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Abstract
Cereal grains are a good source of macronutrients and micronutrients that are re-
quired for metabolic activity in the human body. Sprouts have been studied to en-
hance the nutrient profile. Moreover, secondary metabolites are examined as green 
food engineering technology that is used in the pharmaceutical, functional ingredi-
ents, nutraceutical, and cosmetic industries. The sprout-based food is commonly used 
to enhance the quality of products by softening the structure of the whole grain and 
increasing the phytochemicals (nutritional value and bioactive compounds). These 
sprouting grains can be added to a variety of products including snacks, bakery, bev-
erage, and meat. Consuming whole grains has been shown to reduce the incidence 
and mortality of a variety of chronic and noncommunicable diseases. Sprouting grains 
have a diversity of biological functions, including antidiabetic, antioxidant, and anti-
cancer properties. Cereal sprout-based products are more beneficial in reducing the 
risk of cardiovascular diseases and gastrointestinal tract diseases. The novel extrac-
tion techniques (microwave-existed extraction, pulse electric field, and enzyme-asso-
ciated) are applied to maintain and ensure the efficiency, safety, and nutritional profile 
of sprout. Nutrient-dense sprouts have a low environmental impact and are widely 
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1  |  INTRODUC TION

Cereal grains serve as the storage organ of a new plant. It is composed 
of carbohydrates, proteins, minerals, vitamins, and bioactive com-
pounds that are required for the metabolic activity of human body. 
During sprouting, the nutritional composition of whole grains is con-
siderably increased (Niroula et al., 2019). Particularly, sprouted whole 
kernels have high concentrations of vital protein which are necessary 
for protein synthesis within the human body. The composition of 
amino acids is affected by grain type and germination time (Benincasa 
et al., 2019).

In the last decade, sprouts have been studied due to their po-
tential nutrient profile and secondary metabolites. There are several 
changes taking place with potential impacts on molecular and gigan-
tic structures at the time of seed germination (Lemmens et al., 2021). 
The sprout-based food is commonly used to enhance the quality of 
different products by softening the structure and increasing the nutri-
tional value and bioactive composition. Sprouting has been shown to 
increase the nutritional value of foods through the activation of endog-
enous enzymes involved in biochemical and biofunctional compounds 
(Islam et al., 2022).

Sprouting is also known as germination which improves the nu-
tritional value, bioactivity, and sensorial profiles of food products. 
The bioactivity of vital minerals in grain is limited due to phytates 
and oxalates. However, their concentration is decreased during ger-
mination (Amoah et al., 2019). The grains are sprouted first saturated 
with water, and then germinated under regulated conditions. It is a 
simple and cost-effective method for increasing the quality of some 
grains (Wu & Xu, 2019). The conditions must be met for productive 
seeds to develop and sprout. These are requirements including suf-
ficient supply of water, an appropriate temperature, and a specific 
combination of distinctive gases and light (Ikram et al., 2021).

Sprouting grains have a diversity of biological functions including 
antidiabetic, antioxidant, and anticancer properties. Sprouting is also a 
great green food development technique for improving the nutritional 
profile of edible grains (Mikulinich & Guzikova, 2021). It improves the di-
gestibility of proteins and starch in the seed, and also enhances the nutri-
tional worth of nutrients like vitamins and amino acids. When comparing 
the raw seeds of wheat, whole bean, lupin, and soybean, sprouting seeds 
showed the enhancement of some water-soluble vitamins (vitamins B1 
and B6 in wheat sprouts, folate in green bean seeds and soybean, and 
ascorbic acid in sprouted chickpea (Gan et al., 2016; Gan et al., 2017)). It 

also enhances the activity of amylase which hydrolyzes starch into sim-
ple sugars in a shorter period. In this regard, the duration of the sprouting 
period influences starch dilapidation (Marti et al., 2021).

Although previous reviews were reported on sprout-based food 
products. However, this is the first review that explores and sheds 
light on the antioxidant potential, sensory evaluation, industrial 
applications, and health perspective of cereal sprout-based food 
products.

2  |  ANTIOXIDANT POTENTIAL OF CERE AL 
SPROUTS

2.1  |  Antioxidants

In foods and food products, antioxidants help to lower the oxida-
tive stress. Antioxidant and bioactive substances can be employed 
as food additives. These are mainly available in the form of vitamins, 
minerals, dietary fibers, plant proteins, and phytochemicals (Tang 
et al., 2017). The redox potential of a substance affects its anti-
oxidant action (Nemzer et al., 2019). The stability, accessibility, and 
antioxidants synthetic are frequently utilized. Soquetta et al. (2016) 
reported that the proteins, carbohydrates, vitamins, minerals, and 
oils are required for metabolic activity. During germination and 
sprouting, the nutritional value of whole grains is significantly in-
creased (Tonguc et al., 2012). Recently, sprouts and microgreens 
have acquired appeal as simply to grow because of their small size, 
no need for soil, and no need for external inputs (fertilizers and pes-
ticides). It can be healthful culinary items (Kyriacou et al., 2016). It 
contains more bioactive substances, antioxidants, and minerals than 
mature-leaf crops. The consumption has been connected to a de-
creased prevalence of diseases like cancers, respiratory issues, oste-
oporosis, and muscle atrophy—diseases that are frequently linked to 
obesity and malnutrition (Faienza et al., 2019). However, nowadays, a 
variety of foods emanating from a wide variety of seeds and sprouts 
are commonly consumed throughout the world (Shah et al., 2016; 
Yilmaz et al., 2020). The potential to treat free radical damage, and 
antioxidants originating from plant extracts were among the main 
investigation areas (Aloo et al., 2021). Sprouting beans is a great 
approach to give food products more nutritional value due to their 
high phenolic content, antioxidants, vitamins, and minerals (Francis 
et al., 2022). Ikram et al. (2021) reported high antioxidant capacity 

accepted by consumers. This review explores for the first time and sheds light on the 
antioxidant potential, sensory evaluation, industrial applications, and health perspec-
tive of cereal sprout-based food products.
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composition
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and phenolic content in sprouted grains-based peanut butter. The 
outcomes showed that exogenous sucrose treatment can be an ef-
fective technique for producing mung bean sprouts with more vita-
min C and higher antioxidant capacity (Wei et al., 2019).

2.2  |  Phenolic compounds

Phenolic compounds are second-generation metabolites that are 
produced during soaking and sprouting spontaneously. Additionally, 
these metabolites are produced in cereal crops during the healthy 
growth and development stages. While phenolic compounds can 
face the aforementioned stresses due to their antioxidant proper-
ties (Niroula et al., 2019). Cells are shielded from oxidative damage 
by phenols. The ability to remain stable in various conditions and 
the quantity and distribution of hydroxyl groups influence their an-
tioxidant capacity. Phenolic compounds are frequently present in 
foods made from plants. The most prevalent and diversified class of 
polyphenols is the flavonoid family (Roche et al., 2017). Food-rich 
phenolic combinations can reduce the risk of different health prob-
lems (Singh et al., 2017). Vanillic, ferulic, sinapic, p-coumaric, p-hy-
droxybenzoic acids, and avenanthramides are the primary phenols 
found in cereal grains (oat). The free phenolic compounds are supe-
rior to their bound forms as antioxidants. When seeds are sprouted, 
phenolic acids are biosynthesized, and the newly produced en-
zymes break down cell walls (cellulases and endoxylanases) that 
can be hydrolyzed by cinnamoyl esterases and feruloyl esterases 
connecting cell walls. In the results, the amount of free phenolic 
compounds (primarily ferulic acid) increases boosting the antioxi-
dant potential (Lemmens et al., 2019). Sprouts include a variety of 
phenolic and nonphenolic compounds that have been found to pos-
sess antioxidant properties (Aloo et al., 2021). However, the profile 
of specific secondary metabolite profiles is altered by sprouting (Gu 
et al., 2017). Resveratrol (3,4′,5-trihydroxystilbene) was reported 
as one of the major naturally occurring polyphenolic compounds 
present in peanut sprouts (Martínez-Márquez et al., 2016). Table 1 
outlines the major bioactive compounds extracted from cereal 
sprout-based food products and their methods of detection and 
extraction.

3  |  NOVEL E X TR AC TION METHODS

The novel extraction methods of cereal sprout-based food products 
are presented in Figure 1.

3.1  |  Pulse electric field method

The capacity of a seed to root and develop into a plant capable of 
reproducing is a measure of its viability. A sufficiently lengthy viabil-
ity period disturbs the vigor of seeds, which refers to their ability to 
produce vigorous and robust seedlings and flowers. There are many TA
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strategies to encourage the planting of seeds and increase their ger-
mination rate with the use of bioactive substances. The literature 
has well covered the administration of a pulsed electric field (PEF) to 
seeds. It has been established that PEF has a positive effect on the 
seed growth rate and germination effectiveness prior to germination 
(Starodubtseva et al., 2018).

PEF is a nonthermal processing technology that has gained 
commercial significance due to its high power efficiency, effective 
energy utilization, and minimal processing requirements. The ap-
plication of pulsed electric fields (PEF) can induce the release of 
bioactive metabolites, thereby altering the structural properties 
of agricultural products and prolonging their shelf life, without the 
need for pesticides or preservatives. This technology has gained 
significant attention in the food industry due to its potential to 
enhance food quality and safety. PEF treatment has been shown 
to effectively reduce microbial load, improve texture, and enhance 
nutrient retention in various food products. The relationship be-
tween meal content and high-voltage rapidly repeated pulses can 
create either transient or permanent pores in the cell membrane. 
This makes PEF a sublethal promising technology that results in 
higher permeability of cell membranes. PEF has both stimulatory 
and restraint effects on growth, depending on the seed type, 
seeds' physiological status, and the strength and intensity of the 
electric field (Ahmed et al., 2020).

Subedi et al. (2019) applied PEF separately to the cotyle-
don, radicle, hypocotyl, and broccoli sprouts for 3 s each. When 
compared to control broccoli sprouts (untreated), the enzymati-
cally activated broccoli sprout produced 4.2-fold higher sulfora-
phane, particularly in the cotyledon. The combination of PEF and 

increased enzymatic activities significantly boosted the sulfora-
phane content, especially in the cotyledons and hypocotyls of 
broccoli sprouts.

3.2  |  Microwave-existed extraction method

The anti-inflammatory and antibacterial properties of polysaccha-
rides are extracted using microwaves (MAE) or in vitro antioxidant 
against oxygen gas, and antiradical against nitrite scavenging and 
ferric reducing power activities. Moreover, there was an increasing 
dose-dependent pattern discovered (Mirzadeh et al., 2020). MAE is 
a novel extraction method that uses less energy and solvent with 
high-yield polysaccharides extracted in fewer hours. Due to the 
quick heating, this extraction technique provides a greater rate of 
extraction than PEF, Soxhlet, and supercritical fluid extraction (SFE) 
(Zeng et al., 2012). Microwave radiation has been shown to impact 
ion channel switching and membrane permeability, leading to alter-
ations in both the voltage gradient across the membrane and the 
charge density of the cell membrane surface. These changes can 
trigger a series of metabolic processes within the plant system, re-
sulting in a cascade of effects (Vian et al., 2016). When compared to 
Soxhlet extraction, the yield of triterpene from Centella asiatica using 
MAE was shown to be two times higher. The optimal yield of 27.10% 
was obtained under a sample/solvent ratio of 1:36, enzyme pretreat-
ment, and irradiation. It has been shown that MAE and enzyme lysis 
work well together (such as cellulase), thus increasing the extraction. 
Multiembryonic maize kernels have been found to exhibit higher lev-
els of antioxidant activity, which can be attributed to the presence 

F I G U R E  1  Novel extraction methods 
of cereal sprout-based food products.
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and quantity of various polyphenols. The production of sprouts with 
superior physicochemical, phytochemical, and antioxidant proper-
ties in multiembryonic maize kernels has been suggested, rendering 
them technologically valuable (Garcia-Ortiz et al., 2023).

3.3  |  Enzyme-assisted method

Enzyme-assisted extraction of biomolecules from plants presents a 
potential substitute for conventional extraction methods because of 
its effectiveness, safety, sustainability, and environmental friendli-
ness. The enzyme-based extraction relies on enzymes' capacities 
for precise specificity, region selectivity, and the ability to carry 
out reactions under benign conditions without losing the biologi-
cal potencies of bioactive chemicals (Puri et al., 2012). A mixture of 
enzyme and solvent was incubated using the enzymatic hydrolysis 
extraction method at low temperature. The utilization of low-tem-
perature extraction techniques is a viable approach to minimize en-
ergy consumption and prevent degradation. This is due to the fact 
that hydrolysis is arrested at temperatures ranging from 80 to 90°C. 
Water is employed as an organic solvent or as a chemical substi-
tute, as the enzyme exhibits optimal activity in acidic environments. 
However, the most significant challenge associated with this method 
is the prolonged extraction process, which can last from 3 to 48 h. 
Enzymes used for enzymatic extraction include lipase, amylase, pec-
tinase, amyloglucosidase, laccase, and protease (Gligor et al., 2019).

The enzymatic activity in Brassica sprouts was assessed. 
Antioxidant enzymes such as peroxidase and catalase were exten-
sively available which helps catalyzing oxidation. White cabbage 
sprouts were found to have significantly higher amounts of glu-
cosinolates and polyphenols, along with an improved antioxidant 

capacity compared to kale sprouts. Both kinds have not yet been 
utilized frequently in food as sprouts (Šamec et al., 2018); however, 
this could be promising in the food technology field.

4  |  INDUSTRIAL APPLIC ATION

The phenolic compounds are affected during processing. Boiling, 
roasting, baking, and steaming are thermal processes that seem to en-
courage the release of certain free phenolic compounds in various food 
media (Hwang et al., 2012; Ou et al., 2019). Germinated cereal flours 
have been recently used for bakery purposes such as muffins, cake, 
and cookies, with potential impact on scent, dye, and sense of taste 
(Jribi et al., 2020; Yaqoob et al., 2018). Although several nutritional 
benefits with increased consumer acceptance are reported as a result 
of improved physical features, the use of germinated breakfast cereal 
sprinkles in bread-making processes showed a negative impact on rhe-
ological goods and baking performance. It may be due to amylolytic 
and proteolytic actions (Alvarez-Jubete et al., 2010; Marti et al., 2018; 
Montemurro et al., 2019). Previous studies showed that sprouts play 
important role in the improvement of physicochemical, antioxidant, 
rheological, and sensory properties (Azarashkan et al., 2022). Figure 2 
summarizes industrial applications of cereal sprouts.

Previous studies found that wide sprouting and high addition of 
sprouted wheat flour can increase dough stickiness and reduce dough 
strength, which can subsequently lower the bread height, loaf volume, 
and slice brightness (Olaerts et al., 2018; Poudel et al., 2019). Another 
study found that complementary food products formulated from these 
locally available food commodities are promising food and have good 
nutritional value (Adegbanke et al., 2018). Food applications of cereal 
sprouts are summarized in Table 2.

F I G U R E  2  Industrial application of 
cereal sprouts.



712  |    MAQBOOL et al.

TA
B

LE
 2

 
Fo

od
 a

pp
lic

at
io

ns
 o

f c
er

ea
l s

pr
ou

ts
.

Sp
ro

ut
 s

ou
rc

e
A

pp
lic

at
io

n 
in

 fo
od

 p
ro

du
ct

s
Im

pr
ov

em
en

t
Re

fe
re

nc
e

W
he

at
 g

ra
in

Br
ea

d
In

cr
ea

se
d 

ph
en

ol
ic

 a
ci

d 
pr

of
ile

 a
nd

 a
nt

io
xi

da
nt

 p
ro

pe
rt

ie
s

C
ha

ro
en

th
ai

ki
j e

t a
l. 

(2
01

0)

Br
ow

n 
ric

e
G

ra
in

 b
re

ad
Lo

ng
er

 s
he

lf-
lif

e 
an

d 
hi

gh
er

 c
on

su
m

er
 a

cc
ep

ta
bi

lit
y

Be
llo

 e
t a

l. 
(2

01
8)

Ba
rle

y,
 o

at
, w

he
at

 
sp

ro
ut

Sa
lt 

m
ix

tu
re

Th
e 

pr
es

en
t s

tu
dy

 re
po

rt
s 

th
at

 s
al

t m
ix

tu
re

s 
ex

hi
bi

t a
 p

ol
yp

he
no

l c
on

te
nt

 o
f 4

82
.8

2 
m

g 
G

A
E/

10
0 

g 
an

d 
an

 a
nt

io
xi

da
nt

 c
ap

ac
ity

 o
f 7

97
.9

7 
μm

ol
 T

E/
10

0 
g.

Ša
po

nj
ac

 e
t a

l. 
(2

01
9)

C
er

ea
l s

pr
ou

t
Br

ea
kf

as
t m

ea
ls

, s
al

ad
s,

 s
ou

ps
, 

ca
ss

er
ol

es
, s

pa
gh

et
ti,

 b
ak

ed
 

go
od

s

Bo
os

tin
g 

th
e 

nu
tr

iti
on

al
 c

on
te

nt
W

al
ia

t e
t a

l. 
(2

02
3)

M
ill

et
, r

ye
, a

nd
 a

lfa
lfa

 
sp

ro
ut

Sy
nb

io
tic

 b
ev

er
ag

es
 h

av
in

g 
m

ix
ed

 c
ul

tu
re

s 
of

 L
. c

as
ei

 a
nd

 
L.

 pl
an

ta
ru

m

Th
e 

sy
nb

io
tic

 b
ev

er
ag

e 
th

at
 w

as
 m

an
uf

ac
tu

re
d 

ex
hi

bi
te

d 
a 

co
nc

en
tr

at
io

n 
of

 1
08

 C
FU

 m
l−1

 
fo

r L
. c

as
ei

, w
hi

ch
 d

em
on

st
ra

te
d 

a 
co

m
m

en
da

bl
e 

su
rv

iv
al

 ra
te

 d
ur

in
g 

th
e 

st
or

ag
e 

pe
rio

d,
 m

ai
nt

ai
ni

ng
 th

e 
sa

m
e 

co
nc

en
tr

at
io

n 
of

 1
08

 C
FU

 m
l−1

. A
dd

iti
on

al
ly

, L
. p

la
nt

ar
um

 
w

as
 p

re
se

nt
 in

 s
uf

fic
ie

nt
 q

ua
nt

iti
es

, w
ith

 a
 c

on
ce

nt
ra

tio
n 

of
 1

06
 C

FU
 m

l−1
, a

ft
er

 
ap

pr
ox

im
at

el
y 

21
 d

ay
s.

 T
he

 s
en

so
ry

 a
tt

rib
ut

es
 o

f t
he

 b
ev

er
ag

es
 w

er
e 

de
em

ed
 

ac
ce

pt
ab

le

M
oh

am
m

ad
i e

t a
l. 

(2
02

1)

M
ai

ze
H

um
an

 n
ut

rit
io

n 
an

d 
an

im
al

 fe
ed

W
or

ld
 fo

od
 a

nd
 n

ut
rit

io
n 

se
cu

rit
y

Ta
nu

m
ih

ar
dj

o 
et

 a
l. 

(2
02

0)

Sp
ro

ut
ed

 
ps

eu
do

ce
re

al
 

flo
ur

Br
ea

d
Th

e 
re

pl
ac

em
en

t o
f w

he
at

 fl
ou

r (
W

F)
 w

ith
 s

pr
ou

te
d 

ki
w

ic
ha

 fl
ou

r (
SK

F)
 a

nd
 c

añ
ih

ua
 (S

C
F)

 
ha

s 
be

en
 fo

un
d 

to
 b

e 
se

ns
or

y 
ac

ce
pt

ab
le

 a
nd

 h
as

 re
su

lte
d 

in
 a

n 
im

pr
ov

em
en

t i
n 

th
e 

nu
tr

iti
on

al
 q

ua
lit

y 
of

 b
re

ad

Pa
uc

ar
-M

en
ac

ho
, S

ch
m

ie
le

, e
t a

l. 
(2

02
2)

; 
Pa

uc
ar

-M
en

ac
ho

, S
im

pa
lo

-L
óp

ez
, 

et
 a

l. 
(2

02
2a

); 
Pa

uc
ar

-M
en

ac
ho

, 
Si

m
pa

lo
-L

óp
ez

, e
t a

l. 
(2

02
2b

)

Sp
ro

ut
ed

 s
oy

be
an

 
an

d 
so

rg
hu

m
 fl

ou
r

Fl
ac

ke
d 

br
ea

kf
as

t c
er

ea
ls

Th
e 

ad
di

tio
n 

of
 u

p 
to

 1
0%

 s
pr

ou
te

d 
so

yb
ea

ns
 im

pr
ov

ed
 th

e 
nu

tr
iti

on
al

 v
al

ue
 a

nd
 

co
ns

um
er

 a
cc

ep
ta

nc
e 

of
 fl

ak
ed

 b
re

ak
fa

st
 c

er
ea

ls
. S

ig
ni

fic
an

t i
nc

re
as

e 
in

 p
ro

te
in

 
co

nt
en

t f
ro

m
 1

0.
98

%
 to

 1
2.

14
%

, f
at

 c
on

te
nt

 fr
om

 6
.2

5%
 to

 7
.2

3%
, a

sh
 c

on
te

nt
 fr

om
 

4.
97

%
 to

 6
.5

5%
, a

nd
 fi

be
r c

on
te

nt
 fr

om
 2

.6
6%

 to
 3

.8
5%

O
ny

ek
w

el
u 

&
 O

nu
oh

a 
(2

02
2)

Sp
ro

ut
ed

 
ps

eu
do

ce
re

al
 

gr
ai

ns

Bi
sc

ui
ts

Re
pl

ac
in

g 
w

he
at

 fl
ou

r (
W

F)
 w

ith
 s

pr
ou

te
d 

ca
ñi

hu
a,

 k
iw

ic
ha

, a
nd

 q
ui

no
a 

flo
ur

s 
in

 b
is

cu
its

 
ob

ta
in

ed
 h

ig
he

r c
on

te
nt

 o
f G

A
BA

, p
he

no
lic

 c
om

po
un

ds
, a

nt
io

xi
da

nt
 a

ct
iv

ity
, a

nd
 lo

w
er

 
ph

yt
ic

 a
ci

d

Pa
uc

ar
-M

en
ac

ho
, S

ch
m

ie
le

, e
t a

l. 
(2

02
2)

; 
Pa

uc
ar

-M
en

ac
ho

, S
im

pa
lo

-L
óp

ez
, 

et
 a

l. 
(2

02
2a

); 
Pa

uc
ar

-M
en

ac
ho

, 
Si

m
pa

lo
-L

óp
ez

, e
t a

l. 
(2

02
2b

)

Sp
ro

ut
ed

 c
añ

ih
ua

 a
nd

 
qu

in
oa

C
or

n 
ex

tr
ud

at
es

Th
e 

in
cl

us
io

n 
of

 s
pr

ou
te

d 
qu

in
oa

 fl
ou

r (
SQ

F)
 a

nd
 c

añ
ih

ua
 fl

ou
r (

SC
F)

 re
su

lte
d 

in
 a

n 
in

cr
ea

se
 in

 p
hy

tic
 a

ci
d 

(P
A

), 
to

ta
l s

ol
ub

le
 p

he
no

lic
 c

om
po

un
ds

 (T
SP

C
), 

γ-
am

in
ob

ut
yr

ic
 

ac
id

 (G
A

BA
), 

an
d 

ox
yg

en
 ra

di
ca

l a
nt

io
xi

da
nt

 a
ct

iv
ity

 (O
R

AC
) o

f t
he

 e
xt

ru
da

te
s

Pa
uc

ar
-M

en
ac

ho
, S

ch
m

ie
le

, e
t a

l. 
(2

02
2)

; 
Pa

uc
ar

-M
en

ac
ho

, S
im

pa
lo

-L
óp

ez
, 

et
 a

l. 
(2

02
2a

); 
Pa

uc
ar

-M
en

ac
ho

, 
Si

m
pa

lo
-L

óp
ez

, e
t a

l. 
(2

02
2b

)



    |  713MAQBOOL et al.

4.1  |  Baking industry

Cereal sprout-based products are mounted segment of the food 
industry with a potential trend of ingestion rise. Cereal sprouting 
can be found in a variety of product categories including snacks and 
bakery (Pagand et al., 2017). Controlled sprouting of pulses (peas 
and chickpeas) led to slight structural alterations that are enough 
to decrease antinutritional elements (phytic acid) without compro-
mising the nutritional quality (starch solubility) (Grassi et al., 2018). 
Moreover, the rheological and nutritional characteristics of cereal-
based foods are improved by chickpea flour (Marengo et al., 2017).

Barley malt sprouts are used in the food manufacturing field. 
Sprouting is a form of incomplete germination designed to generate 
enzymes that are needed to hydrolyze starch and liberate sugars for 
fermentation. The amylolytic enzymes are the most crucial while the 
other enzymes are also important for the creation of flavoring com-
pounds and improving quality (Mäkinen & Arendt, 2012).

Sprouting can be considered a biotechnological process capable 
of promoting the enzymatic activities. Unabridged grain flour made 
from germinated wheat was successfully used to produce bread with 
superior properties (crumb softness and specific volume) than con-
ventional wholegrain flour (Cardone et al., 2020; Poudel et al., 2019).

In order to reduce the use or replace available enzymes, flour 
reformers are frequently used in the formulation of baked goods. 
Marti et al. (2017) studied the enzymatic actions generated in the 
making of bread. They substituted conventional flour enhancers in 
stiff refined flour with sprouted wheat flour. The bread's specific 
volume and crumb softness were both improved by the addition of 
a minor amount of sprouted wheat flour. Additionally, malt sprouted 
wheat flour slowed down the aging process of bread for a storage 
period of 3 days. As sprouted wheat flour does not require enzy-
matic improvers, consumer acceptance is increased. Thus, it could be 
a promising and intriguing ingredient for baking purposes.

4.2  |  Beverages

Cereals are widely consumed worldwide and are regarded as one 
of the most important sources of bioactive compounds in human 
diet. They are a viable alternative to nondairy raw materials for 
the production of fermented beverages (Schwan & Ramos, 2019). 
Beverages are the greatest ready-to-drink food on the marketplace. 
It is also an outstanding carrier of nutrients and bioactive molecules 
in the human body. Numerous grains are preferred as primary raw 
materials for functional beverages (Fernandesa et al., 2021).

Mohammadi et al. (2021) engineered an innovative synbiotic 
drink based on sorghum, rye, and alfalfa sprouts, and an inoculum 
of Lactobacillus casei and Lactobacillus plantarum. They investigated 
the effect of combined prebiotics (inulin and oligo fructose on the 
probiotic viability under both refrigerated and simulated gastric con-
ditions). Resistant starches and oligo fructose enhanced the strain 
growth and viability while conferring higher sensory scores in cold 
storage. However, under simulated gastric conditions, all strains had 

viability (bacterial survival) of more than 55%. Therefore, the intro-
duced brewed drink is a good food matrix of probiotic viability, gas-
tric condition, and sensorial attributes. Oat beverages brewed with 
various Lactobacillus strains had greater levels of antioxidants and 
phenolic content than nonfermented beverages (Luana et al., 2014). 
Sprouting grains might be increasingly used in the next few years 
with the increased desire for healthier, more wholesome, nutri-
ent-dense, and tastier foods. This will flourish the development of 
new drinks and bakery-based goods formulation, especially in the 
European market. In a study by Mridula and Sharma (2015), a non-
dairy probiotic beverage (PD) was produced by blending sprouted 
grains such as barley, millet, and emerald gram individually with oat, 
stabilizer, sugar, and L. acidophilus. The pH, acidity, and probiotic 
content of all beverage samples were influenced by the amount of 
sprouting cereal flour and soy. However, all probiotic drink samples 
received superior overall sensory scores and bifidobacterial counts 
than control. Another study verified that green processing protocol 
for germinating and wet milling brown rice is valuable for the forma-
tion of beverages (Beaulieu et al., 2020).

4.3  |  Dairy industry

Milk and products play an important role in human health due to nu-
tritional composition. The wheat sprout flour, milk, and sugar are the 
main ingredients of “Dhodha” product, whereas almonds are used 
for garnishing. It has a dark brown color, a sticky granular consist-
ency, and a wonderful caramelized flavor. There are nutrients pre-
sent in the predigested form within the product. It is a good source 
of dietary fibers which are typically lacking in dairy products. Milk 
products, sugar, emulsifiers, stabilizers, flavorings, and colorings 
are combined in a pasteurized mixture to create ice cream and fro-
zen dairy products. The stability and foaming properties of soluble 
wheat protein hydrolyzate along with water retention, fat absorp-
tion, and emulsification properties are essentially studied to make 
qualitative ice cream. Results showed that the produced ice cream 
was accepted by consumers (Aparna et al., 2018). Noori et al. (2017) 
investigated the addition of rye to yogurt. To test the potential 
prebiotic function of rye sprout cutting, the grains were immersed in 
water, sprouted, and freeze-dried. Dairy foodstuffs with rye sprouts 
and probiotics could be an amazing option in the ground of func-
tional food products. The outcome showed that increase in the sur-
vival of prebiotics in yogurt with various doses of rye shoot extract 
had good prebiotic activity in milk foodstuffs.

4.4  |  Meat industry

Sprouts are regarded as a fantastic food being the most nutritious 
among vegetables. Since sprouts' nutritional and health benefits 
have been widely recognized, cookers, food producers, athletes, 
chefs, and many others have been looking for new ways to incorpo-
rate sprouts into popular foods (Ruiz Hernández et al., 2021). Cereal 
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crops germinated are widely used in meat products because they 
contain momentous amounts of vitamins, minerals, and antioxidants 
(Asenova et al., 2020). Dried cereal sprouts have grown in popularity 
as healthy/functional foods that can help people lead better lives, 
particularly when combined with bread-making sprinkles or conven-
tional drinks and juices (Benincasa et al., 2019). The consumption 
of meat products to satisfy protein needs has increased, and makes 
it challenging to rely entirely on farm animals. In vitro meat skills 
showed that flesh-culturing usage has started to create lab-grown 
meat (Bhat et al., 2017).

5  |  HE ALTH PERSPEC TIVE OF CERE AL 
SPROUT-BA SED FOOD PRODUC TS

Grains are an important staple food for people across the world, with 
an annual production of 2700 tones (FAO, 2023). They are an es-
sential source of carbohydrates, fibers, proteins, minerals, vitamins, 
and phytochemicals. Their consistent intake seems to be related 
to several health advantages (Kim et al., 2020; Zhu & Sang, 2017). 
Consuming whole grains has been shown to reduce the incidence 
and mortality of a variety of chronic and noncommunicable dis-
eases, such as cancers, type 2 diabetes, and cardiovascular diseases 
(CVD) (Keyvani-Ghamsari et al., 2023; Tieri et al., 2020). Such health 
profits, however, may not be reflected in the use of refined grain, 
which contains fewer minerals, vitamins, fibers, and phytochemicals 
(Willett & Liu, 2019). This is a significant public health issue since the 
great majority of grains ingested in the traditional Western diet are 
refined (Statovci et al., 2017). Cereal sprout-based food items have 
been revealed to lessen the risk of CVD, brain, and gastrointesti-
nal diseases. The bioactivity of sprouts against different diseases is 
shown in Table 3.

5.1  |  Cardiovascular diseases

Cardiovascular diseases (CVDs) are a significant contributor to mor-
bidity and mortality worldwide, as reported by the World Health 
Organization (WHO, 2023). Vascular age is a numerical representa-
tion of cardiovascular risk. It is a method of assessing an individual's 
risk of developing CVD by comparing their vascular age to their 
chronological age. This approach provides a more comprehensive 
understanding of an individual's cardiovascular health and can aid 
in the development of targeted prevention and treatment strategies. 
The use of vascular age as a tool for risk assessment has the poten-
tial to improve patient outcomes and reduce the burden of CVDs on 
global health. It is expected to improve cardiovascular risk prediction 
models and may lead to a better understanding of cardiovascular 
risks, particularly in young patients, where the long-term conse-
quences of high-risk factor levels can be hidden by age. According to 
previous studies, vascular age is more readily comprehended by pa-
tients and has a bigger influence on therapy than giving an estimated 
CVD risk score (Soureti et al., 2010).

The adoption of healthy dietary practices has been found to 
offer protection against a range of chronic diseases. In particular, 
whole-grain breakfast cereals and their constituents, such as cereal 
fibers and cellulose, have consistently demonstrated a beneficial ef-
fect on cardiovascular health (Barrett et al., 2019). The consumption 
of fiber derived from whole grains and cereals has been found to 
reduce the risk of atherosclerosis and the development of coronary 
artery disease (CAD). Empirical evidence has demonstrated that an 
increase in the intake of whole grains significantly lowers the inci-
dence of cardiovascular diseases (CVDs) (Erkkilä et al., 2005). The 
pleiotropic effect of whole kernels has been established, and the 
cardioprotective benefits of these kernels are dependent on several 
mechanisms (Mellen et al., 2008). As a result, grains are a complex 
food medium with virtually readily available nutrients, antioxidants, 
and bioactive compounds, which make them a health-promoting 
food (Liu et al., 2017).

Nowadays, numerous preclinical and experimental studies have 
been performed on sprouted brown rice. Lemmens et al. (2019) 
provided a detailed review concentrated on health welfare of ger-
minated grains, including various cereal species. Imam et al. (2013) 
evaluated the properties of sprouted white and brown rice in the 
control of CVDs. The variation in lipid absorption and oxidative anx-
iety in rats was also highlighted (Adamu et al., 2016). Tartary wheat 
sprouts were used as a component in innovative “practical” pasta. 
Results showed reduced CVDs risk and metabolic illnesses in mice 
including hypertension (Merendino et al., 2014). These authors 
found that feeding spontaneously hypertensive rats with Tartary 
buckwheat young branch (30:70 Tartary buckwheat: durum wheat 
semolina) enhanced blood pressure-related biochemical markers. 
This could be attributed to the presence of the greater presence of 
rutin and its aglycone quercetin.

5.2  |  Brain diseases

Mitochondrial dysfunction and the activation of oxidant and pro-
inflammatory pathways have been implicated in the pathogenesis 
of several neurodegenerative diseases. These processes can affect 
multiple physiological systems, ultimately leading to the develop-
ment of various neurological disorders. Therefore, the development 
of innovative strategies to modulate these pathways may offer po-
tential therapeutic benefits for the pretreatment and prevention of 
these conditions. Such interventions may help to mitigate the del-
eterious effects of mitochondrial dysfunction and oxidative stress, 
and thereby improve the overall health outcomes of individuals at 
risk of developing neurodegenerative diseases (Jones et al., 2012). 
Whole kernels have been found to be rich in polyphenols as evi-
denced by both observational and experimental research. These 
compounds are involved in regulating multiple pathways, includ-
ing the modification of the host's immunological response (Basli 
et al., 2012). By inhibiting the action of cholinesterase which re-
sults in metal chelation, autophagy regulation, and prion removal, 
polyphenols can enhance cognitive performance (Xiao et al., 2008). 
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Resveratrol has been associated with neuroprotection in a rat model 
of 4-hydroxy-induced Parkinson's disease. This is evidenced by a re-
duction in chromosome condensation and demyelination of dopa-
mine neurons in the substance nigari. Furthermore, a decrease in 
the expression of COX-2 and TNF has been observed. These find-
ings suggest that resveratrol may have therapeutic potential in the 
treatment of Parkinson's disease. Further research is warranted to 
elucidate the underlying mechanisms of resveratrol's neuroprotec-
tive effects and to determine its efficacy in human subjects (Jin 
et al., 2008). Full grain composition, particularly polyphenols, could 
have a favorable, neuroprotective consequence, suggesting a viable 
therapeutic option (Bhullar & Rupasinghe, 2013). GABA is the pri-
mary inhibitory neurotransmitter in the central nervous system and 
is a significant nonprotein amino acid with therapeutic potential in 
the treatment of epilepsy and hypertension. The synthesis of GABA 
involves the conversion of ketoglutarate to glutamic acid, followed 
by the decarboxylation of glutamic acid by glutamic acid decarboxy-
lase (Charoenthaikij et al., 2010). This process is crucial for maintain-
ing the balance between excitatory and inhibitory neurotransmitters 
in the brain, and any disruption in this balance can lead to neurologi-
cal disorders. Therefore, understanding the mechanisms underlying 
GABA synthesis and its role in the central nervous system is essen-
tial for developing effective treatments for neurological disorders.

5.3  |  Gastrointestinal diseases (GIT)

Gastrointestinal disorders, encompassing diarrhea, lactose intoler-
ance, food poisoning, and nausea/vomiting, are prevalent health 
concerns. The consumption of whole grains, rich in dietary fiber and 
other nutrients, has been shown to have potential benefits in miti-
gating various GIT disorders. The inclusion of whole grains in the diet 
may aid in the prevention and management of GIT disorders. Dietary 
fiber possesses inherent properties such as viscosity, solubility, 
and fermentability, which enable it to regulate bowel movements, 
modulate gut flora, and regulate glycemic and lipidic absorption at 
the colon level. These functions are crucial for maintaining optimal 
health and preventing various diseases. The ability of dietary fiber to 
modulate gut flora is particularly important, as it has been linked to 
numerous health benefits, including improved immune function and 
reduced risk of chronic diseases (Gill et al., 2021). Dietary fiber has 
been shown to help manage and relieve irritable bowel syndrome 
(IBS) symptoms by adapting the consistency and occurrence of 
bowel movements (Nagarajan et al., 2015). Consumption of dietary 
fiber is associated with the production of short-chain fatty acids, 
particularly butyric acid, which reduces intestinal inflammation by 
modulating anti- and proinflammatory cytokines. Consequently, the 
consumption of fiber-rich foods reduces the risk of developing gas-
troduodenal diseases by increasing stool volume, reducing pressure 
on the large bowel sheath, and preventing segmental and subseg-
mental contractions. These findings suggest that dietary fiber plays 
a crucial role in maintaining gut health and preventing gastrointesti-
nal disorders (Gill et al., 2021).

The consumption of whole-grain sprouts by individuals with 
chronic kidney disease (CKD) warrants further investigation, as 
the full extent of their effects remains unclear. Additional re-
search is necessary to comprehensively evaluate the impact of 
whole-grain sprouts on CKD patients. Low bone mineral concen-
tration is a result of a mixture of changeable and nonmodifiable 
risk variables, including lifestyle choices and bone mineral den-
sity (BMD). Therefore, it has been suggested that making lifestyle 
modifications could help prevent serious effects of low BMD, 
such as fractures. The consumption of whole wheat sprouts has 
been linked to an increase in BMD. The significance of dietary 
intake in promoting bone health in humans is well established 
(Denova-Gutiérrez et al., 2018). Cereals are a ubiquitous com-
ponent of many individuals' dietary habits. They are often per-
ceived as a wholesome and nourishing meal option, largely due to 
the misleading marketing claims that are prevalent in commercial 
products. However, the veracity of these assertions is question-
able, and the nutritional value of cereals may be overstated. As 
such, it is important to critically evaluate the claims made by man-
ufacturers and to consider alternative sources of sustenance that 
may offer greater nutritional benefits. It is especially important to 
select diets rich in fiber and low in carbohydrates. Furthermore, 
the theoretically negative effect of phytates in wheat bran sprout 
on calcium absorption from other meals ingested at the same 
time should be emphasized (Shkembi & Huppertz, 2021). The re-
sults showed that gastrointestinal digestion greatly affected the 
absorption of polyphenols and flavonoids of quinoa and Djulis 
sprouts, as well as their antioxidant capacity (Zhang et al., 2020). 
For instance, consuming milk and wheat bran for breakfast may 
lessen calcium absorption, thereby reducing the preventative ef-
fects on jawbone health. It should be renowned that wheat fiber 
found in bread or other meals appears to minimize similar interfer-
ence with calcium absorption as a result of reduced phytates. The 
health perspective of cereal sprout-based food products against 
different diseases is shown in Figure 3.

6  |  SENSORY E VALUATION AND 
CONSUMER ACCEPTANCE

The incorporation of sprouts in the development of food prod-
ucts has the potential to enhance the nutritional composition of 
various commonly consumed goods on a global scale. A multitude 
of studies have investigated the impact of incorporating sprouted 
grains into certain food products, revealing that this practice can 
have a positive effect on both the sensory attributes and nu-
tritional profile of the final product (Miyahira et al., 2021). The 
sensory evaluation of fermented beverages based on sprouted 
cereal grains revealed no significant differences, whereas the 
feedback from consumers indicated that this method could po-
tentially yield products that are free from any potential hazards 
(Peñaranda et al., 2021). Mohammadi et al. (2021) engineered a 
novel synbiotic drink using sprouts of rye, millet, and alfalfa along 



    |  717MAQBOOL et al.

with a mixture of L. casei and L. plantarum. The beverages exhib-
ited satisfactory sensory properties, while the recently introduced 
fermented beverage satisfied the standards for a favorable food 
matrix with respect to probiotic viability, gastric tolerance, and 
sensory attributes. The potential health benefits of germinated 
lentils suggest that their incorporation into wheat flour for the 
production of box bread may be advantageous. In a study involv-
ing a group of diabetic individuals, bread infused with sprouted 
lentils was found to be sensorially acceptable. These findings 
support the use of mixed sprouted lentil flour in the baking of 
wheat bread as a potential nutraceutical for human consumption 
(Hernandez-Aguilar et al., 2020). The food manufacturing industry 
is currently focused on developing products that align with con-
temporary consumer demands and promote healthier lifestyles. In 
recent years, grain sprouts have emerged as a popular new ingre-
dient in the culinary field. They offer a promising novel ingredient 
for the authentic food market, owing to their enhanced nutrient 
value, reduced antinutrient content, improved source of bioactive 
molecules, and sweet taste in comparison to nonsprouted grains 
(Ding et al., 2018). Nutrient-dense sprouts and microgreens have 
a low environmental impact, owing to their rapid growth cycles 
and ability to be cultivated at home without the use of pesticides 
or additives. As a result, they are widely embraced by health-con-
scious consumers (Ebert, 2022).

7  |  CONCLUSIONS AND FUTURE 
PERSPEC TIVE

In recent years, sprouts have emerged as a novel ingredient in the 
food industry. Cereal sprouts, in particular, are a rich source of bio-
active compounds, including phenolic compounds and antioxidants. 
To extract these valuable compounds, a range of innovative technol-
ogies have been developed. These technologies aim to maximize the 
yield of bioactive compounds while minimizing any negative effects 
on the nutritional quality of the sprouts. The use of cereal sprouts 
and their bioactive compounds in food products has the potential to 
enhance the nutritional value and health benefits of these products, 
thereby contributing to the promotion of public health.

The consumption of cereal sprouts has been found to be benefi-
cial in reducing the incidence of various chronic diseases. Therefore, 
the inclusion of cereal sprouts in the diet may be a promising strategy 
for reducing the risk of chronic diseases. The consumption of cereal 
sprouts is increasingly appealing to consumers due to its eco-friendly 
and nutritional properties. However, further research is required to 
investigate the industrial applications and bioactive profile of cereal 
sprouts. Researchers may explore novel extraction methodologies to 
enhance the production of bioactive compounds from cereal sprouts, 
while simultaneously promoting sustainability through the imple-
mentation of eco-friendly extraction techniques. The development 

F I G U R E  3  Health perspective of cereal 
sprout-based food products.
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of personalized functional foods that cater to individual health and 
dietary requirements represents a promising avenue for innovation, 
with a focus on addressing ailments such as diabetes, obesity, and 
cardiovascular disease. In order to promote wider consumer accep-
tance, it is recommended that education and awareness campaigns be 
launched to emphasize the health benefits and sustainability aspects 
of cereal sprout-based foods. The implementation of sustainable cul-
tivation methods, which aim to reduce resource inputs and waste, can 
also contribute to the environmental sustainability of this emerging 
industry. Additionally, bioavailability studies can provide valuable in-
sights into the absorption of bioactive compounds by the human body, 
thereby elucidating their potential health-promoting effects. The max-
imization of the potential of cereal sprout-based food products, which 
can benefit human health and the environment, can be achieved 
through the expansion of the global market for these products and the 
promotion of interdisciplinary collaboration among researchers.
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