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Introduction
Sweet taste, in particular from added 
sugars, is the most desirable flavor. Since 
the beginning of the 20th  century, sucrose 
has become one of the main sweetener 
choices among the food industry and 
consumers. Sucrose, the table sugar, is 
produced at about 165 million tons a year, 
most from sugar cane  (80%) and sugar 
beets.[1] According to Dietary Guidelines for 
Americans in 2020, excessive sugar intake 
may increase calorie intake without raising 
nutritional diet value. Sugar‑sweetened 
beverages  (such as soda, sports drinks, 
energy, and fruit drinks) and sweetened 
coffees and teas contribute over  40% of 
adult’s daily intake of added sugars.[2] 
Usually, foods rich in added sugar are low in 
fiber, minerals, vitamins, and antioxidants. 
Moreover, over‑sugar consumption results 
in hypertension, cancer, adverse lipid 
profiles, increased inflammation and 
oxidative stress, cardiovascular disease, 
insulin resistance, obesity, glucose 
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Abstract
Background: It is well established that unrefined sugarcane products have antioxidant activity due to 
phytochemicals, polyphenols, and total antioxidant capacity, which may decrease inflammation and 
oxidative stress. Therefore, we conducted a systematic review to evaluate the association of unrefined 
sugar consumption with inflammatory biomarkers. Methods: Google Scholar, ScienceDirect, Scopus, 
Cochrane Library, and ProQuest databases were searched up to December 2021 for studies that report 
the effect of unrefined sugar on inflammation according to inflammatory cytokines, chemokine, and 
adhesion molecules as outcome measures. Results: Thirty‑six studies were evaluated. Across all 
research, five studies  (two in vitro and three animal studies) reported the effect of unrefined sugar 
on levels of cytokines, including IL‑6, TNF‑α, IL‑10, IL‑1β, and IFN‑γ. Additionally, the quality 
of the studies was assessed for risk of bias. Conclusions: it is possible to affirm that unrefined 
sugarcane products, including jaggery, may have a protective effect on inflammation via regulating 
some of the inflammatory pathways and a favorable impact on cytokines secretion according to the 
results of in vitro and animal model studies. However, since the findings are still insufficient, more 
scientific research, especially well‑designed human trials, is highly recommended to conclude the 
outcomes confidently. Human data may encourage industries and the public to replace purified sugar 
with unrefined sugarcane in sugar‑based food and for further health‑care policy decisions.
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intolerance, and diabetes.[3–6] Thus, both 
the World Health Organization and the 
American Heart Association suggest that 
added sugar should not exceed 10% of 
total calorie intake and not more than 
six tablespoons full for women and nine 
tablespoons full for men, respectively.[3,5]

Despite the disadvantages of refined sugar 
consumption, white sugar is the most 
widely used sugar worldwide. However, 
these days, unrefined sugarcane alternatives, 
including noncentrifugal sugar  (NCS), are 
available in the market.[7] NCS, known 
as whole cane sugar, has been used as a 
sweetener in most cane sugar‑growing 
regions. Traditionally, the NCS uses various 
names depending on the country of its 
origin, such as brown sugar  (Europe and 
North America), Gula Melaka  (Malaysia), 
Jaggery  (India), Kokuto  (Japan), 
Panela  (Colombia), Rapadura  (Brazil), and 
Muscovado  (Philippines) which are all 
produced using concentrated cane sugar 
juice.[8–10]

Many studies reported that unrefined 
sugarcane products have antioxidant activity 

Access this article online

Website: 
www.ijpvmjournal.net/www.ijpm.ir
DOI:  
10.4103/ijpvm.ijpvm_318_22

Quick Response Code:
This is an open access journal, and articles are 
distributed under the terms of the Creative Commons 
Attribution‑NonCommercial‑ShareAlike 4.0 License, which 
allows others to remix, tweak, and build upon the work 
non‑commercially, as long as appropriate credit is given and 
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

D
ow

nloaded from
 http://journals.lw

w
.com

/ijom
 by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
2+

Y
a6H

515kE
=

 on 11/08/2023



Ebadi and Azlan: Effects of unrefined sugar on inflammation

International Journal of Preventive Medicine 2023, 14: 121  2

due to phytochemicals and polyphenol components.[11–16] 
The phytochemicals and phenolics may inhibit the activity 
of free radicals through several mechanisms, including 
the destruction of free radicals, binding to metals that 
stimulate the production of free radicals and inhibiting the 
formation of free radicals as well as acting as scavengers 
of free radicals.[17] The antioxidants may decrease the risk 
of oxidative stress‑related diseases such as cardiovascular, 
diabetes, obesity, cancer, and DNA damage.[18–22] In addition, 
phytochemicals have shown positive effects on carbohydrate 
metabolism during glucose transporter activity in the gut, 
showed protective effects on pancreatic cells from toxicity, 
resulted in favorable effects on insulin release, inhibition 
of gluconeogenesis as well as improved glucose uptake 
into tissues.[9,23] However, to the best of our knowledge, 
no comprehensive review evaluates the effectiveness of 
unrefined sugarcane products on inflammation. Therefore, 
the purpose of this systematic review is to evaluate the 
evidence from published studies regarding the impact 
of unrefined sugar on biomarkers of inflammation such 
as C‑reactive protein  (CRP), high‑sensitivity C‑reactive 
protein  (hs‑CRP), pro‑inflammatory cytokines  (e.g., 
interleukin‑6  [IL‑6], tumor necrosis factor‑α  [TNF‑α]), 
chemokine, and adhesion molecules.

Materials and Methods
We conducted a systematic literature search for relevant 
published articles through PubMed, Google Scholar, 
ScienceDirect, Scopus, Cochrane Library, and ProQuest 
databases until December 2021. The PRISMA guideline 
was used in writing the present systematic review[24] and 
guidelines in the Cochrane Handbook for Systematic 
Reviews of Interventions.[25] In order to ensure that all 
potentially relevant publications in the English language 
entered the screening process, broad search terms were used 
in the database searches, including “unrefined sugar” OR 
“raw sugar” OR “NCS” OR “brown sugar” OR “jaggery” 
OR “Kokuto” OR “panela” AND “inflammation” OR 
“inflammatory cytokines” OR “pro‑inflammatory cytokines” 
OR “CRP” OR “hs‑CRP” OR “NFκB” OR “chemokine” 
OR “adhesion molecules”  [Supplementary Table 1]. 
Whenever possible, Medical Subject Headings terms were 
used. In addition to the electronic search, the reference 
lists of all included articles were reviewed to find more 
related studies. Since the published data in this research 
area are limited, we included all studies  (in  vitro, in  vivo, 
animal, and human intervention) that reported unrefined 
sugar consumption’s effect on inflammation by evaluating 
at least one of the inflammatory biomarkers as the outcome 
indicators. Since we are interested in investigating the 
effects of unrefined sugar on inflammation, we excluded 
studies that reported the effects of other sweeteners, dietary 
patterns, and glycemic index. Furthermore, studies that 
simultaneously assessed the effects of other nutrients  (such 
as herbal extract) on sugar intake were excluded [Figure 1]. 

This systematic review was registered with PROSPERO on 
July 26, 2022 (CRD42022344140).

Data extraction and quality assessment of research 
papers

The literature search was conducted by two independent 
investigators  (SE and AA), and they selected the related 
studies after reading the titles, abstract, methods, and 
full text. Those studies compared the outcomes before 
and after the intervention had been selected based on 
inclusion and exclusion criteria. Authors, publication 
year, the study’s country, duration, study design and 
intervention, and the primary outcomes were recorded for 
each study  [Table  1]. Duplicated articles were excluded, 
and the final list was prepared for the systematic review. 
The quality of all studies was assessed using a checklist 
based on the Toxicological Data Reliability Assessment 
Tool  (ToxRTool)[26] and Systematic Review Centre for 
Laboratory animal Experimentation  (SYRCLE’s) Risk of 
Bias  (Rob) tool  (S2).[27] The ToxRTool has been developed 
to evaluate the quality of in vitro studies and consists of 18 
criteria in five groups of criteria, including test substance 
identification, test system characterization, study‑design 
description, study results documentation, and the 
plausibility of study design and results. All criteria must 
be answered  (either by 0 or 1) while evaluating the paper. 
Finally, the total points assigned to each study lead to a 
proposal of a reliability category from 1 to 3, calculated by 
the tool. The SYRCLE’s Rob tool is based on the Cochrane 
Rob tool. It considers the following entries to assess the 
methodological quality of animal intervention studies: 
selection bias, performance bias, detection bias, attrition 
bias, reporting bias, and other biases.

Results
Search results

A flow diagram visualized a detailed step in systematic 
search and study selection  [Figure  1]. A  total of 36 
studies were identified during the initial search, of 
which 6 were removed due to duplication. Among the 
remaining articles  (n  =  30), 15 studies were omitted, 
considering the title and abstract. Finally, full texts of 15 
articles were reviewed, and 5 studies were included in 
the review after omitting unrelated papers by the full‑text 
assessment due to unrelated outcomes or exposure (n = 8), 
and sugar was administrated in combination with other 
substances (n = 2).

The main findings of the included trials in this systematic 
review are summarized in Table 1. The five trials addressed 
unrefined sugarcane products such as jaggery, brown sugar, 
and molasses intake as a nutritional intervention from 18 h 
to 180  days of exposure. Two studies were in  vitro,[31,32] 
and the remaining  (n  =  3) were animal interventions.[28‑30] 
Animal studies  (n = 3) included male mice,[28] male rats,[29] 
and mono‑sex tilapia fish,[30] while the in vitro studies used 
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human whole blood cultures that were treated with raw 
sugar.[31,32] These studies tested different exposures (ranging 
from 0  µg/ml to 800  µg/ml) to unrefined sugar products 
in both intervention and control groups to determine the 
effectiveness of treatment on inflammatory biomarkers. 
Two studies in the animal model used diluted jaggery in 
water. The arsenic‑exposed group supplemented with 
jaggery was compared to the arsenic‑exposed group in the 
absence of jaggery treatment as a control group,[28] and the 
jaggery‑based water system was compared to the water 
system with no carbon source.[30] One study compared 
natural  (including brown sugar) and artificial sweeteners 
along with a high‑fat diet  (HF) to a control diet in the 18 
randomized Wistar rats groups.[29] A study determined the 
in vitro effects of artificial and natural sweeteners  (brown 
sugar and molasses) on the immune system using whole 
blood culture assays.[32] A previous in vitro study by the 
same researchers investigated the impact of the dilution 
range of molasses samples on endotoxin‑stimulated or 
unstimulated diluted blood.[31]

IL-6,[28,31,32] TNF-α,[28‑30] interleukin-1β (IL-
1β),[28,30] interleukin-10 (IL‑10),[31,32] and interferon-
gamma (IFN-γ)[31,32] were assessed to investigate the 
outcomes in the intervention and control groups. Two studies 
evaluated the changes in the gene expression of common 
immune‑related genes  (lysozyme C, TNF‑α, and IL‑1β)[30] 
and the related inflammatory pathways  [protein abundance 
of toll‑like receptor 4 (TLR4), myeloid differentiation factor 
88  (MYD88), nuclear factor kappa‑light‑chain enhancer 

of activated B cells  (NF‑κB), and c‑Jun N‑terminal 
kinase  (JNK)].[29] Besides, two animal trials showed the 
protective effect of jaggery according to the study outcomes, 
such as IL‑1β, IL‑6, and TNF‑α.[28,30]

Elayaraja et  al. found that the jaggery‑based biofloc 
system  (JB‑BFT), an economical nutrient recycling 
rearing system, modulated the immune response of Nile 
tilapia  (Oreochromis niloticus) by upregulating the immune 
genes expression profile. In this randomized design study, 
the treatment groups  (T1, T2, and T3) were supplied with 
biofloc water at C:  N  (carbon:  nitrogen) ratios of C:  N12, 
C: N15, and C: N20, respectively, using jaggery powder as a 
source of carbon, and the control group was raised in a water 
system without carbon substrates. The expression of different 
immune‑related genes such as LYS, TNF‑α, and IL‑1β was 
assessed in the head kidney of the experimental fish at 75 days 
of experimental period. It was noticed that the JB‑BFT system 
significantly increased the mRNA expression of the target 
genes in the biofloc‑treated fish compared to the control, with 
the highest fold in C: N20.[30] The serum levels of IL‑1β, IL‑6, 
and TNF‑α were significantly increased in arsenic‑exposed 
groups  [as sodium‑m‑arsenite at 0.05  ppm  (low dose) and 
5  ppm  (high dose)]. In contrast, supplementation with 
jaggery (250 mg/mice) and arsenic (combined feeding groups) 
reduced their levels significantly after administrating the 
treatment to Swiss male albino mice for 180 days.[28]

In the study by Sánchez‑Tapia and colleagues, male 
Wistar rats were randomized into 18 groups fed different 

Figure 1: Flow chart of the study selection process
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sweeteners with  (9 groups) and without high‑fat diet  (9 
groups) at the following concentration  (sucrose, fructose, 
glucose, brown sugar, honey, steviol glycosides plus 
sucrose; at 10%, steviol glycosides at 2.5%, and sucralose 
at 1.5%) for 4 months. The study results reported that the 
combination of a high‑fat diet with sweeteners increased 
inflammation based on NF‑κB gene expression, except 
for honey and steviol glycosides in white adipose tissue 
of rats by real‑time PCR. Interestingly, none of the 
sweeteners had different induction of NF‑κB protein 
abundance in the absence of fat in the diet. Brown 
sugar and honey had the lowest expression of RNA and 
protein abundance of TLR4. At the same time, rats fed 
with sucrose, sucralose, and glucose showed the highest 
expression of this receptor independently of the presence 
of high‑fat diet. The expression of MYD88 followed a 
similar pattern to TLR4. Also, TNF‑α was stimulated to 
a lesser extent by brown sugar, steviol glycosides, and 
honey compared to the other types of sweeteners, and the 
additional high‑fat diet significantly enhanced the TNF‑α 
gene expression.[29]

In Rahiman et  al.  (2013) study, human whole blood was 
treated with various sweeteners  [including natural  (white 
sugar, brown sugar, and sugarcane molasses) and 
artificial sweeteners  (containing sucralose) at a 
concentration of 10  µg/ml] and stimulated in  vitro with 
lipopolysaccharide  (LPS) and phytohemagglutinin  (PHA). 
The results revealed that the IL‑6 levels significantly 
increased in the sugarcane molasses group under both 
stimulated and unstimulated conditions, while all 
artificial sweeteners suppressed the IL‑6  secretion of 
stimulated cultures with LPS. According to the levels 
of the anti‑inflammatory cytokines IL‑10, there was 
no significant difference between natural and artificial 
sweeteners compared to the control group in the absence 
of PHA. However, two types of sucralose‑containing 
sweeteners significantly decreased the IL‑10 levels of 
stimulated cultures. Interestingly, brown sugar had no 
significant effect on inflammatory responses according to 
IL‑6, IL‑10, and IFN‑γ parameters. Moreover, none of the 
sweeteners had an effect on the IFN‑γ levels compared 
to the control group regardless of the stimulus PHA.[32] 
The earlier data by the same researchers determined the 
ability of molasses to enhance inflammatory activity by 
incubating the whole blood cultures with molasses  (at 
various concentrations ranging from 12.5 to 800  µg/ml) 
understimulated  (with LPS and PHA) and unstimulated 
conditions for 18  h by in vitro test system. This study 
showed the levels of IL‑6 and IL‑10 were increased in 
the absence of stimulus. Moreover, adding of 800 μg/ml 
of molasses to the unstimulated blood cultures caused 
significantly higher IL‑6 and IL‑10 values compared to 
control groups. On the contrary, molasses samples did not 
affect the IL‑6, IL‑10, and IFN‑γ secretion in the presence 
of LPS and PHA.[31]

Risk of bias

The detailed results of the quality assessment are provided 
in Supplementary Tables  2 and 3  (S2). Based on the 
SYRCLE’s RoB tool, all three animal studies were judged to 
have low risk of bias according to the sequence generation, 
baseline characteristics, random housing, incomplete 
outcomes, and section of the reported results.[28‑30] All 
studies considered as high risk of bias due to the lack 
of blinding of the intended interventions  (performance 
bias) and outcome assessors  (detection bias).[28‑30] 
Studies were judged to have some concerns arising from 
random outcome assessment[28,29] and adequate allocation 
concealment.[28‑30] According to the ToxRTool, numerical 
results lead to studies that were rated as category 1[32] and 
category 2.[31]

Discussion
The current systematic review aimed to determine the 
effect of unrefined sugarcane products on inflammation by 
identifying five intervention studies that addressed the main 
objective. Unfortunately, a few studies have investigated 
such effects, and the overall picture needs to be more 
comprehensive. Furthermore, since we could not find any 
human interventional study on this topic, more research is 
needed to firmly conclude the effect of unrefined and less 
refined dietary sugar on inflammatory biomarkers.

We determined that administration of unrefined 
sugar  (brown sugar, sugarcane molasses, jaggery) could 
reduce inflammation as indicated by various inflammatory 
biomarkers, including IL‑6, IL‑10, IL‑1β, TNF‑α, IF‑γ, and 
NF‑κB in animal models and in vitro test systems.

Different methods, including experimental animals, tissue, 
and cell cultures, as well as computational simulations 
and clinical studies, have been used in order to find ways 
to treat human diseases and disorders. All methods have 
their own pros and cons.[33] In this review, the evidence 
has been provided based on in  vitro and animal models. 
In vitro models using tissue slices or cultured cells 
provided valuable information on the beneficial effects of 
the polyphenols. In order to interpret and extrapolate the 
outcomes, great care is required. The concentrations in the 
in vitro design commonly range from µmol/l to mmol/l, 
while, after a regular dietary intake, the concentrations of 
plasma metabolites rarely exceed nmol/l. Thus, the higher 
doses in the in vitro models may cause forced positive 
results. Moreover, in animals and humans ingesting a 
specific polyphenol, cells are consistently exposed to this 
polyphenol, and prolonged exposure may have significant 
effects, even if the tissue concentration in tissues is low.[34] 
Animal studies are widely used in antioxidant research 
and aim to overcome differences between the in  vitro 
models and the whole organism, as well as the restrictions 
of human trials.[35] Although animal models provide 
valuable information, differences between human and 
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animal genomes may also lead to potential difficulties in 
extrapolating the data. However, most of the findings on 
the tissue distribution of polyphenols have been derived 
from earlier animal research.[34]

Previous studies showed that unrefined sugarcane products 
have antioxidant activity due to phytochemicals and 
polyphenol components.[14,15,36] The phytochemicals may 
also reduce the risk of DNA damage, inflammation, and 
various oxidative stress‑related diseases.[10,19–22]

Rahiman et al. showed that the administration of molasses 
has both inflammatory and anti‑inflammatory potential 
and impact the cytokines regulating humoral immune 
system by increasing the synthesis of IL‑6 and IL‑10 under 
unstimulated conditions.[31] These findings were confirmed 
by the same group later  (2013), which investigated 
the effect of sugarcane molasses on human cell blood 
cultures and supported its ability to enhance inflammatory 
activity.[32] The work reported that IL‑6  secretion of 
both stimulated and unstimulated cultures exposed to 
sugarcane molasses significantly exceeded that of the 
control. However, no changes were found for IL‑10 and 
IF‑γ secretion. In addition, such effects were not seen for 
brown sugar. Based on their findings, sugarcane molasses 
induced inflammatory (IL‑6) and anti‑inflammatory (IL‑10) 
responses. As a result, this initiated efficient immune 
defense mechanisms against pathogens and their toxins 
by increasing B cell activity, which proves the potential 
ability of molasses as a therapeutic agent on inflammation 
in a patient with a depressed immune system such as 
cancer.[31,32] Interleukin‑6 is a cytokine with a wide range of 
biological activities in immune regulation, hematopoiesis, 
inflammation, and initiation of tumors.[37] Environmental 
stress factors such as infections and tissue injuries generate 
the expression of IL‑6. The expression activates host–
defense mechanisms against stress. Interleukin‑6 is a 
mediator for notification of some emergent event generated 
in an infectious lesion and sends out a warning signal to 
the entire body.[38]

Singh et  al. indicated that jaggery effectively antagonizes 
many of the adverse effects of arsenic by suppressing 
the serum levels of IL‑1β, IL‑6, and TNF‑α in the 
jaggery‑supplemented arsenic‑exposed groups compared 
to the arsenic‑alone‑treated groups. Additionally, the 
serum levels of antioxidant enzymes  (total antioxidant 
status, glutathione peroxidase, and glutathione reductase) 
were reduced in arsenic‑exposed groups without jaggery 
treatment. In contrast, their levels increased in combined 
treatment groups  (arsenic and jaggery). Such effects 
may be due to the presence of vitamins, minerals, and 
phytochemical components of jaggery, which may help 
minimize the molecular and cellular oxidative damage 
caused by arsenic.[28]

NCS (e.g., jaggery and brown sugar) includes a high amount 
of vitamin and total minerals  (32.50–1000.79  mg/100  g) 

compared to refined sugar  (1.95–81.20 mg/100 g), vitamin 
E  (0.00–111.30  mg/100  g), niacin  (2.14–7.00  mg/100  g), 
vitamin C  (0.00–7.00  mg/100  g), and vitamin D2 
(0.00–6.50  mg/100  g) are the most abundant vitamins 
in NCS, whereas no vitamin content has been found in 
refined sugar.[9] Since the antiradical activity of unrefined 
sugar significantly correlates to the total phenolic and 
flavonoid content, a higher amount of antioxidant capacity 
was determined in unrefined sugar compared to refined 
sugar. Unrefined sugarcane products presented a higher 
total phenolic content ranging from 37.00 to 1664.90  mg 
GAE/100  g compared to refined sugars  (0.00–3.15  mg 
GAE/100 g).[9] The main phenolic compounds of sugarcane 
juice are flavonoids such as naringenin, flavones, tricin, 
apigenin, luteolin, and phenolic acids  (caffeic, ferulic, 
chlorogenic, and cinnamic acids).[9,39] Azlan et  al. reported 
that minimally refined brown sugar  (MRBS) had fair 
amounts of antioxidants. The less refining process resulted 
in the retention of its phenolic acids, flavonoids, vitamins, 
and minerals.[40]

On the other hand, heavy sugar refinement or processing 
causes a considerable decrease in antioxidants (polyphenols) 
in sugarcane.[40] A recent randomized crossover clinical 
trial showed that the intake of jelly prepared using 
MRBS resulted in a significantly higher total antioxidant 
capacity  (TAC) in healthy participants than in granulated 
white sugar jelly.[41] Thus, the health benefits of less refined 
sugar may encourage both industries and the public to 
substitute white sugar with less refined sugar in sugar‑based 
food products and dietary sugar intake to increase 
antioxidant intake. The importance of antioxidant activity in 
NCS can be observed by the frequent usage of refined sugar 
consumption calculated per capita in Spain (~340 g/month). 
Replacement of refined sugar for an unrefined alternative 
could easily increase the antioxidant content of the diet 
from 1.4 to 9.1 mmol TE/month  (depending on the type 
of unrefined sugar). Interestingly, the antioxidant intake 
from fruits with considerable TAC such as blackberries is 
negligible due to the infrequent per capita consumption 
among the Spanish population.[7,9]

Jaggery has a powerful influence on Nile tilapia’s innate 
immunity through good innovation of various immune 
cells and enzymes and upregulating the mRNA expression 
of LYS, TNF‑α, and IL‑1β. These changes showed 
that their influence on immune response activation of 
tilapia enhanced its resistance to bacterial  (Aeromonas 
hydrophila and Streptococcus agalactiae) infection 
according to significant increment in the expression of 
IL‑β and TNF‑α.[30] Furthermore, the biofloc‑treated 
groups had better growth performance, higher survival 
rate, and higher antioxidant activity according to 
superoxide dismutase, malondialdehyde, catalase, and 
glutathione values. This study suggests that jaggery is 
a new carbon source with unique properties that satisfy 
all considerations of biofloc technology  (BFT) in an 
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eco‑friendly manner. BFT is a cost‑effective system with 
high productivity and zero water exchange in which 
the nutrients can be recycled  (the retention of organic 
nitrogenous wastes converting into a proteinaceous 
compound). Various aquatic species could use the 
technology as a food source.[42] Carbon amendment is 
a critical factor in BFT systems, and the C/N ratio was 
manipulated by the frequent addition of carbohydrates or 
by elevating the carbon level in fish feed. As a result, 
exploring new sugar with exclusive characteristics  (ease 
of availability, reasonable price, and effective bacterial 
assimilation) for sustainable and profitable aquaculture is 
essential.[30]

In addition, Sánchez‑Tapia determined that sucrose, 
sucralose, and glucose with and without an HF stimulated 
the inflammatory pathways mediated by TLR4. At 
the same time, the rats fed with BS had the lowest 
expression of RNA and protein abundance of TLR4, 
TNF‑α, and MyD88.[29] The finding of the recent in vitro 
study demonstrated that NCS‑based natural products 
have an anti‑inflammatory effect on human monocytes 
by interfering with TLR4 signaling.[43] Among the 
family members of toll‑like receptors, TLR4 has been 
demonstrated as particularly important in adipose tissue 
inflammation, and MyD88 is essential for the induction 
of proinflammatory cytokines.[44,45] It has been recognized 
that the interaction of these two receptors promotes 
the transcriptional activity of NF‑κB pathway and later 
thereafter induces the activation of JKN, leading to 
inflammatory responses.[45,46] Moreover, the expression 
of the TNF‑α gene was stimulated by sucralose, steviol 
glycosides with sucrose, sucrose, glucose, and fructose. 
This study indicated that the protein abundance of NF‑κB 
was induced mainly by sucralose and sucrose and to 
a lesser extent by BS in the groups fed with HF. This 
study demonstrated that the intake of different sweeteners 
showed various effects on the inflammatory state. 
Therefore, the consumer should be aware of the type of 
sweetener and the fat content in the diet to prevent further 
inflammatory‑related metabolic complications.[29]

TNF‑α is a major proinflammatory cytokine for inducing 
acute and chronic inflammatory responses involved in 
the pathogenesis of a variety of chronic inflammatory 
diseases, such as type  2 diabetes, rheumatoid arthritis, 
and inflammatory bowel disease.[47] The NF‑κB signaling 
pathway is a significant route activated by TNF‑α and 
interleukin.[48,49] Activation of transcription factor translocate 
the nucleus, regulates of inflammatory mediators, and 
induces the upregulation of inflammatory gene expression 
by binding with the DNA.[48,50] In a nutshell, one of the 
primary targets for the prevention and treatment of many 
chronic diseases, including cancer, CVD, and diabetes, is 
using anti‑inflammatory compounds  (e.g., polyphenol) to 
suppress or inhibit such inflammatory and pro‑inflammatory 
mediators.[48]

Limitations

Although this systematic review is the first that investigated 
the effect of unrefined sugarcane products on inflammation 
and the broad range of inflammatory biomarkers 
included, there were some limitations. First, despite our 
comprehensive search to include all types of sugarcane 
products and inflammatory biomarkers, without minimizing 
the type of study design, the number of trials in this field 
is minimal, with sustainable heterogenicity. Second, we 
could not find any human intervention trials to investigate 
the impact of unrefined dietary sugar on inflammation. 
Additionally, the amount of the investigated sugars, 
exposures, interventions, and study populations differs 
widely. Besides, the studies are almost similar in types 
of investigated sugar  (jaggery, molasses, brown sugar), 
design  (in  vitro/animal), and outcome measurements  (IL‑6, 
TNF‑α, and IL‑1β). Since the current systematic review 
is based on a few published studies and there is a lack of 
sufficient data, especially from human interventions, more 
studies are suggested and needed to conclude the definite 
effect of NCS on inflammation.

Conclusion
The present review provides evidence that the administration 
of NCS products such as jaggery contributes more to induce 
inflammatory response than other sweeteners, including 
dietary sucrose and artificial sweeteners, based on in  vitro 
and animal experiments. However, it is noteworthy that 
this conclusion is based on a limited number of available 
studies in this area of research without including any 
human trials due to the unavailability of published data. 
Thus, to provide definitive proofs of NCS’s protective 
role, additional evidence from further human studies with 
quality design is highly warranted.
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Supplementary Table 1: The systematic search keywords
Keywords n
“unrefined sugar”
“brown sugar”
“non‑centrifugal sugar”
“kokuto”
“jaggery”
“raw sugar”
“whole cane sugar”
“panela”
“muscovado”
“rapadura”
“gula melaka”
“whole sugarcane”
(1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9 OR 
10 OR 11 OR 12)
“inflammation” 
“inflammatory cytokines”
“chemokines”
“adhesion molecules”
“proinflammatory cytokines”
“CRP”
“hs‑CRP”
“IL‑6”
“IL‑1” 
“IL‑2” 
“IL‑8” 
“MCP‑1” 
“ICAM‑1” 
“VCAM‑1” 
“E‑selectin” 
“TNF‑α”
“adiponectin”
“IL‑18” 
“IL‑1β” 
“CCL2” 
“IFN‑γ” 
“IL‑4”
(14 OR 15 OR 16 OR 17 OR 18 OR 19 OR 20 OR 21 
OR 22 OR 23 OR 24 OR 25 OR 26 OR 27 OR 28 OR 
29 OR 30 OR 31 OR 32 OR 33 OR 34 OR 35) 
(13 AND 36) in Scopus 8
(13 AND 36) in PubMed 6
(13 AND 36) in Google Scholar 13
(13 AND 36) in ScienceDirect 2
(13 AND 36) in Cochrane Library 4
(13 AND 36) in ProQuest 3
Total 36
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Supplementary Table 2: Quality assessment (animal study)
Selection bias Performance bias Detection bias Attrition bias Reporting bias Other Total 

scorea b c d e f g h i j
Sánchez‑Tapia et al., 2019 yes yes unclear yes no unclear no yes yes yes 6
Elayaraja et al., 2020 yes yes unclear yes no yes no yes yes yes 7
Singh et al., 2010 yes yes unclear yes no unclear no yes yes yes 6
*a, Sequence generation; b, Baseline characteristics; c, Allocation concealment; d, Random housing; e, Blinding; f, Random outcome 
assessment; g, Blinding; h, Incomplete outcome data; I, Selective outcome reporting; j, Other sources of bias

Supplementary Table 3: Quality assessment (in vitro study)
I II III IV V Total 

scorea b c d e f g h i j k l m n o p q r
Rahiman and Pool, 2013 1 1 1 0 1 1 0 0 1 1 1 1 1 1 1 1 1 1 15
Rahiman and Pool, 2010 1 0 1 0 1 1 0 0 1 1 1 1 0 1 1 1 1 1 13
*I, test substance identification; II, test system characteristics; III, study design description; IV, study results documentation; V, plausibility 
of study design and data. *a, identification of test substance; b, purity of the test substance; c, source/origin of the test substance; d, 
nature and/or physico‑chemical properties of the test substance; e, description of the test system; f, source/origin of the test system; g, test 
system properties; h, the method of administration; I, doses of administration; j, frequency and duration of exposure; k, negative controls; 
l, positive controls; m, the number of replicates; n, the study endpoint (s) and their method (s); o, description of the study results; p, the 
statistical method for data analysis; q, study design; r, reliability of results
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