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Abstract
This present study evaluated the effects of tigernut (Cyperus esculentus) flour supplementation on the proximate composition, mineral content, antioxidant

activity,  antidiabetic  properties,  and  sensory  attributes  of  wheat-tigernut  bread.  Composite  breads  were  formulated  using  wheat  flour  substituted  with

tigernut  flour  at  ratios  of  95:5,  90:10,  85:15,  and  80:20  (wheat  :  tigernut),  with  100%  wheat  flour  serving  as  the  control.  Results  showed  that  tigernut

supplementation significantly  (p ≤ 0.05)  increased fat  content  (5%–7%),  ash  content  (2.00%–2.40%),  and fibre  content  (2.00%–2.80%).  Moisture  content

decreased (13.00%–10.17%), and mineral concentrations showed a declining trend with increased substitution. Antioxidant activity increased significantly,

reaching maximum values of 88.72% for 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), 46.33% for 2,2-diphenyl-1-picrylhydrazyl (DPPH), and

48.58% for hydroxyl radical scavenging activity (OH) at 20% substitution. The α-glucosidase inhibitory activity increased from 29.6% to 67.00% with higher

tigernut flour inclusion, indicating enhanced antidiabetic potential. Sensory evaluation revealed that substitution levels up to 10% were well-accepted, with

overall acceptability scores declining significantly at higher inclusion rates. These findings demonstrate that tigernut flour can be successfully incorporated

into  bread  formulations  at  5%–10%  substitution  levels  to  enhance  nutritional  and  functional  properties  while  maintaining  acceptable  sensory

characteristics.
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 Introduction

The  global  shift  toward  healthier  dietary  patterns  has  increased
consumer  interest  in  functional  foods.  Functional  food  provides
nutritional  benefits  beyond  basic  sustenance[1−3].  This  trend,
combined  with  rising  healthcare  costs  and  increased  awareness  of
diet-related diseases, has driven significant growth in the functional
food  market0[4−6].  Plant-based  diets,  characterized  by  reduced
consumption  of  animal  products,  have  gained  prominence  due  to
their association with reduced cardiovascular disease risk, improved
metabolic health outcomes, and greater environmental sustainabil-
ity through lower resource use and carbon footprint[7,8].

Tigernut  (Cyperus  esculentus  L.)  is  a  promising  but  underutilized
crop,  largely  due  to  limited  industrial  processing  and  consumer
awareness, despite its high nutritional and functional potential. It is
widely  distributed  across  tropical  and  subtropical  regions[9,10].  This
nutrient-dense  tuber  has  gained  attention  for  its  exceptional  nu-
tritional  profile.  It  contains  approximately  20%–30%  dietary  fibre,
25%–30%  healthy  fats,  and  substantial  amounts  of  essential  mine-
rals  and  vitamins[11,12].  The  commercial  value  of  tigernut  and  its
derivatives  has  generated  substantial  economic  interest,  with  the
Spanish  horchata  industry  alone  valued  at  over  three  million
euros[13].  Beyond  their  nutritional  attributes,  tigernuts  are  associ-
ated  with  therapeutic  properties.  Traditional  medicine  has  utilized
these tubers for treating various ailments, including digestive disor-
ders  and  metabolic  imbalances[14].  The  presence  of  bioactive
compounds such as phenolic compounds, flavonoids,  and resistant
starch  contributes  to  their  antioxidant  and  potential  antidiabetic
properties[9].

Bread  is  a  staple  food  globally.  It  therefore  serves  as  an  ideal
vehicle  for  nutritional  fortification[15].  The  incorporation  of  tigernut

flour  into  bread  formulations  presents  an  opportunity  to  develop
functional bakery products that combine palatability with enhanced
nutritional and health-promoting properties. However, the effects of
tigernut  flour  substitution  on  bread  quality  parameters  require
systematic  investigation to  determine optimal  incorporation levels,
as excessive inclusion may lead to technological challenges such as
reduced  loaf  volume,  denser  crumb  texture,  and  altered  dough
handling.  Therefore,  this  study  evaluated  the  impact  of  tigernut
flour supplementation at various substitution levels (5%, 10%, 15%,
and  20%)  on  wheat  bread.  The  parameters  assessed  included  pro-
ximate  composition,  mineral  content,  antidiabetic  activity,  antioxi-
dant  properties,  phytochemical  profile,  and  sensory  characteristics.
While previous studies have explored tigernut flour in food formula-
tions,  this study is novel in simultaneously assessing its antioxidant
and  antidiabetic  activities  in  bread,  alongside  nutritional  composi-
tion,  phytochemicals,  and  sensory  quality.  In  the  future,  tigernut-
based  bread  could  play  an  important  role  in  promoting  healthier,
plant-based  diets,  and  supporting  the  development  of  functional
bakery  products  that  address  both  nutritional  and  sustainability
goals.

 Materials and methods

 Materials
Fresh tigernuts (Cyperus esculentus)  were purchased from Shasha

Market, Akure, Ondo State, Nigeria. Commercial wheat flour, butter,
granulated  sugar,  powdered  milk,  fresh  eggs,  table  salt  (NaCl),  and
active  dry  yeast  (Saccharomyces  cerevisiae)  were  bought  from  Oja
Oba Market, Akure, Ondo State, Nigeria. All ingredients were stored
under  appropriate  conditions  (dry,  cool  environment  at  18–25  °C)
until the time of usage.
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 Tigernut flour preparation
Fresh tigernuts were sorted manually to remove damaged tubers,

stones,  and foreign materials.  The selected tubers were thoroughly
washed with potable water to remove adhering soil and debris. The
clean tigernuts were then oven-dried using a forced-air oven (Model
DHG-9070A,  Shanghai  Yiheng  Scientific  Instruments  Co.,  China)  at
60 °C for 24 h, to achieve a moisture content below 10%. The dried
tubers  were  milled  using  a  laboratory  hammer  mill  (Model  FW100,
Taisite  Instrument  Co.,  China)  fitted  with  a  2.0  mm  screen,  then
further  ground  and  sieved  through  a  0.5  mm  mesh  to  obtain  fine
tigernut flour. The flour was stored in airtight polyethylene contain-
ers at room temperature (25 ± 2 °C) until usage.

 Bread formulation and preparation
Five  bread  formulations  were  prepared  using  different  wheat

flour to tigernut flour ratios: 100:0 (control, Sample A), 95:5 (Sample
B),  90:10  (Sample  C),  85:15  (Sample  D),  and  80:20  (Sample  E).  The
basic bread recipe consisted of flour blend (500 g), granulated sugar
(50 g), table salt (10 g), butter (30 g), active dry yeast (7 g), and luke-
warm water (250 mL). The bread preparation followed standardized
procedures  with  slight  modifications[16].  Dry  ingredients  (flour
blend,  sugar,  salt)  were  mixed  thoroughly  in  a  large  stainless-steel
bowl  using  a  wooden  spoon.  Softened  butter  was  then  incorpo-
rated  by  hand  until  evenly  distributed.  Yeast  was  activated  sepa-
rately in lukewarm water (35–37 °C) containing dissolved sugar (5 g)
and  allowed  to  foam  for  5  min  to  confirm  viability.  The  activated
yeast mixture was gradually incorporated into the flour mixture and
kneaded by hand for 10 min until  a  smooth and elastic dough was
formed.  The  dough  was  placed  in  a  greased  bowl,  covered  with  a
damp cloth,  and allowed to  proof  for  60  min  at  room temperature
(25  ±  2  °C)  until  it  doubled  in  size  (first  proofing).  The  dough  was
then  punched  down,  shaped  into  loaves,  and  placed  in  greased
aluminium baking pans (20 cm × 10 cm × 8 cm). A second proofing
period of 40 min was allowed before baking in a preheated convec-
tion  oven  (Model  YXD-20B,  Guangzhou  Hongling  Electric  Heating
Equipment Co.,  China) at 180 °C for 30 min. The baked loaves were
cooled on wire racks for 2 h before analyses.

 Determination of proximate composition
Proximate  composition  was  determined  according  to  official

methods[17].  Moisture  content  was  determined  by  oven  drying  at
105  °C  to  constant  weight.  Crude  protein  was  analysed  using  the
Kjeldahl  method  with  a  nitrogen  conversion  factor  of  6.25.  Fat
content  was  ascertained  by  Soxhlet  extraction  using  petroleum
ether (40–60 °C boiling point)  for 6 h.  Ash content was determined
by incineration in a muffle furnace at 550 °C for 6 h. Crude fibre was
analysed  by  acid-base  digestion  method  using  1.25%  H2SO4 and
1.25%  NaOH  solutions.  Carbohydrate  content  was  calculated  by
difference using the formula: % Carbohydrate = 100 − (% Moisture +
% Protein + % Fat + % Ash + % Fibre).

 Determination of mineral composition
Mineral content of samples was determined using atomic absorp-

tion  spectrophotometry  after  wet  acid  digestion,  according  to  a
previously  described  method[17].  Bread  samples  (2  g)  were  dried,
ground,  and  digested  with  a  mixture  of  nitric  acid  and  perchloric
acid.  The  concentrations  of  calcium,  iron,  zinc,  potassium,  magne-
sium,  and  phosphorus  were  determined  using  standards.  Results
were expressed as mg/g on a dry weight basis.

 Extraction of samples
The  extracts  used  for  the  biochemical  analyses  were  prepared

from  the  dry  composite  flours.  A  concentration  of  10  mg/mL  was
obtained by weighing the appropriate amount of sample into 2 mL
microcentrifuge  tubes.  Distilled  water  was  added,  and  the  mixture

was vortexed for  about  1  min,  then allowed to  hydrate  for  10  min.
The  suspension  was  vortexed  again  for  approximately  15  s  and
centrifuged  at  10,000  ×  g  for  10  min  at  room  temperature  (25  °C)
(Model  KX3400C;  KENXIN  International  Co.).  The  resulting  super-
natant was collected and used for the analyses.

 Determination of total phenolic contents
Total phenolic content was determined using the Folin-Ciocalteu

method  as  previously  described[18].  Bread  extracts  (0.5  mL)  were
mixed with Folin-Ciocalteu reagent (2.5 mL), and sodium carbonate
solution  (2  mL,  7.5%  w/v).  The  mixture  was  incubated  at  room
temperature  for  30  min,  and  absorbance  was  measured  at  765  nm
using  a  UV-visible  spectrophotometer.  Results  were  expressed  as
mg gallic acid equivalent per gram (mg GAE/g).

 Determination of total flavonoid contents
Total  flavonoid  content  was  determined  using  the  aluminium

chloride colorimetric method[19]. Sample extracts (1 mL) were mixed
with aluminium chloride solution (0.3 mL, 10% w/v), and incubated
for  30  min.  Absorbance  was  measured  at  415  nm,  with  results
expressed as mg quercetin equivalent per gram (mg QE/g).

 Determination of α-amylase inhibition
Bread  extracts  were  prepared  by  homogenizing  5  g  of  bread

samples in 50 mL phosphate buffer (pH 6.9), followed by centrifuga-
tion at 3,000 rpm for 10 min at room temperature (25 °C). The super-
natant  was  used  as  the  enzyme  inhibitor  source.  The α-amylase
inhibitory activity of the sample's extract was assessed using a modi-
fied method[20]. Sample extract or distilled water (100 μL) was mixed
with  enzyme  solution  (100 μL),  and  incubated  at  28  °C  for  10  min.
Then, 200 μL of 1% starch solution was added, and the mixture was
incubated  for  another  10  min  at  28  °C.  The  reaction  was  stopped
with dinitrosalicylic acid reagent,  heated, and cooled. After dilution
(1:5),  absorbance  was  measured  at  540  nm.  Percentage  inhibition
was calculated using the formula:

Percentage inhibition =


(
Abscontrol−Abssamples

)
Abscontrol

×100

 Determination of α-glucosidase inhibition
The inhibitory effect of the extracts on α-glucosidase activity was

evaluated using a recently reported method[20], with slight modifica-
tions. Briefly, a substrate solution was prepared using p-nitrophenyl-
α-D-glucopyranoside (pNPG) in 20 mM phosphate buffer (pH 6.9). To
initiate the assay, 100 μL of α-glucosidase enzyme solution (0.3 U/mL)
was  pre-incubated  with  50 μL  of  the  extract  sample  at  37  °C  for
10  min.  Following  this,  50 μL  of  3.0  mM  pNPG  (also  in  phosphate
buffer, pH 6.9) was added to start the reaction. The reaction mixture
was incubated at 37 °C for 20 min and then terminated by the addi-
tion of 2 mL of 0.1 M sodium carbonate (Na2CO3).  The release of p-
nitrophenol,  indicative  of  enzymatic  activity,  was  measured  spec-
trophotometrically at 405 nm. Percentage inhibition was calculated
using the formula:

Percentage inhibition =


(
Abscontrol−Abssamples

)
Abscontrol

×100

 Determination of 2,2-Diphenyl-1Ppicryhydrazyl (DPPH)
The  ability  of  the  extract  to  scavenge  DPPH  free  radicals  was

determined  following  a  previously  reported  method[21].  In  this
procedure, 1 mL of the extract was combined with an equal volume
of  a  0.4  mM  methanolic  solution  containing  DPPH.  The  resultant
mixture was shielded from light and allowed to incubate for 30 min,
after  which  the  absorbance  was  measured  at  517  nm,  and  the
percentage scavenging ability calculated as:

% DPPH Inhibition =
Acontrol−Asample

Acontrol
×100
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 Determination of 2,2-azinobis (3-ethylbenzothiazoline-6-
sulfonate) (ABTS)

The  capacity  of  the  extract  to  scavenge  ABTS  radicals  was
determined  following  the  procedure  outlined  previously[20].  ABTS
radicals  were  generated  through  designated  reactions,  which
involved reacting 7 mM ABTS aqueous solution with 2.45 mM potas-
sium  persulfate  and  allowing  the  solution  to  stand  in  the  dark  for
over  16  h.  The  solution's  absorbance  was  adjusted  to  0.7  with
ethanol.  Then,  200 μL  of  ABTS  solution  was  mixed  with  20 μL  of
extract,  and absorbance was  measured at  734  nm.  The percentage
of  ABTS  radical  scavenging  ability  of  the  extract  was  calculated
using the following formula:

% ABTS Inhibition =
Acontrol−Asample

Acontrol
×100

 Determination of hydroxyl radical scavenging ability
The ability of the sample to scavenge hydroxyl radical was deter-

mined  using  a  previously  reported  method[22].  Briefly,  freshly
prepared  sample  extract  (0–100 μL)  was  pipetted  to  a  reaction
mixture. Thereafter, 400 μL, 0.1 M phosphate buffer (pH 7.4), 120 μL,
20  mM  deoxyribose,  40 μL,  20  mM  hydrogen  peroxide,  and  40 μL,
500 μM FeSO4 were added and the volume was made to 800 μL with
distilled water. After incubating for 30 min at 37 °C, the reaction was
stopped by the addition of 0.5 mL of 2.8% trichloro acetic acid. This
was  followed  by  the  addition  of  0.4  mL  of  0.6%  thiobarbituric  acid
solution. Then the tubes were incubated for 20 min in boiling water.
The absorbance was measured at 532 nm, and the hydroxyl radical
scavenging ability was calculated using:

% OH inhibition =
Acontrol−Asample

Acontrol
×100

 Determination of ferric reducing antioxidant power (FRAP)
The ferric  reducing property  was assessed following the method

outlined recently[21].  A mixture consisting of 0.25 mL of the extract,
0.25 mL of 200 mM sodium phosphate buffer, pH 6.6, and 0.25 mL of
1%  potassium  ferricyanide  was  incubated  at  50  °C  for  20  min.
Following incubation,  0.25 mL of  10% TCA was added,  followed by
centrifugation at 2,000 rpm for 10 min at room temperature (25 °C).
Thereafter, 1 mL of the supernatant was mixed with 1 mL of distilled
water and 0.1% FeCl3, and the absorbance was measured at 700 nm.
A standard curve was generated with ascorbic acid,  and the results
were  expressed  as  milligrams  of  ascorbic  acid  equivalent  per  gram
of sample.

 Sensory evaluation
Sensory evaluation was conducted using a 9-point hedonic scale

(1  =  extremely  dislike,  9  =  extremely  like)  by  a  trained  panel  of  20
evaluators (aged 25–45 years, 60% female, 40% male) as previously
described[23].  Panel members were selected based on their familiar-
ity  with  bread  products  and  trained  in  sensory  evaluation  tech-
niques.  Parameters  assessed  included  crust  colour,  crumb  colour,
taste, aroma, and overall acceptability. Samples (2 cm × 2 cm × 2 cm
cubes) were presented in randomized order on white ceramic plates

under fluorescent lighting conditions. Panelists were provided with
water  and unsalted crackers  for  palate cleansing between samples.
The evaluation was  conducted as  a  single  sensory  session,  and the
mean scores of all 20 panelists were used for data analysis.

 Statistical analysis
All  analyses  were  performed  in  triplicate,  and  the  results  were

expressed as mean ± standard deviation. Data were analysed using
one-way analysis of variance (ANOVA) and Duncan's Multiple Range
Test  for  mean  separation  at p ≤ 0.05  significance  level.  Statistical
analyses were performed using SPSS version 26.

 Results and discussion

 Proximate composition
The  proximate  composition  of  tigernut–supplemented  bread

(expressed  on  a  wet-weight  basis)  is  presented  in Table  1.  The
results  showed  that  moisture  content  decreased  significantly  (p
≤ 0.05) from 13% in the control sample to 10.17% in bread contain-
ing  20%  tigernut  flour.  Moisture  content  is  an  important  quality
attribute of baked products because it affects microbial growth and
therefore,  influences  shelf  stability.  The  lower  values  observed  in
tigernut–based  bread  may  be  linked  to  the  relatively  low  water-
holding capacity of tigernut flour compared to wheat flour, which is
likely  attributed to differences in  protein structure and starch gela-
tinization properties[24].  This decrease is  desirable since a reduction
in moisture content may enhance the storage stability of the bread,
as has also been reported for orange peel–supplemented bread[25].
Protein  content  followed  a  downward  trend  as  substitution  with
tigernut flour increased,  decreasing from 12% in the control  bread,
to 10% at the 20% substitution level. This is expected because tiger-
nut  flour  has  lower  protein  content  (6%–8%) when compared with
wheat  flour  (10%–14%)[14].  While  this  reduction is  a  limitation from
the  standpoint  of  total  protein,  it  should  be  noted  that  tigernut
provides  a  complementary  amino  acid  profile,  being  relatively  rich
in lysine and arginine,  which may improve the overall  protein qua-
lity of the composite bread.

Fat  content,  on  the  other  hand,  increased  progressively  and
significantly  (p ≤ 0.05)  with  tigernut  flour  inclusion,  ranging  from
5.00%  in  the  control  to  7.00%  in  bread  with  20%  substitution.  This
can  be  attributed  to  the  naturally  high  oil  content  of  tigernuts
(25%–30%)[12].  The  oil  fraction  of  tigernut  is  particularly  rich  in
monounsaturated  fatty  acids,  mainly  oleic  acid  (60%–70%),  and
linoleic  acid  (15%–20%),  which  are  known  to  be  beneficial  for
cardiovascular  health[7,8].  The  higher  fat  content  also  contributes
positively to the mouthfeel  and sensory quality of  bread,  making it
more appealing to consumers. Ash content, which is an indication of
mineral  composition,  also  increased  gradually  with  substitution,
rising from 2.00% in  the  control  to  2.40% at  20% substitution.  This
suggests  that  tigernut  flour  enhanced  the  mineral  density  of  the
bread, in agreement with earlier reports on its mineral richness[10,11].
Fibre  content  showed  a  similar  trend,  with  values  increasing  from
2.00% in the control to 2.80% in the 20% substitution level.  Dietary

 

Table 1.    Proximate composition of tigernut-supplemented wheat bread (%).

Sample Moisture Protein Fat Ash Fibre Carbohydrate

A 13.00 ± 0.56a 12.00 ± 0.48a 5.00 ± 0.32e 2.00 ± 0.09d 2.00 ± 0.26e 69.00 ± 0.35a

B 11.55 ± 0.65b 11.50 ± 0.02b 5.50 ± 0.06d 2.10 ± 0.02cd 2.20 ± 0.42d 68.20 ± 0.56ab

C 11.20 ± 0.37c 11.00 ± 0.48bc 6.00 ± 0.31c 2.18 ± 0.12c 2.40 ± 0.32c 67.40 ± 0.24b

D 10.50 ± 0.01d 10.50 ± 0.02c 6.50 ± 0.04b 2.30 ± 0.06b 2.60 ± 0.58bc 66.60 ± 0.26c

E 10.17 ± 0.66e 10.00 ± 0.04d 7.00 ± 0.26a 2.40 ± 0.02a 2.80 ± 0.62a 65.80 ± 0.47d

Values are mean ± standard deviation. Means with different superscripts within columns are significantly different (p ≤ 0.05).  Key: A (100% wheat flour),  B (95% wheat
flour, 5% tigernut flour); C (90% wheat flour, 10% tigernut flour); D (85% wheat flour, 15% tigernut flour); E (80% wheat flour, 20% tigernut flour). All values are expressed
on a wet-weight basis.
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fibre  is  important  for  maintaining  digestive  health  and  has  been
associated  with  improved  glycemic  control  and  reduced  risk  of
chronic  diseases[26].  The  enrichment  of  the  bread  with  fibre  there-
fore adds functional value beyond basic nutrition.

 Mineral composition
The  mineral  composition  of  the  bread  samples  is  presented  in

Table  2,  and  an  interesting  observation  was  the  gradual  decline  in
all  measured  minerals  as  the  level  of  tigernut  flour  substitution
increased.  The  control  sample  (100%  wheat  flour)  had  the  highest
mineral  values:  calcium  (23.40  mg/g),  iron  (2.10  mg/g),  zinc
(1.40  mg/g),  potassium  (180  mg/g),  magnesium  (80.00  mg/g),  and
phosphorus (120 mg/g).  These values decreased progressively with
substitution up to 20% tigernut flour, where calcium was reduced to
19.80  mg/g,  iron  to  1.70  mg/g,  zinc  to  1.00  mg/g,  potassium  to
144.00  mg/g,  magnesium to  64.00  mg/g,  and phosphorus  to  96.00
mg/g. Although this declining trend may appear counterintuitive, it
can be explained by a number of factors.  A likely reason is that the
commercial  wheat  flour  used  as  the  base  may  have  been  fortified
with  minerals,  which  is  a  standard  practice  in  many  countries  to
address micronutrient deficiencies[15]. If this is the case, the fortifica-
tion  would  naturally  elevate  the  mineral  content  of  the  control
bread  above  that  of  the  tigernut–supplemented  samples.  Another
factor could be the presence of anti-nutritional compounds in tiger-
nuts,  such  as  phytates,  tannins,  and  oxalates,  which  are  known  to
form  insoluble  complexes  with  minerals,  thereby  reducing  their
extractability  and  analytical  recovery.  Although  antinutritional
factors  were  not  measured  in  the  current  study,  processing  meth-
ods  such  as  soaking,  fermentation,  or  germination  have  been
reported  to  mitigate  their  effects[11,12].  Additionally,  minerals  in
tigernuts  may  occur  predominantly  in  bound  forms,  making  them
less  accessible  when  standard  AOAC  procedures  are  applied[27].
Thermal  processing  during  baking  can  also  alter  mineral–protein
and  mineral–fibre  interactions,  and  this  might  further  lower  the
extractability  of  minerals  from  tigernut  components  compared  to
wheat flour.

Despite the decline, the mineral contents of the composite breads
remain  nutritionally  meaningful.  For  instance,  iron  content  ranged
from  1.70  to  2.10  mg/g  across  the  samples,  which  is  significant
because  iron  plays  an  essential  role  in  oxygen  transport  and
preventing  iron  deficiency  anaemia,  particularly  among  children
and  women  of  reproductive  age.  Calcium,  which  declined  from
23.40  to  19.80  mg/g  with  substitution,  is  vital  for  bone  and  teeth
development,  while  magnesium  is  involved  in  enzyme  activation
and  energy  metabolism.  Similarly,  potassium  values,  although
reduced, remain relatively high (144–180 mg/g), which is important
for maintaining fluid balance and regulating blood pressure[28]. Zinc
is also essential for immune function and growth, while phosphorus
is  necessary  for  bone  mineralization  and  energy  metabolism[29,30].
Taken  together,  although  substitution  with  tigernut  flour  reduced
the  absolute  mineral  concentrations  compared  with  the  control
bread,  this  does not diminish the fact that tigernut still  contributes
valuable  nutrients.  The  slightly  lower  mineral  content  can  be
balanced  by  the  other  nutritional  advantages  of  tigernut  flour,

particularly  its  healthy  fat  and  fibre  content,  while  the  overall  con-
tribution  to  essential  micronutrients  remains  relevant  for  daily
dietary intake.

 Phytochemical content
The phytochemical composition of the bread samples is shown in

Fig.  1a & b.  Both  total  phenolic  and  flavonoid  contents  decreased
progressively  as  tigernut  flour  substitution  increased.  The  control
bread  recorded  the  highest  values  with  total  phenolic  content  of
12.30  mg  GAE/g,  and  total  flavonoids  of  10.20  mg  QE/g.  These
values declined steadily with substitution, reaching 10.30 mg GAE/g,
and  8.20  mg  QE/g  at  20%  substitution,  respectively.  Contrary  to
expectations,  this  observation does not align with previous reports
of  tigernuts  containing  significant  phenolic  compounds  and
flavonoids[12]. The observed trend may be due to the thermal effect
on  the  phytochemicals.  Thermal  processing  during  baking  may
affect  phenolic  compounds  differently  depending  on  their  source.
Heat treatment can lead to degradation of free phenolics, or alterna-
tively to changes in their binding to proteins and fibres, which may
alter their extractability in the analytical procedures used[18]. Interac-
tions  between  the  bioactive  compounds  of  wheat  and  tigernut
during  dough  formation  and  baking  could  also  affect  how  readily
phenolics and flavonoids are released and detected.

Interestingly,  despite  the  declining  trend  in  measured  phenolics
and flavonoids, the antioxidant results showed consistent improve-
ments across all assays. This suggests that phenolics and flavonoids,
though  important,  are  not  the  only  contributors  to  antioxidant
capacity  in  tigernut–supplemented  bread.  Other  compounds  such
as tocopherols, sterols, and unsaturated fatty acids present in tiger-
nut  may  be  playing  a  significant  role,  possibly  in  synergy  with  the
phenolics  that  remain  stable  during  baking[9].  From  a  nutritional
perspective,  phenolics  and  flavonoids  are  important  because  they
act  as  natural  antioxidants  with  protective  roles  against  oxidative
stress and related chronic conditions[2]. Therefore, even though their
measured  values  decreased  in  this  study,  the  overall  functional
benefits  of  tigernut  supplementation  remain  evident  from  the
strong antioxidant activity observed. This highlights the complexity
of  phytochemical  interactions  in  food  systems,  and  suggests  that
extractable  phenolics  alone  may  not  fully  capture  the  functional
value of bioactive compounds in food formulations.

 Antioxidant activity
The  antioxidant  activity  of  the  bread  samples,  presented  in

Fig.  2a–d,  clearly  highlights  one  of  the  most  promising  effects  of
tigernut  flour  substitution.  All  the  measured  antioxidant  parame-
ters—ABTS,  DPPH,  FRAP,  and  hydroxyl  radical  scavenging
activity—showed  steady  and  significant  increases  as  the  level  of
tigernut  flour  increased.  ABTS  values  increased  from  45.00  to
65.00 µM  TE/g,  and  DPPH  activity,  which  measures  the  capacity  to
donate hydrogen atoms and neutralize free radicals, increased from
60.00  to  80.00 µM  TE/g.  These  progressive  increases  confirm  that
tigernut flour contributed additional antioxidant compounds to the
bread  and  that  these  compounds  remained  stable  even  after
baking. Similarly, FRAP values rose from 50.00 µM TE/g in the control
bread  to  85.00 µM  TE/g  at  20%  substitution,  which  represents  an

 

Table 2.    Mineral composition of tigernut-supplemented wheat bread (mg/g).

Sample Calcium Iron Zinc Potassium Magnesium Phosphorus

A 23.40 ± 0.41a 2.10 ± 0.39a 1.40 ± 0.69a 180.00 ± 0.89a 80.00 ± 0.05a 120.00 ± 0.05a

B 22.50 ± 0.02ab 2.00 ± 0.48ab 1.30 ± 0.00b 171.00 ± 0.74b 76.00 ± 0.25b 114.00 ± 0.09b

C 21.60 ± 0.10b 1.90 ± 0.15b 1.20 ± 0.01c 162.00 ± 0.84c 72.00 ± 0.40c 108.00 ± 0.32c

D 20.70 ± 0.31c 1.80 ± 0.24bc 1.10 ± 0.10c 153.00 ± 0.42d 68.00 ± 0.71d 102.00 ± 0.04d

E 19.80 ± 0.11d 1.70 ± 0.50c 1.00 ± 0.07d 144.00 ± 0.86e 64.00 ± 0.36e 96.00 ± 0.07e

Values are mean ± standard deviation. Means with different superscripts within columns are significantly different (p ≤ 0.05).  Key: A (100% wheat flour),  B (95% wheat
flour, 5% tigernut flour); C (90% wheat flour, 10% tigernut flour); D (85% wheat flour, 15% tigernut flour); E (80% wheat flour, 20% tigernut flour).
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appreciable improvement in reducing power. Hydroxyl radical scav-
enging  activity,  which  is  important  because  hydroxyl  radicals  are
among  the  most  reactive  and  damaging  free  radicals  in  biological
systems, increased consistently from 30.00 to 55.00 µM TE/g across
the samples.

The  improved  antioxidant  activity  can  be  attributed  to  the  pres-
ence of phenolic compounds, flavonoids, and tocopherols naturally
abundant  in  tigernuts[9,12].  The  fact  that  all  assays  consistently
showed improvement  indicates  that  tigernut  flour  provides  a  wide
spectrum  of  antioxidant  molecules  with  different  mechanisms  of
action—metal  ion  reduction  (FRAP),  radical  scavenging  (ABTS  and
DPPH), and hydroxyl radical neutralization (OH assay). This suggests
that  tigernut  supplementation  does  not  just  enhance  one  type  of
antioxidant activity but strengthens the overall antioxidant defense
potential  of  the  bread.  The  nutritional  relevance  of  this  enhance-
ment  cannot  be  overlooked.  Antioxidants  in  the  diet  help  reduce
oxidative stress,  which is  implicated in the development of  chronic
diseases such as cardiovascular disorders,  cancer,  and neurodegen-
erative diseases[2]. Therefore, incorporating tigernut flour into bread
not  only  diversifies  the  nutrient  profile  but  also  adds  functional

value  by  improving  the  antioxidant  potential  of  a  commonly
consumed  staple  food.  It  is  also  worth  noting  that  although
extractable  phenolic  and  flavonoid  contents  showed  a  declining
trend  with  substitution  (Fig.  1a & b),  the  antioxidant  activity  still
increased  consistently.  This  suggests  that  other  bioactive  com-
pounds  in  tigernut,  such  as  tocopherols,  sterols,  and  unsaturated
fatty acids may contribute significantly to the observed antioxidant
capacity,  possibly  in  synergy  with  the  remaining  phenolic
compounds[9,12].

 In-vitro antidiabetic properties
The  antidiabetic  potential  of  the  bread  samples,  as  presented  in

Fig. 3a & b, revealed two contrasting trends for the enzymes studied.
The inhibitory activity against α-amylase (Fig 3a) was highest in the
control  bread  (75.76%),  and  declined  steadily  as  tigernut  flour
substitution  increased,  reaching  16.88%  at  the  20%  substitution
level.  This  suggests  that  components  inherent  in  wheat  flour,  such
as  resistant  starch  and  certain  heat-stable  compounds,  likely
contributed  to α-amylase  inhibition.  As  substitution  with  tigernut
flour  increased,  these  inhibitory  factors  were  progressively  diluted,
which may explain the sharp decline observed.  On the other hand,

 

a b

Fig. 1    (a) Total phenolic and (b) total flavonoid contents of bread with tigernut flour supplementation. Values are mean ± standard deviation. Bars with
different  superscripts  are  significantly  different  (p ≤ 0.05).  Key:  A  (100%  wheat  flour),  B  (95%  wheat  flour,  5%  tigernut  flour);  C  (90%  wheat  flour,  10%
tigernut flour); D (85% wheat flour, 15% tigernut flour); E (80% wheat flour, 20% tigernut flour).

 

a

c d
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Fig. 2    Antioxidant properties of bread with tigernut flour supplementation: (a) ABTS, (b) DPPH, (c) FRAP, and (d) hydroxyl radical scavenging. Values are
mean ± standard deviation. Bars with different superscripts are significantly different (p ≤ 0.05). Key: A (100% wheat flour), B (95% wheat flour, 5% tigernut
flour); C (90% wheat flour, 10% tigernut flour); D (85% wheat flour, 15% tigernut flour); E (80% wheat flour, 20% tigernut flour).
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α-glucosidase  inhibitory  activity  (Fig.  3b)  showed  a  distinctly  posi-
tive trend with tigernut flour inclusion. The control sample recorded
the  lowest  inhibition  at  29.6%,  while  bread  with  20%  substitution
reached  67.00%.  This  represents  a  126%  improvement  and  is
particularly  significant  because  inhibition  of α-glucosidase  delays
carbohydrate  digestion  and  glucose  absorption  in  the  small  intes-
tine,  leading  to  a  more  gradual  rise  in  postprandial  blood  glucose
levels.  This  mechanism  is  clinically  relevant  for  type  2  diabetes
management, as it helps reduce hyperglycemia after meals[31,32].

The  contrasting  patterns  between  the  two  enzymes  may  again
confirm  that  different  bioactive  compounds  are  likely  responsible
for  each  type  of  inhibition.  Tigernuts  contain  phenolic  acids,
flavonoids, and fibre-bound antioxidants, which may be more effec-
tive  in  inhibiting α-glucosidase  than α-amylase[9,10].  This  explains
why α-glucosidase inhibition increased with substitution despite the
fall  in α-amylase  inhibition.  Such  selective  inhibition  is  valuable
because  excessive α-amylase  inhibition  can  sometimes  lead  to
undesirable  gastrointestinal  side  effects,  whereas α-glucosidase
inhibition is the more clinically desirable target for regulating post-
prandial glycemia[21,31,32].

 Sensory evaluation
The sensory evaluation results of the bread samples are presented

in Table  3.  The  table  provides  important  insights  into  consumer
acceptance  and  the  potential  commercial  viability  of  tigernut–
supplemented  bread.  Crust  colour  scores  remained  fairly  stable
across all substitution levels, ranging from 6.40 in the control to 5.20
at  20%  substitution.  This  stability  indicates  that  tigernut  flour  did
not  greatly  alter  the  external  appearance  of  the  bread.  This  is  an
important  factor  since  visual  appeal  often  influences  first  impres-
sions  of  consumers[23].  Crumb  colour,  however,  showed  a  progres-
sive decline from 6.00 in the control to 4.50 at 20% substitution. The
darker hue reflects the inherent colour of tigernut flour and its influ-
ence  on  the  internal  crumb.  While  darker  crumbs  may  be  accept-
able in certain specialty breads, they can sometimes be perceived as
less  desirable  compared  to  the  lighter  appearance  of  conventional
wheat bread.

Taste  scores  also  decreased  from  5.80  in  the  control  to  4.50  at
20%  substitution.  The  nutty  and  slightly  sweet  flavour  of  tigernut,

although rich in nutritional appeal, may be unfamiliar to consumers
accustomed  to  the  neutral  taste  of  wheat  bread.  Despite  this,
samples  with  5%  and  10%  substitution  maintained  5.75  and  5.68
scores,  respectively.  These  scores  were  comparable  to  the  control
(5.80),  suggesting  that  lower  substitution  levels  strike  an  optimal
balance between enhanced nutrition and acceptable flavour. These
findings  align  with  earlier  reports  where  moderate  levels  of  non-
wheat  flour  inclusion  were  found  to  preserve  taste  acceptability,
while  still  enriching  nutritional  value[15].  Aroma  scores  were  rela-
tively  stable  across  the  samples  (5.50  in  the  control  to  4.80  at  20%
substitution), suggesting that the nutty aroma contributed by tiger-
nut flour was generally well tolerated by panelists and did not nega-
tively  affect  sensory  acceptance.  Overall  acceptability  followed  a
similar  pattern  to  taste,  with  the  highest  scores  recorded  for  the
control (5.90), and the 5% substitution level (5.65), while significant
reductions  were  noted  at  higher  substitution  levels.  In  summary,
tigernut  flour  substitution  at  5%–10%  provided  the  best  compro-
mise  between  nutritional  enhancement  and  sensory  quality,
supporting  its  potential  for  partial  replacement  of  wheat  flour  in
bread formulation.

 Conclusions

The  findings  from  this  study  suggest  that  tigernut  flour  can
improve  the  functional  and  nutritional  qualities  of  wheat  bread.
Tigernut  was  observed  to  reduce  the  amount  of  total  extractable
minerals, and decrease the amount of moisture and protein. It raised
the  amount  of  fat,  ash,  and  dietary  fibre.  Additionally,  the  study
showed that bread supplemented with tigernuts might have health
benefits,  especially  for  people  with  diabetes  or  prediabetes.  At
substitution  levels  of  5%–10%,  the  sensory  benefits  of  tigernut-
supplemented  bread  were  at  their  peak.  Higher  substitution  levels
recorded  very  low  overall  acceptability  and  taste.  The  results  lend
credence  to  tigernut  flour's  potential  as  a  useful  component  in
bread  recipes.  This  study  provides  insight  into  the  nutritional  and
sensory  properties  of  tigernut-supplemented  wheat  bread,  but
several limitations should be noted. Only a limited range of substitu-
tion  levels  was  tested,  and  anti-nutritional  factors  were  not

 

a b

Fig. 3    Inhibition of (a) α-amylase, and (b) α-glucosidase potential of bread with tigernut flour supplementation. Values are mean ± standard deviation.
Bars with different superscripts are significantly different (p ≤ 0.05). Key: A (100% wheat flour), B (95% wheat flour, 5% tigernut flour); C (90% wheat flour,
10% tigernut flour); D (85% wheat flour, 15% tigernut flour); E (80% wheat flour, 20% tigernut flour).

 

Table 3.    Sensory evaluation of tigernut-supplemented wheat bread (n = 20).

Sample Crust colour Crumb colour Taste Aroma Overall acceptability

A 6.40 ± 1.32a 6.00 ± 1.71a 5.80 ± 1.60a 5.50 ± 1.48a 5.90 ± 1.40a

B 6.30 ± 1.42ab 5.85 ± 1.68a 5.75 ± 1.87a 5.00 ± 1.65ab 5.65 ± 1.38ab

C 5.92 ± 1.44ab 5.71 ± 1.52ab 5.68 ± 1.39b 5.00 ± 1.65ab 5.58 ± 1.40a

D 5.64 ± 1.29b 4.68 ± 1.40b 4.70 ± 1.46c 5.20 ± 1.74a 5.05 ± 1.50b

E 5.20 ± 1.89b 4.50 ± 1.80c 4.50 ± 1.42d 4.80 ± 1.55a 4.75 ± 1.58b

Values are mean ± standard deviation. Means with different superscripts within columns are significantly different (p ≤ 0.05).  Key: A (100% wheat flour),  B (95% wheat
flour, 5% tigernut flour); C (90% wheat flour, 10% tigernut flour); D (85% wheat flour, 15% tigernut flour); E (80% wheat flour, 20% tigernut flour).
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measured.  Shelf-life  stability  and  extended  sensory  attributes  were
not evaluated, and results may differ under industrial-scale produc-
tion  or  with  a  broader  consumer  panel.  Future  studies  should
address  these  aspects  to  strengthen  practical  applications.  Overall,
the development of tigernut-supplemented bread offers a practical
opportunity  to  produce  healthier,  fibre-rich  bakery  products  with
potential benefits for blood glucose regulation and strong appeal to
health-conscious consumers.

 Author contributions

The  authors  confirm  contribution  to  the  paper  as  follows:  study
conception and design: Aderinola TA; data collection: Adewoye OO,
Aderinola TA, Kareem BR, Adeboye A; draft manuscript preparation:
Adewoye  OO.  All  authors  reviewed  the  results  and  approved  the
final version of the manuscript.

 Data availability

All  data  generated  or  analyzed  during  this  study  are  included  in
this published article.

Acknowledgments

No funding was received for this study.

Conflict of interest

The authors declare that they have no conflict of interest.

Dates

Received 6 September 2025; Revised 4 November 2025; Accepted
15 December 2025; Published online 30 December 2025

References 

 Bigliardi  B,  Galati  F. 2013. Innovation  trends  in  the  food  industry:  the
case of functional foods. Trends in Food Science & Technology 31:118−29

1.

 Granato  D,  Barba  FJ,  Kovačević DB,  Lorenzo  JM,  Cruz  AG,  et  al . 2020.
Functional  foods:  product  development,  technological  trends,  efficacy
testing,  and  safety. Annual  Review  of  Food  Science  and  Technology
11:93−118

2.

 Aderinola  TA,  Alashi  AM,  Fagbemi  TN,  Enujiugha  VN,  Aluko  RE. 2019.
Moringa oleifera flour protein fractions as food ingredients with antioxi-
dant properties. SDRP Journal of Food Science & Technology 4:720−28

3.

 Corbo  MR,  Bevilacqua  A,  Petruzzi  L,  Casanova  FP,  Sinigaglia  M. 2014.
Functional  beverages:  the  emerging  side  of  functional  foods. Compre-
hensive Reviews in Food Science and Food Safety 13:1192−206

4.

 Rashidinejad  A. 2024. The  road  ahead  for  functional  foods:  promising
opportunities  amidst  industry  challenges. Future  Postharvest  and  Food
1:266−73

5.

 Sgroi F, Sciortino C, Baviera-Puig A, Modica F. 2024. Analyzing consumer
trends  in  functional  foods:  a  cluster  analysis  approach. Journal  of  Agri-
culture and Food Research 15:101041

6.

 Satija  A,  Hu  FB. 2018. Plant-based  diets  and  cardiovascular  health.
Trends in Cardiovascular Medicine 28:437−41

7.

 Glenn AJ, Viguiliouk E, Seider M, Boucher BA, Khan TA, et al. 2019. Rela-
tion of vegetarian dietary patterns with major cardiovascular outcomes:
a  systematic  review  and  meta-analysis  of  prospective  cohort  studies.
Frontiers in Nutrition 6:80

8.

 Roselló-Soto E, Koubaa M, Moubarik A, Lopes RP, Saraiva JA, et al. 2015.
Emerging opportunities for the effective valorization of wastes and by-
products  generated  during  olive  oil  production  process:  non-conven-
tional  methods  for  the  recovery  of  high-added  value  compounds.
Trends in Food Science & Technology 45:296−310

9.

 Badejo AA, Falarunu AJ, Duyilemi TI, Fasuhanmi OS. 2020. Antioxidative
and  anti-diabetic  potentials  of  tigernut  (Cyperus  esculentus)  sedge
beverages fortified with Vernonia amygdalina and Momordica charantia.
Journal of Food Measurement and Characterization 14:2790−99

10.

 Adejuyitan JA, Otunola ET, Akande EA, Bolarinwa IF, Oladokun FM. 2009.
Some  physicochemical  properties  of  flour  obtained  from  fermentation
of  tigernut  (Cyperus  esculentus)  sourced  from  a  market  in  Ogbomoso,
Nigeria. African Journal of Food Science 3:51−55

11.

 Sánchez-Zapata  E,  Fernández-López  J,  Pérez-Alvarez  J. 2012. Tiger  nut
(Cyperus  esculentus)  commercialization:  health  aspects,  composition,
properties,  and  food  applications. Comprehensive  Reviews  in  Food
Science and Food Safety 11:366−77

12.

 Sethi  S,  Tyagi  SK,  Anurag  RK. 2016. Plant-based  milk  alternatives  an
emerging  segment  of  functional  beverages:  a  review. Journal  of  Food
Science and Technology 53:3408−23

13.

 Nina  GC,  Ogori  AF,  Ukeyima  M,  Hleba  L,  Císarová  M,  et  al. 2019. Proxi-
mate, mineral and functional properties of tiger nut flour extracted from
different tiger nuts cultivars. Journal  of  Microbiology,  Biotechnology and
Food Sciences 9:653−56

14.

 Dewettinck K, Van Bockstaele F, Kühne B, Van de Walle D, Courtens TM,
et  al. 2008. Nutritional  value  of  bread:  influence  of  processing,  food
interaction  and  consumer  perception. Journal  of  Cereal  Science
48:243−57

15.

 Oloniyo RO, Omoba OS, Awolu OO. 2022. Rheological behaviour, physi-
cal  and  sensory  properties  of  orange  fleshed  sweet  potato  and  soy
concentrate bread. Journal of Food Science and Technology 59:2189−99

16.

 Association  of  Official  Analytical  Chemists  (AOAC).  2012. Official  meth-
ods  of  analysis  of  AOAC  International.  19th  Edition.  Gaithersburg,  MD,
USA: AOAC International.

17.

 Singleton VL,  Orthofer  R,  Lamuela-Raventós RM. 1999.  Analysis  of  total
phenols  and  other  oxidation  substrates  and  antioxidants  by  means  of
folin-ciocalteu  reagent.  In Oxidants  and  Antioxidants  Part  A,  Methods  in
Enzymol, ed. Packer L. pp. 152–78. doi: 10.1016/S0076-6879(99)99017-1

18.

 Aderinola TA, Makinwa OJ, Aderehinwo OM. 2023. Proximate composi-
tion,  functional  and  bioactive  properties  of  cassava,  garden  egg  and
sorghum residue composite flours. Food and Humanity 1:1576−83

19.

 Mayomi PT, Aderinola TA. 2024. Proximate, mineral, amino acid compo-
sition,  and  bioactive  properties  of  dough  meals  supplemented  with
African walnut flour. Food Science and Engineering 5:404−17

20.

 Oshunniyi  AT,  Aderinola  TA.  2023.  Nutritional,  functional  and  antidia-
betic  properties  of  date  seed  flour. Proceedings  of  the  11th  FUTA  Agric
Conference  on  Agricultural  Revolution  for  Sustainable  Livelihoods,  Akure,
Nigeria. 8–11 May, 2023. Federal University of Technology, Akure (FUTA),
Nigeria. pp. 527–36

21.

 Adeyemi  AP,  Aderinola  TA,  Ademilua  IE. 2023. Production  of  kokoro
with  enhanced  antioxidant  and in-vitro antidiabetic  properties  from
maize-beans composite flours. Applied Tropical Agriculture 28:357−67

22.

 Meilgaard  MC,  Carr  BT,  Civille  GV.  1999. Sensory  Evaluation  Techniques.
Boca Raton: CRC Press. doi: https://doi.org/10.1201/9781003040729

23.

 Mohammed  I,  Ahmed  AR,  Senge  B. 2012. Dough  rheology  and  bread
quality  of  wheat–chickpea  flour  blends. Industrial  Crops  and  Products
36:196−202

24.

 Okpala L. 2014. Effect of orange peel flour on the quality characteristics
of bread. British Journal of Applied Science & Technology 4:823−30

25.

 Anderson  JW,  Baird  P,  Davis  RH  Jr,  Ferreri  S,  Knudtson  M,  et  al. 2009.
Health benefits of dietary fiber. Nutrition Reviews 67:188−205

26.

 Okorie  C,  Onwuka  GI,  Obasi  NE. 2024. Evaluation  of  the  mineral  and
antinutritional  composition  of  bottled  and  sterilized  Tigernut  (Cyperus
esculentus) milk. Agriculture and Food Sciences Research 11:43−51

27.

 Wardlaw  GM,  Hampl  JS,  Disilvestro  RA.  2004. Perspectives  in  Nutrition.
6th Edition. New York: McGraw-Hill Companies, Inc.

28.

 Jin D, Wei X, He Y, Zhong L, Lu H, et al. 2024. The nutritional roles of zinc
for  immune  system  and  COVID-19  patients. Frontiers  in  Nutrition
11:1385591

29.

 Ciosek Ż, Kot K, Kosik-Bogacka D, Łanocha-Arendarczyk N, Rotter I. 2021.
The  effects  of  calcium,  magnesium,  phosphorus,  fluoride,  and  lead  on
bone tissue. Biomolecules 11:506

30.

 Kim YM, Jeong YK, Wang MH, Lee WY, Rhee HI. 2005. Inhibitory effect of
pine extract on α-glucosidase activity and postprandial  hyperglycemia.
Nutrition 21:756−61

31.

 Apostolidis E, Kwon YI, Shetty K. 2007. Inhibitory potential of herb, fruit,
and  fungal-enriched  cheese  against  key  enzymes  linked  to  type  2
diabetes  and  hypertension. Innovative  Food  Science  &  Emerging  Tech-
nologies 8:46−54

32.

Copyright:  ©  2025  by  the  author(s).  Published  by
Maximum  Academic  Press  on  behalf  of  Nanjing

Agricultural University. This article is an open access article distributed
under  Creative  Commons  Attribution  License  (CC  BY  4.0),  visit
https://creativecommons.org/licenses/by/4.0/.

Optimization of tigernut flour in wheat bread  

Aderinola et al. Food Materials Research 2025, 5: e024   Page 7 of 7

https://doi.org/10.1016/j.tifs.2013.03.006
https://doi.org/10.1146/annurev-food-032519-051708
https://doi.org/10.25177/jfst.4.4.ra.514
https://doi.org/10.1111/1541-4337.12109
https://doi.org/10.1111/1541-4337.12109
https://doi.org/10.1002/FPF2.12022
https://doi.org/10.1016/J.JAFR.2024.101041
https://doi.org/10.1016/J.JAFR.2024.101041
https://doi.org/10.1016/J.JAFR.2024.101041
https://doi.org/10.1016/j.tcm.2018.02.004
https://doi.org/10.3389/fnut.2019.00080
https://doi.org/10.1016/j.tifs.2015.07.003
https://doi.org/10.1007/s11694-020-00524-y
https://doi.org/10.1111/j.1541-4337.2012.00190.x
https://doi.org/10.1111/j.1541-4337.2012.00190.x
https://doi.org/10.1007/s13197-016-2328-3
https://doi.org/10.1007/s13197-016-2328-3
https://doi.org/10.15414/jmbfs.2019/20.9.3.653-656
https://doi.org/10.15414/jmbfs.2019/20.9.3.653-656
https://doi.org/10.1016/j.jcs.2008.01.003
https://doi.org/10.1007/s13197-021-05232-z
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/j.foohum.2023.11.009
https://doi.org/10.37256/fse.5220245157
https://doi.org/10.1201/9781003040729
https://doi.org/10.1016/j.indcrop.2011.09.006
https://doi.org/10.9734/bjast/2014/6610
https://doi.org/10.1111/j.1753-4887.2009.00189.x
https://doi.org/10.20448/aesr.v11i2.5870
https://doi.org/10.3389/FNUT.2024.1385591/FULL
https://doi.org/10.3390/BIOM11040506
https://doi.org/10.1016/j.nut.2004.10.014
https://doi.org/10.1016/j.ifset.2006.06.001
https://doi.org/10.1016/j.ifset.2006.06.001
https://doi.org/10.1016/j.ifset.2006.06.001
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Materials and methods
	Materials
	Tigernut flour preparation
	Bread formulation and preparation
	Determination of proximate composition
	Determination of mineral composition
	Extraction of samples
	Determination of total phenolic contents
	Determination of total flavonoid contents
	Determination of α-amylase inhibition
	Determination of α-glucosidase inhibition
	Determination of 2,2-Diphenyl-1Ppicryhydrazyl (DPPH)
	Determination of 2,2-azinobis (3-ethylbenzothiazoline-6-sulfonate) (ABTS)
	Determination of hydroxyl radical scavenging ability
	Determination of ferric reducing antioxidant power (FRAP)

	Sensory evaluation
	Statistical analysis

	Results and discussion
	Proximate composition
	Mineral composition
	Phytochemical content
	Antioxidant activity
	In-vitro antidiabetic properties
	Sensory evaluation

	Conclusions
	Author contributions
	Data availability
	References

