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- Review Article

The Effect of Unrefined Sugar on Inflammation: A Systematic Review of

Intervention Studies

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-c., IL-10, IL-1f3, and IFN-y. 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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Introduction

Sweet taste, in particular from added
sugars, is the most desirable flavor. Since
the beginning of the 20" 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.!!! 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.”!
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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intolerance, and diabetes.** 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.?!

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.”? 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.B®-191

Many studies reported that unrefined
sugarcane products have antioxidant activity
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due to phytochemicals and polyphenol components.!'-1
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.l'” The antioxidants may decrease the risk
of oxidative stress-related diseases such as cardiovascular,
diabetes, obesity, cancer, and DNA damage.2? 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.”?] 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-o. [TNF-a),
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?* and
guidelines in the Cochrane Handbook for Systematic
Reviews of Interventions.™™ 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 “NFkB” 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].

2

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)*! and Systematic Review Centre for
Laboratory animal Experimentation (SYRCLE’s) Risk of
Bias (Rob) tool (S2).2” 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,B3%
and the remaining (n = 3) were animal interventions.!?*3"
Animal studies (n = 3) included male mice,*® male rats,"
and mono-sex tilapia fish,*” while the in vitro studies used
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Figure 1: Flow chart of the study selection process

human whole blood cultures that were treated with raw
sugar.’'*? These studies tested different exposures (ranging
from 0 ug/ml to 800 wg/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,” and the
jaggery-based water system was compared to the water
system with no carbon source.”” 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.”” 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.?? 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.!

IL-6,12831321 TNF-q, 12830 interleukin-1f3 (IL-
1B),283% interleukin-10  (IL-10),2'2 and interferon-
gamma (IFN-y)B321 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-o, and IL-13)3"
and the related inflammatory pathways [protein abundance
of toll-like receptor 4 (TLR4), myeloid differentiation factor
88 (MYDS8S), nuclear factor kappa-light-chain enhancer

International Journal of Preventive Medicine 2023, 14: 121

of activated B cells (NF-kB), and c-Jun N-terminal
kinase (JNK)].*! Besides, two animal trials showed the
protective effect of jaggery according to the study outcomes,
such as IL-1f3, IL-6, and TNF-o.[2830]

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-o, and IL-1B 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: N20.5% The serum levels of IL-1p, IL-6,
and TNF-oo 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.®

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

3



Ebadi and Azlan: Effects of unrefined sugar on inflammation

D0

M+dH

M+D
Jonuo)

NS %S 1+4H
AS %01+4H

H %0T1+dH
Sd %01+dH
H pue ‘Sg ‘DS Aq 1Ud)Xd IS & 0} DS %S C+dH
puB 9S0JONIJ pUL 9s00N[T ‘950IoNG ‘A S ‘@so[eIons D %01+dH
Kq paseaour 2ua3 0- NI, oY} Jo uoissaidxo oy ] 4 I %0T+JH
H ch DS £q g3-AN S %01+dAH
JO uone[nIns ou sem Y] ‘Sg Aq JUAXD 1SSI] .
© 0] ‘pue aso[e1dns £q gi-N Jo uorssaidxa ayy A8 %871+0
parernwuns 131p 1eJ-ysiy e yym paj sdnoid AuQ ‘¢ AS %01+D
19IP A1} UI JBJ JO 90UISqe 10 doudsard H%01+0
suonea1[dwod 1[oqeIaw Iotny Q) UI 9SOJONIJ PUB ‘SOIONS DsOeIoNs ‘AS Aq S9 %01+D
JuaAa1d 03 191 SY) UI JUSIUOD 1) pasearour sem SN[ Jo uonejLroydsoyd oy 'z 0S %<7+
oy} pue Joud}oams Jo odK) oy ey 0 %01+D
JO IBME 9Q PINOYS JOWNSUOD  JO UOISSAIAXD JS9MO] oy} pey Aouoy pue Sg YA . Syl IBISIA OOIXJIA
oY) “03e)s AIojeuItURUL OY) UO "‘88AAIN PUe $3 1L Jo 9ouepunge urojoid pue 4 %01+0 orewr 9 dnoi3 yoeo 6a610C
S)09JJ0 SNOLIBA SBY SIOUOJOOMS VN Jo uorssardxo 3soyS1y oy) pomoys 0s0jonyj  19jem SunjuLp S %01+D  syyuow 4 (sdnoid ‘I erde,
01/9 JUQIOYIP JO OYEIUI OU) QOUIS  PUE ‘OS0IN[T ‘0SO[BIONS ‘DS0IONS UM PJ sjey] '] Ul JeSns umorg [UONUOAIIU]  §]) POZIWIopuey| -Zoyoues
oruasIe £q pasned K1033e[ 10U O1USSIE
oSewep 0ATIEPIXO IR[N][9d PUE JOUHON +[ORU0T
IB[NOJ[OW S} SZIWIUIW 0} S[etie Jouoo Ul uey) sjeuriue (/8w 0g7) A133er
£poq o urIm wnuqnbo - PAIRRN-OIASIE UL IYSIY AJULOYIUSIS S19Mm 0-INL + (wdd ¢) orussry 3 ¢F0¢
xopoar oy ureyurew djoy Aewr  PU® ‘Q-URNA[IAJUI ‘([ -UINNOIUI JO S[OAS] YL ‘T (@8 057) K103Fep IO 1yS1om aSeione
yorym ‘sjouayd£jod pue sdnoi3 + (wdd g'() orusIy U [JIIM 901w
‘QU9)0Ied ‘S[RIQUIL ‘SUTWE)IA Pajean) ouofe o1udsIe 0} pareduwiod PaseaIddp (wdd ¢) orosry oulq[e d[ew SSIMS
Jo oouasaid ayj 03 anp oruosIe Apueoyrugis 910m 0-, NI PUB ‘9-Unyna[Iojul : 01 Jo dnoi3 yoeo
JO S109]J9 9SIDAPE o) JO Aurw ‘g [-UD[Na[IoIUI JO S[OAS] WNIds Y ‘sdno1d  101em PAUSIP (wdd 60°0) OMSSIV  <gkpp g1 (sdn0IB  BIPUL 141 '600T
01/9 soziuogejue K[9A13000 A1033e( pasodxa-orudsie pajuowd|ddns-£1033el oy uf * | ur K1033e( {UOTJUDAIIU] G) poziwopuey ‘N ysurg
JI09S JUIUISSISSE ANunod ‘1edA
Anrend) SUOISN[IU0) A3 S)NSRY wLioj Jesng UOTJUIAIIU] ugisop Apmy§  “royine )sarj

UOISN[OU0) AJY Y} pue

“1e3ns Jo uLI0J 9Y) ‘SUOIUIAIUI ‘SUSISIP APNJS UO BJEP PIJILIIXI -UOI)RWW P UI JO SINIBWOIQ U0 JBSNS PIUYIIUN JO JIIPI Y} 9JBSIISIAUI SAIPN)S :T d[qEL

Downloaded from http://journals.lww.com/ijom by BhDMf5ePHKavlzEoum1tQfN4a+kJLhEZgbsIHo4XMiOhCywCX1AW

nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC4/OAVpDDa8K2+Ya6H515kE= on 11/08/2023

International Journal of Preventive Medicine 2023, 14: 121



Ebadi and Azlan: Effects of unrefined sugar on inflammation

urunni33ewoyolAyd=Hd1 ‘OpreysoesAjododri=47 ‘1opmod
K1233e[=d[ ‘9S0[RING=()S ‘@S0IIMNS 4+ DS=AS ‘AKOUOH=H ‘TeSns umorg=Sg ‘sopIsodL[S [01A)F=D)S ‘@S0N|DH=0) ¥50JoNIJ=/] ‘DS0IONS=S IoIeM =M\ “I2IP 18J-YSIH=AH 1P [0NU0D=))

suagoyjed

9A1OJJUI JsureSe ASuLJap Ul
9]qeI0A®) 9q AR SOsse[ow
Jueo 1e3ns ay Jo renudjod
K1oyewrwegur oy, ‘sAemyjed

VHd JO 9oudsqe pue
9ouosaxd oy ur S[9AJ] A-N ] UO 30939 JuBdyIu3IS
PEY SIOUSIOOMS [BINJRU PUE [BIOYILIE oY) JO QUON “§
SUONIPUOD PIJR[NUITS JOPUN S[IAS] (-] Y}
PoseaI10op APuedyIugIS SIOUJOIMS [BIOYILIE OM], ‘{7
VHd JO 9oudsqe pue

douasaxd ay ur ()]-[ JO S[OAS] UO JOJJS JUBIYIUSIS
PEY SIOUIOOMS [BINJRU PUE [BIOYILIE OU) JO QUON €
[O1UO0J 19JeM PI[[IISIP AU} 0) paredwiod

S[OAQ] 9-] UO J091J0 OU PIMOYS Jens umolig ‘g

SIOUDJIIMS JO QOUISqE
) Ul SAIN)[NO Poojq
UBWINY paje[nunsun

pue pojenuns
;jonuo)
(Jemyeu/[eroynry)
SIOUDJIIMS SNOLIBA
Jo 2ouasaxd ayp ur
SoIM[Nd Poo[q Uewny

JTeqny[d ogroads joeduwr Koyy SOIN}NO PAJBIWILS saImno
10AMOY $1X0)0}KD J0OU dIB JO S[PAS] 9] Passaiddns SIOUPIMS [RIOYILIR paje[numnsun pue (VHd poolq ajoym BOLYY
SIOUD}PIMS [BINJRU PUR [RIOYILIR [[® 9[1yM ‘ST JO 9OUISqe Pue d0udsdId o) U I9JeM PI[USIP /Sd'T) pare[nung uewny SuIsn YOS €107
81/S1 JeU} SMOUS J[OIHIE JULINO dY ], S[OAS] 9~ PIOUBYUD SISSL[OWI QULD JBFNG " UI SISUSJOIMG “UOTJUSAIOIU] uSIsop oapra uy 4 uewWIyRY
sopdwes pajenWIISUN Pue PAJR[NWLS YIOq Ul sassejow
SISOUIUAS A- ] 309Je J0uU PIp sojdwes SasSe[oN “f INOIA SOINYND POO[q
{01 511 PR 0} 28&8n o uBWINY paje[nWISUN
po1SeBSNS S1 YoIESsal YLy NG 0} paredwoo suorrenuaduod [w/3n (08 pue ‘00 pue ?%.E\mmd
‘sosuodsal [euoutioy posoidu 007 & A[UO S2IN3[Nd PoO[q S[OYA PIje[AISUN \A.@ pajeINWNS [01U0)
Sunoword ur [E1oYoUsq SAEY UOIOI09S ()]~ oY) PIseaIour so[dures SISSLOJN “€ SOSSE[OW AUBD
Kewr sossejow auwd 1eSns ‘sny, S[01U0d 0} ParedWod SUOHBIUIIUOD 183NS JO SUOHBIUIIUOD
enusjod KojpwweguI-nue [ 103 SINI[NO POO[q (oYM Jupeinwysun SNOLIBA YA SOINJ[NO
pue KI0)eWIWIRYUI dARY £Q UOT}AI008 9= PISBAIOUL SISSB[ON 'T poojq uewny samyno
pUB Wa)sAs dunwiuwi pue $OIM)NO POO[q A[OYM PIIR[NLULS paje[numsun pue (VHd poolq ajoym ROLY
[euowioy 9y} SuneMmSdI UL UOIAINAS BIWWES-UOIIJINUIL PUR ‘([ -UINNI[IAIUL  Id}BM PI[[ISIP /Sd'T) pare[nung uewny usn ynos ;40102
81/€1 SOUI03AD AU} S)OYE SISSB[OIN ‘9-UDNAIUL JOSLE JOU PIP SISSE[ON " | U SaSSBOJA] “UOTJUDAIOIU] ugIsop oapra u] 4 uewWIYRY
(A[puoLiy-009) a3ueyoXd dr moym
197em 019z pue AyAnonpoid IOJRMYSOI] PIZLINES
usHY i AB0jouyd) 20§0Iq UONOIJUI [BLIDIORQ O] AOURISISII SII ASBIIOUI AN+ p13yG-pues
o m:oMmeﬂmwawm Mo@muwm pue eide[n jo asuodsor sunwrr oY) Supenpow ur ‘PAIRULIOYR3( 010D
ooEoMmMM@Mo ch _mzmwaommﬁwwm LAG-4[ JO SSQUOAT)OIA ) S}0agaI souas n- IN.L (0TN D)
pa1ao Uo2q Sey A1o3Tel sy pue g[-7[ JO uorssaxdxd Oy} Ul JUSWAIOUL dY ], *€ 107EM 20JOIq 1€ L
‘sowkzuo pue s[jo ounumy  CIN 2D PUB SIN 1D Aq pamorjoy ‘dnoid ozN D ut (SIN D)
SNOLIEA JO UOTEAOUUT 9[qrIOARy PAAIISQO JSOYSIY T ST SONLI N 1D WRIRFIP 3 0} 1om s0poIq 10JeM J0[JOIq (7L eiden
oy ySnoxy Ayunuru oyeuur uonzodod ur pejein3ordn o1om souas 10318} Y] T ur 20mos o Xas-ouow AIeay
s erde[n o[IN soouanpgur A[3snqoil [013U09 d3 03 ParedWod YSY PIJeas}-00JoIq JreIpAyoqred (@IN:D) 09 dnoi3 yoed
yorym ‘opgoid uorssardxa ouog oy} Ul pasealout AJueoyrugis o10m ¢[-[ pue © se sopmod 1eM O0POIq S IL  <sfep ¢/ “(sdnoid euy) ,020T
01/L ounwiw oy sajendaxdn | g-4( D-INLL ‘SAT JO uorssardxo VN YW YL ‘[ K1933e[ {UOIIUDAIIU] ) poziwopuey ‘g elerelerg
JI09S JUIUISSISSE ANunod ‘1edA
LAiend) SUOISN[IU0) A3 S)NSRY wLioj Jegng UOTJUIAIIU] ugisop Apmy§  “royine )sarj

“Tpauoy) (1 dqeL

Downloaded from http://journals.lww.com/ijom by BhDMf5ePHKavlzEoum1tQfN4a+kJLhEZgbsIHo4XMiOhCywCX1AW

nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC4/OAVpDDa8K2+Ya6H515kE= on 11/08/2023

0

International Journal of Preventive Medicine 2023, 14: 121



INGTGHIBA+2ZH8eAAdAVO/FIAEIDVIASALLIAIPOOAEIEAHION/AOAU

MY TXOMADYOINXYOHISABZIYTCN+eyNIOITWNOIZTARY HARSHINAUE Ag woll/woo:mm| sfeuinoly:dny woly papeojumoq

€202/80/TT U0

Ebadi and Azlan: Effects of unrefined sugar on inflammation

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-kB 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-kB 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 MYDS88 followed a
similar pattern to TLR4. Also, TNF-ot 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-o
gene expression.?’!

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 pg/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-y parameters. Moreover, none of the
sweeteners had an effect on the IFN-y levels compared
to the control group regardless of the stimulus PHA.B?
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 ug/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 pg/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-y secretion in the presence
of LPS and PHA.B!

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.?53 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).[283%
Studies were judged to have some concerns arising from
random outcome assessment?®?! and adequate allocation
concealment.”3% According to the ToxRTool, numerical
results lead to studies that were rated as category 1P and
category 2.B1

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-13, TNF-a, IF-y, and
NF-kB 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.*! 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 pumol/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.4
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.B? 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.¥

Previous studies showed that unrefined sugarcane products
have antioxidant activity due to phytochemicals and
polyphenol components.['*153 The phytochemicals may
also reduce the risk of DNA damage, inflammation, and
various oxidative stress-related diseases.['*!"

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.*!) 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.®?’ 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-y 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.’'?? Interleukin-6 is a cytokine with a wide range of
biological activities in immune regulation, hematopoiesis,
inflammation, and initiation of tumors.’”! 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.>®

Singh et al. indicated that jaggery effectively antagonizes
many of the adverse effects of arsenic by suppressing
the serum levels of IL-1PB, IL-6, and TNF-o 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.?)

NCS (e.g., jaggery and brown sugar) includes a high amount
of vitamin and total minerals (32.50-1000.79 mg/100 g)
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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.®”? 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).”! 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).”*' 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.™*"!

On the other hand, heavy sugar refinement or processing
causes a considerable decrease in antioxidants (polyphenols)
in sugarcane.*” 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.*!! 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.[’”!

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-a, and IL-1B. 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-f and TNF-o.B% 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.[*? 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 .

In addition, Séanchez-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-a, and MyD88.! 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.¥! 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.[**! It has been recognized
that the interaction of these two receptors promotes
the transcriptional activity of NF-kB pathway and later
thereafter induces the activation of JKN, leading to
inflammatory responses.**4¢ Moreover, the expression
of the TNF-a gene was stimulated by sucralose, steviol
glycosides with sucrose, sucrose, glucose, and fructose.
This study indicated that the protein abundance of NF-xB
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.*”!

TNF-o 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.*”? The NF-kB signaling
pathway is a significant route activated by TNF-o. and
interleukin.[“4 Activation of transcription factor translocate
the nucleus, regulates of inflammatory mediators, and
induces the upregulation of inflammatory gene expression
by binding with the DNA.5% 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. !

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-0, and IL-1P). 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”
(10OR20OR30OR40ORS5OR60OR70R8O0OR9O0OR
10 OR 11 OR 12)

“inflammation”

“inflammatory cytokines”
“chemokines”

“adhesion molecules”
“proinflammatory cytokines”
“CRP”

“hs-CRP”

“IL-6”

“IL-17

“IL-27

“IL-8”

“MCP-1”

“ICAM-1”

“VCAM-1”

“E-selectin”

“TNF-0”

“adiponectin”

“IL-18”

“IL-1B”

“CCL2”

“TFN-y”

“IL-4”

(140OR I50R 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

(13 AND 36) in PubMed

(13 AND 36) in Google Scholar
(13 AND 36) in ScienceDirect
(13 AND 36) in Cochrane Library
(13 AND 36) in ProQuest

Total
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Supplementary Table 2: Quality assessment (animal study)
Selection bias Performance bias  Detection bias  Attrition bias Reporting bias Other Total

a b c¢ d e f g h i j score
Sanchez-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; ¢, 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)
1 1I 111 v \% Total

a b c d e f g h i j k 1 m n 0 p q r score
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
*1, test substance identification; II, test system characteristics; 111, 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; ¢, 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;
1, 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




