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Abstract
Synbiotic yogurt is a fermented milk product that is enriched with probiotics and prebiotics. This 

combination enhances probiotic viability, promotes bioactive metabolite production, and improves gut 
health by generating short-chain fatty acids (SCFA). Selecting an appropriate starter culture and fermentation 
time is essential for obtaining yogurt with desirable functional and physicochemical characteristics. This 
study aimed to determine the optimal L. plantarum starter treatment and fermentation duration of synbiotic 
yogurt with K. alvarezii hydrolysate as a prebiotic based on total lactic acid bacteria, pH, total titratable 
acidity, and reducing sugar con-tent. The factors included fermentation time (0, 12, and 24 h) and starter type 
(L. plantarum SK(5), NS(5), or their combination). The parameters analyzed were lactic acid bacteria (LAB) 
counts, total titratable acidity (TTA), pH, and reducing sugar. The proximate composition of K. alvarezii 
was as follows: 21.18% moisture, 28.91% ash, <0.02% fat, 3.81% protein, 46.11% carbohydrates, and 49.11% 
Hydrolysis produced 0.20 g/100 mL of reducing sugar with 42.98% recovery. The results revealed that starter 
type, fermentation time, and their interaction significantly influenced LAB counts, TTA, pH, and reducing 
sugar (p<0.05). The best treatment was yogurt produced with L. plantarum SK(5) for 24 h, yielding 9.27 
log10 CFU/mL LAB, 0.74% TTA, pH 4.33, and 0.25% reducing sugar. Synbiotic yogurt formulated with L. 
plantarum SK(5) and K. alvarezii hydrolysate showed strong potential as an innovative functional food with 
greater health benefits than conventional yogurt.
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Yogurt Sinbiotik Berbasis Lactobacillus plantarum Lokal dan 
Hidrolisat Kappaphycus alvarezii: Starter Berbeda dan Lama Fermentasi

Abstrak
Yogurt sinbiotik adalah produk susu fermentasi yang diperkaya dengan probiotik dan prebiotik. 

Kombinasi ini meningkatkan viabilitas probiotik, merangsang produksi metabolit bioaktif, serta 
memperbaiki kesehatan usus melalui pembentukan asam lemak rantai pendek (SCFA). Pemilihan kultur 
starter dan lama fermentasi yang tepat sangat penting untuk memperoleh yogurt dengan karakteristik 
fungsional dan fisikokimia yang diinginkan. Penelitian ini bertujuan untuk menentukan perlakuan starter 
dan waktu fermentasi terbaik yogurt synbiotik dengan prebiotik hidrolisat K. alvarezii berdasarkan total 
bakteri asam laktat, pH, total asam tertitrasi, dan gula reduksi. Perlakuan pembuatan yogurt meliputi lama 
fermentasi (0, 12, dan 24 jam) serta jenis starter (L. plantarum SK(5), NS(5), atau kombinasinya). Parameter 
yang dianalisis meliputi jumlah bakteri asam laktat (BAL), total asam tertitrasi (TAT), pH, dan gula reduksi. 
Komposisi proksimat K. alvarezii menunjukkan kadar air 21,18%, abu 28,91%, lemak <0,02%, protein 3,81%, 
karbohidrat 46,11%, dan serat pangan 49,11%. Proses hidrolisis menghasilkan gula reduksi sebesar 0,20 
g/100 mL dengan rendemen 42,98%. Hasil penelitian menunjukkan bahwa jenis starter, lama fermentasi, 
serta interaksinya berpengaruh nyata terhadap BAL, TAT, pH, dan gula reduksi. Perlakuan terbaik diperoleh 
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pada yogurt dengan starter tunggal L. plantarum SK(5) selama 24 jam, dengan karakteristik BAL 9,27 
log10 CFU/mL, TAT 0,74%, pH 4,33, dan gula reduksi 0,25%. Yogurt sinbiotik yang diformulasi dengan 
L. plantarum SK(5) dan hidrolisat K. alvarezii memiliki potensi besar sebagai pangan fungsional inovatif 
dengan manfaat kesehatan yang lebih unggul dibandingkan yogurt konvensional.
Kata kunci: asam laktat, fermentasi, kesehatan usus, pangan fungsional

INTRODUCTION
The increasing awareness of healthy 

lifestyles within society serves as the 
foundation for the developing functional 
foods. Functional foods provide not only 
basic nutrition but also specific functions and 
bioactive compounds (Mahmoudi, 2022). 
The aim of functional foods is to reduce the 
risk of diseases or promote optimal health 
(Birch & Bonwick, 2019). The health benefits 
of functional foods are derived from various 
bioactive substances such as omega-3 fatty 
acids, antioxidants, probiotics, and prebiotics 
(Peng et al., 2020). Synbiotic products (a 
combination of prebiotics and probiotics) are 
a popular type of functional food. Prebiotics 
selectively support the growth and production 
of probiotic metabolites (Yadav et al., 2024). 
This synergistic property prevents the growth 
of pathogenic bacteria and enhances probiotic 
effectiveness (Rahman et al., 2024). The 
effectiveness and mechanisms of synbiotics 
in metabolic diseases have been studied, 
and they have been found to address obesity 
(Kobyliak et al., 2017; Thiennimitr et al., 2018; 
Oh et al., 2019), reduce blood sugar levels 
(Ebrahimi et al., 2017; Djaja et al., 2019), and 
treat kidney disorders (Anand et al., 2021). 
The International Scientific Association for 
Probiotics and Prebiotics (ISAPP) classifies 
synbiotics into two categories: complementary 
and synergistic. Complementary synbiotics 
are combinations of probiotics and prebiotics 
that work independently to achieve one or 
more benefits, whereas synergistic synbiotics 
involve probiotics and prebiotics working 
together to achieve health benefits (Swanson 
et al., 2020).

Probiotics are live microorganisms that 
provide health benefits to their hosts when 
administered in adequate amounts (Minj 
& Vij, 2025). Probiotics lower cholesterol 
levels (Puttarat et al., 2023), prevent 
Alzheimer’s disease (Dhami et al., 2023), 

alleviate lactose intolerance (Maldonado 
et al., 2019), and reduce hyperglycemia 
(Arriaga et al., 2024). Lactic acid bacteria 
(LAB), such as Lactobacillus, Bifidobacterium, 
and Enterococcus, are considered potential 
probiotics. The sources for isolating these LAB 
vary; for example, Lactobacillus plantarum 
C16 from fresh cow milk contains bacteriocin-
producing plantaricin (Reuben et al., 2020), 
Lacticaseibacillus rhamnosus LHL7 from 
breast milk exhibits antimicrobial activity that 
can withstand low pH (Kang et al., 2020), L. 
plantarum from fermented vegetables has 
probiotic potential with functional properties 
as antioxidants, α-glucosidase inhibitors, 
and antimicrobial agents (Liu et al., 2022), 
and Lactobacillus sp. from the traditional 
saraboung food demonstrates antibacterial 
activity against Escherichia coli and 
Staphylococcus aureus (Saryono et al., 2023).

Local probiotics derived from 
aquatic food products have the advantage 
of producing bioactive compounds, one of 
which is fish fermentation products such as 
bekasam. Desniar (2012) successfully isolated 
Lactobacillus plantarum SK(5) from bekasam 
of seluang fish from Kayu Agung, Ogan 
Komering Ilir, South Sumatra. The bacterium 
L. plantarum SK(5) exhibits antimicrobial 
activity (Desniar et al., 2013) and produces 
proteolytic enzymes (Kurniati et al., 2015). This 
bacterium showed 93% genetic similarity to L. 
plantarum subsp. plantarum NC 8, indicating 
its potential as a food biopreservative (Desniar 
et al., 2020). L. plantarum SK(5), administered 
at a dose of 30 mg/kg body weight in an in 
vivo test, demonstrated an 86.22% reduction 
in blood glucose levels in diabetic-induced 
rats, induced regeneration of pancreatic beta 
cells, and was found to be safe over a 14 days 
treatment period (Syafiqoh, 2016). Another 
lactic acid bacterium derived from bekasam is 
Lactobacillus plantarum NS(5), isolated from 
bekasam of tilapia fish of Sungai Pasir Village, 
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Ogan Komering Ilir, South Sumatra (Desniar, 
2012). This bacterium was classified as L. 
plantarum 1 with 99.9% genetic similarity. L. 
plantarum NS(5) showed significant survival 
rates at stomach pH (90.49%), intestinal pH 
(88.99%), and bile salt concentrations (84.26-
87.10%), was non-pathogenic, and exhibited 
antimicrobial activity against Escherichia coli 
(7.0 mm) and Salmonella typhimurium ATCC 
14028 (6.8 mm) (Nurnaafi et al., 2015). The 
role of prebiotics is essential for achieving the 
expected synbiotic condition.

Prebiotics are substrates selectively 
utilized by microorganisms that stimulate 
the growth of non-pathogenic bacteria, 
such as Bifidobacterium and Lactobacillus 
(Gibson et al., 2017). These bacteria ferment 
polysaccharides into short-chain fatty acids 
(SCFAs) and produce butyrate, acetate, and 
propionate (Bajury et al., 2017).   Butyrate 
serves as an energy source for colonocytes and 
enterocytes, whereas propionate diffuses to 
the liver, where it is used in gluconeogenesis 
(Ashaolu et al., 2021). One promising 
polysaccharide from aquatic sources that has 
garnered attention for use as a prebiotic is 
Kappaphycus alvarezii. This seaweed belongs 
to the class Rhodophyceae. According to 
FAO data, in 2021, seaweed production in 
Indonesia was dominated by K. alvarezii, with 
a volume of 7.05 million tons, accounting for 
82.7% of the global production (KKP, 2023). 
The red algae K. alvarezii contains the high-
value hydrocolloid carrageenan, which is used 
as a gelling agent, emulsifier, thickener, and 
stabilizer. Several diversified products have 
been derived from K. alvarezii, including 
bread (Mamat et al., 2023; Sasue et al., 2023), 
ice cream (Seo & Oh, 2022; Ro et al., 2024), 
yogurt (Basroni et al., 2018; Skryplonek et 
al., 2019; Zhang et al., 2025), capsule shells 
(Soraya et al., 2025; Tarman et al., 2024), edible 
films (Bharti et al., 2021; Huang et al., 2024; 
Mahajan et al., 2022), and food packaging 
(Mathew et al., 2024; Wu et al., 2023).

K. alvarezii is not only a source 
of carrageenan but also contains other 
components, such as fiber, carbohydrates, 
proteins, alkaloids, and flavonoids (Yulianti et 
al., 2022). The fiber carbohydrate content of K. 
alvarezii is 69.3% dry weight (Santoso et al., 

2006) and 15.8 %, respectively (Maharany et 
al., 2017). This polysaccharide content holds 
potential as a prebiotic, as it can be utilized by 
lactic acid bacteria (LAB). K. alvarezii has a 
cell wall composed of cellulose and galactan. 
These two compounds can be converted into 
fermentable sugars, namely, glucose and 
galactose (Rudke et al., 2020). The energy 
source for Lactobacillus is carbohydrates, with 
lactic acid being the primary end product of 
its metabolism (Setyaningsih et al., 2019). 
Polysaccharides act as prebiotics when their 
polymers are in simple forms. Complex 
compounds are broken down into simpler 
forms by hydrolysis. The hydrothermal 
hydrolysis of K. alvarezii produces prebiotics 
that can be utilized by Lactobacillus 
plantarum IFO 3074, offering the potential 
for development as a functional food with low 
production costs (Mutmainnah et al., 2023). 
The principle of hydrothermal treatment 
involves the use of high temperature and 
pressure to break polysaccharide chains, 
with the final product being reduced sugars. 
Hydrolysis of Ulva sp. using water solvents 
and catalysts (at temperatures of 100–374°C) 
results in glucose monosaccharides and is 
environmentally friendly (Steinbruch et al., 
2020).

The utilization of K. alvarezii 
hydrolysate presents an opportunity for 
diversification into functional foods such as 
synbiotic yogurt. Extensive research has been 
conducted on synbiotic yogurt interventions 
based on macroalgae. Among them are studies 
involving Ulvan polysaccharides combined 
with commercial probiotics, Lactobacillus 
acidophilus LA-5, Streptococcus thermophilus 
TH-4, and Bifidobacterium sp. Bb-12 (Shalaby 
& Amin, 2019), Laminaria japonica with 
commercial yogurt starter cultures (Bioprox, 
France) (Wu et al., 2025), Saccharina japonica 
(Nuñez & Picon, 2017), Undaria pinnatifida, 
Saccharina japonica with commercial yogurt 
starter cultures (Wang et al., 2025), and 
Laurencia capsica with commercial freeze-
dried bacterial cultures L. delbrueckii, L. 
acidophilus La-5, and S. thermophilus ssp. 
bulgaricus (Tahmasebi & Mofid, 2021). The 
use of yogurt starters derived from local 
probiotics has also been reported, such as 
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L. plantarum 2C12 and L. acidophilus 2b4 
isolated from beef (Astawan et al., 2012), 
L. plantarum VP-3.3 isolated from soybean 
epidermis, a solid waste (Riftyan et al., 2022; 
Rossi et al., 2021), and LAB TP 12 isolated 
from tempoyak (Rahayu & Qurbaniah, 2019). 
The difference in fermentation time also affects 
the quality of yogurt. For example, Betancourt 
et al. (2025) reported that fermentation times 
of 8, 16, and 24 h had a significant effect on 
the pH, viscosity, and water holding capacity 
(WHC) of soy yogurt, while Anwar et al. 
(2025) showed that different fermentation 
times (4, 5, 6, 7, and 8 h) influenced the 
characteristics of probiotic yogurt made from 
sheep milk, cow milk, and their combination. 
Previous studies have predominantly used 
macroalgae-derived prebiotic sources in 
combination with commercial probiotic 
starter cultures. However, the use of local 
probiotics isolated from fermented aquatic 
fish (Bekasam), specifically Lactobacillus 
plantarum SK(5) and L. plantarum NS(5) 
(either individually or in combination), 
along with K. alvarezii hydrolysate to create 
synbiotic yogurt, has not been investigated. 
This study aimed to determine the optimal L. 
plantarum starter treatment and fermentation 
duration of synbiotic yogurt based on total 
lactic acid bacteria, pH, total titratable acidity, 
and reducing sugar content. This research 
is expected to contribute a novel approach 
by developing synbiotic yogurt based on 
local food resources, utilizing L. plantarum 
SK(5), L. plantarum NS(5), or a combination 
of both with the addition of K. alvarezii 
hydrolysate.ifestyles within society serves as 
the foundation for the developing functional 
foods. Functional foods produce products that 
not only provide basic nutrition but also offer 
specific functions and bioactive compounds 
(Mahmoudi, 2022). The aim of functional 
foods is to reduce the risk of diseases or promote 
optimal health (Birch & Bonwick, 2019). The 
health benefits of functional foods are derived 
from various bioactive substances, such as 
omega-3 fatty acids, antioxidants, probiotics, 
and prebiotics (Peng et al., 2020). One popular 
type of functional food is synbiotic products 
(a combination of prebiotics and probiotics). 
Prebiotics selectively support the growth 

and production of probiotic metabolites 
(Yadav et al., 2024). This synergistic property 
prevents the growth of pathogenic bacteria 
and enhances the effectiveness of probiotics 
(Rahman et al., 2024). The effectiveness and 
mechanisms of synbiotics in metabolic diseases 
have been studied and found to address 
obesity (Kobyliak et al., 2017; Thiennimitr 
et al., 2018; Oh et al., 2019), reducing blood 
sugar levels (Ebrahimi et al., 2017; Djaja et 
al., 2019) and kidney disorders (Anand et al., 
2021). The International Scientific Association 
for Probiotics and Prebiotics (ISAPP) 
classifies synbiotics into two approaches: 
complementary synbiotics and synergistic 
synbiotics. Complementary synbiotics are 
combinations of probiotics and prebiotics that 
work independently to achieve one or more 
benefits, while synergistic synbiotics involve 
probiotics and prebiotics working together to 
achieve health benefits (Swanson et al., 2020).

Probiotics are live microorganisms that 
provide health benefits to their host when 
administered in adequate amounts (Minj & 
Vij, 2025). The roles of probiotics include 
lowering cholesterol levels (Puttarat et al., 
2023), preventing Alzheimer’s disease (Dhami 
et al., 2023), alleviating lactose intolerance 
(Maldonado et al., 2019), and reducing 
hyperglycemia (Arriaga et al., 2024). Lactic 
acid bacteria (LAB), such as Lactobacillus, 
Bifidobacterium, and Enterococcus, are 
considered to be potential probiotics. The 
sources for isolating these LAB vary; for 
example, Lactobacillus plantarum C16 
from fresh cow milk contains bacteriocin-
producing plantaricin (Reuben et al., 2020), 
Lacticaseibacillus rhamnosus LHL7 from 
breast milk exhibits antimicrobial activity that 
can withstand low pH (Kang et al., 2020), L. 
plantarum from fermented vegetables has 
probiotic potential with functional properties 
as antioxidants, α-glucosidase inhibitors, 
and antimicrobial agents (Liu et al., 2022), 
and Lactobacillus sp. from the traditional 
saraboung food demonstrates antibacterial 
activity against Escherichia coli and 
Staphylococcus aureus (Saryono et al., 2023).

Local probiotics derived from 
aquatic food products have the advantage 
of producing bioactive compounds, one of 
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which is fish fermentation products, such as 
bekasam. Desniar (2012) successfully isolated 
Lactobacillus plantarum SK(5) from bekasam 
of seluang fish from Kayu Agung, Ogan 
Komering Ilir, South Sumatra. The bacterium 
L. plantarum SK(5) exhibits antimicrobial 
activity (Desniar et al., 2013) and produces 
protease enzymes (Kurniati et al., 2015). This 
bacterium shows a 93% genetic similarity to L. 
plantarum subsp. plantarum NC 8, indicating 
its potential as a food biopreservative (Desniar 
et al., 2020). L. plantarum SK(5), administered 
at a dose of 30 mg/kg body weight in an in-
vivo test, demonstrated an 86.22% reduction 
in blood glucose levels in diabetic-induced 
rats, induced regeneration of pancreatic beta 
cells, and was found to be safe over a 14 days 
treatment period (Syafiqoh, 2016). Another 
lactic acid bacterium derived from bekasam 
is Lactobacillus plantarum NS(5), isolated 
from bekasam of tilapia fish from Sungai Pasir 
Village, Ogan Komering Ilir, South Sumatra 
(Desniar, 2012). This bacterium is classified as 
L. plantarum 1 with a 99.9% genetic similarity. 
L. plantarum NS(5) shows significant survival 
rates at stomach pH (90.49%), intestinal pH 
(88.99%), and bile salts (84.26-87.10%), is 
non-pathogenic, and exhibits antimicrobial 
activity against Escherichia coli (7.0 mm) 
and Salmonella typhimurium ATCC 14028 
(6.8 mm) (Nurnaafi et al., 2015). The role of 
prebiotics is essential to achieve the expected 
synbiotic condition.

Prebiotics are substrates selectively 
utilized by microorganisms, stimulating 
the growth of non-pathogenic bacteria 
such as Bifidobacterium and Lactobacillus 
(Gibson et al., 2017). These bacteria ferment 
polysaccharides into short-chain fatty acids 
(SCFAs), producing butyrate, acetate, and 
propionate (Bajury et al., 2017).   Butyrate 
serves as an energy source for colonocytes 
and enterocytes, while propionate diffuses 
to the liver, where it is used in the process 
of gluconeogenesis (Ashaolu et al., 2021). 
One promising polysaccharide from aquatic 
sources that has garnered attention for 
use as a prebiotic is Kappaphycus alvarezii 
seaweed. This seaweed belongs to the 
Rhodophyceae class. According to FAO data, 

in 2021, seaweed production in Indonesia 
was dominated by K. alvarezii, with a volume 
of 7.05 million tons, accounting for 82.7% of 
global production (KKP, 2023). The red algae 
K. alvarezii contains high-value hydrocolloid 
carrageenan, which is applied as a gelling 
agent, emulsifier, thickener, and stabilizer. 
Several diversified products are derived from 
K. alvarezii, including bread (Mamat et al., 
2023; Sasue et al., 2023), ice cream (Seo & 
Oh, 2022; Ro et al., 2024), yogurt (Basroni 
et al., 2018; Skryplonek et al., 2019; Zhang et 
al., 2025), capsule shells (Soraya et al., 2025; 
Tarman et al., 2024), edible films (Bharti et al., 
2021; Huang et al., 2024; Mahajan et al., 2022), 
dan food packaging (Mathew et al., 2024; X. 
Wu et al., 2023).

K. alvarezii is not only a source 
of carrageenan but also contains other 
components such as fiber, carbohydrates, 
proteins, alkaloids, and flavonoids (Yulianti et 
al., 2022). The fiber content of K. alvarezii is 
69.3% dry weight (Santoso et al., 2006), and 
the carbohydrate content is 15.8% (Maharany 
et al., 2017). This polysaccharide content holds 
potential as a prebiotic, as it can be utilized by 
lactic acid bacteria (LAB). K. alvarezii has a 
cell wall composed of cellulose and galactan. 
These two compounds can be converted 
into fermentable sugars, namely glucose and 
galactose (Rudke et al., 2020). The energy 
source for Lactobacillus is carbohydrates, with 
lactic acid being the primary end product of 
its metabolism (Setyaningsih et al., 2019). 
Polysaccharides act as prebiotics when their 
polymers are in a simple form. Complex 
compounds are broken down into simpler 
forms through hydrolysis. Hydrothermal 
hydrolysis of K. alvarezii produces prebiotics 
that can be utilized by Lactobacillus plantarum 
IFO 3074, offering potential for development 
as a functional food with low production 
costs (Mutmainnah et al., 2023). The principle 
of hydrothermal treatment involves the use 
of high temperature and pressure to break 
polysaccharide chains, with the final product 
being reducing sugars. Hydrolysis of Ulva 
sp. using water solvents and catalysts (at 
temperatures of 100–374°C) results in glucose 
monosaccharides and is environmentally 
friendly (Steinbruch et al., 2020).
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The utilization of K. alvarezii 
hydrolysate presents an opportunity for 
diversification into functional foods, such 
as synbiotic yogurt. Research on synbiotic 
yogurt interventions based on macroalgae 
has been extensively conducted. Among them 
are studies involving Ulvan polysaccharides 
combined with commercial probiotics 
Lactobacillus acidophilus LA-5, Streptococcus 
thermophilus TH-4, and Bifidobacterium sp. 
Bb-12 (Shalaby & Amin, 2019), Laminaria 
japonica with commercial yogurt starter 
cultures (Bioprox, France) (Wu et al., 2025), 
Saccharina japonica (Nuñez & Picon, 2017), 
Undaria pinnatifida and Saccharina japonica 
with commercial yogurt starter cultures 
(Wang et al., 2025) and Laurencia capsica with 
commercial freeze-dried bacterial cultures 
L. delbrueckii, L. acidophilus La-5, and S. 
thermophilus ssp. bulgaricus (Tahmasebi 
& Mofid, 2021). The use of yogurt starters 
derived from local probiotics has also been 
reported, such as L. plantarum 2C12 and L. 
acidophilus 2b4 isolated from beef (Astawan 
et al., 2012), L. plantarum VP-3.3 isolated 
from soybean epidermis was a solid waste 
(Riftyan et al., 2022; Rossi et al., 2021), and 
LAB TP 12 isolated from tempoyak (Rahayu 
& Qurbaniah, 2019). The difference in 
fermentation time also affects the quality of 
the yogurt produced. For example, the study 
by Betancourt et al. (2025) reported that 
fermentation times of 8, 16, and 24 hours had 
a significant effect on the pH, viscosity, and 
water holding capacity (WHC) of soy yogurt; 
while the study by (Anwar et al., 2025) showed 
that different fermentation times (4, 5, 6, 7, 
and 8 hours) influenced the characteristics 
of probiotic yogurt made from sheep’s milk, 
cow’s milk, and their combination. Previous 
studies have predominantly used macroalgae 
derived prebiotic sources in combination 
with commercial probiotic starter cultures. 
However, the utilisation of local probiotics 
isolated from aquatic fermented fish 
(Bekasam), namely Lactobacillus plantarum 
SK(5) and L. plantarum NS(5) (either 
individually or in combination), with the 
addition of K. alvarezii hydrolysate as a 
synbiotic yogurt, has not yet been explored. 
The study aimed to determine the optimal L. 

plantarum starter treatment and fermentation 
duration of synbiotic yogurt based on total 
lactic acid bacteria, pH value, total titratable 
acidity, and reducing sugar. This research is 
expected to contribute a novel approach by 
developing synbiotic yogurt based on local 
food resources, utilizing L. plantarum SK(5), 
L. plantarum NS(5), or a combination of both 
with the addition K. alvarezii hydrolysate.

MATERIALS AND METHODS
Hydrolysate Production of K. alvarezii 

Hydrolysis of K. alvarezii was performed 
as described by Mutmainnah et al. (2023). 
The raw material of dried K. alvarezii was 
obtained from a seaweed cultivation area in 
Moro District, Karimun Regency, Riau Islands 
Province, Indonesia. K. alvarezii samples were 
analyzed for their proximate composition and 
dietary fiber content. The hydrolysis process 
began with the preparation of K. alvarezii, 
which included sorting, washing, and size 
reduction. The seaweed was soaked in distilled 
water for 2 h (1:40, b/v ratio). The seaweed 
was then hydrolyzed using an autoclave (GEA 
LS-75HD, Indonesia) at 100°C for 3 h. The 
hydrolysis product was filtered and dried using 
a dehydrator (GETRA FD-30, Indonesia) at 
50°C for 24 h. The filtrate was further processed 
by milling using a grinder machine (Orion 
MG-100B, Indonesia) and sieved through an 
80 mesh sieve. The hydrolysate was stored in a 
tightly sealed container protected from direct 
sunlight. The analysis parameters for the K. 
alvarezii hydrolysate included the reducing 
sugar content, which was measured using the 
dinitrosalicylic acid (DNS) method (Miller, 
1959).

Preparation of L. plantarum SK(5) 
and L. plantarum NS(5)

The L. plantarum SK(5) dan L. 
plantarum NS(5) starters are bacteria strains 
collected by Desniar (2012), isolated from 
bekasam of seluang fish and tilapia fish. 
Bacterial verification was performed as 
an initial step to ensure the identity of L. 
plantarum. The verification process included 
Gram staining, motility, catalase, and 
homofermentative testing. Starter preparation 
followed the method described by Desniar 
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(2012), beginning with the inoculation of the 
stock cultures of L. plantarum SK (5) and L. 
plantarum NS(5) into de Man Rogosa Sharpe 
Agar (MRSA) (Oxoid, United Kingdom) and 
incubating under anaerobic conditions using 
an incubator (Thermocline type 4200, United 
States) at 37°C for 48 h. The bacteria that grew 
on the MRSA were then inoculated into 10 
mL of de Man Rogosa Sharpe Broth (MRSB) 
(Oxoid, United Kingdom) and incubated at 
37°C for 24 h. The L. plantarum inoculum 
was added at a concentration of 10% (v/v) to 
fresh pasteurized cow’s milk, including the 
starter for the combination of LAB treatments. 
The mixture was incubated at 37°C for 24 h 
to obtain the mother culture. The total LAB 
count in the mother culture was determined 
using the pour-plate method (BSN, 2009).

Preparation of Synbiotic Yogurt
Synbiotic yogurt was prepared with 

modifications in the type of prebiotic. 
Commercial fresh cow milk was heated to 
45°C and transferred into sterilized Scott 
bottles. Scott bottles were sterilized using an 
autoclave (Yamato SM 52, Japan). K. alvarezii 
hydrolysate was added to warm milk. At 37°C, 
the L. plantarum starter was added to the 
milk according to the formulation (Table 1). 
The milk was then incubated at 37°C for 0, 
12, and 24 h. The parameters for testing the 
fermented synbiotic yogurt included total 
LAB count, pH, total titratable acidity (TTA), 
and reducing sugar analysis, to determine the 
best synbiotic yogurt based on fermentation 
time and starter type (single and combined).

Proximate Analysis and Dietary 
Fiber Analysis

Proximate analysis included moisture, 
ash, protein, and fat content, according to 
the method outlined by the BSN (1992). 
Dietary fiber analysis was conducted using 
the enzymatic gravimetric method (AOAC, 
1994) with three replicates per sample. The 
carbohydrate content was calculated by the 
difference method.

Yield Calculation
The yield of K. alvarezii hydrolysate was 

calculated using the following formula:

Total Lactic Acid Bacteria (LAB) 
analysis 

Total lactic acid bacteria (LAB) were 
analyzed using the total plate count method 
(BSN, 2009). A 10 mL sample was serially 
diluted up to 10⁻⁸ in saline solution, and each 
dilution was vortexed (Thermolyne). A 1 mL 
sample from the 10⁻⁶ to 10⁻⁸ dilutions was 
incubated in sterile Petri dishes with MRSA 
media and CaCO₃ at 37°C for 48 h in an 
inverted position. The total LAB count was 
calculated using the following formula:

Table 1 Synbiotic yogurt formulation

Materials (mL)
Sample treatment

L. plantarum SK(5) L. plantarum NS(5) Combination

Commercial cow’s milk (mL) 84.6 84.6 84.6
Hydrolysate K. alvarezii (g) 0.4 0.4 0.4
Starter L. plantarum SK(5) (mL) 15 - -
Starter L. plantarum NS(5) (mL) - 15 -

Starter L. plantarum SK(5) and 
L. plantarum NS(5) (mL) - - 15

Hydrolysate yield (%)  =        ×100 A
B

Information:
A 	 = weight of K.alvarezii hydrolysate (g)
B	 = weight of dried K.alvarezii (g)

N  =                                        ΣC
[(1×n1)+(0,1+n2)×(d)]

Information:
N 	 = number of product colonies per mL or 
	    colonies per gram; 
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pH Measurement 
The acidity of the sample was measured 

using a Pen Lutron pH-220 electronic pH 
meter, according to the method outlined by 
the BSN (2004). The pH meter was calibrated 
with standard buffer solutions of pH 4 and 7 
for 30 min each. The meter was rinsed with 
distilled water and wiped with tissue. The 
pH electrode was immersed in the sample 
solution until the pH meter stabilized. The 
electrode was rinsed with distilled water after 
each sample was changed.

Total Titratable Acidity (TTA) 
The total titratable acidity was 

determined by titration (BSN, 2009). A 5 g 
sample was added to 45 mL of distilled water 
and homogenized using a homogenizer. 
The homogenized sample was dissolved in 
distilled water in a volumetric flask to a final 
volume of 50 mL. The sample was filtered 
using filter paper, and 5 mL of the filtrate was 
pipetted into a beaker (Iwaki, Pyrex). A 1% 
phenolphthalein indicator (Merck) was added 
(2 drops), and titration was performed using 
0.1 N NaOH until the solution turned pink 
in color. The percentage of total acidity was 
calculated using the following formula:

Reducing Sugar Analysis by DNS 
Method 

Reducing sugar analysis was 
conducted using the 3,5-dinitrosalicylic 
acid (DNS) method (Miller, 1959). The DNS 
reagent was prepared by mixing 1.06 g of 

3,5-dinitrosalicylic acid and 1.98 g of NaOH 
in 141 mL distilled water. The solution was 
stirred until homogeneous, and then 30.6 g 
of K-Na tartrate, 0.76 g of liquid phenol, and 
0.83 g of Na-metabisulfite were added. The 
solution was stirred until homogeneous and 
heated at 50°C. A standard glucose solution of 
1,000 ppm was diluted to 500 ppm and then 
further diluted to create standard solutions 
with concentrations of 50, 100, 150, 200, 250, 
and 300 ppm in separate test tubes. Next, 1 
mL of each standard solution was mixed with 
3 mL of DNS reagent, and 1 mL of the sample 
solution was mixed with 3 mL of DNS. The 
standard solutions and samples were placed 
in boiling water for 10 min until the color 
changed to dark brown-black. The absorbance 
of the samples was measured using a UV-
Vis spectrophotometer (Spectrostar Omega 
BMG Labtech) at 512 nm wavelength. The 
absorbance values obtained from the glucose 
standard solutions were used to create a 
standard curve for glucose quantification. 
The concentration of reducing sugars in the 
samples was calculated using a regression 
equation derived from the standard curve.

Data Analysis
This study used an experimental 

method with a completely randomized 
factorial design (CRFD) with two factors. 
The first factor was the type of starter, with 
three levels: L. plantarum SK (5), L. plantarum 
NS(5), and a combination of both (mix). The 
second factor was fermentation duration, with 
three levels: 0, 12, and 24 h of incubation. 
The study was conducted in triplicate, and 
the data were analyzed using Analysis of 
Variance (ANOVA) at a 95% confidence level 
(α=0.05). When a significant effect (p<0.05) 
was observed, Duncan’s Multiple Range 
Test (DMRT) was performed as a post-hoc 
analysis. Data processing was performed using 
Microsoft Office Excel and SPSS version 27.

RESULTS AND DISCUSSION
Chemical Composition of K. 
alvarezii

The primary raw material used in 
this study was dried K. alvarezii obtained 
from the waters of Karimun Regency, Riau 

ΣC 	 = number of colonies on all plates counted;  
n1	 = number of plates in the first dilution 
	    counted;  
n2	 = number of plates in the second dilution 
	    counted; 
d	 = first dilution counted

TTA  =                                              × 100%V NaOH × N NaOH × 90 × FP
W

Information:
V NaOH	= volume of NaOH used
N NaOH	 = normality of NaOH measured
W		  = sample weight
90		  = molecular weight of lactic acid
FP 		  = dilution factor
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Islands Province. This seaweed is classified 
as a carrageenophyte macroalga that contains 
κ-carrageenan, a polysaccharide composed 
of sulfated linear galactan, and is soluble in 
water. Its repeating main chain consists of 
α(1-4)-3,6-anhydrogalactopyranose and ß(1-
3)-galactopyranose-4-sulfate (Meinita et al., 
2022). K. alvarezii exhibits a range of colors, 
including red, yellow, brown, and green, 
depending on the phycoerythrin concentration 
(Rudke et al., 2020).  The physical appearance 
of K. alvarezii has short, branched, and 
dark brown thalli that are not easily broken 
between the branches. The comparison of the 
physical characteristics of K. alvarezii with 
several other aquatic regions shows that K. 
alvarezii from the waters of Gorontalo has 
branched, shiny, light green thalli. In Banten 
waters, the thalli are medium-sized, smooth, 
shiny, and brown, whereas in Kupang waters, 
the thalli are large, dark brown, with many 
newly growing apical tips (Simatupang et al., 
2021). The composition of the K. alvarezii raw 
material is presented in Table 2.

Table 2 shows a comparison of the 
proximate composition of K. alvarezii used 
in this study with that of K. alvarezii from the 
research of  Kawaroe et al. (2017) which was 
sourced from Puntondo Village, Takalar, South 
Sulawesi Province. The moisture content of K. 
alvarezii used as a raw material for hydrolysate 
was 21.18%, which is higher compared to K. 
alvarezii from Kawaroe et al. (2017) which had 
a moisture content of 16.39%. This moisture 
content still meets the quality standard for 
dried seaweed according to SNI 2690:2023, 
which stipulates a maximum of 38% moisture 
content, which had a moisture content of 
16.39%. This moisture content meets the 

quality standard for dried seaweed according 
to SNI 2690:2023, which stipulates a maximum 
of 38% moisture content (BSN, 2023). The 
differences in moisture content in seaweed 
are influenced by factors such as drying 
methods and storage of raw materials. Drying 
seaweed is crucial before processing, as a high 
moisture content can affect its texture, taste, 
and nutritional value (Suwati et al., 2021). 
In general, fishermen in coastal areas dry 
seaweed naturally by spreading it on woven 
media under direct sunlight (Kamaruddin 
et al., 2017). Other drying methods include 
wind drying, as used by Dolorosa et al. 
(2017), which resulted in a moisture content 
of 40.50%, while oven drying at 50°C, 60°C, 
and 70°C yielded moisture contents of 15.87%, 
11.09%, and 10.69%, respectively (Orilda et al., 
2021). Variations in moisture content can also 
be attributed to differences in environmental 
conditions, storage duration, temperature, 
and humidity (Yanuarti et al., 2017). Dried 
seaweed with a moisture content of 20-30% 
can be stored for 2-3 years, while inadequate 
air circulation during storage can increase the 
moisture content to 50-55% (Al Wazzan et 
al., 2021). K. alvarezii stored in bunkers had a 
moisture content of 11.58%, which was lower 
than the 23.98% moisture content of seaweed 
stored in bags (Al Wazzan et al., 2021).

The ash content represents the 
inorganic residue left after the combustion 
of an organic material. The ash content of K. 
alvarezii from Takalar was lower (14.39%) 
than that of the seaweed used in this study 
(28.91%). Ash content is closely related to the 
mineral composition of seaweed substrates. 
The ash content in red algae consists of 
salts and other minerals that adhere to the 

Table 2 Comparison of the proximate composition of K. alvarezii (wet basis)

Parameters (%) Research Kawaroe et al. (2017) Santoso et al. (2006)

Moisture 21.18±0.07 16.39±0.23 -
Ash 28.91±0.09 14.39±0.04 -
Protein 03.81±0.05 05.33±0.05 -
Lipid <0.02 1.03±0.01 -
Carbohydrate (by difference) 46.11±0.04 63.17±1.61 -
Dietary fiber 49.11±0.11 - 69.3±1.8
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thallus, predominantly comprising sodium, 
potassium, and calcium salts (Panjaitan et 
al., 2024; Syaharuddin 2019). This content 
typically ranges from 15-40%. Santoso et al. 
(2006) reported that K. alvarezii from the 
Seribu Islands, Jakarta Province, contains 
various minerals, including magnesium (Mg) 
at 2.88 mg/g, calcium (Ca) at 2.80 mg/g, 
potassium (K) at 87.10 mg/g, and sodium 
(Na) at 11.93 mg/g.

The protein content of K. alvarezii in 
this study was 3.81%, compared to 5.33% in 
the waters of Takalar. The protein content of 
seaweed is also influenced by seasonal factors. 
Rajaram et al. (2021) evaluated the proximate 
composition of K. alvarezii in four different 
seasons. The protein content based on these 
seasons was as follows: rainy season (16.26%), 
post-rainy season (13.06%), summer (9.59%), 
and pre-rainy season (9.90%). Photosynthesis 
encourages seaweed to absorb nutrients, such 
as nitrates and phosphates, which play a key 
role in protein formation. Safia et al. (2020) 
reported protein contents at depths of 0.5 
m (3.73 %), 1 m (4.16 %), and 2 m (3.29 %). 
During the exponential growth phase of algae, 
more protein is synthesized, and cell wall and 
food reserve formation are minimal. This 
condition results in a limited nitrogen supply, 
and part of the protein synthesis process 
from photosynthetic activity is redirected to 
carbohydrate synthesis (Syaharuddin, 2019).

The fat content of seaweed is considered 
to be low. K. alvarezii   has a low lipid content and 
can be considered a very good diet for humans 
(Rajaram et al., 2021). The carbohydrate 
content of K. alvarezii from Takalar waters 
(63.17%) was higher than that of the seaweed 
used in this study (46.11%). The carbohydrate 
content of dried K. alvarezii was reported as 
47.36% by Lumbessy et al. (2020) and 38.3% by 
Wanyonyi et al. (2017). Carbohydrates in algae 
are produced by an increase in fluoridated 
starch via photosynthesis. Fluoridated starch 
is a compound consisting of galactose and 
glycerol bonded through glycosidic links 
(Syaharuddin, 2019). K. alvarezii contains 
dietary fiber in the form of both water-soluble 
and insoluble fiber. The dietary fiber content 
of K. alvarezii in this study was 49.11%, which 

is lower than the fiber content of K. alvarezii 
reported by Santoso et al. (2006), which was 
69.3%. This difference suggests that geographic 
and environmental factors influence the 
nutritional properties of seaweed. The growth 
rate and chemical composition of K. alvarezii 
are affected by cultivation techniques, 
seasons, geographic location, environmental 
conditions, and post-harvest drying methods 
(Adharini et al., 2020). The main component 
of K. alvarezii hydrolysates is polysaccharides.

Reducing Sugar and Yield of 
Hydrolysate K. alvarezii

Hydrolysis of K. alvarezii using a 
hydrothermal method with an autoclave (at 
100°C for 3 h) resulted in a reducing sugar 
content of 0.20 g/100 mL. This reducing 
sugar content is relatively low compared to 
the findings of Mutmainnah et al. (2023), 
who reported 0.31 g/100 mL. This difference 
is attributed to the condition of the raw 
material used, as Mutmainnah et al. (2023) 
used fresh K. alvarezii. The reducing sugar 
content produced by hydrolysis depends on 
the initial carbohydrate content and duration 
of the hydrolysis process (Khusniati et al., 
2023). Autoclave heating is a hydrothermal 
extraction method that combines temperature 
and pressure effects. High temperature 
accelerates the hydrolysis reaction, while 
pressure enhances extraction efficiency by 
breaking open the cell structure, making it 
easier to release the contained compounds. 
Peerakietkhajorn et al. (2024) performed 
hydrothermal extraction using Milli-Q water 
in an autoclave for at. This hydrolysis was 
more effective in breaking down the cell 
walls of Caulerpa lentillifera than microwave-
assisted extraction, owing to the high pressure 
and temperature in the autoclave. Kim et 
al. (2014) evaluated the effectiveness of the 
macroalga Enteromorpha intestinalis as a 
potential bioenergy source for reducing sugar 
production through hydrothermal hydrolysis 
using an autoclave at 190°C for 30 minutes, 
yielding 7.16 g/L; hydrolysis for 60 minutes 
at 170°C resulted in 7.3 g/L; and at 190°C, the 
reducing sugar content decreased from 7.16 
g/L (30 minutes) to 4.37 g/L (60 minutes). 
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Excessive decomposition of reducing sugars 
occurs due to exposure to high temperatures 
for long durations.

Reducing sugars function as prebiotics 
because they are easily fermentable substrates 
of probiotic bacteria. This fermentation 
process produces short-chain fatty acids 
(SCFAs), which are beneficial for gut health 
and support synbiotic effects on the host. 
The longer the hydrolysis process, the more 
carbohydrates are degraded into reducing 
sugars (glucose) (Poespowati & Mahmudi, 
2018). This leads to an increase in the 
reducing sugar content, which can affect the 
quality of the final product. The effectiveness 
and efficiency of the production process were 
assessed based on the obtained yield value. 
Yield was calculated by comparing the final 
weight percentage to the initial weight in a 
process, which reflects the effectiveness of the 
method or processing used (Sulistiana et al., 
2024). The high yield obtained indicates that 
the method used is efficient for producing the 
desired product. The hydrolysis of K. alvarezii 
in this study resulted in a yield of 42.98% 
(w/w). Extraction of Caulerpa lentillifera 
using the autoclave-assisted method produced 
a yield of 41.16%, whereas extraction using 
microwaves resulted in a yield of 40.71% 
(Peerakietkhajorn et al., 2024).

The polysaccharides of K. alvarezii 
are classified as prebiotics because they are 
broken down into simpler forms with low 
molecular weights (Setyaningsih et al., 2019). 
Polysaccharides that are indigestible by humans 
and low-molecular-weight oligosaccharides 
that have been hydrolyzed can support the 
growth of beneficial gut microbiota, such as 
Lactobacillus and Bifidobacterium (Padam et 
al., 2023). Polysaccharide depolymerization 
occurs via various chemical, physical, and 
enzymatic processes. Chemical hydrolysis is 
inexpensive, rapid, and scalable; however, it 
has disadvantages, such as low sensitivity and 
the production of byproducts that are harmful 
to the environment (Cheong et al., 2018; Yao 
et al., 2014). Enzymatic depolymerization is 
environmentally friendly and advantageous 
because the oligosaccharides produced show 
higher homogeneity and lower polydispersity. 

However, this process requires a long reaction 
time and incurs high costs (Cheong et al., 
2018).

L. plantarum SK(5) and L. 
plantarum NS(5) Starters

The lactic acid bacteria used in this study 
were L. plantarum SK(5) and L. plantarum 
NS(5), isolated from fermented bekasam of 
tilapia fish from South Sumatra (Desniar, 
2012). The verification of the starter culture 
included gram staining, catalase testing, 
motility testing, and homofermentative testing. 
The results of gram staining are presented 
in Figure 1. Gram staining of L. plantarum 
SK(5) and L. plantarum NS(5) revealed Gram-
positive bacilli. The catalase test for both 
bacterial isolates showed negative results, with 
no bubbles observed on the solution surface. 
Lactic acid bacteria are facultative anaerobes 
that can break down H₂O₂ into organic 
compounds and H₂O, thereby preventing the 
formation of gas bubbles.

Starters play a crucial role in 
the production of synbiotic yogurt by 
supporting the fermentation process, 
resulting in characteristic yogurt products. 
A starter culture consists of a population 
of microorganisms deliberately added to 
the raw material of fermented products to 
accelerate and control fermentation (Desniar 
et al., 2023). The bacterial characteristics 
tested were consistent with those described 
for L. plantarum SK(5) and L. plantarum 
NS(5) by Desniar (2012), including being 
gram-positive, rod-shaped, catalase-negative, 
non-motile, homofermentative, non-spore-
forming, and producing no gas from glucose. 
L. plantarum is a microorganism measuring 
0.9-1.2 × 1.0-8.0 μm, found either as single 
cells or in short chains (Todorov & Franco, 
2010). L. plantarum is a lactic acid bacterium 
that does not produce gas and is categorized 
as Generally Recognized As Safe (GRAS) with 
Qualified Presumption of Safety (QPS) status 
(Liu et al., 2018). A key characteristic of this 
bacterium is its production of lactic acid, 
which is crucial for fermentation (Aguirre-
Garcia et al., 2024). Tolerance to acid is a 
characteristic of both L. plantarum SK(5) 
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and NS(5) strains. The total LAB count in 
the starter culture of L. plantarum SK(5) was 
9.36 log CFU/mL (2.3×10⁹ CFU/mL), and in 
the mother culture, it was 9.33 log CFU/mL 
(2.1×10⁹ CFU/mL). The total LAB count in 
the starter culture of L. plantarum NS(5) was 
9.22 log CFU/mL (1.6×10⁹ CFU/mL), and in 
the mother culture, it was 9.27 log CFU/mL 
(1.8×10⁹ CFU/mL). The total LAB count in 
the L. plantarum combination starter culture 
was 9.29 log CFU/mL (1.9×10⁹ CFU/mL), and 
in the mother culture, it was 9.20 log CFU/
mL (1.5×10⁹ CFU/mL). The total LAB count 
in the L. plantarum starters met the probiotic 
bacteria count requirements for food products 
based on the FAO guidelines, which specify a 
minimum of 10⁷ CFU/mL (FAO, 2022).

Microbiological and Chemical 
Characteristics of Synbiotic Yogurt
Total lactic acid bacteria

Yogurt must contain sufficient LAB 
probiotics to provide health benefits (Shori 
et al., 2022). The total probiotic bacteria in 
fermented products should be a minimum 
of 10⁷ CFU/mL (BSN, 2009; FAO, 2022). The 
total LAB count in the synbiotic yogurt was 
tested to evaluate the quality and effectiveness 
of fermentation. The total LAB count during 
synbiotic yogurt fermentation is presented in 
Figure 2.

Analysis of variance showed that 
the total LAB count was influenced by 
fermentation time, starter type, and the 
interaction between both (p<0.05). Based on 

 

                       (A) L. plantarum SK(5)                                            (B) L. plantarum NS(5)

Figure 1 Appearance of bacteria (magnification 10x100)

Figure 2 Total LAB of synbiotic yogurt with different strains of L. plantarum; (     ): L. plantarum 
SK(5); (     ): L. plantarum NS(5); (     ): combination during fermentation. 
Different superscript indicate differences in interaction factors (p<0.05)
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Duncan’s Multiple Range Test, all fermentation 
treatments were significantly different from 
the 0 hour fermentation treatment. Optimal 
growth occurred at 24 h of fermentation, 
with total LAB counts ranging from 9.22 log10 
CFU/mL to 9.27 log10 CFU/mL. The total 
LAB counts for all treatments remained above 
10⁷ CFU/mL during the 24 h fermentation 
period. Neither single L. plantarum nor the 
combination of synbiotic yogurt treatments 
at 24 h of fermentation showed significant 
effects. The significant difference confirms 
that the fermentation process for 12 and 24 h 
effectively triggered the logarithmic growth 
phase of the bacteria, during which nutrients 
from the milk and prebiotic hydrolysate 
were successfully utilized for bacterial cell 
proliferation. The synbiotic yogurt fermented 
for 24 h with L. plantarum SK(5) as the starter 
culture showed a total LAB count of 9.27 log10 
CFU/mL. The high number of LAB in this 
treatment indicates that L. plantarum SK(5) 
has good adaptive and metabolic capabilities in 
utilizing K. alvarezii as a prebiotic, suggesting 
a strong synergism between the local probiotic 
source and the macroalgae-derived prebiotic. 
This result contrasts with the findings of Dewi 
dan Purnamayati (2021), who studied the 
combination of S. thermophilus FNCC 0040 
and L. bulgaricus FNCC 0041 in synbiotic 
yogurt, which resulted in a mutualistic 
symbiotic relationship. Streptococcus 
thermophilus is more active in breaking 
down amino acids and micronutrients than 
L. bulgaricus. Streptococcus thermophilus 
uses more oxygen, which is beneficial for L. 
bulgaricus, as it is sensitive to high levels of 
oxygen (Sieuwerts, 2016).

Factors supporting LAB growth 
in synbiotic yogurt include glucose and 
prebiotics. Fresh cow milk contains a total 
sugar and lactose content of 9 g/200 mL. 
The nutritional content of milk, particularly 
lactose, plays a role in the growth of lactic acid 
bacteria (Agustine et al., 2018). Lactose is the 
primary carbon source, which can be broken 
down by LAB into glucose and galactose, which 
are then converted into lactic acid through 
metabolic activity (Parasthi et al., 2020). 
LAB also utilize prebiotics as a carbohydrate 
source, containing many hydroxyl groups that 

form hydrogen bonds with polar groups on 
proteins to enhance their stability (Shalaby 
& Amin, 2019). Fermentation occurs in 
three stages: lag, logarithmic, and stationary 
stages. The lag phase occurs during the first 6 
h of yogurt incubation as the bacteria adjust 
to their growth period. The logarithmic 
growth phase of the LAB occurred 12 h after 
incubation. Bacterial cells utilize nutrients in 
the medium to undergo cell division (Nelfa et 
al., 2015). Before entering the decline phase, 
the stationary phase (optimal growth) of LAB 
occurred at 24 h of incubation. The total LAB 
decreased during the death phase, which 
occurred during fermentation from 48 to 72 
h. This is due to a decrease in the available 
substrates for bacteria (Nahdiyah & Wikandari, 
2022).   Based on these observations, the 
total LAB in the strain combination (YMIX) 
showed a higher initial count than the single 
strains. At 12 h of fermentation, the growth of 
LAB in the combination was comparable to 
that of the best single strain, while at 24 h, all 
treatments reached their peak with relatively 
similar values. However, the single strains were 
slightly higher than the combined strains. This 
indicates that the strain combination is capable 
of consistently supporting LAB growth and is 
almost comparable to the single strains.

Enhancing the growth medium with 
K. alvarezii hydrolysate is an effective method 
for increasing the proliferation of lactic acid 
bacteria (LAB). Lactobacillus plantarum 
SK(5) and Lactobacillus plantarum NS(5) 
were homoferment. Homofermentative 
bacteria utilize available carbohydrates, which 
are broken down into pyruvic acid via the 
Embden-Meyerhof-Parnas (EMP) pathway 
and then reduced by NADH2 to lactic acid 
(C₃H₆O₃) (Irdianty et al., 2023). Lactic acid is 
produced through the breakdown of sugars, 
such as glucose, lactose, sucrose, raffinose, and 
stachyose, in the fermentation medium via 
glycolysis. The total LAB count was indicated 
by the formation of clear zones in the growth 
medium. The clear zone around the colonies 
growing on the medium represents a reaction 
between the lactic acid produced by the LAB 
and CaCO3 during the incubation period, 
resulting in the formation of calcium lactate 
(Setiawan & Agustini, 2024). The intensity of 
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the clear zone reflects the metabolic activity of 
LAB in degrading carbohydrates to lactic acid 
via the EMP pathway. The reaction occurs 
when lactic acid (C₃H₆O₃) reacts with calcium 
carbonate (CaCO₃) to form calcium lactate 
(Ca(C₃H₆O₃)), water (H₂O), and carbon 
dioxide (CO₂).

Total titratable acidity (TTA)
The total titratable acidity (TTA) was 

expressed as the percentage concentration of 
lactic acid. Acidity can be measured using a 
titration apparatus or by assessing the buffering 
capacity of a liquid or solution. Lactic acid 
is produced when lactic acid bacteria break 
down lactose and other carbohydrates into 
lactic acid (Susmiati et al., 2022). An increase 
in the number of lactic acid bacteria and a 
decrease in pH resulted in an increase in 
TTA in the fermentation product. The total 
titratable acidity (TTA) of the synbiotic yogurt 
is shown in Figure 3.

The results of the analysis of variance 
(ANOVA) showed that the fermentation 
time, L. plantarum starter type (single and 
combined), and their interaction significantly 
affected (p<0.05) the total titratable acidity 
(TTA) of synbiotic yogurt. Duncan’s multiple 
range test revealed that the fermentation 
treatment for 24 hours for all types of starters 
was significantly different from the 0 hour and 
12 hour fermentation treatments for all starter 
types. This significance reflects the successful 

metabolism of carbohydrate substrates into 
lactic acid by LAB, as indicated by the increase 
in TAT values during fermentation. Synbiotic 
yogurt fermented for 24 h with the L. plantarum 
SK(5) starter had the highest TTA value 
(0.74%) compared to the synbiotic yogurt 
with L. plantarum NS(5) (0.62%) and the 
combined L. plantarum starter (0.62%) after 24 
h of fermentation. This advantage implies that 
the SK(5) strain has the most superior acid-
producing capability, consistent with its nature 
as a homofermentative bacterium. High acid 
production was directly correlated with an 
increase in the total LAB count and a decrease 
in the pH value, confirming the functional 
relationship between bacterial growth and 
acid formation. The LAB in this study were 
homofermentative. The increase in lactic acid 
is inversely proportional to the decrease in pH, 
leading to a reduction in the total titratable 
acidity as the pH increases (Andriani et al., 
2024). L. plantarum SK(5) can produce 90% 
lactic acid from glucose breakdown. Previous 
studies have reported that L. plantarum SK(5) 
is a homofermentative bacterium capable of 
producing 778.26 ppm lactic acid after 48 h 
and has a TTA value of 21.60 g/L after 44 h 
of incubation (Desniar et al., 2020). The TTA 
values of synbiotic yogurt fermented for 24 
h (0.62%–0.74%) met the quality standards 
for yogurt based on SNI 2981:2009, which 
requires an acidity percentage, calculated as 
lactic acid, ranging from 0.5% to 2.0% (BSN, 
2009).

Figure 3 Total titratable acidity of synbiotic yogurt with different strains of L. plantarum; (     ): 
SK(5); (     ): L. plantarum NS(5); (     ): combination during fermentation. 
Different superscript indicate differences in interaction factors (p<0.05)
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The carbohydrate source derived from 
K. alvarezii hydrolysate, utilized by lactic acid 
bacteria (LAB), is glucose. Glucose can be 
metabolized through two main fermentation 
pathways. In homofermentative LAB, the 
glycolytic pathway (Embden–Meyerhof 
pathway) converts one molecule of glucose 
and two inorganic phosphates (Pi) into 
two molecules of lactate, two molecules of 
ATP, and one molecule of water (H₂O). In 
contrast, heterofermentative LAB employ the 
6-phosphogluconate/phosphoketolase (6PG/
PK) pathway, in which one molecule each of 
glucose, inorganic phosphate (Pi), and ADP 
are converted into one molecule each of 
lactate, one molecule of acetate, one molecule 
of ATP, and one molecule of carbon dioxide 
(CO₂). Glucose substrates produce lactic 
acid, which is the main end product of both 
metabolic pathways (Desniar et al., 2020). The 
incubation temperature also affects the growth 
of lactic acid bacteria in producing lactic acid. 
L. plantarum SK(5) and L. plantarum NS(5) 
grow well at 37°C (Desniar, 2012; Nurnaafi et 
al., 2015). In this study, synbiotic yogurt was 
incubated at 37°C. Dewi and Purnamayati 
(2021) reported that 37°C is the optimal 
incubation temperature for L. plantarum 
and S. thermophilus to produce acetaldehyde, 
which contributes to the flavor of yogurt. The 

incubation temperature used in this study was 
consistent with that of Dewi & Purnamayati 
(2021), who found that synbiotic yogurt 
from C. racemosa with L. bulgaricus and S. 
thermophilus at 37°C produced a TTA value of 
0.64% and a pH value of 5.04. A comparison 
with the previous study by Adhani (2021) 
on the diversification of yogurt using L. 
plantarum SK(5) starter and the addition of 
1.5% wet biomass of Spirulina with a 24-hour 
fermentation time resulted in a pH value of 3.9 
and a TTA value of 1.195%. This indicates that 
the use of different probiotics and prebiotics 
affects the acid production and viability of 
yogurt.

Acidity (pH)
The pH of synbiotic yogurt is a 

parameter used to determine the acidity and 
alkalinity of the products. The optimal pH 
affects not only the taste but also the stability of 
probiotic microorganisms in synbiotic yogurt. 
The pH values of the fermented synbiotic 
yogurt are presented in Figure 4.

The pH value of synbiotic yogurt was 
significantly influenced by fermentation time, 
type of L. plantarum (single and combined 
strains), and the interaction between these 
factors (p<0.05). Duncan’s Multiple Range 
Test showed that all fermentation treatments 

Figure 4 pH of synbiotic yogurt with different strains of L. plantarum; (     ): L. plantarum SK(5); 
(     ): L. plantarum NS(5); (     ): combination during fermentation. 
Different superscript indicate differences in interaction factors (p<0.05)
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were significantly different from the 0-hour 
fermentation treatment. The pH value tended 
to decrease from 0 h to 24 h of fermentation, 
ranging from 6.27 to 4.33, respectively. The pH 
values of all synbiotic yogurt treatments after 
24 h of fermentation met the yogurt standards 
based on SNI 2981:2009 (BSN, 2009), which 
specifies a pH range of 3.80-4.50. The lowest 
pH value was obtained from the L. plantarum 
SK(5) treatment after 24 h of fermentation 
(4.33). The significant decrease in pH 
observed in the L. plantarum SK(5) treatment 
reflected a more efficient fermentation 
process. This is correlated with higher organic 
acid production and a potential improvement 
in the microbiological stability of synbiotic 
yogurt, attributed to lactic acid produced 
through LAB metabolism. This is in line with 
the study by Anwar et al. (2025), who found 
that fermentation time significantly affected 
the pH, acidity, and total LAB in cow milk 
yogurt. The single-strain L. plantarum SK (5) 
treatment in this study was more effective in 
lowering pH during the fermentation process 
than the single-strain L. plantarum NS(5) 
and the combination strain. L. plantarum can 
convert carbohydrates or sugars into lactic 
acid (Sudibyo et al., 2024). Desniar et al. 
(2012) explained that during fermentation, 
L. plantarum SK(5) produces lactic and acetic 
acids as the dominant organic acids, thereby 
lowering the pH of the environment.

The low pH of yogurt is also caused 
by the presence of lactose in milk, which 
is converted into pyruvic acid and further 
converted into lactic acid, propionate, and 
butyrate (Setiarto et al., 2022). The organic 
acids formed dissociate into H+ ions. The 
higher the acidity, the more H+ ions are formed, 
which leads to a decrease in pH, as measured 
using a pH meter (Andriani et al., 2024). The 
pH value in this study was higher compared 
to the synbiotic yogurt study by Amaro et 
al. (2021), which used a combination of L. 
bulgaricus, S. thermophilus, and L. acidophilus 
starters with the addition of corn extract 
and the Eucheuma spinossum carrageenan 
stabilizer, resulting in a pH of 4.28. Setiadi and 
Husni (2024) reported that cow’s milk yogurt, 
which was added with L. bulgaricus and S. 
thermophilus starters and Caulerpa lentillifera 

powder at 0.5%, 10%, and 15%, had a pH range 
of 3.93-4.02. The difference in these results is 
due to the type of lactic acid bacteria starter 
used. Yogurt fermented with a monoculture 
of S. thermophilus synthesizes L-lactic acid, 
whereas D-lactic acid is the main product 
of L. bulgaricus (Ge et al., 2024). Co-culture 
fermentation produces a combination of L- 
and D-lactic acid isomers, which demonstrates 
a stronger ability to produce lactic acid, thus 
influencing yogurt pH. The decrease in pH 
of the synbiotic yogurt correlated with an 
increase in total titratable acidity (TTA). 
As the TTA value increased, the pH value 
decreased from 0 to 24 h of fermentation. This 
trend was in line with the increase in the total 
LAB count in synbiotic yogurt.

Reducing Sugar
Reducing sugars that react with the 

3,5-dinitrosalicylic acid (DNS) reagent form 
a yellow-brown compound, 3-amino-5-
nitrosalicylic acid, after heating, which is 
reducing sugars capable of reduction owing to 
the presence of free keto groups, such as glucose 
and fructose (Puspitarini & Susilowati, 2020). 
The concentrations of reducing sugars in the 
fermented synbiotic yogurt are presented in 
Figure 5.

The reducing sugar content in the 
fermented synbiotic yogurt was significantly 
influenced by fermentation time and the 
interaction between fermentation time and the 
type of L. plantarum starter used. According to 
Duncan’s multiple range test, the interaction 
between fermentation time and starter type 
had a significant effect (p<0.05). Synbiotic 
yogurt with each type of L. plantarum 
starter showed a decrease in reducing sugar 
levels during the fermentation process. The 
reducing sugar content increased during 
the initial fermentation stage (0 h) and then 
decreased. The synbiotic yogurt treatment 
with L. plantarum SK(5) produced the lowest 
reducing sugar content after 24 h, amounting 
to 0.25 g/mL of reducing sugar. The highest 
reducing sugar content at 12 h of fermentation 
was observed in the L. plantarum NS(5) 
treatment, at 0.32 g/mL, whereas at 24 h, the 
highest reducing sugar content was observed 
in the L. plantarum combination treatment, 
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at 0.30 g/mL. The decrease in reducing sugar 
content after 24 h of fermentation suggests 
that LAB, especially L. plantarum SK(5), 
actively utilized sugars derived from the K. 
alvarezii hydrolysate as the primary metabolic 
substrate. The decrease in reducing sugar 
content during fermentation is due to the 
consumption of prebiotics, which contain 
simple sugar structures that serve as carbon 
sources for bacterial cells to synthesize energy 
(Sofyan et al., 2022). This is evidenced by the 
inverse correlation between the decrease in 
reducing sugars and the increase in total lactic 
acid bacteria (LAB) and titratable acidity. 
Lactic acid bacteria also derive their energy 
from milk, which contains lactose.

These results are consistent with 
the study by Li et al. (2022), on prebiotic 
potato (33%) and blueberry (22%) yogurt 
with inoculum Bifidobacterium animalis 
subsp. lactis BZ11, L. plantarum LB12, and 
S. thermophilus Q-1, where the reducing 
sugar content was relatively high at 0 hours 
of fermentation due to the saccharification 
solution from potatoes containing 62.38 mg/
mL of reducing sugars. After fermentation, 
the reducing sugar content decreased to 50.56 
mg/mL, accompanied by an increase in the 
number of lactic acid bacteria. This finding is 
in accordance with the increase in total LAB 
in synbiotic yogurt as the fermentation time. 
LAB also derive their energy from milk, which 

contains lactose. The analysis of reducing 
sugars was expressed as the percentage of 
lactose in the product, as lactose is the main 
reducing sugar naturally present in milk 
(de Morais et al., 2023). Kim & Han (2019) 
reported that ᴅ-allulose is not metabolized by 
LAB; however, the sucrose it contains can be 
utilized by LAB to produce lactic acid. This 
process continues to degrade until short-
chain fatty acids are produced. Fermentation 
times of 0, 12, and 24 h at a fermentation 
temperature of 37°C influenced the reduction 
of reducing sugars in synbiotic yogurt. The 
longer the fermentation time, the greater the 
reduction in reducing sugar content, which 
is caused by the conversion of carbohydrates 
into monosaccharides, particularly the 
conversion of reducing sugars into organic 
acids (Khusniati et al., 2023).

CONCLUSION
The optimal fermentation time for 

synbiotic yogurt was 24 h with a single starter 
of L. plantarum SK(5), resulting in a total LAB 
count of 9.27 log10 CFU/mL, TTA of 0.74%, 
pH of 4.33, and a reduction in sugar content 
of 0.25%.
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