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ABSTRACT

Ginger provides nutrition and bioactivity that can enhance cognitive function and act as an
antidepressant. However, immoderate sugar consumption leads to cognitive decline and mental
health issues. This study explores the role of added sugar in ginger’s ability to improve cognition
and act as an antidepressant. This study is a narrative review that used various sources to collect
data. The literature was explored through online data-based and searching engines with
preestablished keywords. Relevant articles were selected in two stages. The first stage was
conducted by looking at appropriate articles based on the title, abstract, and keywords. The second
stage was sorted according to the predetermined explicit criteria. The research design consists of a
comprehensive analysis of the role of ginger and sugar and their combination in cognitive function
and antidepressant effects. The finding shows that many sweet ginger products contain high sugar
levels, which can reduce ginger’s antioxidant activity and enhance oxidative stress. Additionally,
sugar rotationally enhances Alzheimer’s risk by raising inflammation and amyloid-beta levels. In
conclusion, ginger offers great potential to enhance cognitive functions and has an antidepressant
effect, but unfortunately, added sugar might negate the benefit.
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Introduction

Cognitive function is a series of mental abilities that consist of information processing,
memory, attention, and decision-making (Hsu et al., 2015). This function plays a crucial role
in overall well-being, affecting an individual's ability to engage with the surroundings and
complete daily tasks. Neurodegenerative diseases like Alzheimer’s and Parkinson’s are both
influenced by oxidative stress and neuroinflammation, which leads to brain damage and
neuronal loss (Arcusa et al., 2022). These diseases require specific pathological markers
such as beta-amyloid plaques in Alzheimer's and a-synuclein accumulation in Parkinson’s.

Il{gfglz‘;;%'zs Depression is the foremost severe mental disease, with a lifetime prevalence of 16.6%,

characterized by core symptoms such as depressed mood, loss of interest, and suicidal
Accepted: behavior (Guo et al., 2014). Strong evidence links depression to cognitive impairment, which
04/06/2025 manifests as deficits in working memory, verbal learning, and processing speed.
Published: Additionally, depression is associated with various biological mechanisms, including
10/06/2025 oxidative stress, which occurs when there is an imbalance between oxidants (such as

reactive oxygen species, or ROS) and antioxidants (Dania et al., 2024). This imbalance leads
to inflammation, neurodegeneration, and cell damage, further affecting neurotransmitter
signalling (particularly serotonin), neurogenesis, and synaptic plasticity.
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Ginger (Zingiber officinale) is a rhizome often utilized as a spice, supplement, and
flavoring agent. It is also utilized in traditional medicine due to its nutrition and bioactivity.
Ginger contains two types of compounds, namely volatile and non-volatile compounds.
Essential oils are the main volatile components in ginger. Ginger essential oil consists of
sesquiterpenes (farnesene (10%), curcumin (18%), and zingiberene (36%)) and monoterpenes
(sinole (1.3%), borneol (2.2%), linalool (1.3%), neral (citral b, 0.8%) and geranial (citral a, 1.4%)).
Non-volatile components in ginger consist of gingerol, shogaol, paradol, and zingerone
(Kiyama, 2020). Multiple studies have shown that ginger’s antioxidant and anti-
inflammatory compounds play a crucial role in preventing neurodegenerative diseases and
antidepressant effects. Arcusa et al. (2022), found that ginger’s antioxidant and anti-
inflammatory promote the reduction of inflammation levels and oxidative stress in
neurodegenerative diseases.

Sugar is one of the carbohydrates that people worldwide commonly consume. Sugar is
one of the body's primary energy sources, crucial for brain function and physical activity.
It is commonly added to food and beverages as a sweetener to improve taste and make
them more appealing. Consuming sugar in this form has become necessary in many
people's daily diets (AlAmmar et al., 2020). However, immoderate sugar consumption can
cause diseases such as diabetes, obesity, and mental disorders that also inhibit cognitive
function. High sugar consumption can impair memory and is associated with decreased
neurogenesis, increased inflammatory responses and emotional order, such as anxiety and
depression (Beilharz et al., 2015; Jacques et al., 2019; Mantantzis et al., 2019)

More than 100 studies have claimed that ginger has played a part in enhancing cognitive
function and anti-depressant effects. Ginger content such as [6]-gingerol, zingerone, and
shogaol have neuroprotective effects that will enhance cognitive impairment in Alzheimer's
and Parkinson's and reduce inflammation (Kiyama, 2020). In addition, ginger contains
antidepressant and antioxidant compounds such as flavonoids, phenols, and antioxidants
that help reduce oxidative stress associated with depression (Dania et al., 2024). Only a few
studies have focused on the sweet ginger products. Considering that ginger is often
consumed with sugar, it is interesting to investigate whether the addition of sugar affects
ginger's ability to improve cognitive function and antidepressants.

This study is a literature review using a narrative review format. A narrative review is a
qualitative approach to synthesizing existing research findings without a systematic
methodology, focusing on building or evaluating an overarching theory and connecting
studies on different topics to develop new theories (Siddaway et al., 2019). This literature
review was conducted based on the following steps: (a) A protocol planning and developing;
(b) conducting comprehensive literature research; (c) compiling data by sorting titles,
abstracts, and keywords; (d) developing explicit selection criteria; (e) analyzing the data; (f)
synthesizing information; and (g) reporting the results (Albeha et al., 2020; Singh & Kumar,
2020). The primary steps of this literature review include protocol planning, a
comprehensive literature search, and literature screening based on the title, abstract, and
keywords. The appropriate literature was selected using criteria. In addition, websites and
journals were searched to know the composition of ginger and sugar in sweet ginger
products that are circulating in the market. Methodological analysis and findings are
conducted by synthesizing information from various studies to produce a conclusion.
Finally, the review results are reported in a report that includes all steps and findings that
have been obtained.
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Data Base and Research Strategy

Data were collected from online databases such as Elsevier, MDPI, and Springer, as well
as Google Scholar, explicitly targeting literature from 2014 to 2024 that focuses on the role
of ginger and its bioactive components in cognitive function and antidepressant effects.
This includes studies on the impact of the combination of ginger and sugar on these
outcomes. Keywords used for the literature search were as follows: “ginger”, “ginger
consumption and cognitive function”, “ginger consumption and cognitive function”,
“ginger consumption and antidepressant”, “sugar”, “sugar consumption and cognitive
function”, “Sugar consumption and antidepressant”, “cognitive function”, and
“antidepressant”.

Eligibility

Article selection was done in two steps. In the initial step, articles were screened based
on the title, keyword, and abstract. Next, the articles carefully reviewed the screened
articles, independently analyzing and extracting data to minimize bias, and then compiled
their findings. Detailed notes regarding age, data collection tools, types of interventions,
and significant outcomes were recorded. Irrelevant studies and insufficient quantitative
data were excluded from the study. Table 1. summarises the inclusion and exclusion
criteria considered based on various parameters.

Table 1. Eligibility criteria for scientific articles
(Siddaway et al., 2019; Holland et al., 2021; Sultana et al., 2022).

Inclusions

Criteria Exclusions Justification

Subject All No exclusions To get more

comprehensive results

Possible errors in
understanding data in
another language can

compromise its
accuracy.

Language Indonesian and English Another language

To confirm the
explanation of an article
more precisely

Access Fully accessible Not fully accessible

All All methods are
included to ensure a

comprehensive analysis.

Metodologi No exclusions

Article type Research, reviews, Dissertation
surveys, books and

websites

To gain a deeper
understanding of the
topic

Journal Rank

Indexed by Scopus (Q1-
Q4) or Sinta (S1-S3)

Journals outside Scopus
(Q1-Q4) or Sinta (S1-S3)
accreditation

To ensure that the
sources used come from
trusted scientific
publications and that
their relevance and
quality are recognized
nationally and
internationally.

Antioxidant Antioxidant analysis Antioxidant analysis To obtain more accurate
analysis using the DPPH method using other the DPPH data for comparison
method
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Seven inclusion and exclusion criteria—subject, language, access, methodology, article
type, journal rank, and antioxidant analysis—aim to yield more relevant and accurate
results.

Research Design

This section outlines the research design, detailing the methods used for reviewing the
effects of ginger and added sugar on cognitive function and antidepressant properties. The
technical design of this research, covering the steps involved in article inclusion, is
illustrated in Figure 1.

Journals from Elsevier, MDPI, Springer, and search
= engines (Google Scholar) as well as articles from
2 other relevant and reputable websites
8
Q
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=

Figure 1. Research design

In the first stage of the research, journals from Elsevier, MDPI, and Springer, as well as
articles from Google Scholar and other websites, are collected. In the initial screening phase,
titles, abstracts, and keywords were reviewed. From the 203 articles collected, 153 met the
initial criteria, while 50 were excluded. The process then continued to a second round of
screening, where the remaining articles were assessed based on specific eligibility criteria
outlined in Table 1. Ultimately, this process led to 62 articles for inclusion, while 91 articles
were deemed unsuitable.

Based on the preliminary assessment of the literature, the conceptual design of this
research centered on the potential effect of added sugar on cognitive function and the anti-
depressant properties of ginger, as illustrated in Figure 2.
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Figure 2. Research conceptual design

Based on the preliminary assessment of the literature, the conceptual design of this
research centered on the potential effect of added sugar on cognitive function and the anti-
depressant properties of ginger, as illustrated in Figure 2.

Results and Discussion

Ginger's Potential for Cognitive and Antidepressant Function

Ginger (Zingiber officinale) is a type of rhizome commonly used for its health benefits
due to its various pharmacological properties. It is also known for its antioxidant and anti-
inflammatory effects. Ginger contains antioxidant compounds such as shogaol, gingerol,
zingerone, and paradol. (Shaukat et al., 2023; Ayustaningwarno et al., 2024). The
antioxidant activity of ginger works by donating electrons or hydrogen atoms to free
radicals. According to Sanjay & Shukla (2021), antioxidants operate through several
mechanisms: 1) Protect cellular structures and prevent the formation of reactive oxygen
species (ROS) in crucial areas, such as UV filters and cell membranes; 2) Absorb energy and
electrons to halt ROS activity; 3) Inhibit or redirect ROS through antioxidant enzymes; 4)
Bind to and deactivate metal ions to prevent the generation of ROS; and 5) Disrupt reaction
chains by capturing radicals and breaking down ROS.
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Figure 3. Mechanism of endogenous and exogenous antioxidant (Ayustaningwarno et al., 2024)

Figure 3 illustrates the mechanism of endogenous and exogenous antioxidants. The
antioxidant mechanism involves enzymatic and non-enzymatic pathways to neutralize
reactive oxygen species (ROS) (Ayustaningwarno et al., 2024). Superoxide Dismutase (SOD)
converts superoxide radicals (O,”) into hydrogen peroxide (H,0,), which is further
decomposed by Catalase (CAT) and Glutathione Peroxidase (GPx) into harmless water (H,O)
and oxygen (0;). In the presence of transition metals like Fe?* or Cu, H,O, can generate
reactive hydroxyl radicals (OH"), contributing to oxidative stress and cellular damage. Non-
enzymatic antioxidants, such as ascorbic acid (vitamin C) and phenolic compounds, help
mitigate this damage by scavenging free radicals and preventing lipid peroxidation. A
deficiency in exogenous antioxidants can lead to an imbalance between free radicals and
antioxidants, resulting in oxidative stress, which is associated with various diseases.
Ginger's antioxidants support cognitive function and exhibit antidepressant effects. The
antioxidant activity was assessed based on the samples' ability to reduce stable free
radicals, specifically 2,2-diphenyl-1-picrylhydrazyl (DPPH), with results presented in Table
2.

Table 2. Antioxidant properties of ginger

Bioactive Compounds Preteatment
Ginger Total IG5,
Varieties Compound Phenolic Process Tgt?;r):.r Time (ng/ml) Reference
(mg GAE/g °C) (days)
extract)
Red 7.58 Shade 15 14 34.8 +
ginger drying 1.27
(Zingiber
officinale
var.
rubrum)
Gingerol Vacuum 45 3 27.2 (Ayustanin
oven 1.19 gwarno et
drying al,, 2024;
Ghasemza
deh et al,,
2016)
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Shogaol Freeze -60 3 29.1 +
drying 1.44
Paradol Fresh - - 42.5 +
1.62
Zingerone
Elephant 8.03 +0.06 Sun- 28-44 3 15.23
ginger dried
(Zingiber
officinale
Roscoe
var
officinale)
Gingerol Oven- 60 3 22.10 (Ayustanin
drying gwarno et
al., 2024;
Mustafa &
Chin,
2023;
Tung et
al,, 2017)
Shogaol Freeze -30 - 22.25
drying
Paradol Vacuum 60 3 24.89
drying
Zingerone Fresh - - 20.18
+0.12

According to Table 2, the lowest ICs, value is found in the elephant ginger variety with
sun-dried drying treatment (15.23 png/ml), while the highest is found in the fresh red ginger
(42.5 = 1.62 ng/ml). The higher the IC;, value, the lower the antioxidant activity.
Additionally, according to Wiendarlina & Sukaesih (2019), an ICs, value > 50 indicates very
high antioxidant activity. Additionally, the phenolic content in elephant ginger is higher
than in red ginger, with phenolics being one of the key antioxidant components.

The phenolic compounds in ginger stems act as antioxidant activity, which works by
neutralizing free radicals by donating electrons or hydrogen atoms. (Zhang et al., 2022).
This indicates that elephant ginger processes higher antioxidant activity. Aligns with the
research Badrunanto et al. (2024), which points out that elephant ginger has the highest
antioxidant activity compared to red ginger and emprit ginger. Additionally, the ginger
pretreatment process also impacts ginger's antioxidant activity. The heat treatment
boosted Ginger’s antioxidant activity as a result of the increased superoxide radical
scavenging capacity (Sueishi et al., 2019).
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Figure 4. Chemical structures of antioxidant compounds present in ginger

Moreover, ginger's antioxidant properties also have significant anti-inflammatory
effects. This section reviews preclinical studies examining the impact of ginger on cognitive
function and its antidepressant-like effects, highlighting its promising role in health
interventions. The results are presented in Table 3.

Table 3. Preclinical studies of ginger on cognitive and antidepressant functions

Compound Concentration Subject Behavior Findings Reference
Used /Dosage
Ginger 50 mg/ml C57BL/6] - Akt|, NF-kB|, (Ueno et al.,
mice, TNF-a| 2014))
6-shogaol 100 pmol/L HT-29/B6 and - linflammatio  (Luettig et al.,
Caco-2 n (TNF-al) 2016)
Ginger extract 25, 50,100 Male Sprague- - PGE2, TNF-q, (Ezzat et al.,,
and 200 Dawley dan IL-6] 2018)
mg/ kg body
weight
Ginger 250 mg/kg ICR male mice faster AChE activity, (Kim et al.,
body weight navigation in cytotoxic 2019)
the Morris Effect, Lps-
water maze induced NO
and increased production,
latency in Suppressed
entering the TNF-a, IL-6,
dark IL-1B.
compartment
during the
passive
avoidance
test
6-gingerol 10 and Adult male shorter IL-6, TNF-q, (Zhang et al.,
20 mg/kg Sprague- escape NO, NOS2 2018)
body weight Dawley rats  latencies to protein
find the expresion in
hidden C6 cells.

platform and
devote more
time in the
target
quadrant at
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Gingerol 10 mg/kg Adult male - a-secretaseft, (Halawany et
body weight Swiss Albino AB-42], B- al., 2023)
/day, mice secretase,
APHla|
Ginger extract 108 mg/kg Adult male reduced Ache | (Mahdy &
and 216 rat latency in Farrag, 2016)
mg/kg body locating the
weight per hidden
day. platform
during the
Morris water
maze test,
indicating
enhanced
memory and
retention.
Ginger extract 500 mg/kg Male Albino- increase the 1serotonin (Bano et al.,
body weight Wistar rat spent time in 2021)
the open arm,
indicating
decreased
anxiety

Abbreviations:

APHI1A pharynxdefectivelhomolog;

AAB,amyloidB;

AChE,acetylcholinesterase;

COX2,cyclooygenase-2; IL,interleukin; LPS,lipopolysaccharide; NF-xB,nuclearfactorkB; NO,nitrogen

oksida;NO2 nitrogendioksida;
PGE2,ProstaglandinE2

p-Akt,phosphorylatedproteinkinaseB;

Ry

G i

ol
o S DA

TNF,tumornecrosisfactor;
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Cognitive function antidepressantt
= Antioxidant l l l
mm'A“n';I“"y Rt Antl-dAIlzhalmer‘s Antioxidant Anti- Tryptophant
ado) Isease Ishogaol , and
(6-gingerot, 6-shogact, 8- u\,..nwu:' ot al, 2024; Styawan [Mlovonoids, tonnins, otkoloids, i ﬂn:::l.‘::-mmc nflammatony; ‘hlﬁ-l;l'n:l":gz“
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(i et ol 2019; Ezzat et 2023Zhang, et ot, 2022 Wiendarlina & dehydrogingerdione] s et Pingerol, and 10-gingerol)
L, 2018; Znang et ol 2018; ‘Sukaesih 2019) tyawan et al, 2023; Wahyudi, & (Xien et al, 2019; Ezzat et
Luettig et oL, 2016; Ueno et Ghaag st at, 2033, Mao et of, Minarsih, 2023;Zhang, et al., 2022; L,2018; Zhang et al, 2018;
ot 2004) 1 2019; Halawany et ol, 2017; Wiendarlina & Sukaesih,2019) MO0 St AL 3 Vow o8
Korom et ol, 2014) al,2014)
13 r hydrog Serotonint
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ai, NO¥, NF-kb+ , TNF-as, IL- reduce damage caused by a-secretases, AB-42+, Donating  electrons  or
64, IL-1B+ Sidatvesiress: Brsacretasey, APH1at hydmgo: atoms to free
radicals helps to reduce

damage caused by oxidative
stress.

I
as an anti-Alzhei
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> ivity = positive effect
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Figure 5. Ginger potential for cognitive and antidepressant function

(| =decrease/inhibit, 1 =increase)
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Abbreviations: APHI1A,pharynxdefectivelhomolog; AAB,amyloidB; AChE,acetylcholinesterase;
COX2,cyclooygenase-2; IL,interleukin; LPS,lipopolysaccharide; NF-kB,nuclearfactorkB; NO,nitrogen
oksida;NO2 nitrogendioksida; p-Akt,phosphorylatedproteinkinaseB; TNF,tumornecrosisfactor;
PGE2,ProstaglandinE2

Alzheimer’s disease (AD) is a neurodegenerative condition that is indicated by cognitive
decline and memory impairment. Based on Figure 5, ginger has shown positive effects on
cognitive function, particularly for Alzheimer's disease. Ginger exhibits both anti-
inflammatory and anti-Alzheimer’s properties. Table 3 highlights ginger's role as an anti-
Alzheimer’s agent by enhancing a-secretase activity, reducing Ap42 levels in the brain, and
inhibiting vy-secretase and APHIla activity, which helps mitigate COX-2-related
neuroinflammation. Research by Azam et al. (2014), further supports ginger's potential as
an anti-Alzheimer agent by inhibiting acetylcholinesterase (AChE). This critical enzyme
breaks down acetylcholine and regulates cerebral blood flow, g-amyloid aggregation, and
inflammatory processes. Active components in ginger contribute to its anti-Alzheimer are
flavonoids, tannins, alkaloids, 6-shogaol, terpenoids, and 6-dehydrogingerdione (Mao et al.,
2019; Zhang et al., 2022).

Parkinson's disease (PD) is the second most prevalent neurological disorder among the
elderly, following Alzheimer's disease. In PD patients, there is a significant increase in
oxidative stress levels and inflammatory markers. Low antioxidant levels contribute to an
inability to manage the production of free radicals and reactive oxygen and nitrogen species
(ROS/RNS), leading to inflammation and neurodegeneration. As shown in Figure 5, ginger
possesses potent antioxidant and anti-inflammatory properties, positively affecting
Parkinson's disease. Ginger has a high antioxidant content that can help mitigate damage
from oxidative stress. Additionally, as indicated in Table 2, ginger possesses anti-
inflammatory properties by inhibiting inflammatory pathway components such as TNF-q,
nitric oxide (NO), COX-2, and inducible nitric oxide synthase. This aligns with findings from
Mao et al. (2019) and Zhang et al. (2022).

Depression is closely linked to cognitive impairments, including deficits in working
memory, verbal learning, and processing speed. It is associated with various biological
mechanisms, including oxidative stress—an imbalance between oxidants, such as
antioxidant and reactive oxygen species (ROS) (Dania et al., 2024). As shown in Figure 5,
ginger is an antidepressant due to its high antioxidant activity and ability to enhance
serotonin synthesis. Ginger exhibits high antioxidant effects that play a crucial role in
reducing oxidative stress. Antioxidants found in ginger can help support neurotransmitter
balance and improve neurogenesis, potentially alleviating symptoms of depression.
Additionally, ginger extract boosts serotonin production and has antidepressant effects.
Active compounds in ginger, such as 6-gingerol, can increase the availability of tryptophan
in the brain, a precursor to serotonin synthesis, which is vital for mood regulation and
reducing depressive symptoms (Bano et al., 2021). The essential oil compounds in ginger
play a significant role in creating its distinctive aroma. The scent of ginger can have a
relaxing effect (Saras, 2023).

The pH test is conducted using a pH meter (Fasya et al., 2018). First, the pH meter is
calibrated. The electrode of the pH meter is then immersed in the temulawak extract
sample. The detected pH value is observed until it stabilizes, and the final pH reading is
recorded.

Sugar Effects on Cognitive and Antidepressant Function

Sugar is a common sweetener that consumed worldwide. It is a primary energy source
for brain function and physical activity and is often utilized as a sweetener in various food
and beverage products. This section examines the effect of sugar on cognitive function and
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its potential role in influencing antidepressant effects, with testing conducted through
animal studies and the results presented in Table 4.

Table 4. The effect of sugar on cognitive function and antidepressants

Sucrose or Concent Time Subject Findings Behavior Refer
Sweetener ration (days) ence
(%)
Sucrose 10 28 male increased increase the spent Xu
Sprague anxiety-like time in the close arm &
Dawley  behaviors of the elevated plus Reich
rats maze (EPM), reflecting elt,
more significant 2018)
anxiety and a reduced
willingness to explore
open areas
Sucrose 35 63 male decreased reduced spatial (Lem
solution Wistar memory memory performance 0s et
rats performance in novel object al.,
and recognition and object 2016)
displacement tests,
increased along with increased
helpless immobility in the
behavior forced swimming test,
indicating heightened
helpless behavior.
High- 45 56 male increased reduced entries in the  (Sant
carbohydrate 10 BALB/c anxiety-like Elevated Plus Maze, os et
diet : 45 mice and increased immobility al.,
Condensed depressive- in the Tail Suspension  2018)
milk like Test
Sugar behaviour
Chow and aversive
memory
Sucrose 10 28 C57BL/6 depression Increased immobility (S.
mice and anxiety- in the tail suspension Kim
like behavior. test and decreased et al,,
time spent in the open 2018)
arms (elevated plus
maze).
Sucrose and 11 30 adolesce impairs Increased time to find  (Hsu
high fructose nt male hippocampal- escape routes, reduced et al.,,
corn syrup and dependent percentage of correct 2015)
for adult memory hole investigations,
male function and  and more significant
Sprague- increases disorientation in
Dawley hippocampal navigational tasks.
rats markers of
inflammation
Sucrose 10 21 Male deficits in - (Beilh
solution Sprague the arz et
-Dawley  hippocampal- al.,
rats dependent 2015)
place
recognition
task and
increased
hippocampal
markers of
oxidative
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stress (MRNA
and NRF1)
and
inflammation
(mRNA , IL-1,
and TNF-a)

Sucrose 20 84 The increased - (Orr
solution 3xTg-AD amyloid-f et al,,
mice dan tau 2014)
phosphorylat
ion

Table 4 shows that sugar consumption at concentrations of 10% or higher can have
adverse effects on cognitive function and antidepressant properties. Sugar consumption
can negatively impact cognitive function, leading to memory loss and an increased risk of
Alzheimer's disease, as well as exacerbating symptoms of depression by heightening
anxiety-like and depressive-like behaviors. The Dietary Guidelines for Americans advise
restricting added sugars consumption to less than 10% of daily caloric intake to minimize
potential health risk (Lee et al., 2023). The effects of cognitive decline and the
antidepressant impact of sugar are illustrated more clearly in Figure 6.

\ S}
.
i
sugar

b3

increase anxiety-like ¢ &

and depressive-like SR memory loss
= beh’a:’]grx = Orretal., 2014 (Lemos et al,, 2016;Hsu et al.,
ntos et of., ;XU al il L.
Reichelt, 2018 ; Lemos et ol,, 2016) TR 126 2008)
amyloid-beta
pro-inflammatory (ERtauiy (AR) * Infl:mmabtlon (TNF-a  oyidative stress +

cytokines (IL-6 and LB

TNF-a)t (Santos et al.
(2016)

—— = bioactivity =mechanism

Figure 6. Sugar potential for cognitive and antidepressant function
(| =decrease/inhibit, 1 =increase)

Abbreviations: AAB,amyloid; IL,interleukin; TNF,tumornecrosisfactor

Based on Figure 6, it can be observed that sugar influences cognitive function and
depression by increasing inflammation, oxidative stress, and elevating Alzheimer's
markers. Excessive sugar intake can impair hippocampal function, crucial for memory and
learning, due to increased inflammation (such as TNF-a and IL-18) and oxidative stress
(Beilharz et al.,, 2014; Hsu et al, 2015). In the context of Alzheimer's, high sugar
consumption (20% sucrose solution) can lead to elevated AP levels, which release pro-
inflammatory molecules, worsen brain damage, and trigger P-tau phosphorylation,
accelerating neurodegeneration (Orr et al.,, 2014). high sucrose intake promotes the
production of harmful AB and tau proteins through the upregulation of APP cleavage and
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BACE-1 activity, contributing to the pathology observed in Alzheimer's disease.
Furthermore, research by Santos et al. (2018), indicates that a high-carbohydrate diet can
increase anxiety-like and depressive-like behaviours. This is associated with an increase in
pro-inflammatory cytokines such as IL-1B, IL-6, and TNF-a. These cytokines can promote
depressive symptoms through various pathways, which include the reduction of
monoamine neurotransmitters such as serotonin and norepinephrine. (Febyan et al., 2020;
Sutantio & Nugroho, 2020).

Potential Effects of Added Ginger and Sugar in Sweet Ginger Products Based
on Cognitive and Antidepressant Function

Ginger is frequently consumed with added sugar, and various sweet ginger products,
such as ginger candies and syrup. This section explores the content of ginger and sugar in
sweet ginger products. The results are shown in Table 5.

Table 5. Composition of ginger and sugar in sweet ginger products
Product Ginger content Sugar content Reference
(%) (%)

Ginger Candy

Hard candy 11,10 81,40 (Supriyanto et al., 2023)
Hard candy 1-2,5 80 (Akib et al., 2016)
Hard candy 12,80 77 (Rahman et al., 2023)
Hard candy 8-30 47-75 (The Ginger People, 2021)
Candy jelly 32 20 (Amalia et al., 2021)
Crystal candy 67 75 (The Ginger People, 2021)
Chewy candy 10 58 (The Ginger People, 2021)
Gummies 27 50 (The Ginger People, 2021)
Ginger Syrup

25 70 (Dwita et al., 2019)

19,6 39,2 (Roslinda et al., 2022)

20,8 62,5 (Andina Mayangsari et al.,

2024)

Crystallized Ginger

34 45,40 (Tambunan et al., 2022)

32,2 32,20 (Rachmad Saputra et al.,
2022)

50 50 (Rifkowaty & Martanto, 2016)

44,80 22,40 (Badan POM, 2020).

50% 50 (Ratnaningsih et al., 2021)

32,50 56,90 (Kartika et al., 2023)
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Table 5 showed the percentage of ginger and sugar in each type of sweet ginger product.
Ginger candy contains 8-67% ginger and 47-81.4% sugar. Ginger syrup contains 20-25%
ginger and 39.2-70% sugar. Crystallised Ginger contains 30.6-50% ginger and 32.2-69%
sugar. Overall, sweet ginger products commonly contain a ginger of 8-67% and a sugar of
20-81.4%. This indicates that a significant amount of sugar is added to ginger products that
are available to the public. High sugar consumption (>10%) can damage memory and is
associated with decreased neurogenesis, increased inflammatory responses, and emotional
disorders such as anxiety and depression. (Beilharz et al., 2015; Jacques et al., 2019;
Mantantzis et al., 2019). Inflammation can activate microglia, the brain's immune cells,
leading to the release of pro-inflammatory cytokines like IL-18, IL-6, and TNF-a. This
activation may result in brain tissue damage and disrupted neuron communication,
contributing to depressive symptoms by reducing key neurotransmitters like serotonin and
norepinephrine. (Rosyanti et al.,, 2017; Febyan et al., 2020; Sutantio & Nugroho, 2020).
However, the addition of sugar has been shown to reduce antioxidant activity, as seen in

Table 6.
Table 6. Antioxidant properties of fresh and processed ginger (Koch et al., 2016)
Product Description IC50 (ug/ml)
Fresh ginger Zingiber officinale 210+ 10
Roscoe
Hard candy with  ginger-flavoured hard 730 + 36
ginger candies
Ginger in sugar sliced ginger with sugar 320 £ 22
(sweet 1)
Ginger in sugar antioxidant analysis 420 + 26
(sweet 2) using the DPPH method

From Table 6., it can be observed that the highest IC;, value is found in the product Hard
Candy with Ginger (730 + 361g/ml), while the lowest is in Fresh Ginger (210 + 10 ng/ml).
This indicates a decrease in antioxidant activity in ginger products with added sugar
compared to fresh ginger, as evidenced by increased ICs, values. This reduction occurs
because added sugar affects antioxidant activity by lowering methylation groups and
hydrogen atoms, which decreases the availability of hydrogen atoms that act as donors to
free radicals, ultimately degrading antioxidant compounds. (Diyana et al., 2024).
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Figure 7 showed that adding sugar may reduce ginger's potential for enhancing
cognitive function and its antidepressant effects. Added sugar can lead to more
inflammation, oxidative stress, and an increased risk of Alzheimer's disease. It may also
interfere with ginger’s ability to fight Alzheimer’s by raising amyloid-beta (AB) levels. This
increase in oxidative stress might occur because the antioxidant function is impaired.
Furthermore, added sugar can inhibit ginger’s anti-inflammatory effects, as indicated by
the increasing levels of IL-6, TNF-a, and IL-18. As stated by Prasad & Dhar (2014)Sugar can
promote inflammation by creating advanced glycation and products (AGEs) that interact
with the RAGE receptor, promoting NF-kB and raising the production of pro-inflammatory
cytokines and reactive oxygen species (ROS).

Ginger has potential benefits in combating Alzheimer’s disease, which can improve
cognitive function and provide antidepressant effects. In contrast, sugar has negatively
impact cognitive function and increase depression, inflammation, and oxidative stress.
High sugar intake may contribute to memory issues, heightened anxiety, and depressive
behaviors. Therefore, it is crucial to determine how sugar can undermine the beneficial
effect of ginger on cognitive function and depression effect. Specifically, sugar can lower
antioxidant activity, increase inflammation, and elevate amyloid-beta levels, potentially
increasing the risk of Alzheimer’s disease.
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