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Abstract 

The prevalence of diabetes mellitus in Indonesia reached 11.7% in 2023. 
Purple sweet potatoes contain antidiabetic bioactive compounds whose 
levels and bioavailability are affected by processing methods such as pre-
gelatinization and fermentation. This study aimed to evaluate whether 
the combination of these two processes can improve the antidiabetic 
properties of these tubers. This systematic review followed the guidelines 
of PRISMA and PICO, with a literature search for 2015–2025 on PubMed, 
ScienceDirect, Scopus, and Web of Science. The inclusion criteria were 
experimental studies that evaluated the effects of pre-gelatinization or 
fermentation of sweet potatoes on antidiabetic indicators, while review 
articles were excluded. Eighteen studies met the inclusion criteria. The 
quality assessment of the study used ToxRTool modification (in vitro) and 
SYRCLE (in vivo). The results showed that fermentation was beneficial 
for the antidiabetic potential of these tubers, whereas the effects of pre-
gelatinization varied depending on the method. Methods that have 
proven to be beneficial include steaming and retrogradation. The 
combination of these two processes shows potential synergistic effects, 
but the evidence is still limited. Because these findings are based on in 
vitro and in vivo studies, the results must be interpreted carefully. 

Keywords: Diabetes mellitus, diabetes management, yogurt, fermentation, 
ipomoea batatas, pre-gelatinized starch, bioavailability 

 
 

Abstrak 

Prevalensi diabetes melitus di Indonesia mencapai 11,7% pada tahun 
2023. Ubi jalar ungu mengandung senyawa bioaktif anti-diabetes yang 
kadar dan bioavailabilitasnya dipengaruhi oleh metode pengolahan 
seperti pre-gelatinisasi dan fermentasi. Penelitian ini bertujuan untuk 
mengevaluasi apakah kombinasi kedua proses tersebut dapat 
meningkatkan sifat anti-diabetes dari umbi-umbian ini. Tinjauan 
sistematis ini mengikuti pedoman PRISMA dan PICO, dengan 
penelusuran literatur tahun 2015–2025 pada PubMed, ScienceDirect, 
Scopus, dan Web of Science. Kriteria inklusi meliputi studi eksperimental 
yang mengevaluasi efek pre-gelatinisasi atau fermentasi ubi jalar pada 
indikator anti-diabetes, sedangkan artikel ulasan dikecualikan. Sebanyak 
18 studi memenuhi persyaratan. Penilaian kualitas studi menggunakan 
modifikasi ToxRTool (in vitro) dan SYRCLE’s (in vivo). Hasil penelitian 
menunjukkan bahwa fermentasi bermanfaat bagi potensi anti-diabetes 
umbi-umbian ini, sedangkan efek pre-gelatinisasi bervariasi tergantung 
pada metodenya. Metode yang terbukti bermanfaat adalah pengukusan 
dan yang melibatkan retrogradasi. Kombinasi kedua proses 
menunjukkan potensi efek sinergis, namun bukti masih terbatas. Karena 
temuan ini didasarkan pada studi in vitro dan in vivo, maka hasilnya 
perlu diinterpretasikan secara hati-hati. 
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Kata Kunci:  Diabetes mellitus, manajemen diabetes, yogurt, fermentasi, 
ipomoea batatas, pati pre-gelatinisasi, bioavailabilitas 

 
 

 

Introduction 

Diabetes mellitus (DM) is a complex metabolic 
disease whose prevalence continues to increase 
globally (Antar et al., 2023; Kayode et al., 2023; 
Namazi et al., 2021), with the number of patients 
estimated to reach 693 million by 2045 (Cho et 
al., 2018). In Indonesia, the prevalence of this 
disease in the population aged ≥ 15 years 
increased from 10.9% in 2018 to 11.7% in 2023 
(Kemenkes RI, 2019, 2023). This disease is 
caused by impaired secretion or performance of 
insulin, or a combination of both (Perkeni, 2021). 
This complex metabolic disorder is becoming 
increasingly common in various populations. 
Therefore, effective prevention and management 
efforts are required  (Antar et al., 2023; Kayode et 
al., 2023; Namazi et al., 2021). One of the 
strategies that is currently gaining attention is the 
use of functional foods (Alkhatib et al., 2017).  

One functional food ingredient with 
potential as an antidiabetic agent is purple sweet 
potato (Ipomoea batatas L.).   This ingredient is 
rich in bioactive compounds, such as 
anthocyanins and resistant starches, which play 
a role in blood glucose control (Nabot et al., 
2024; Rosell et al., 2024). Anthocyanins can act 
as antioxidants, protecting the function of β-
pancreatic cells (Akomolafe et al., 2025; Nabot et 
al., 2024). Resistant starch plays a role in 
controlling blood sugar levels by slowing the 
absorption of blood glucose (Goff et al., 2018; 
Liu et al., 2022). 

The modification of purple sweet potato 
starch through pre-gelatinization has the 
potential to improve its anti-diabetic properties. 
Pre-gelatinization involves heating starch above 
the gelatinization temperature, followed by 
hydration, causing changes in the crystalline 
structure of starch (Ulfa et al., 2021). Physical 
modifications can increase the resistant starch 
content  (Wijaya et al., 2024), which helps 
control blood sugar levels (Goff et al., 2018; Liu 
et al., 2022). However, processing can also affect 
the stability of other bioactive compounds, 
thereby affecting the overall biological activity 
(Cheong et al., 2022). 

Another example of an anti-diabetic 
functional food is yogurt. Yogurt plays a role in 

blood glucose regulation through nutrients, 
probiotic activity, and the production of 
fermented compounds such as SCFA (Britos et 
al., 2024; Salas-Salvadó et al., 2017). Yogurt 
consumption of 80–125 g per day is associated 
with a 14% reduction in the risk of type 2 
diabetes (Gijsbers et al., 2016). However, the 
functional ability of fermented products is highly 
dependent on various factors, such as the 
fermentation process, specific type of microbes 
used, and composition of the product substrate 
(Sivamaruthi et al., 2018). 

The combination of pre-gelatinization and 
fermentation has the potential to create 
synergistic effects that can enhance the anti-
diabetic effects of purple sweet potatoes. 
Physical modifications of starch, such as pre-
gelatinization, are known to increase the levels 
of resistant starch, which acts as a prebiotic 
substrate for probiotic bacteria, potentially 
increasing fermentation activity and providing 
metabolic benefits (Wijaya et al., 2024). Several 
literature reviews have discussed the role of 
purple sweet potatoes (Arisanti et al., 2023; 
Naomi et al., 2021) and yogurt in diabetes 
management (Barengolts et al., 2019; Salas-
Salvadó et al., 2017). Other studies have shown 
that the combination of bacterial fermentation of 
lactic acid with physical modification of starch 
can increase the levels of resistant starch 
(Setiarto & Widhyastuti, 2017). However, these 
studies generally address components 
separately or in different food systems; thus, the 
potential synergistic interactions between pre-
gelatinization and fermentation in a single food 
matrix have not been widely studied. 

Based on a search of the preliminary 
literature in the main database, studies that 
specifically integrate the use of pre-gelatinized 
purple sweet potato starch in yogurt formulations 
for the management of diabetes mellitus are still 
very limited. Therefore, a systematic review is 
needed to elucidate the antidiabetic potential of 
purple sweet potatoes processed through pre-
gelatinization and fermentation. This study aimed 
to evaluate whether the combination of pre-
gelatinization and fermentation processes in 
yogurt can improve the antidiabetic properties of 
purple sweet potato. 
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Methods 

This study was a systematic literature review. 
The review process was conducted in 
accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analysis 
(PRISMA) guidelines. The completed PRISMA 
2020 checklist is provided as a supplementary 
file to ensure the transparency and 
completeness of the reporting. This review was 
conducted based on a predefined protocol; 
however, the protocol was not registered in the 
PROSPERO database prior to the review. 

Literature searches were conducted in 
four main databases: PubMed, ScienceDirect, 
Scopus, and Web of Science. The keywords used 
for the searches were as follows: 

- ("sweet potato" OR "Ipomoea batatas") AND 
("diabetes" OR "anti-diabetes" OR "glucose") 
AND ("in vivo" OR "in vitro" OR "clinical trial" 
OR "randomized controlled trial") 

- ("Sweet potato" OR "Ipomoea batatas") AND 
("pre-gelatinization" OR "pre-gelatinization" 
OR "gelatinization" OR "gelatinization") 

- ("sweet potato" OR "Ipomoea batatas") AND 
("spray drying" OR "drum drying" OR 
"extrusion") 

- ("sweet potato" OR "Ipomoea batatas") AND 
("fermented" OR "fermented" OR "yogurt") 

 
Covidence was used for screening to 

ensure a systematic and transparent selection 
process. The screening process began with title 
and abstract screening in the first stage. In the 
second stage, a complete text screening was 
conducted to identify studies that met the 
predetermined criteria. The studies included in 
this review met the following inclusion criteria: 
- Open-access research articles published 

between 2015 and 2025. 
- P (Population): Experimental, in vitro, in vivo, 

or clinical studies. 
- I (Intervention): Fermentation and/or pre-

gelatinization of sweet potatoes or purple 
sweet potatoes and consumption of these 
products. 

- C (Comparison): Control products without 
intervention (unfermented/unfermented) or 
comparison between different concentrations 
of sweet potato or purple potato. 

- O (Results): Indicators of anti-diabetic 
potential (functional compounds, enzymatic 
activity associated with carbohydrate 

metabolism, blood glucose levels, and 
glycemic indices). 
 

Studies will be excluded if they: 
- Literature review article. 
- Sweet potato or purple sweet potato was 

used in combination with other ingredients 
without separate analysis of the effects of 
sweet potato or purple sweet potato. 

- Using microorganisms other than lactic acid 
bacteria. 
 

The quality of the research was adjusted 
according to the study design included. A 
modified toxicological data Reliability 
Assessment Tool (ToxRTool) was used for in 
vitro studies. This modification was made due to 
the limitations of quality assessment tools 
specifically designed for in vitro experimental 
studies in the field of food. ToxRTool was chosen 
because it covers various aspects of risk bias, 
although it was originally developed for 
toxicology studies. Therefore, some criteria were 
adjusted to be relevant to the analysis of food 
bioactive composition and compounds. Studies 
were categorized as reliable without restriction 
if they obtained a score of 15–18, reliable with 
restriction if they obtained a score of 11–14, and 
not reliable if they obtained a score of <11 
(Kandhare et al., 2019). Meanwhile, in the in 
vivo study, a risk of bias assessment was carried 
out using the Systematic Review Center for 
Laboratory Animal Experimentation (SYRCLE's) 
Risk of Bias Tool. The assessment was carried 
out for each domain and categorized as low, 
high, or unclear risk (Nistor et al., 2019). The 
results of the research quality assessment and 
limitations identified in each study are 
presented systematically in the limitations 
column in Tables 1–4. 

The review process was carried out by 
one principal investigator under the supervision 
of two co-authors to maintain the objectivity 
and validity of the results. The authors declare 
no conflicts of interest among the researchers. 
Any differences of opinion or disagreement that 
existed during the selection and analysis 
process were resolved through discussion until 
an agreement was reached. Data were 
synthesized using a structured narrative 
synthesis approach. The included studies were 
systematically grouped by processing method 
and the level of evidence. 
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Figure 1. PRISMA flow diagram 

 

 

Result and Discussion 

Data Synthesis 

The literature selection process was performed 
using the PRISMA protocol, as shown in Figure 1. 
Initially, 726 research articles were identified 
based on keyword searches in four scientific 
databases. After a rigorous screening process 
involving a review of titles and abstracts, 
removal of duplicates, and a full-text feasibility 
assessment, 18 studies were included in the final 
dataset for analysis. Among these selected 
studies, three focused on the effects of purple 
sweet potato interventions in a mouse model of 
diabetes, providing insight into its antidiabetic 

efficacy in vivo. Eight studies discussed the pre-
gelatinization effects on sweet potatoes. Three 
studies examined the effects of fermentation on 
sweet potatoes. The remaining four studies 
investigated the addition of purple sweet 
potatoes to fermented dairy products. 

The selected studies consisted of only in 
vitro and in vivo studies, with no clinical studies 
in humans. Of the 18 selected studies, there were 
14 in vitro studies and 4 were in vivo studies. The 
results of the in vitro study using the modified 
ToxRTool showed that all of them were classified 
as “reliable with restriction.” For in vivo studies, 
assessments using SYRCLE’s tool showed that 
most had a low risk of bias in terms of baseline 
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characteristics, incomplete outcome data, and 
selective outcome reporting. However, there are 
unclear risks in other domains, especially those 
related to randomization and blinding. This 
information was not clearly stated in the study.  

 
Anti-diabetic Potential of Purple Sweet Potato 
Purple sweet potatoes have been identified as 
food ingredients with anti-diabetic effects 
(Arisanti et al., 2023; Noreen et al., 2024). The 
antidiabetic effects of this tuber have been 
evaluated in a mouse model of diabetes using 
various forms and preparations, as summarized 
in Table 1. Akomolafe et al. (2025) examined the 
effect of steamed purple sweet potato on 
diabetic rats at a dose of 58.6 g/100 g body 
weight for two weeks. In another study, Gofur et 
al. (2024) intervened in diabetic mice by 
administering 400 mg/kg of purple sweet potato 
extract orally. Mi et al. (2024) analyzed the 
influence of anthocyanin extraction from purple 
sweet potatoes administered to male diabetic 

rats at doses of 227.5, 455, or 910 mg/kg body 
weight for ten consecutive days. 

The three studies showed that 
interventions using purple sweet potato 
products can provide significant antidiabetic 
effects. This effect is reflected in the reduction 
of fasting blood glucose levels and increase in 
glucose metabolism. In addition, studies have 
reported the inhibition of carbohydrate-
digesting enzymes, including α-amylase and α-
glucosidase, which play an important role in 
slowing glucose absorption in the gut. This 
intervention also increases antioxidant capacity 
by regulating antioxidant enzymes. In addition, 
there was a reduction in tumor necrosis factor-
alpha (TNF-α) levels and improvement in the 
lipid profile and liver function. The 
administration of anthocyanins derived from 
these tubers can improve the diversity of the 
gut microbiota and modulate the structure of 
microbial communities (Akomolafe et al., 2025; 
Gofur et al., 2024; Mi et al., 2024). 

 

Table 1. Effect of purple sweet potato product intervention on a model of diabetic mice 
References Study 

Design 
Products Intervention Outcomes Limitations 

Akomolafe 
et al. (2025) 

In vivo Boiled purple 
white fleshy 
sweet potato  

58.6 g/100 g 
body weight 
for 2 weeks 
(diabetic 
rats) 

Increased liver glycogen levels 
and antioxidant parameters; 
Reduced α-amylase and α-
glucosidase activity, fasting 
blood glucose levels, ROS and 
malondialdehyde levels after 
intervention 

Limitations in 
reporting on 
randomization 
and blinding 

Gofur et al. 
(2024) 

In vivo Purple sweet 
potato 
extract 

400 mg/kg 
body weight 
(diabetic 
rats) 

Improves glucose levels, lipid 
profile, and liver function; 
Lowers the proinflammatory 
cytokine TNF-α in the liver 
after intervention 

Limitations in 
reporting on 
randomization 
and blinding 

Mi et al. 
(2024) 

In vivo Anthocyanins 
from purple 
sweet 
potatoes 

910 mg/kg 
body weight 
for 10 days 
(diabetic 
male rats) 

Reduced blood glucose levels, 
increases serum antioxidant 
enzymes, and improves the 
diversity and balance of the gut 
microbiota after intervention 

Limitations in 
reporting on 
randomization 
and blinding 

 
The results of this study show that the 

bioactive compounds present in purple sweet 
potatoes are beneficial for diabetes 
management (Akomolafe et al., 2025; Gofur et 
al., 2024; Mi et al., 2024). The antidiabetic 
activity of this tuber is due to the presence of 
anthocyanins, phenolics, dietary fiber, and 
resistant starches. These components work 
synergistically to regulate blood glucose levels 

and improve insulin sensitivity (Rosell et al., 
2024). 

Purple sweet potatoes contain over 20 
different types of anthocyanins (Noreen et al., 
2024). This compound can inhibit carbohydrate 
digestive enzymes, such as α-glucosidase and α-
amylase, thereby slowing glucose digestion and 
absorption (Kozłowska & Nitsch-Osuch, 2024; 
Noman et al., 2025). Anthocyanins can also 
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modulate key receptors and genes involved in 
glycemic regulation, including GLUT4, PPAR, 
GLP-1R, and FFAR1 (Mi et al., 2024). In addition, 
this compound can support the balance of the 
intestinal microbiota by inhibiting the growth of 
pathogenic bacteria and functioning as an 
antioxidant  (Akomolafe et al., 2025; Mi et al., 
2024; Nabot et al., 2024). 

In individuals with diabetes mellitus, 
hyperglycemic conditions can lead to increased 
free radical production. Excessive production of 
free radicals can trigger oxidative stress. This 
oxidative load causes damage to pancreatic β-
cells, interferes with insulin secretion, and 
interferes with various metabolic processes 
(Akomolafe et al., 2025; Nabot et al., 2024).  

Antioxidants play a role in blood sugar 
control. Antioxidants can neutralize free 
radicals, thereby reducing cellular oxidative 
damage and maintaining pancreatic β-cell 
function. In addition, antioxidants contribute to 
increased insulin sensitivity and help suppress 
chronic inflammation commonly associated 
with diabetes mellitus (Akomolafe et al., 2025; 
Nabot et al., 2024). This protective ability is not 
only possessed by anthocyanin compounds but 
also by other bioactive compounds found in 
purple sweet potatoes, such as caffeic acid, 
chlorogenic acid, ferulate, naringenin, and 
quercetin (Rosell et al., 2024). 

Purple sweet potatoes are a source of 
complex carbohydrates with a low glycemic 
index and contain resistant starch and dietary 
fiber (Gofur et al., 2024). Resistant starch is a 
type of starch that passes through the small 
intestine without being digested and is then 
fermented by the microbiota in the colon. This 
type of starch can modulate the imbalance of the 
gut microbiota, reduce inflammation, and 
regulate the activity of enzymes involved in 
glucose metabolism (Liu et al., 2022). Dietary 
fiber is also crucial in reducing glycemic 
indicators, such as HbA1c. These effects are 
mediated through various pathways, including 
delayed glucose uptake, increased insulin 
sensitivity, and modulation of the gut microbiota 
(Goff et al., 2018). 

In individuals with diabetes mellitus, the 
gut microbiota tends to show decreased 
bacterial diversity. Notably, there were 
reductions in butyrate-producing bacteria and 
beneficial probiotic species. This imbalance is 
associated with impaired glucose metabolism 
and increased systemic inflammation (Mi et al., 

2024; Fliegerová et al., 2024). Purple sweet 
potato anthocyanin interventions in diabetic male 
mice have been shown to optimize gut microbiota 
diversity and balance. This can be seen from the 
decrease in the ratio of Firmicutes/Bacteroidetes 
(15.9 – 38.9%) and an increase in the abundance 
of beneficial bacteria, including Lachnospiraceae 
Clostridium, Butyricimonas, and Akkermansia, 
which are known to play a role in SCFA 
production and maintenance of metabolic health 
(Mi et al., 2024). 

 
The Impact of Pre-gelatinization on the 
Starch Structure and Anti-Diabetic Potential 
of Purple Sweet Potato 
The use of purple sweet potatoes in various food 
applications is still limited because of their 
physicochemical characteristics, which include 
low solubility and high retrogradation tendency 
(Ulfa et al., 2021; Yang et al., 2025). One strategy 
to overcome this limitation is pre-gelatinization, a 
starch modification process that involves heating 
starch above its gelatinization temperature in the 
presence of moisture (Ulfa et al., 2021). This 
modification increases viscosity and gel-forming 
capacity, making it more suitable for various food 
product developments (Yang et al., 2025). 

Pre-gelatinization can be performed using 
various methods. These methods can produce 
starch with different physicochemical 
characteristics, depending on the processing 
conditions and equipment used (He et al., 
2023b; Ye & Baik, 2023). Three main techniques 
can be used to produce pre-gelatinized starch: 
drum drying, extrusion, and spray drying (Ye & 
Baik, 2023). In practical applications, 
gelatinization of starch can also be achieved by 
boiling, steaming, and moist heat processing 
(Yang et al., 2025). The effect of the pre-
gelatinization process on the antidiabetic 
components of this tuber is presented in Table 2. 

Several studies have explored the impact 
of pre-gelatinization on the characteristics of 
processed sweet potatoes. When starch is 
heated in the presence of excess water, partial or 
complete breakdown of the crystal zone in 
starch grains and result in a reorganization of 
the hydrogen bond tissue and changes in the 
components on the starch (Dos Santos et al., 
2019; Ulfa et al., 2021)  

The cooking and drying processes 
improve the digestibility of the flour (Dereje et 
al., 2020). Bedin et al. (2023) processed raw 
purple sweet potatoes by cooking them in an air-
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filled pressure cooker for 17 min to produce 
purple sweet potato pulp. This process results in 
higher sugar levels while reducing the resistant 
starch in the product. These changes can 
potentially increase the glycemic response, making 
them less profitable in the context of product 
development for the management of diabetes 
mellitus.  

However, different results were observed 
during pre-gelatinization involving retrogradation. 
Pre-gelatinization, which includes retrogradation, 
has been shown to increase amylose and resistant 
starch content. These changes are caused by the 
transformation of the crystal pattern during low-
temperature retrogradation. This transformation 
shows the presence of reassociations in amylose 
and the formation of a more regular double-helical 
structure in the crystal domain (Zheng et al., 
2016). This increase in resistant starch levels is a 
form of type 3 resistant starch, which is a form of 
resistant starch that appears due to retrogradation 
after heat treatment and cooling (He et al., 2023b). 

Increasing levels of resistant starch have the 
potential to provide benefits in the management of 
diabetes mellitus. This type of starch is 
indigestible; therefore, it is fermented in the colon 
by probiotic bacteria (He et al., 2023). The 

metabolism of resistant starch lasts 5-7 hours after 
consumption, suppressing the glycemic response 
and insulin levels (Fathurrizqiah & Panunggal, 
2015).  

Pre-gelatinized purple sweet potato flour 
obtained through steaming and brief immersion in 
cold water showed a higher dietary fiber content 
(9.76 g/100 g) than raw flour (8.11 g/100 g) 
(Pichaiyongvongdee et al., 2025). This may be due 
to structural modifications of starch grains and 
partial disintegration of cell walls, which can 
improve the accessibility and digestibility of 
dietary fiber components (Pichaiyongvongdee et 
al., 2025; Ulfa et al., 2021). 

The pre-gelatinization process also 
influences the content of compounds that act as 
antioxidants. Total phenolic, flavonoid, 
anthocyanin, and antioxidant activities have been 
reported to increase after the pre-gelatinization 
process involving steaming (Cakrawati et al., 2021; 
Pichaiyongvongdee et al., 2025; 
Ruttarattanamongkol et al., 2016). Thermal 
treatment can induce disturbances in the cell 
structure within the tuber tissue, thereby leading 
to the release and extraction of these compounds 
(Pichaiyongvongdee et al., 2025; 
Ruttarattanamongkol et al., 2016).  

 
Table 2. Effect of the pre-gelatinization process on the anti-diabetic components of sweet potatoes 
References Study 

Design 
Pre-gelatinized Product Outcomes Limitations 
Ingredients Method 

Bedin et al. 
(2023) 

In vitro Raw purple 
sweet 
potatoes 

Heat pressure 
(17 minutes) 

Higher glucose, 
starch and rapidly 
digestible starch; 
lower slow digestible 
and resistant starch 
rather than raw flour 

Inadequate 
description of 
material 
identification 

Cakrawati 
et al. 
(2021) 

In vitro Raw purple 
sweet 
potatoes 

− Steamed (30 
minutes) 

− Dried (40 °C for 
24 hours) 

Higher phenolic, 
flavonoid, monomer 
anthocyanins and 
antioxidant capacity 
rather than raw flour 

Inadequate 
description of 
material 
identification 

Dos Santos 
et al. 
(2019) 

In vitro Sweet 
potato 
starch 

Spray drying or 
extrusion 

Amylose is not 
significantly affected 

Potential bias and 
inadequate 
description of 
sample 
preparation  

García-
Martínez et 
al. (2024) 

In vitro Raw purple 
sweet 
potato 

− Blanched (10 
minutes) 

− Dried (55±5°C) 
− Extruded 
− Heating (90±5°C 

for 1 hour) 

Lower antioxidant 
activity rather than 
raw purple sweet 
potato 

Inadequate 
description of 
material 
identification 
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References Study 
Design 

Pre-gelatinized Product Outcomes Limitations 
Ingredients Method 

Pichaiyong
vongdee et 
al. (2025) 

In vitro Raw purple 
sweet 
potatoes 

− Steamed (100°C 
for 10 minutes) 

− Soaked in cold 
water (90 
seconds) 

− Dried (50°C for 
15-20 hours) 

Higher dietary fiber, 
phenolic, 
anthocyanin and 
antioxidant activity 
rather than raw flour 

Inadequate 
description of 
material 
identification 

Ruttaratta
namongkol 
et al. 
(2016) 

In vitro Raw purple 
sweet 
potatoes 

− Steamed (10 
minutes) 

− Drum dryer 
(95 °C and 5 rpm) 

Higher phenolic, 
anthocyanin and 
antioxidant activity 
rather than raw flour 

Potential bias 

Ulfa et al. 
(2021) 

In vitro Sweet 
potato 
starch 

− Heated (59.53°C 
for 15 minutes) 

− Dried (50°C for 
24 hours) 

Higher starch and 
amylose rather than 
native starch 

Inadequate 
description of 
material 
identification 

Zheng et 
al. (2016) 

In vitro Purple 
sweet 
potato 
starch 

− Heated (110°C 
for 40 minutes) 

− Stored (4°C for 
overnight) 

− Dried (60°C for 
16 hours) 

Higher amylose and 
starch resistant 
rather than native 
starch 

Inadequate 
description of 
material 
identification and 
sample 
preparation 

 
Different results have been observed for 

purple sweet potatoes processed through 
extrusion. The DPPH radical scavenging activity 
was 39.8±2.1 μmol TE/g DM and ABTS 28.2±1.7 
μmol TE/g DM in raw purple sweet potatoes. 
However, in sweet potato extrudates, the DPPH 
was only 10.9±0.4 μmol TE/g DM and ABTS 
15.5±0.2 μmol TE/g DM. Intense thermal and 
mechanical treatment during extrusion can lead 
to the degradation of phenolic compounds. This 
leads to a decrease in the antioxidant activity 
(García-Martínez et al., 2024). 

 
The Impact of Fermentation on the Anti-
Diabetic Potential of Purple Sweet Potato 
The fermentation process may contribute to the 
antidiabetic properties of purple sweet potatoes. 
Incorporating this type of tuber into fermented 
dairy products has the potential to alter the anti-
diabetic characteristics of the product. The 
effects of fermentation on the anti-diabetic 
components of sweet potatoes are presented in 
Table 3, while the effects of the addition of this 
tuber on the anti-diabetic potential of fermented 
dairy products are presented in Table 4. 

 
In vitro studies 
Studies have shown that fermentation may 
contribute to  an increase in the antioxidant 

activity of purple sweet potatoes (Tong et al., 
2024). This improvement is linked to an 
increase in phenolic and flavonoid levels 
through various mechanisms (Lee et al., 2021; 
Pan et al., 2023; Tong et al., 2024). During 
fermentation, microorganisms produce specific 
enzymes that decompose non-phenolic complex 
compounds into simpler phenolic compounds. 
Microorganisms can also produce secondary 
metabolites that contribute to increased total 
phenolic levels. In addition, microbial activity 
causes cell wall degradation, allowing previously 
bound bioactive compounds to be released 
(Mahardani & Yuanitas, 2021; Tong et al., 2024). 

The results of this review show that the 
fermentation process affects anthocyanin and 
antioxidant activity (Lee et al., 2021; Tong et al., 
2024). There was a decrease in anthocyanin 
levels caused by degradation due to the activity 
of the enzyme β-glucosidase produced by LAB. 
This enzyme hydrolyzes anthocyanins into 
simpler phenolic compounds (Tong et al., 2024). 
In addition, there is a decrease in pH due to the 
fermentation process, causing a division of 
glycosidic bonds in anthocyanins and the 
formation of anthocyanidins. This compound 
exhibits higher reactivity as an antioxidant than 
anthocyanins (Fitria & Wikandari, 2024). 
Although the fermentation process leads to a 
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decrease in anthocyanin levels, it increases the 
bioaccessibility and bioavailability of anthocyanins 
(Tong et al., 2024). Thus, even though the 

anthocyanin content decreases, this compound still 
contributes to the increased antioxidant activity in 
fermented purple sweet potato products. 

 

Table 3. Effect of fermentation on the anti-diabetic components of sweet potatoes 
References Study 

Design 
Products Microorganisms Outcomes Limitations 

Lee et al. 
(2021) 

In vitro Fermented 
purple 
sweet 
potato 
extract 

Lactobacillus Higher phenolic and 
flavonoid; lower 
anthocyanin rather than 
unfermented extract 

Inadequate 
description of 
material 
identification 
and sample 
preparation 

Pan et al. 
(2023) 

In vitro Fermented 
sweet 
potato 
porridge 

Lactobacillus 
plantarum  
or Lactobacillus 
acidophilus 

Higher phenol; lower soluble 
dietary fiber and total sugar 
rather than unfermented 
porridge 

Inadequate 
description of 
material 
identification 

Tong et al. 
(2024) 

In vitro Fermented 
purple 
sweet 
potato 
juice 

Lactobacillus 
rhamnosus 
GDMCC 1.1732 
or  
Streptococcus 
thermophilus 
GDMCC 1.1808 

Higher phenolic and flavonoid 
content, antioxidant capacity, 
bioavailability and 
bioaccessibility of phenolics 
and anthocyanins; lower 
anthocyanin content rather 
than unfermented juice 

Inadequate 
description of 
material 
identification 
and sample 
preparation 

 

Table 4. Effect of adding purple sweet potatoes on the anti-diabetic potential of fermented milk 
products 

References Study 
Design 

Products Microorganisms Outcomes Limitations 

Júnior et al. 
(2024) 

In vitro Greek yogurt 
with  
4% lyophilized 
purple fleshy 
sweet potato 
powder 

Streptococcus 
thermophilus and 
Lactobacillus delbrueckii 
ssp bulgaricus 

Higher anthocyanin, 
phenolic  and 
antioxidant activity 
rather than greek 
yogurt  

- 

Kilinç et al. 
(2025) 

In vitro Set yogurt with 
2% lyophilized 
purple fleshy 
sweet potato 
powder 

Lactobacillus delbrueckii 
subsp. Bulgaricus and 
Streptococcus 
thermophilus 

Higher antioxidant 
activity and 
phenolic rather 
than yogurt set  

Inadequate 
description of 
material 

Supadil et 
al. (2024) 

In vitro Probiotic milk 
with 6% purple 
sweet potato 
flour  

Pediococcus acidilactici 
BK01 

Higher antioxidant 
activity rather than 
probiotic milk  

Inadequate 
description of 
materials and 
presentation 
of the results 

Khairani et 
al. (2022) 

In vivo Yogurt with  
30% purple 
sweet potato 
puree 

Lactobacillus bulgaricus 
ATCC 11842, 
Lactobacillus acidophilus 
ATCC 4356, and 
Bifidobacterium longum 

Decreased levels of 
TNF-α and IL-6 in 
high-fat diet rats 
after 8 weeks of 
treatment 

Limitations in 
reporting on 
randomization 
and blinding 

 
The carbohydrate component of this tuber 

can be used as a substrate to support the growth 
of lactic acid bacteria (Tong et al., 2024). During 
the initial phase of fermentation, the starch of 
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this tuber undergoes enzymatic hydrolysis, 
breaking down into glucose, fructose, and 
maltose. This simple sugar serves as an energy 
source for microbial growth and metabolic 
activity during fermentation. Consequently, the 
glucose content of the product decreased. 
However, this mechanism also causes a 
decrease in water-soluble dietary fiber. This is 
because these components are also fermented 
and metabolized by these microorganisms.(Pan 
et al., 2023). 

The addition of purple sweet potato to 
fermented dairy products appears to increase 
the number of bioactive compounds with 
antioxidant activity. The addition of this 
ingredient can increase the total phenolic 
content and become a source of anthocyanins 
in yogurt production. The amount of these 
compounds increased with the number of 
sweet potatoes used. The high content of these 
various bioactive compounds in purple sweet 
potato yogurt provides greater antioxidant 
activity than yogurt that does not contain this 
tuber (Júnior et al., 2024; Kilinç et al., 2025; 
Supadil et al., 2024).  

 
In vivo study 
Khairani et al. (2022) examined the effects of 
purple sweet potato-fortified yogurt on 
oxidative stress in rats fed a high-fat diet for 8 
weeks. The results showed that the purple sweet 
potato yogurt intervention significantly lowered 
the levels of pro-inflammatory cytokines, 
namely, TNF-α and IL-6, in the model. These 
findings are important because chronic 
inflammation characterized by increased TNF-α 
and IL-6 has been widely associated with 
impaired insulin signaling and the development 
of insulin resistance (Mahgoub et al., 2023) 

 
Evaluating the Synergistic Effects of Pre-
gelatinization and Fermentation on the Anti-
Diabetic Potential of Purple Sweet Potato 
The literature search conducted in this study did 
not reveal any studies that directly examined the 
effect of the combination of pre-gelatinization 
and fermentation processes on the anti-diabetic 
activity of purple sweet potatoes. However, 
based on the literature review that has been 
conducted, the combination of these two 
processes presents a promising approach to 
increase the antidiabetic potency of purple 
sweet potato. This increase in potency is 
primarily related to changes in the content of 

anthocyanins, phenolic compounds, dietary 
fiber, and resistant starches. 

Pre-gelatinization disrupts the crystalline 
regions of starch, causing structural disruption 
in starch grains (He et al., 2023b; Ulfa et al., 
2021; Ye & Baik, 2023). These physical 
modifications can affect the composition of the 
material, with results varying depending on the 
pre-gelatinization method. In the process 
involving Steaming increases the dietary fiber 
content of the flour produced. In addition, an 
increase in resistant starch can occur during 
retrogradation. These resistant dietary fibers 
and starches can act as prebiotics, supporting 
the survival of bacteria used in yogurt 
fermentation  (He et al., 2019a; He et al., 2023b). 

However, thermal treatments, such as 
pressure cooking, have been reported to elevate 
sugar content (Bedin et al., 2023). This is not 
expected in products for diabetes mellitus, as it 
can negatively impact blood glucose control. 
Fermentation can be a solution to this issue. 
Microorganisms can utilize simple sugars as 
energy sources during fermentation, thus 
contributing to a decrease in sugar levels in 
products (Pan et al., 2023). Thus, although pre-
gelatinization can increase sugar levels, the 
fermentation process has the potential to 
reduce these levels. 

From a clinical perspective, a combined 
processing approach to reduce the sugar 
content of products may be beneficial for 
developing foods for diabetes mellitus. 
Reducing simple sugars can help reduce post-
meal blood glucose fluctuations and improve 
overall glycemic control. However, the 
magnitude of this effect requires further 
validation in human clinical studies. 

The pre-gelatinization process involving 
steaming has also been shown to increase total 
phenolic and flavonoid levels, although it can be 
accompanied by a decrease in anthocyanin 
content (Pichaiyongvongdee et al., 2025; 
Ruttarattanamongkol et al., 2016). Fermentation 
can further improve the bioaccessibility and 
bioavailability of these compounds through the 
activity of lactic acid bacteria (Lee et al., 2021; 
Pan et al., 2023; Tong et al., 2024). This suggests 
that the combination of these two processes not 
only increases the amount of bioactive 
compounds but also their availability for 
absorption by the body. 

Nevertheless, the results of this review 
should be interpreted with caution, given the 
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heterogeneity between studies. Variations in the 
study design, treatment type, treatment method, 
and measured parameters may affect the 
reported results and limit direct comparisons 
between studies. In addition, the available 
research is still dominated by in vitro and in vivo 
studies in animals, with the absence of human 
studies. This limitation indicates that the 
available evidence is preliminary, not fully 
generalizable, and limited to clinical evidence in 
humans. 

 
 

Conclusion 

The pre-gelatinization and fermentation 
processes of yogurt have the potential to 
increase the anti-diabetic potential of purple 
sweet potato. The effect of pre-gelatinization on 
antidiabetic compounds varies depending on the 
method used, with steaming and retrogradation 
showing greater potential.  In contrast, 
fermentation tends to lower sugar levels and 
increase the bioaccessibility and bioavailability 
of bioactive compounds. However, the available 
evidence remains limited.  

Further research can be conducted on 
yogurt products incorporating pre-gelatinized 
purple sweet potato, followed by an evaluation 
of the bioactive compound content, nutrient 
composition, and sensory reception. Next, in 
vivo studies are required to assess the 
antidiabetic activity. Human clinical studies can 
be performed to evaluate metabolic responses 
such as insulin responses. 
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