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gastrointestinal fraction (outside the dialysis bag) and dialysed
fraction (content of the dialysis bag) were stored at −20 °C until
further analysis.

One  mg/mL  of  DSE  in  80%  methanol  was  prepared  for  the
determination  of  undigested  phenolics.  Sample  aliquots  were
drawn  at  each  step  of  the  digestion  process,  and  the  total
phenolic content was analyzed[12]. The Bioaccessibility Index of
fractions  of  phenolic  compounds  in  DSE  after  the  digestion
phases were calculated using Eqn (3):

Bioaccessibility Index (%) =
TPCgastric=intestinal= f reesoluble

TPCundigested
×100 (3)

where,  TPCgastric/intestinal/free  soluble is  the  total  phenolic  content  of
the  aliquot  obtained  after  gastric,  intestinal  digestion,  and  dia-
lysable  fraction;  TPCundigested is  the  total  phenolic  content  of  the
aliquot of the undigested sample. 

Antibacterial activity
The  antibacterial  inhibitory  activity  of  DSE  samples  against

common food borne disease causing bacteria such as Q, _spcsq*
@, acpcsq* C, amjg* Q_jkmlcjj_ sp.,  and N, _cpseglmq_ were qualita-
tively  measured  using  the  disc  diffusion  method  in  Mueller
Hinton  Agar  (MHA)  plates[19].  The  test  organisms  were  inocu-
lated in nutrient broth and incubated overnight at 37 °C. Inocu-
lums were diluted in Meuller Hinton Broth and standardized to
0.5  McFarland  Standard  corresponding  to  1.5  ×  108 CFU/mL.
Diluted inoculums were uniformly spread onto individual MHA
plates using sterile cotton swabs. Sterilized filter paper discs of
6  mm  in  diameter  were  dipped  in  each  of  0.1,  1.0  and  10.0
mg/mL of DSE (in 95% methanol) and placed on agar medium
in  Petri  plates  at  their  labeled  positions.  Chloramphenicol  and
95%  methanol  were  used  as  positive  and  diluent  controls,
respectively. Zones of inhibition were measured after overnight
incubation of plates at 37 °C. 

Alpha-glucosidase inhibition activity
The α-glucosidase  inhibitory  activity  of  sugarcane  extract

was carried out according to the standard method with minor
modifications[20]. The inhibition of the α-glucosidase enzyme by
DSE (0.1−0.5  mg/mL in  distilled  water)  was  determined in  100
mmol/L sodium phosphate buffer pH 6.8 by reacting 1 U/mL of
the  enzyme  with  1.25  mmol/L  4-Nitrophenyl-β-D-glucopyra-
noside  at  37  °C.  The  reaction  was  terminated  after  10  min  by
adding 0.1  M Na2CO3.  The absorbance of  the released p-nitro-
phenol  was  measured  at  405  nm.  Distilled  water  and  ascorbic
acid were used as blank and positive controls, respectively. The
inhibition activity was calculated using Eqn (4):

�-glucosidase inhibition activity (%) =
[
1−

(
Asample

Ablank

)]
×100 (4)

where,  Asample and Ablank are  the  absorbances  of  the  sample  and
blank,  respectively.  The  dose-dependent  graphs  of  the  DSE
sample and ascorbic  acid (control)  were generated and the IC50
values indicating the concentration at  which the sample inhibits
50%  of  the α-glucosidase  activity  under  the  assayed  conditions
were determined using GraphPad Prism 6 software. 

Statistical analysis
Data  were  expressed  as  the  mean  values  of  at  least  three

replicates  and  standard  deviations  were  statistically  analyzed
by  performing  a  one-way  ANOVA.  Differences  among  group
means were compared using Tukey's post hoc comparison test
using  R  software  (version  4.2.1,  R  Foundation  for  Statistical
Computing,  Vienna,  Austria).  Significant  differences  between

means  were  determined  at n <  0.05.  The  EC50  or  IC50  value
determination  from  the  dose-dependent  graphs  were  calcu-
lated  using  GraphPad  Prism  6  software  (Boston,  MA  02110,
USA). 

Results and discussion
 

Proximate composition, phytochemical profiling
and phenolic acid quantification

Table 1 presents the proximate composition, phytochemical
compounds,  and  phenolic  profiles  of  DSE,  a  concentrated
extract  derived  from  sugarcane  that  has  undergone  a  process
to remove sugars,  leaving behind other  bioactive compounds.
The  extract  contains  appreciable  amounts  of  protein,  with
5.98% suggesting the possible co-extraction of proteins during
the  refining  process.  This  protein  content  indicates  that  DSE
could  serve  as  a  supplementary  protein  source,  potentially
beneficial  in  diets  that  require  additional  protein  intake.  The
ash content of DSE is approximately 3.28%, indicating a signifi-
cant  presence  of  minerals  and  trace  elements.  These  minerals
and  trace  elements  are  essential  for  various  biochemical
processes  and  overall  health  maintenance.  Additionally,  DSE
exhibits relatively low crude fiber and fat content, ranging from
0.06% to 0.07%. These values align closely with the findings of
Saska  &  Chou[6],  who  reported  crude  fiber  and  fat  content  of
around  0.14%−0.19%.  The  low  fiber  and  fat  contents  suggest
that  while  DSE  is  not  a  significant  source  of  dietary  fiber  or
fat,  other  nutritional  and  bioactive  components,  such  as
proteins  and  minerals,  enhance  its  potential  as  a  functional
food ingredient.

 

Table 1.    Proximate composition, phytochemical profiling, and phenolic
acid quantification in desugared sugarcane extract.

Composition

Parameters
Moisture 2.50% ± 0.69%
Ash 3.28% ± 0.01%
Crude protein 5.98% ± 0.03%
Crude fiber 0.06% ± 0.00
Crude fat 0.07% ± 0.02%

Phytochemical compounds
Total phenolic content (g GAE/100 g) 32.21 ± 0.59
Total flavonoid content (mg QE/100 g) 4.50 ± 0.2
Total anthocyanin content (mg CYE/ 100 g) ND
Condensed tannins content (mg CE/ 100 g) ND

Phenolic acid profiling (mg/100 mg sample)a

n+Hydroxybenzoic acid 172.15 ± 1.70
Gallic acid 101.48 ± 2.47
n+Coumaric acid 390.65 ± 5.00
Sinapic acid 638.37 ± 19.32
Ferulic acid ND
Rosmarinic acid ND
Caffeic acid ND
Chlorogenic acid ND
Vanillic acid 724.56 ± 15.25

ND – not detected; a HPLC quantification (Linearity and Pearson correlation
coefficient of standards). n-hydroxybenzoic acid: y = 74,436.78x – 43,860.17,
R2 = 0.9972; Gallic acid: y = 32,740.20x – 15,807.20, R2 = 0.9980; n-coumaric
acid: y = 75,863.84x – 28,155.51, R2 = 0.9940; Sinapic acid: y = 15,554.05x +
11,652.20,  R2 =  0.9917;  Ferulic  acid:  y=  38,241.65x – 26421.30,  R2 =  0.9915;
Rosmarinic  acid:  y  =  26,606.15x  +  3,964.90,  R2 =  0.9815;  Caffeic  acid:  y  =
44,829.65x  +  22,565.10,  R2 =  0.9886;  Chlorogenic  acid:  y  =  15,347.45x –
12,230.50, R2 = 0.9975; Vanillic acid: y = 47,194.62x + 928.95, R2 = 0.9955.

Phenolics from desugared sugarcane extract  
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Phytochemical  screening  of  DSE  reveals  a  rich  profile  of
phenolic compounds, as shown in Table 1. The extract contains
a total phenolic content of 32.21 g GAE/100 g, and a flavonoid
content  of  4.50  mg  QE/100  g,  while  anthocyanins  and  con-
densed tannins were not detected. Profiling and quantification
of  the  phenolic  acids  present  in  DSE  using  HPLC  identified
vanillic,  sinapic,  and n-coumaric  acids  as  the  major  phenolic
compounds, with 724.56, 638.37, and 390.65 mg/100 g sample,
respectively (Fig. 1, Table 1).

The  content  of  phenolics  obtained  from  DSE  was  relatively
higher  than  that  of  sugarcane  extracts,  as  studied  by  Xia  et
al.[21] with a reported 8.94 g/100 g TPC of the dried extract, the
majority  of  which  are  chlorogenic  and  gallic  acids,  with  10.70
and  8.12  mg/100  g  dried  extract,  respectively.  This  suggests
that  the  patented  refining  process[4] may  effectively  concen-
trate phenolic compounds, making DSE a richer source of these
bioactive components compared to other extraction methods.
In  a  separate  study,  sugarcane juice  was found to contain 160
mg/L TPC, while sugarcane molasses extract showed 7.60 mg/g
extract.  Apeginin,  quinic  acid,  and phenylvaleric  acid were the
dominant  phenolic  compounds  obtained  from  these
samples[21−23]. Ferulic and n-coumaric acids were also detected
in  the  clarified  juice  and  syrup,  representing  82%  and  70%  of
the  phenolic  compounds,  respectively[24].  This  variation  indi-
cates that different processing methods and stages can signifi-
cantly alter the phenolic profile of sugarcane-derived products.

The  high  phenolic  content  of  DSE,  along  with  its  specific
composition of phenolic acids, indicates its potential as a valu-
able  source  of  antioxidants.  These  bioactive  compounds  can
play  a  crucial  role  in  reducing  oxidative  stress  and  inflamma-
tion in  the body,  potentially  contributing to  the prevention of
chronic  diseases  such  as  cardiovascular  diseases,  cancer,  and
neurodegenerative disorders[6−7,23]. 

Antioxidant activity
Figures  2−4 reflect  the  antioxidant  capacity  of  different

concentrations of DSE and ascorbic acid based on their capabil-
ity to scavenge DPPH and ABTS radicals,  as well as their ability
to reduce ferric ions using the FRC method.

Based on the assayed conditions,  DSE was shown to exhibit
50% radical  scavenging activities against DPPH and ABTS radi-
cals  at  64.77  and  31.26 μg/mL,  respectively  (Table  2).  These
activities  showed  to  be  inferior  when  compared  to  ascorbic
acid,  a  known  antioxidant  compound,  where  the  latter  was
more  effective  in  scavenging  radicals,  as  evident  by  its  lower
EC50  values  (n <  0.05).  The  FRC  of  DSE  also  showed  a  similar
trend, wherein ascorbic acid revealed better reducing capacity
(n <  0.05)  with  an  EC50  value  of  42.21 μg/mL  than  345.04
μg/mL  in  DSE.  Albeit  lower  antioxidant  capacities  observed  in
the  DSE sample  than in  the  control,  the  EC50 values  were  still
comparable to or even better than those of other plant extracts
such as @_nfg_ p_ackmq_* Nmb_jwpg_ a_jwnrp_rc, R_`c`sg_ n_jjgb_,
J_lr_l_ a_k_p_* and Apmr_j_pg_ a_nclqgq* with  values  ranging
from 35 to 210 μg/mL[25,26].

The  observed  radical  scavenging  effects  of  DSE  can  be
attributed to its  phenolics antioxidant mechanism of donating
hydrogen  atoms  to  quench  free  radical  species  such  as  OH•,
NO2•, N2O3,  ONOOH, and HOCl[27].  Studies suggest that pheno-
lic  compounds  such  as  vanillic, n-coumaric,  and  sinapic  acids,
also the major phenolic compounds found in DSE, were shown
to  exhibit  radical  scavenging  activities  that  could  reduce  free
radical  cancer  promotion,  attenuate  inflammation  and  DNA
damage,  and protect  cells  from UVB-induced cytotoxicity[28,29].
Tricin-rich  extract  obtained  from  sugarcane  juice  was  also
shown  to  provide  a  protective  effect  against gl tgtm MeHgCl
intoxication and potent inhibition of cv tgtm lipoperoxidation of
rat brain homogenates, indicating a potential use for beneficial
health  effects  and/or  therapeutic  applications[22].  The  antioxi-
dant  capacities  of  DSE,  although  lower  than  ascorbic  acid,



during  simulated  gastrointestinal  digestion  with  dialysis.  The
assay  mimics  their  fate  after  ingestion,  providing  insights  into
their potential bioavailability and efficacy in the body. Figure 5
illustrates  that  the  concentration  of  phenolic  compounds  in
DSE  decreases  during  the  digestion  process.  Notably,  vanillic,
and n-hydroxybenzoic  acids  exhibited  higher  resistance  to
digestion compared to  other  phenolic  compounds.  These two



digestion[32].  The  degradation  of  phenolic  compounds  during
gl tgrpm gastrointestinal  digestion  is  primarily  attributed  to  pH
conditions and the action of enzymes and bile salts in the gut,
which may result  in  modifications  of  chemical  structures  lead-
ing  to  a  loss  in  bioavailability,  and  biological  activity[33].  This
effect  of gl tgrpm digestion,  especially  pancreatic  digestion,  has
already  been  reported  in  strawberry  anthocyanin  transforma-
tion into chalcones at pH 7.3 that resulted in a decrease in the
antioxidant  capacities[31].  It  has  also  been  hypothesized  that
phenolics may form aggregates with proteins, leading to lower
bioactivity,  as  observed  in gl tgtm studies  on  olive  oil  phenolic
compounds[34]. 

Antibacterial activity
The  antibacterial  activity  of  DSE  was  evaluated  against

common  food  bacterial  pathogens  (C, amjg, Q_jkmlcjj_ sp,* N,
_cpseglmq_, @, acpcsq,  and Q, _spcsq)  using  disc-diffusion  assay.
Based  on  the  conducted  assay,  DSE  showed  no  activity  in
inhibiting  the  growth  of  these  pathogens,  even  at  a  high
concentration  of  10  mg/mL  of  the  extract.  The  present  study
indicates that phenolic compounds present in the DSE sample
were not able to elicit bioactivity, unlike in the study of Shafiqa-
Atikah et al.[23] where apeginin-
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