional. Changes in TTA and pH values of 
fermented C. racemosa can be seen in Figure 3.

TTA content in phase I research increased in all treat-
ments from day 0 to day 6. TTA levels at the end of fer-
mentation in each treatment were 1.2% (without a start-
er), 1.4% (5% starter), and 1.5 (10% starter). An increase 
in TTA content was followed by a decrease in pH values 
during six days of fermentation. The pH value in all treat-
ments tended to decrease until the third day of fermen-
tation and began to remain constant on the sixth day of 
fermentation. These results indicate that a decrease in 
the optimal pH value occurred before day three, so phase 
II research was carried out. 

Figure 3.  Changes in total titrated acid (- - -) and pH (——) 
of fermented C. racemosa in research phase I 
(a) and phase II (b) with treatment without add-
ing starter (0%) (▲), 5% starter (♦), and 10% 
starter (●). 

The results of TTA analysis in phase II research showed 
that TTA levels increased in each treatment, namely 
0.41% (starter 0%), 1.40% (starter 5%), and 1.42% (10% 
starter) up to 48 hours of fermentation. The highest in-
crease in TTA levels was shown by adding 5% and 10% 
starter, amounting to 1.2% and 1%, respectively. Increas-
ing TTA levels during the fermentation process causes 
changes in environmental pH to become acidic and re-
duces the pH value during the fermentation process. The 
pH value of C. racemosa seaweed fermentation in phase 
II research with treatment without adding starter (0%) 
was 7.14–4.82 at the end of fermentation, while the pH 
value when adding 5% and 10% starter was 6, respective-

ly. 3–3.29 and 4.99–3.24.

The increase in TTA levels was caused by bacterial activ-
ity utilizing C. racemosa seaweed carbohydrates as an 
energy source to produce lactic acid. The increase in TTA 
levels was followed by an increase in total LAB during 48 
hours of fermentation (Figure 3b). Research by Susilo-
wati et al. (2014) explained that bacteria will convert glu-
cose into organic acids in large quantities, so an increase 
in the amount of LAB causes higher lactic acid produc-
tion. The process of forming lactic acid by bacteria begins 
by converting glucose into two pyruvic acid molecules, 2 
NADH and 2 ATP, through glycolysis. Two molecules of 
pyruvic acid are then converted into lactic acid by the en-
zyme lactate dehydrogenase.

The decrease in pH value was caused by the accumula-
tion of lactic acid products produced by L. plantarum SK 
(5) bacteria during C. racemosa fermentation. L. plantar-
um bacteria can convert carbohydrates or sugar into lac-
tic acid (primary metabolite) (Sumardianto et al., 2021). 
Desniar et al. (2012) explained that during fermentation, 
the bacteria L. plantarum SK (5) can produce lactic acid 
and acetic acid as the dominant organic acids, changing 
the environmental pH to acidic. The research results of 
Ambarsari et al. (2018) regarding the fermentation of 
Ulva lactuca seaweed with L. plantarum bacteria as a 
starter showed that the longer the fermentation time, the 
pH value decreases because bacteria produce lactic acid 
as a product of their metabolism.

The increase in TTA levels and decrease in pH values in 
the treatment without the addition of starter (0%) was 
caused by bacteria that grew in the C. racemosa sub-
strate after the autoclave sterilization process, which 
is a bacteria that can utilize carbohydrates as a carbon 
source to produce several organic acids. Research by 
Kartika et al. (2021) explained that the results of bacte-
rial isolation from C. racemosa seaweed showed bacte-
rial isolates similar to the C. mannanilyticus bacteria. 
Research by Nogi et al. (2005) reported that the bacteria 
C. mannanilyticus could produce acid by fermentation of 
the monosaccharides glucose, mannose, galactose, and 
xylose.

Reducing Sugar Concentration 
Reducing sugar is a sugar that can reduce compounds 
that accept electrons and have an aldehyde or α-hydroxy 
ketone group at their tip. All types of monosaccharides 
(glucose, xylose and galactose) and disaccharides (lac-
tose and maltose), except sucrose as a reducing sugar 
(Afriza & Ismanilda, 2019). Fermentation of C. racemo-
sa with L. plantarum SK (5) causes changes in reducing 
sugars. These changes result from the hydrolysis process 
of polysaccharides into monosaccharides and the use of 
monosaccharides as a source of nutrition for bacterial 
growth. Changes in reducing sugars concentration of fer-
mented C. racemosa can be seen in Figure 4. 
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Figure 4.  Changes in reducing sugar concentration of 
fermented C. racemosa in research phase I (a) 
and phase II (b) with treatment without adding 
starter (0%) (▲), 5% starter (♦), and 10% 
starter (●). 

The results of the reducing sugar analysis in phase I re-
search showed the same pattern of changes in all treat-
ments. The concentration of reducing sugars in each 
treatment increased during three days of fermentation 
and then decreased during six days of fermentation. The 
highest increase in concentration (61%) occurred in the 
5% starter addition treatment, from 23 g/L to 37.1 g/L 
in 3 days of fermentation. The treatment without adding 
starter (0%) saw the largest reduction in reducing sugar 
concentration (33%), from 43.9 g/L in 3-day fermenta-
tion to 29.5 g/L in 6-day fermentation. Phase II research 
was conducted by decreasing the fermentation time to 
48 hours because these results demonstrated that the 
highest increase in concentration happened before the 
third day of fermentation.

Phase II research results from reducing sugar analysis 
showed different types of change in each treatment. Af-
ter adding 10% starter, the reducing sugar content in-
creased at 12 hours of fermentation and decreased until 
48 hours. Different results were shown in the treatment 
without the addition of starter (0%) and the addition of 5% 
starter, which experienced an increase in reducing sug-
ar concentration up to a fermentation time of 24 hours 
and then a decrease until fermentation took 48 hours. 
The highest increase in reducing sugar concentration 
(20.2%) was shown in the treatment without adding a 

starter (0%) from 55 g/L to 66.2 g/L at 24 hours of fer-
mentation.

The increase in reducing sugar concentration is caused 
by the activity of enzymes produced by bacteria. Sulfat-
ed polysaccharides Caulerpa racemosa (SPCr) is com-
posed of several monosaccharide units such as glucose, 
galactose, xylose, and mannose connected by glycosidic 
bonds (Magdugo et al., 2020). The concentration of re-
ducing sugars will increase as the monosaccharides in 
SPCr are released when bacterial enzymes break down 
glycosidic bonds. According to research by Afoakwa et al. 
(2013), the increase in reducing sugar concentration is 
due to the activity of enzymes such as β-galactosidase, 
amylase, and cellulase, which hydrolyze polysaccharides 
into monosaccharides. Increasing the reducing sugar 
concentration during fermentation proves that L. plan-
tarum SK (5) bacteria can produce enzymes that degrade 
seaweed polysaccharides.

The decrease in reducing sugar concentration was 
caused by utilizing monosaccharides resulting from pol-
ysaccharide hydrolysis by LAB as an energy source for 
growth. L. plantarum bacteria use monosaccharides 
like glucose as an energy source during fermentation 
(Nagarajan et al., 2022). The decrease in reducing sugar 
concentration is also caused by the activity of enzymes 
produced by microorganisms during fermentation. Each 
type of enzyme has ideal conditions to hydrolyze its mol-
ecules. Enzyme activity is usually affected by pH, tem-
perature, and surfactants. Insufficient conditions lead to 
low levels of enzyme activity. The optimum conditions for 
the amylase enzyme activity produced by L. plantarum 
are 50°C and pH 7 (Khusniati et al., 2020). Putri (2016) 
also reported that the optimum conditions for cellulase 
enzyme activity produced by L. plantarum occurred at pH 
7 and a temperature of 65°C.

The concentration of reducing sugars in the treatment 
without adding a starter (0%) changed during the re-
search’s phase I and II. These changes are thought to 
be caused by the activity of enzymes produced by sym-
biotic bacteria from seaweed. C. mannanilyticus which is 
thought to be a symbiotic bacterium of C. racemosa can 
hydrolyze starch and mannan polysaccharides (Nogi et 
al., 2005). The decrease in reducing sugar concentra-
tion also proves that the bacteria growing on the product 
can ferment carbohydrates. Research by Warsidah et al. 
(2021) explained that the carbohydrate fermentation 
test results on bacterial isolates isolated from C. racemo-
sa seaweed showed positive results in the glucose, su-
crose, and mannitol tests. The bacteria were identified as 
coming from the genera Corynebacterium and Neisseria.

Sugar concentration of C. racemosa hydrolyzate
Sulfated polysaccharides Caulerpa racemosa (SPCr) 
comprise several monosaccharides such as glucose, 
galactose, and xylose. The highest monosaccharide 
content in SPCr was glucose at 52.42%, galactose at 
15.62%, and xylose at 8.21% (Magdugo et al., 2020). 
Fermentation can hydrolyze SPCr polysaccharides 
through enzyme activity produced by microbes. This 
process causes changes in the concentration of mono-
saccharides contained in C. racemosa. The glucose and 
xylose concentration in the physical hydrolysis and fer-
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mented (enzymatic) seaweed hydrolyzate is in Table 1.

The glucose concentration in the seaweed C. racemosa, 
which was physically hydrolyzed using an autoclave at 
121°C for 15 minutes, showed a glucose concentration 
of less than 2 g/L and a xylose concentration of less than 
0.7 g/L. The glucose concentration in C. racemosa sea-
weed, which was enzymatically hydrolyzed by fermenta-
tion for a fermentation period of 24 hours, decreased as 
the added starter concentration increased. The highest 
glucose concentration was shown in the treatment with-
out adding a starter (0%) at 44.1 g/L, while the lowest glu-
cose concentration was shown in the 10% starter treat-
ment at 34.2 g/L (Table 1). 

The small concentrations of glucose and xylose in the 
physically hydrolyzed C. racemosa samples indicate 
that the hydrothermal hydrolysis process by autoclaving 
at 121°C for 15 minutes was not able to break the gly-
cosidic bonds entirely so that the monosaccharide units 
released were relatively small. Mutmainnah et al. (2023) 
reported that temperature and time influence the phys-
ical polysaccharide hydrolysis process. The higher the 
temperature and longer the hydrolysis time, the more 
influential the depolymerization process of C. racemosa 
seaweed polysaccharides will be. Research by Meillisa 
et al. (2015) reported that S. japonica seaweed, which 
was hydrolyzed using subcritical water at a temperature 
of 180°C with a pressure of 12.8 atm for 30-75 minutes, 
was able to produce a glucose concentration of 0.43 g/L, 
mannose 1.50 g/L, and gulose 9.80 g/L.

The difference in the addition of starter concentration in 
C. racemosa fermentation really influences the glucose 
concentration produced. Tukey’s advanced test results 
showed that the three starter concentration treatments 
differed significantly. The treatment without adding a 
starter (0%) showed a higher glucose concentration than 
adding 5% and 10%. The high glucose concentration 
is thought to be glucose added to the fermentation me-
dium. The high glucose concentration in the 0% starter 
treatment was also caused by differences in the number 
of bacterial colonies that grew. The number of bacterial 
colonies in the treatment without adding a starter (0%) 
with a fermentation time of 24 hours was 3.8 log CFU/
mL. This value was smaller than in the treatment adding 
5% and 10% starter, which had a total of bacterial colo-
nies, each 8.9 log CFU/mL and 8.7 log CFU/mL. A smaller 
number of bacterial colonies causes less glucose to be 
used as a carbon source (Gupta et al., 2011).

L. plantarum SK (5) bacteria used as a starter are clas-

sified as homofermentative bacteria (Desniar et al., 
2012). Homofermentative bacteria can convert more 
than 90% of glucose into lactic acid (Hutkins, 2006). 
Utami (2017) reported that the percentage of sugar 
consumption by L. plantarum SK (5) bacteria reached 
92.35%. Based on these results, it can be concluded 
that in the treatment of adding 5% and 10% starter, more 
than 90% of the glucose (around 45 g/L) added to the fer-
mentation medium was converted into lactic acid by the 
bacteria L. plantarum SK (5) so that the glucose that was 
detected Most of it was the result of hydrolysis of the SPCr 
polysaccharide. In contrast, in the treatment without add-
ing a starter (0%), most of the glucose detected was glu-
cose added to the fermentation medium.

CONCLUSION AND RECOMMENDATION
Conclusion
Different starter concentrations and fermentation times 
influence total LAB, TTA, pH value, reducing sugars, and 
glucose concentration in hydrolyzed C. racemosa by fer-
mentation. The best treatment is shown with the addition 
of 5% starter with a fermentation time of 24 hours, which 
had a total BAL value of 8.9 log CFU/ml, TAT 0.96%, pH 
value 3.8, reducing sugar 62.6 g/L, and glucose 37 g/L. 
The glucose concentration of C. racemosa before fer-
mentation was <2 g/L and xylose <0.7 g/L, while after 
fermentation, the glucose concentration was 44.1 g/L 
(without a starter), 37 g/L (5% starter) and 34.2 g/L (10% 
starter).

Recommendation
The studies that follow examine the profiles of various 
sugars, including mannitol, galactose, mannose, xylose, 
and xylitol. analyzing molecular weight, biological activi-
ty, bioactive chemicals, and functional groups in fermen-
tation C. racemosa. bacterial isolation and identification 
from the seaweed C. racemosa in order to identify the mi-
croorganisms involved in spontaneous fermentation.
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Table 1.  Concentrations of glucose and xylose hydrolyzate C. racemosa.
Sample Glucose (g/L) Xylose (g/L)
Hydrolyzate C. racemosa <2 (nd*) <0,7 (nd*)
C. racemosa fermented with starter 0% 44,1±0,1c /
C. racemosa fermented with starter 5% 37±0,3b /
C. racemosa fermented with starter 10% 34,2±0,0a /

note:  nd*  : not detected. 
 /      : not do
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