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ABSTRACT

This study investigated the nutritional, functional, rheological, sensory, and therapeutic ef-
fects of incorporating germinated radish seed powder (GRS) into toast formulations and its
potential impact on metabolic health in obese rats. Wheat flour (72% extraction) was partially
replaced with GRS at levels of 3%, 6%, 9%, and 12%. Proximate analysis showed that GRS
contained substantially higher protein (32.50%), crude fat (12.30%), crude fiber (22.00%),
and ash (9.00%) than wheat flour, in addition to elevated antioxidant activity (87% DPPH
inhibition), total phenols (26mg GAE/g), and flavonoids (17mg QE/g). Rheological assess-
ment revealed that GRS substitution reduced water absorption and dough extensibility, while
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14/09/2025 improving dough stability and elasticity. Sensory evaluation demonstrated that lower substi-

tution levels (3—6%) maintained high overall acceptability, whereas higher levels enhanced
texture but negatively influenced flavor and appearance. Nutritional analysis of GRS-
enriched toast indicated increased protein, fiber, and mineral contents, coupled with reduced
available carbohydrates and caloric values. In vivo experiments showed that obese rats con-
suming GRS-enriched diets exhibited dose-dependent improvements in metabolic health, in-
cluding significant reductions in blood glucose, total cholesterol, triglycerides, LDL, VLDL,
total lipids, and liver enzymes (AST, ALT, ALP), along with increased HDL levels. Notably,
the 12% substitution group achieved biochemical parameters comparable to those of the non-
obese control group. Overall, the findings highlight GRS as a nutrient dense functional ingre-
dient capable of improving bakery product quality while exerting hypoglycemic, hypoli-
pidemic, and hepatoprotective effects, suggesting its potential role in managing obesity-
associated metabolic disorders.
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disorders, liver diseases, and certain cancers, imposing
substantial clinical and economic burdens on both indi-

1. Introduction
Obesity is a complex, multifactorial condition that

currently affects more than one-third of the global popula-
tion (AMA adopts 2013; Ng et al., 2013; Hamano et al.,
2017 Abarca-Goémez et al., 2017and Saleem et al., 2023).
In Egypt, its prevalence among adults has reached ap-
proximately 40% (Aboulghate et al., 2021). It is recog-
nized as a major risk factor for numerous chronic diseas-
es, including type 2 diabetes, hypertension, cardiovascular
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viduals and society. Autophagy, a key cellular degradation
pathway, is responsible for eliminating excess nutrients,
toxic protein aggregates, damaged organelles, and invad-
ing pathogens. Under obesity-related conditions charac-
terized by lipotoxic, proteotoxic, and oxidative stresses
autophagy plays a critical role in maintaining

physiological balance.

Email: gamalftril982@arc.sci.eg



Germinated Radish Seed Powder as a Functional Ingredient in Toast: Effects on Product Quality and Obesity-Linked Metabolic Health in Rats

However, obesity and its associated stressors can im-
pair autophagic activity through multiple mechanisms,
thereby aggravating metabolic complications. Nota-
bly, the transition from an adaptive to a maladaptive
autophagic response has been linked to the progres-
sion of several diseases, particularly obesity. Interest-
ingly, in certain contexts, selective inhibition of au-
tophagy may produce beneficial effects, by mitigating
some of the harmful consequences of obesity
(Namkoong et al., 2018; Saleem et al., 2023). Crucif-
erous vegetables widely are cultivated and consumed
worldwide, and numerous epidemiological studies and
meta-analyses have confirmed their protective role
against chronic diseases and cancers (Li et al., 2022).
In addition to their characteristic glucosinolates
(GLSs), these vegetables are rich in polyphenols, ca-
rotenoids, and vitamin C which act synergistically as
anti-inflammatory and antioxidant agents (Samec et
al., 2017). Sprouted vegetables have recently attracted
growing interest, particularly among health conscious
consumers (Francis et al., 2022). Compared with ma-
ture plants, sprouts may contain two to ten times more
phytochemicals (Choe et al., 2018) and are ready for
harvest within 5-10 days (Moreno et al., 2006). The
health-promoting potential of edible seeds has also
been widely reported (Kakkar et al., 2023). While
wheat has been extensively studied (Chen et al., 2017;
Tian et al., 2019), less attention has been given to oth-
er seeds such as buckwheat, broccoli, radish, alfalfa,
and brown rice (Pajak et al., 2014; Thakur et al., 2021;
Wunthunyarat et al., 2020). Germination generally
increases antioxidants and vitamins, though in radish
seeds it may reduce sugars and some specialized me-
tabolites such as GLSs (Liu et al., 2022; Gamba et al.,
2021). These findings highlight the importance of
both seeds and sprouts as research targets. Raphanus
sativus L. (radish) has gained popularity in its sprout
form due to its enhanced nutrient profile compared
with the mature plant (Manivannan et al., 2019; Gam-
ba et al., 2021). Dried radish seeds (RS, Raphani Se-
men, known as Lai Fu-zi in Chinese) are listed in the
Chinese Pharmacopoeia and have long been used both
as food and as traditional medicine for the treating of
indigestion, abdominal distension, constipation, short-
ness of breath, and cough (Jacky, 2023). In India, RS

has traditionally been applied to relieve asthma and
other respiratory disorders, showing notable anti-
inflammatory and antioxidant effects (Aruna et al.,
2012). Both radish seeds and sprouts are versatile in
culinary applications sprouts are commonly consumed
raw, sautéed, added to salads, or soups whereas seeds
are less frequently eaten directly. Thus, both forms
represent valuable functional foods with significant
health-promoting potential. Previous studies have ex-
amined glucosinolates (GLSs), total phenols (TP), vit-
amin, and antioxidant activity in radish seeds and
sprouts. However, the mechanisms driving changes in
these compounds during germination remain unclear
and no standard germination conditions or analytical
methods have been established. Phytochemical com-
position and antioxidant capacity vary widely depend-
ing on factors, such as light exposure, germination
duration, and seed treatments (Hanlon and Barnes,
2011; Baenas et al., 2012; Kyriacou et al., 2019; Liu
et al., 2022; Bowen-Forbes et al., 2023; Tilahun et al.,
2023; Sola et al., 2024). GLSs are characteristic com-
pounds of cruciferous vegetables with diverse bioac-
tivities, including antioxidant, anti-inflammatory, anti-
diabetic, neuroprotective, cholesterol-lowering, and
anticancer effects (Alloggia et al., 2023). This sug-
gests that radish seeds may offer nutritional value
comparable to sprouts. Yet, no comprehensive study
has directly compared their functional properties.
Such comparisons would provide valuable insights for
guiding dietary choices.

The aim of this study was to investigate the potential
of germinated radish seed powder (GRS) as a func-
tional ingredient in pan bread by evaluating its effects
on nutritional composition, rheological properties,
sensory characteristics, and product quality. In addi-
tion, the study assessed the therapeutic potential of
GRS-enriched bread through in vivo experiments in
obese rats, focusing on its impact on glucose regula-
tion, lipid profile, and liver function.

2. Materials and Methods

Raw materials

Wheat flour (72% extraction) was obtained from
the North Cairo Flour Mills Company, Egypt. Radish
seeds were supplied by the Agricultural Research
Center, Giza, Egypt.
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Shortening, table salt (sodium chloride), and sugar
(sucrose) were purchased were from the local market.
Germination red radish seeds

Radish seeds were first cleaned to remove bro-
ken or damaged seeds. Approximately 5,000g of
seeds were soaked in 50L of tap water at room tem-
perature for 12h. After soaking, the water was dis-
carded, and the seeds were rinsed every 8h for 6 days
to promote germination. The sprouts were then thor-
oughly washed, sun-dried for 3 days, and milled into
a fine powder. The procedure followed the method
described by Tork (2017).
Chemical composition analysis of the raw
materials and their blend

Proximate composition including crude protein,
crude lipids, ash, crude fiber, and available carbohy-
drates was determined the raw materials and their
blends according to AOAC (2012). Mineral content
was analyzed from diluted ash solutions using an
atomic absorption spectrophotometer (Perkin-Elmer
3300), following AOAC (2012) procedures.

Table 1. Toast bread constituents

Determination of soluble and insoluble die-
tary fiber

Soluble and insoluble dietary fiber contents were
measured following the method of Asp et al. (1983).
Baking experiment of toast bread

Bread preparation followed the method of El-
Hadidy and El-Dreny (2020). The formula, based on
flour weight at 14% moisture, included flour (100g),
salt (2g), and fresh compressed yeast (1.5g). Wheat
flour was partially substituted with germinated radish
seed powder (GRS) at 3%, 6%, 9%, and 12%. Flours
or blends were first mixed for 1 min. in a farinograph
bowl. Salt and yeast were dissolved separately in wa-
ter and then incorporated. The required water amount
was determined according to farinograph absorption.
Dough was mixed for 5 min., placed into baking pans,
and fermented at 30°C with 80-90% relative humidi-
ty. After the first fermentation (45 min.), the dough
was remixed and subjected to a second fermentation
(45 min). Baking was performed at 220°C for 45 min.
for each 400g dough portion, with steam injected into
the oven to prevent excessive crust drying.

Ingredients (g) Control B3 B6 B9 B12
WF 100 97 94 91 88
GRS - 3 6 9 12
Sugar 5 5 5 5 5
Butter 3 3 3 3 3
Salt 2 2 2 2 2
Yeast 1.5 1.5 1.5 1.5 1.5
Fresh egg 24 24 24 24 24

Control Toast bread =100% wheat flour (72% extraction rate)

B3 Toast bread = 3% Germinated radish seeds+97% wheat flour (72% extraction rate)
B6 Toast bread = 6% Germinated radish seeds+94%wheat flour (72% extraction rate)
B9 Toast bread = 9% Germinated radish seeds+91%wheat flour (72% extraction rate)
B12 Toast bread = 12% Germinated radish seeds+88%wheat flour (72%extraction rate)

Sensory evaluation of toast bread

Sensory evaluation of toast bread was conducted
by 20 panelists from the staff of Sakha Food Technol-
ogy Research Laboratory., Agric. Res. Center, Egypt.
Panelists assessed crust color, taste, odor, crumb
grain, appearance, texture, and overall acceptability
following the method of Kramer and Twigg (1974).
All attributes were scored using a 9-point hedonic
scale as described by Larmond (1997).
Color evaluation

The color of toast bread at different substitution

levels was measured using a Hunter Lab Colorimeter
(Mini Scan XE Plus, Reston, VA) following the
method of Gallegos-Infante et al. (2010). Color val-
ues were expressed as L* (lightness; 0 = black, 100 =
white), a* (—a* = green, +a* = red), and b* (—b* =
blue, +b* = yellow).

Biological experiments

Animal feeding

This study utilized 30 adult male albino rats (195

+5g) from the Food Technology Research Institute in
Giza, Egypt. After a 10-day acclimatization under
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standard conditions, the rats were fed a uniform basal
diet (Table 2) containing 4% salt and 1% vitamin

Table 2. Composition of experimental diets

mixtures, with ad libitum access to tap water.

. HFD HFD HFD HFD
Ingredients Normal G1 HFD G2 3% GRS G3 6% GRS G4 9% GRS G5 12% G6
Casein 20 20 20 20 20 20
Salt mixture 3.5 3.5 3.5 3.5 35 35
Vitamin mixture 1 1 1 1 1 1
Cellulose 5 5 5 5 5 5
Corn starch 65 60 57 54 51 48
Corn oil 5 5 5 5 5 5
Coconut oil - 15 15 15 15 15
DL-methionine 0.3 0.3 0.3 0.3 03 0.3
Cholic acid 0.2 0.2 0.2 0.2 0.2 0.2
Cholesterol - 1 1 1 1 1
GRS -—- --- 3 6 9 12

American Institute of Nutrition (AIN) 1993 G diets (Abdalla et al., 2021).

G1: fed on the basal diet (negative control).

G2: obese rats fed on basal diet (Positive control).

G3: obese rats were fed on 3% germinated radish seeds powder.
G4: obese rats were fed on 6% germinated radish seeds powder.
G5: obese rats were fed on 9% germinated radish seeds powder.
G6: obese rats were fed on 12% germinated radish seeds powder

Design of experiment

Thirty adult male albino rats (195+£5g) were ob-
tained from the Animal House of the Agricultural Re-
search Center, Giza, Egypt. Animals were acclima-
tized for 10 days under standard laboratory conditions
(22+2°C, 12 h light/dark cycle) with free access to
food and water. After acclimatization, rats were ran-
domly assigned into six groups (n = 5 each): Normal
control (NC): fed a standard diet, Obese control (OC):
fed a high-fat diet (HFD), HFD+3% GRS: obese rats
fed HFD containing 3% germinated radish seed pow-
der, HFD+6% GRS: obese rats fed HFD containing
6% GRS, HFD+9% GRS: obese rats fed HFD con-
taining 9% GRS, HFD+12% GRS: obese rats fed
HFD containing 12% GRS, Diets were formulated
according to AIN-93 guidelines and administered for
8 weeks. Body weight and feed intake were recorded
weekly. At the end of the feeding period, rats were
fasted overnight, anesthetized, and blood samples
were collected from the retro-orbital plexus. Serum
was separated for biochemical analysis, including glu-
cose, lipid profile (total cholesterol, triglycerides,
HDL, LDL, VLDL), and liver enzymes (AST, ALT,
ALP).
Blood sampling

After the induction of injury in the obese rats and

at the end of the experimental period, blood samples
were obtained from the lateral tail vein following a 12
-hour fast. Using micro-capillary glass tubes, blood
was collected into dry, clean centrifuge tubes and al-
lowed to clot in a water bath at 37°C for 30 minutes,
according to the method described by El-Hadidy and
Boriy (2024). The samples were then centrifuged at
3000 rpm for 10 minutes to separate the serum. A por-
tion of the serum was immediately used for glucose
determination. The remainder was carefully trans-
ferred into clearly labeled, fit-for-purpose plastic
tubes and stored frozen at -18°C until the analysis of
the remaining biochemical parameters.
Biochemical analysis and enzymes assays
Determination of serum glucose
Blood glucose measurement

Blood glucose levels were measured in serum
using a commercial kit (Spain React Company, Spain)
according to the method of Trinder (1969).
Serum lipid analysis

Serum lipid profiles were determined using es-
tablished methods. Total lipids were estimated by
Knight et al. (1972), and triglycerides were deter-
mined according to Fassati and Prencipe (1982). Total
cholesterol and high density lipoprotein (HDL) cho-
lesterol were assayed using the method described by

Food Technology Research Journal, Vol. 9, issue 1, 40-58, 2025
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Allain (1974). Very-low-density lipoprotein (VLDL)
and low-density lipoprotein (LDL) cholesterol levels
were calculated using the following equations:
VLDL (mg/dL) = Triglycerides / 5
LDL (mg/dL) = Total cholesterol - (HDL + VLDL)

as described by Lee and Nieman (1996).
Liver function assays

Liver enzyme activities were determined as fol-
lows: aspartate aminotransferase (AST) by Henry
(1974), alanine aminotransferase (ALT) by Varley et
al. (1980), and alkaline phosphatase (ALP) by Rosalki
and Foo (1984).
Statistical analysis

Data are presented as mean + standard deviation
(S.D.). Statistical analyses were performed using
SPSS-PC software (version 26.0). Differences be-
tween groups were assessed by one-way analysis of
variance (ANOVA).
3.Results and Discussion
Chemical analysis of wheat flour and ger-

minated radish seeds

Table 3 presents a comparative analysis of the
chemical composition of wheat flour and germinated
radish seeds, highlighting the significant nutritional
enhancements resulting from germination. Wheat
flour, a common staple, exhibited a higher moisture
content (14.00%) than the germinated radish seeds
(7.00%), a factor that may influence product shelf life
and microbial stability. The germination process
markedly increased the nutritional value of the radish

seeds. Their crude protein content (32.50%) was sub-
stantially higher than that of wheat flour (12.20%),
positioning them as a superior plant-based protein
source. Similarly, the crude fat (12.30%) and crude
fiber (22.00%) contents in the germinated seeds far
exceeded those in wheat flour (1.75% and 0.85%, re-
spectively), indicating a greater potential to provide
essential fatty acids and promote digestive health. The
ash content, an indicator of total mineral content, was
also significantly greater in the germinated seeds
(9.00%) than in wheat flour (0.65%), suggesting a
richer micronutrient profile. Conversely, wheat flour
contained a much higher proportion of available car-
bohydrates (84.55%) compared to germinated radish
seeds (24.20%), consistent with its primary role as an
energy-dense staple. Despite this difference, the ener-
gy value of wheat flour (412.60 kcal/100g) was only
moderately higher than that of the germinated seeds
(344.40 kcal/100g), which can be attributed to the lat-
ter's higher protein and fat content. Overall, germinat-
ed radish seeds offer a more nutrient-dense profile,
establishing them as a valuable functional ingredient
for enhancing the nutritional quality of food products.
They are particularly suited for high-protein, high-
fiber formulations aimed at managing metabolic disor-
ders or improving overall health. These findings align
with previous research (El-Dreny and EL-Hadidy,
2018; El-Dreny, 2019; Tork et al., 2019; El-Hadidy,
2020; Abd Allah and Abd-Elrahman, 2021; Hanafi,
2025; EL-Hadidy et al., 2025).

Table 3. Chemical analysis of wheat flour and germinated radish seeds

Components Wheat flour Germinated radish seeds

Moisture% 14.00°+0.35 7.00°+0.10

Crude protein% 12.20°+0.25 32.50°+0.20
Crude fat% 1.75°+0.01 12.30°+0.05
Crude fiber% 0.85°+0.02 22.00°+0.10
Ash% 0.65"+0.01 9.00*+0.05

Available Carbohydrates% 84.55°+0.15 24.20°+0.10
Energy (K/100cal) 412.60°+0.20 344.40°+0.25

Each value was an average of three determination + standard deviation.
Different letters indicate to significant differences between groups in the same column (p<0.05)

and germinated radish seeds. Wheat flour contains a
low total dietary fiber content of 0.85g/100g dry
weight (DW), comprising 0.35g of soluble fiber and
0.50g of insoluble fiber.

Phytochemicals of wheat flour and germi-

nated radish seeds
As shown in Table 4, a significant difference ex-
ists in the dietary fiber content between wheat flour

Food Technology Research Journal, Vol. 9, issue 1, 40-58, 2025
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In contrast, germinated radish seeds provide a remark-
ably higher total of 22g/100g DW, which includes 7g
of soluble fiber and 15g of insoluble fiber. This dra-
matic increase indicates that germination transforms
radish seeds into a rich source of functional dietary
fiber. Soluble fiber aids in lowering blood cholesterol
and regulating glucose levels by forming viscous gels
in the digestive tract, while insoluble fiber enhances
gastrointestinal health by promoting bowel regularity.
The high fiber content suggests strong potential for
germinated radish seeds as a functional food ingredi-
ent aimed at improving digestive health, supporting
weight management, and reducing the risk of chronic
diseases such as diabetes and cardiovascular disease.
Overall, their incorporation into food products can
significantly enhance the dietary fiber profile and as-
sociated health benefits compared to conventional
wheat flour.
Antioxidant Parameters

The antioxidant parameters of wheat flour (72%
extraction) and germinated radish seeds also exhibit a
substantial difference, highlighting the superior anti-

oxidant potential of the germinated seeds. Germinated
radish seeds recorded a markedly higher total phenolic
content (26mg GAE/g) compared to wheat flour
(0.75mg GAE/g). Similarly, the total flavonoid con-
tent was significantly greater in the seeds (17mg QE/
g) than in the flour (0.23mg QE/g). As these phyto-
chemicals are known for potent free radical scaveng-
ing, the antioxidant activity measured by DPPH radi-
cal inhibition was consequently far greater in the ger-
minated seeds (87%) than in wheat flour (11%). This
dramatic improvement is attributed to the germination
process, which activates metabolic pathways that syn-
thesize phenolic compounds and flavonoids. There-
fore, incorporating germinated radish seed powder
into food formulations could significantly elevate their
antioxidant capacity and functional value. These find-
ings on both fiber and antioxidant content align with
previous research (El-Dreny and El-Hadidy, 2018; El-
Dreny, 2019; Tork et al., 2019; El-Hadidy, 2020; Abd
Allah and Abd-Elrahman, 2021; Hanafi, 2025; EL-
Hadidy et al., 2025).

Table 4. Phytochemicals of wheat flour and germinated radish seeds

Component (g/100g DW) Wheat flour Germinated radish seeds
Total dietary fiber 0.85 22
Soluble fiber 0.35 7
Insoluble fiber 0.50 15

Antioxidants parameters

Total phenols (mg GAE/g) 0.75 26
Total flavonoids (mg QE/g) 0.23 17
Antioxidant activity (DPPH) 11 87

Farinograph parameters dough enrich-
ment with germinated radish seeds

Table 5 and Figure 1 present the Farinograph pa-
rameters for dough enriched with varying levels of
germinated radish seed powder, demonstrating its sig-
nificant impact on dough rheology. The control dough
(100% wheat flour) exhibited a water absorption of
63.20%, with an arrival time of 1.0 minute, a dough
development time of 1.5 minutes, stability of 2.5
minutes, and a degree of softening of 70 B.U. The
incorporation of germinated radish seeds led to sever-
al key changes: Water absorption gradually decreased
to 60.8% at the 12% substitution level. This reduction
is likely attributed to the seeds' lower starch content

and higher levels of fat and fiber, which possess dif-
ferent water-binding capacities than wheat gluten and
starch (Shaban et al., 2023). Dough development
time increased from 1.5 minutes (control) to 3.5
minutes at 9% substitution, indicating a slower for-
mation of the gluten network. Dough stabil-
ity substantially improved, peaking at 8.0 minutes
with a 3% substitution a significant increase from the
control's 2.5 minutes and remained high (7.0-7.5
minutes) at higher levels. This suggests that the seed's
protein and fiber components enhance the dough's
strength and tolerance
the degree of softening increased significantly, from
70 B.U. in the control to 150 B.U. at 9% substitution.

to mixing. Conversely,
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This indicates that while the dough is more stable, it
also becomes softer and less elastic, likely due to glu-
ten dilution and physical interference from fiber. In
summary, enriching dough with germinated radish
seeds alters its farinographic properties by reducing
water absorption, extending development time, and

improving stability. These changes indicate potential
functional benefits for bakery applications requiring
stronger dough, though formulation adjustments may
be necessary to mitigate reduced elasticity and main-
tain optimal handling and baking quality.

Table S. Farinograph parameters dough enrichment with germinated radish seeds

Samples Water Arrivgl time Dough . Stabi_lity Degree of
absorption (%) (min) development (min) (min) softening (B.U)
Control 63.20 1.0 1.5 2.5 70
3% Germinated radish seeds 62.6 1.0 1.5 8.0 70
6% Germinated radish seeds 62.0 1.5 2.5 7.0 110
9% Germinated radish seeds 61.8 2.0 35 7.0 150
12% Germinated radish seeds 60.8 1.0 2.0 7.5 130

Control Toast bread =100% wheat flour
(72% extraction rate)

91%wheat flour + 9% GRS

97% wheat flour + 3% GRS

94%wheat flour +6% GRS

88%wheat flour + 12% GRS

Figure 1. Farinograph parameters dough enrichment with germinated radish seeds

Food Technology Research Journal, Vol. 9, issue 1, 40-58, 2025
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Extensograph parameters dough enrich-
ment with germinated radish seeds

Table 6 and Figure 2 illustrate the impact of ger-
minated radish seed enrichment on the extensograph
properties of wheat flour dough, providing insight
into its strength, resistance to extension, and potential
baking performance. The control dough (100% wheat
flour) exhibited an elasticity (resistance) of 280 B.U,
extensibility of 130 mm, a proportional number (P.N)
of 2.15, and an energy of 67 cm? The incorporation
of germinated radish seeds resulted in the following
key changes: FElasticity (Resistance) significantly in-
creased, reaching 340 B.U at the 12% substitution
level. This suggests the dough became stronger and
more resistant to stretching, likely due to the reinforc-
ing effect of the seed's high fiber and protein content
on the dough matrix. Extensibility decreased from
130 mm to 80 mm at the 12% level, indicating a re-
duction in the dough's ability to stretch. This is likely
caused by gluten dilution and physical interference

from fiber, which may impair gas retention during
fermentation. The Proportional Number (P.N), repre-
senting the ratio of resistance to extensibility, in-
creased markedly from 2.15 to 4.25. This confirms a
fundamental shift towards a stiffer, stronger, but less
extensible dough. Energy, denoting the overall worka-
bility and strength of the dough, decreased with seed
addition up to 6% and remained below the control
value (67 cm?) even with a slight recovery at 12% (52
cm?). This indicates a general reduction in dough
strength. In summary, the enrichment with germinated
radish seeds alters dough rheology by increasing its
resistance and stiffness while reducing its extensibil-
ity and overall energy. These modifications could en-
hance dough stability but may adversely affect the
volume and texture of baked goods that require high
extensibility, such as pan bread (Shaban et al., 2023).
Consequently, optimizing processing techniques or
formulations is recommended to mitigate these effects
in specific bakery applications.

Table 6. Extensograph parameters dough enrichment with germinated radish seeds

Samples Elasticity (B.U) Extensibility (mm) P.N Energy (cm?)
Control 280 130 2.15 67
3% Germinated radish seeds 320 90 3.56 45
6% Germinated radish seeds 300 95 3.16 42
9% Germinated radish seeds 330 95 3.47 46
12% Germinated radish seeds 340 80 4.25 52

Control wheat flour (72% extraction
rate)

91%wheat flour + 9% GRS

97% wheat flour + 3% GRS

94%wheat flour +6% GRS

88%wheat flour + 12% GRS

Figure 2. Extensograph parameters dough enrichment with germinated radish seeds

Food Technology Research Journal, Vol. 9, issue 1, 40-58, 2025
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Sensory characteristics of toast enrichment

with germinated radish seeds

The sensory evaluation results presented in Ta-
ble 7 show that incorporating germinated radish seed
(GRS) powder into toast formulations significantly
influenced consumer-perceived quality attributes. The
control sample consistently received the highest
scores across all parameters, including crust color
(8.70), crumb grain (8.90), crumb texture (8.75), odor
(8.80), taste (8.50), appearance (8.60), and overall ac-
ceptability (8.85), indicating excellent sensory quali-
ty. Substitution with 3% GRS (B3) maintained rela-
tively high acceptability, with only a slight decline in
all attributes compared to the control, suggesting that
low levels of enrichment did not adversely affect con-

sumer preference. At 6% substitution (T36), further
reductions in scores were observed, particularly in
crust color, odor, and taste, though crumb texture re-
mained relatively acceptable, reflecting a modest im-
pact on overall quality. Higher inclusion levels (9%
and 12%) resulted in more pronounced declines
across all sensory attributes, with significant decreas-
es in taste, odor, and overall acceptability, likely due
to the stronger flavor and darker color imparted by
GRS, as well as possible textural changes. Overall,
the findings indicate that GRS can be successfully
incorporated into toast at levels of 3-6% without
compromising consumer acceptability, whereas high-
er levels may be less preferred due to negative effects
on flavor, appearance, and overall eating quality.

Table 7. Sensory characteristics of toast enrichment with germinated radish seeds

Samples  Crust color Crumb grain  Crumb texture Odor Taste Appearance Overall

9) 9) 9) 9) 9) 9) acceptability (9)
Control 8.70°+0.15  8.90°+0.09 8.75+0.15  8.80+0.20 8.50°+0.10  8.60%+0.15 8.85+0.25
B3 8.10°+0.13  8.20°+0.10 8.40°+0.20  8.00°+0.15 8.10°+0.15  8.00°+0.10 8.10°+0.20
B6 7.50°40.16  7.80°:0.15 8.00°40.18  7.50°:0.10 7.30°+0.14  7.60°+0.20 7.50%£0.15
B9 7.20%40.14  7.10%0.20 7.60%0.15  7.00%40.12  7.00%+0.16  7.00%+0.25 6.50%+0.15
BI12 6.90°+0.12  6.80°+0.25 6.50°£0.25  6.00°£0.15 6.30°+0.20  6.00°+0.10 6.00°:0.20

Each value was an average of three determination + standard deviation.
Different letters indicate to significant differences between groups in the same column(p=<0.05)

Control Toast bread =100% wheat flour (72% extraction rate)

B3 Toast bread = 3% Germinated radish seeds+97% wheat flour (72% extraction rate)
B6 Toast bread = 6% Germinated radish seeds+97%wheat flour (72% extraction rate)
B9 Toast bread = 9% Germinated radish seeds+97%wheat flour (72% extraction rate)

Figure 3: Toast bread at different ratios of germinated radish seeds

Crude protein content increased significantly from
13.28% in the control to 15.32% in the B12 sample,
directly reflecting the high protein contribution of
GRS. Concurrently, fat, crude fiber, and ash contents
also showed consistent rises, achieving their highest
values in the B12 formulation (7.67%, 2.92%, and

Chemical of toast enrichment with germi-

nated radish seeds

The chemical composition of toast supplemented
with germinated radish seeds (GRS) demonstrated a
progressive enhancement in nutritional value with
increasing substitution levels (Table 8).
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1.71%, respectively). This trend indicates a substantial
improvement in nutritional density. Conversely, the
available carbohydrate content exhibited a steady de-
cline from 78.56% (control) to 72.38% (B12). This
reduction is nutritionally advantageous as it may low-
er the product's glycemic impact. Consequently, the
energy value showed a slight but consistent decrease
from 436.42 kcal/100 g to 429.37 kcal/100 g, primari-
ly attributable to the lower carbohydrate content.
Among the enriched samples, the B3 and B6 formula-

tions presented a balanced nutrient profile, offering
improved protein and fiber content without a drastic
compromise on available carbohydrates or energy val-
ue. In summary, the incorporation of germinated rad-
ish seeds effectively boosts the protein, fiber, and
mineral content of toast. This enrichment strategy of-
fers functional benefits for developing healthier baked
goods, with optimal balance achieved at moderate (3—
6%) substitution levels.

Table 8. Chemical of toast enrichment with germinated radish seeds

Available

Blends Protein Fat Crude fiber Ash Energy Value
carbohydrates

Control 13.28°40.05 6.58°+0.01 0.73°+0.02 0.85°+0.01 78.56°+0.10 436.42°+0.12

B3 13.88%+0.06 6.85%+0.03 1.28%40.01 1.06°+0.02 76.93°+0.15 434.66°+0.15

B6 14.48°+£0.08 7.12°40.02 1.83°+0.03 1.28°+0.01 75.29+£0.10 432.85+0.13

B9 15.08"+0.05 7.40°+0.01 2.37°+0.02 1.49°+0.01 73.66°£0.20 431.17%+0.10

B12 15.32%40.06 7.67%+0.03 2.92%+0.04 1.717+0.02 72.38%+0.13 429.37°+0.20

Each value was an average of three determination + standard deviation.

Different letters indicate to significant differences between groups in the same column (p<0.05)

Control Toast bread =100% wheat flour (72% extraction rate)

B3 Toast bread = 3% Germinated radish seeds+97% wheat flour (72% extraction rate)
B6 Toast bread = 6% Germinated radish seeds+94%wheat flour (72% extraction rate)
B9 Toast bread = 9% Germinated radish seeds+91%wheat flour (72% extraction rate)

Crumb color of toast enrichment with ger-

minated radish seeds

Crumb color measurements (Table 9) demon-
strated that enrichment with germinated radish seeds
(GRS) significantly altered the color attributes of
toast, with effects intensifying at higher substitution
levels. The lightness value (L*) decreased progres-
sively from 62.39 in the control to 53.73 in the B12
sample, indicating a darker crumb color. This is likely
attributable to the natural pigments in GRS and en-
hanced Maillard browning reactions during baking
(Mospah et al., 2023; Nassef et al., 2022). Converse-
ly, both chromaticity values increased substantially.
The redness (a) parameter rose markedly from 4.91
(control) to 12.59 (B12), indicating a shift toward a
more reddish hue. Similarly, yellowness (b) increased
significantly, reaching 28.47 in the BI12 sample,
which suggests a more intense golden-yellow colora-
tion. Among the enriched samples, B6 exhibited a
balanced color profile with a moderate reduction in
lightness and attractive reddish-yellow tones. In con-
trast, B12 showed the most pronounced color shift.

These alterations in crumb color, particularly the in-
creased darkness at higher substitution levels, may
influence consumer perception of the product's quali-
ty and freshness.

Impact of germinated radish seeds on

blood glucose level of obese rats

Figure 4 illustrates the effect of germinated rad-
ish seed (GRS) supplementation on the blood glucose
levels of obese rats over a five-week period. The nor-
mal control group (G1) maintained a glucose level of
100mg/dL. In contrast, the obese control group (G2)
exhibited a significant elevation to 130 mg/dL, indi-
cating the development of obesity-associated hyper-
glycemia. Dietary inclusion of germinated radish
seeds resulted in a gradual, dose-dependent decrease
in blood glucose levels. Rats supplemented with 3%
GRS (G3) showed a slight reduction to 125mg/dL.
Supplementation at 6% (G4) and 9% (GS) further
lowered glucose levels to 120mg/dL and 118mg/dL,
respectively. The most notable effect was observed in
the group receiving 12% GRS (G6), which demon-
strated a complete normalization of blood glucose to
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to 100 mg/dL, a value comparable to that of the nor-
mal control group. These results suggest that higher
levels of germinated radish seed supplementation ex-
ert significant antihyperglycemic effects. This is po-
tentially due to an increased presence of bioactive

compounds such as antioxidants, fiber, and phyto-
chemicals generated during germination, which may
improve insulin sensitivity and regulate glucose me-
tabolism in obese individuals (Abd Allah and Abd-
Elrahman, 2021).

Table 9. Crumb color of toast enrichment with germinated radish seeds

Blends Crumb color
Parameters L* a* b*
Control 62.39%+0.15 4.91°+0.04 18.01%0.12
B3 61.19°+£0.10 5.74°+0.05 17.75°+0.06
B6 58.56°+0.12 6.33°+0.09 20.81°+0.15
B9 56.519+0.13 05.18%+0.04 19.96°£0.13
B12 53.73°+0.20 12.59%0.15 28.47°+0.30

Each value was an average of three determination + standard deviation.
Different letters indicate to significant differences between groups in the same column(p <0.05)

Control=100% wheat flour (72% extraction rate)

B3= 3% Germinated radish seeds+97% wheat flour (72% extraction rate)
B6= 3% Germinated radish seeds+94% wheat flour (72% extraction rate)
B9= 3% Germinated radish seeds+91%wheat flour (72% extraction rate)
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Figure 4. Impact of germinated radish seeds on blood glucose level of obese rats

Influence of germinated radish seeds on
some lipid parameters of obese rats

Table 10 displays the impact of germinated radish
seed (GRS) supplementation on the serum lipid pro-
files of obese rats following an 8-week experimental
period. The parameters measured include total choles-
terol, triglycerides, high-density lipoprotein (HDL),
low-density lipoprotein (LDL), and very low density
lipoprotein (VLDL). The normal control group exhib-
ited an optimal lipid profile, with total cholesterol at
120 mg/dL, triglycerides at 130mg/dL, HDL at 58.00
mg/dL, LDL at 36.00mg/dL, and VLDL at 26.00mg/

dL. In contrast, the obese control group displayed a
significantly dysregulated profile characteristic of
dyslipidemia, marked by elevated total cholesterol
(280mg/dL), triglycerides (250mg/dL), LDL (199.80
mg/dL), and VLDL (50.00mg/dL), alongside a sub-
stantial reduction in HDL (30.20mg/dL). Higher
supplementation levels of 6% and 9% resulted in
further reductions in total cholesterol (230 and
195mg/dL), triglycerides (220 and 200 mg/dL), and
LDL (147.92 and 111.00mg/dL), accompanied by in-
creased HDL levels (38.00 and 44.00mg/dL). The
most significant amelioration was observed at the
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12% supplementation level, total cholesterol dropped
to 180mg/dL, triglycerides to 195mg/dL, LDL to
91.00mg/dL, and VLDL to 39.00mg/dL, while HDL
rose to 50.00mg/dL values that closely approach those
of the normal control group. These results indicate
that germinated radish seeds exert a potent hypoli-
pidemic effect. This activity is likely attributable to
their high content of dietary fiber, antioxidants (e.g.,
phenolics and flavonoids), and possibly phytosterols
formed during germination. These bioactive com-

pounds are known to improve lipid metabolism, en-
hance cholesterol excretion, and inhibit LDL oxida-
tion. In summary, the findings demonstrate that ger-
minated radish seed supplementation can effectively
reverse dyslipidemia associated with obesity and sup-
port its potential use as a functional dietary ingredient
for managing lipid disorders (Abd Allah and Abd-
Elrahman, 2021; Abdelhameed and Bashandy, 2022).

Table 10. Influence of germinated radish seeds on some lipid parameters of obese rats

Groups Total cholesterol ~ Triglyceride HDL LDL VLDL

(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
Normal control (-) 120+2.20 130+1.30  58.00°£0.60  36.00°+0.90 26.00+0.90
Obese control (+) 280°+3.50 250°43.00  30.20°+0.30  199.80+2.90  50.00°+1.30
3%Germinated radish seeds 260°+2.40 240°4£2.00  34.00°£0.20 178.00°+0.60  48.00°+1.00
6% Germinated radish seeds 230°£3.20 220°£3.00 38.0094+0.40  147.92°+1.40 44. 084+1.00
9% Germinated radish seeds 195%+1.90 200%42.50  44.00°+0.50  111.00°+1.20  40.00%1.10
12% Germinated radish seeds 180°£2.50 19541.60  50.00°£0.40  91.00°+1.00 39.00°+1.80

Each value was an average of five determination + standard deviation.
Different letters indicate to significant differences between groups in the same column (p<0.05)

G1: fed on the basal diet (negative control).

G2: obese rats fed on basal diet (Positive control).

G3: obese rats were fed on 3% germinated radish seeds powder.
G4: obese rats were fed on 6% germinated radish seeds powder.
GS5: obese rats were fed on 9% germinated radish seeds powder.
G6: obese rats were fed on 12% germinated radish seeds powder

Influence of germinated radish seeds on

total lipid of obese rats after 8 weeks

Figure 5 illustrates the effect of germinated radish
seed (GRS) supplementation on total lipid concentra-
tions in obese rats following an 8-week treatment pe-
riod. The normal control group (G1) maintained a
baseline total lipid concentration of 1.50 g/dL. In con-
trast, the obese control group (G2) exhibited a sub-
stantial increase to 4.50 g/dL, indicating the signifi-
cant lipid accumulation characteristic of obesity. Sup-
plementation with germinated radish seeds resulted in
a progressive, dose-dependent reduction in total lipid
levels: G3 (3% GRS): 4.00g/dL, G4 (6% GRS): 3.50
g/dL, G5 (9% GRS): 3.10g/dL. The most significant
reduction was observed in group G6 (12% GRS),
which achieved a total lipid level of 2.60 g/dL, a val-
ue that closely approaches the normal physiological
range. These findings demonstrate that germinated
radish seeds possess potent lipid-lowering properties.

This effect is likely mediated by their enriched con-
tent of dietary fiber, phytosterols, and antioxidant
compounds generated during germination. These bio-
active components may act synergistically to enhance
lipid metabolism, reduce intestinal fat absorption, and
improve hepatic lipid regulation, thereby ameliorating
obesity-related dyslipidemia (Abd Allah and Abd-
Elrahman, 2021; Abdelhameed and Bashandy, 2022).
Effect of feeding germinated radish seeds

on liver functions in obese rats

Table 11 presents the effect of germinated radish
seed (GRS) supplementation on liver function mark-
ers aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), and alkaline phosphatase (ALP)
in obese rats after an 8-week period. The normal con-
trol group (G1) exhibited the lowest enzyme activi-
ties, with AST at 43.40U/L, ALT at 39.00U/L,
and ALP at 75.50U/L, indicating healthy liver func-
tion.
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Figure 5. Influence of germinated radish seeds on total lipid of obese rats after 8 weeks

In contrast, the obese control group (G2) demonstrat-
ed significantly elevated levels of AST (75.50 U/L),
ALT (85.10 U/L), and ALP (130.40 U/L), reflecting
substantial liver stress or injury associated with obesi-
ty. Dietary inclusion of germinated radish seeds result-
ed in a clear, dose-dependent amelioration of these
elevated biomarkers (Gouda and Hanafi, 2025). En-
zyme activities decreased progressively with higher
levels of supplementation: AST declined from 65.30
U/L (G3, 3% GRS) to 50.30U/L (G6, 12% GRS),
ALT declined from 80.00U/L (G3) to 55.20 U/L (G6),

ALP declined from 120.20U/L (G3) to 80.60 U/L
(G6). The group receiving 12% supplementation (G6)
displayed values closest to those of the normal control
group, indicating a hepatoprotective or restorative ef-
fect. These improvements are likely attributable to the
enhanced antioxidant content and bioactive com-
pounds such as flavonoids, phenolics, and sulfur-
containing compounds in germinated radish seeds,
which help mitigate oxidative stress and inflammation
in hepatic tissues (Gouda and Hanafi, 2025).

Table 11. Effect of feeding germinated radish seeds on liver functions in obese rats

Treatments Groups ASEU(/(I}J?T) AL(%(/Sf D (%I/f)
Normal control (-) Gl 43.40"1.50 39.00+1.40 75.50+1.00
Obese control (+) G2 75.50%3.00 85.10%+2.60 130.40%+1.50
3% Germinated radish seeds G3 65.30°+2.50 80.00°:2.00 120.20°1.50
6% Germinated radish seeds G4 60.40%2.00 75.10%1.30 110.30°:1.60
9% Germinated radish seeds G5 55.50%+1.60 63.40%+1.25 98.40%1.40
12% Germinated radish seeds G6 50.30°1.25 55.20°+1.20 80.60° £1.50 -

Each value was an average of five determination + standard deviation.

Different letters indicate to significant differences between groups in the same column(p<0.05)
G1: fed on the basal diet (negative control).

G2: obese rats fed on basal diet (Positive control).

G3: obese rats were fed on 3% germinated radish seeds powder.
G4: obese rats were fed on 6% germinated radish seeds powder.
G5: obese rats were fed on 9% germinated radish seeds powder.
Go6: obese rats were fed on 12% germinated radish seeds powder
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Effect of feeding germinated radish seeds on body
weight gain (%), feed intake, and feed efficiency
ratio of normal control and obese rats

Table 12 illustrates the effect of feeding germi-
nated radish seeds (GRS) on body weight gain, feed
intake, and feed efficiency ratio (FER) in normal and
obese rats. The obese control group (G2) recorded the
highest feed intake (23.33g/day; 1306.48g/56 days)
and body weight gain (60.20 g; 31.10%), both signifi-
cantly higher than those of the normal control group
(G1). Supplementation with GRS at different levels
(G3—Go6) resulted in a gradual and significant reduc-
tion in feed intake, total feed consumed, and body
weight gain compared with the obese control. At the
highest supplementation level (12% GRS, G6), rats

exhibited the lowest feed intake (21.80 g/day; 1220
g/56 days) and body weight gain (20.59g; 40.00%),
approaching values closer to the normal control. Sim-
ilarly, FER values were significantly improved in
GRS-fed groups compared with the obese control,
decreasing from 4.61 in G2 to 3.27 in G6, indicating
enhanced efficiency of feed utilization. Notably, final
body weights did not differ significantly among
groups, suggesting that the observed effects were pri-
marily due to moderated weight gain rather than dras-
tic reductions in body mass. These findings highlight
that GRS supplementation, particularly at higher lev-
els, effectively controlled hyperphagia and excessive
weight gain in obese rats, demonstrating its potential
as a functional dietary intervention against obesity.

Table 12. Effect of feeding germinated radish seeds on body weight gain (%), feed intake, and feed effi-

ciency ratio of normal control and obese rats

Initial Final Gaining body weight Total feed feed
Groups Diets weight (g) weigh (g) intake Per intake (FER)
(8) o 56 days (g/day)

192.30°  222.30" 30.00" 15.60" 1176' 21.00" 2.55

Gl Normal control (-) 1450 4250  +1.00 4092 4280  +0.13  +0.01
193.60°  253.80°  60.20° 31.10°  1306.48* 23.33"  4.61°

G2 Obese control (+) £5.00 4350 4210  +1.14 4350  +0.16 +0.15
- 3% Germinated radich sceds 195.50°  251.10°  55.60°  28.45° 1276>  22.80° 4.35¢
+5.50 +1.90 +1.20 +1.20 +5.40 +0.15  +0.10

- 6% Germinated radish seeds 196.30°  246.10°  49.80° 2537°  1248.80° 22.30° 3.99°
+4.60 +1.50 +1.09 +1.30 +4.20 +£0.10  +0.06

Gs 9% Germinated radich sced 197.40° 24270 4530  22.95¢ 12324 22,00  3.67°
o Germinated radish seeds +6.50 £2.00 +1.40 +1.15 4250  £0.10 +0.04

G 129 Germinated radish seeds 194.33*  234.33°  40.00° 20.59° 1220° 21.80° 3.27°
+4.10 +1.70 +1.30 +1.20 +3.40 +£0.12  +0.02

e FER=Food efficiency ratio

e Each value was an average of five determination + standard deviation.
e Different letters indicate to significant differences between groups in the same column(p<0.05)

4. Conclusion

This study demonstrates, for the first time, the
successful incorporation of germinated radish seed
(GRS) powder into toast bread. Moderate substitution
levels (3—-6%) preserved sensory quality while en-
hancing nutritional value, whereas higher levels (9—
12%) maximized antioxidant and therapeutic effects.
In obese rats, GRS supplementation improved lipid
profile, blood glucose, and liver function, indicating
promising functional potential. While these findings
highlight GRS as a novel ingredient for functional
bakery products, further validation, particularly

through human clinical trials and industrial-scale ap-

plications, is warranted to confirm its role in manag-

ing obesity-related disorders.

References

Abarca-Gomez, L., Abdeen, Z. A., Hamid, Z.A., Abu
-Rmeileh, N.M., Acosta-Cazares, B., Acuin, C.,
Adams, R.J., Aekplakorn, W., Afsana, K., Agui-
lar-Salinas, C.A. and Agyemang, C. (2017).
Worldwide trends in body-mass index, under-
weight, overweight, and obesity from 1975 to
2016: a pooled analysis of 2416 population-
based measurement studies in 128- 9 million

Food Technology Research Journal, Vol. 9, issue 1, 40-58, 2025



55  Germinated Radish Seed Powder as a Functional Ingredient in Toast: Effects on Product Quality and Obesity-Linked Metabolic Health in Rats

children, adolescents, and adults. The lan-
cet.,16;390(10113):2627-2642.

Abdalla, M.E., Abou Raya, M.A., Ghoniem, G.A. and
EL-Hadidy, G.S. (2021). Evaluation Anti-Obesity
Activity of Psyllium Seeds Powder on Rats Fed a
High Fat Diet. Journal of Food and Dairy Scienc-
es, 12(11):273-279.

Abd Allah, A.L. and Abd-Elrahman, W.M. (2021).
Hypocholesterolemic and anti-obesity effects of
radish sprouts (Raphanus sativus) in adult fe-
males. Egyptian Journal of Food Science, 49(1):
19-34.

Abdelhameed, M.F. and Bashandy, S.A. (2022). Hy-
polipidemic effects of red radish (Raphanus sa-
tivus) seed oil in rat fed high-fat diet: Its phyto-
chemical characterization. Egyptian Journal of
Chemistry, 65(8), 557-566.

Aboulghate, M., Elaghoury, A., Elebrashy, I,
Elkafrawy, N., Elshishiney, G., Abul-Magd, E.
and Voko, Z. (2021). The burden of obesity in
Egypt. Frontiers in public health, 9, 718978.

AIN (American Institute of Nutrition Rodent Diets).
(1993). AIN-93 purified diets for laboratory ro-
dents: final report of the American Institute of
Nutrition ad hoc writing committee on the refor-
mulation of the AIN-76A rodent diet. J. Nutrition,
123(11,1):1939-1951.

Allain, C.C. (1974). Cholesterol enzymatic colorimet-
ric method. J. of Clinical chemistry, 20(10):1282-
1286.

Alloggia, F.P., Bafumo, R.F., Ramirez, D.A., Maza,
M. A. and Camargo, A. B. (2023). Brassicaceae
microgreens: A novel and promissory source of
sustainable bioactive compounds. Curr. Res. Food
Sci. 6, 100480. doi: 10.1016/j.crfs.2023.100480

AMA Adopts (2013). (American Medical Associa-
tion), New Policies on Second Day of Voting at
Annual Meeting.

AOAC. (2012). Official methods of analysis, 19" edi-
tion Association of Official Analytical Chemists.
Washington DC.

Arma, G., Yerragunt, V.G. and Raju, A. (2012).
Photochemistry and pharmacology of
raphanussativus. Available online at: https://
www.semanticscholar.org/paper/ photochemistry-

and-pharmacology-ofraphanussativus-aruna-
Yerragunt/406d849b07a8dd9882ae55d27235d2b
434b50405 (Accessed November 19, 2024).

ASP, N.G., Johansson G.G., Haller H. and Siljestrom
M. (1983). Rapid enzymatic assay of insoluble
and dietary fiber. J. Agric. Food Chem. 31(3):476
-482.

Baenas, N., Moreno, D.A. and Garcia-Viguera, C.
(2012). Selecting sprouts of

brassicaceae for optimum phytochemical composition.
J. Agric. Food Chem. 60, 11409-11420.
doi: 10.1021/j£302863c¢

Bowen-Forbes, C., Armstrong, E., Moses, A., Fahl-
man, R., Koosha, H. and Yager, J.Y. (2023). Broc-
coli, kale, and radish sprouts: key phytochemical
constituents and DPPH free radical scavenging
activity. Molecules 28, 4266.
doi: 10.3390/ molecules28114266.

Chapman, D.G., Castilla, R. and Cambell, J.A. (1959).
Evaluation of protein in foods. A method for de-
termination of protein efficiency ratio. Canadian
Journal of Biochemistry and Physiology, 37(5):
679-686.

Chen, Z., Wang, P., Weng, Y., Ma, Y., Gu, Z. and
Yang, R. (2017). Comparison of phenolic pro-
files, antioxidant capacity and relevant enzyme
activity of different Chinese wheat varieties dur-
ing germination. Food Biosci. 20, 159-167. doi:
10.1016/j.1610.2017.10.004

Choe, U., Yu, L.L. and Wang, T.T.Y. (2018). The sci-
ence behind microgreens as an exciting new food
for the 21st century. J. Agric. Food Chem. 66,
11519-11530. doi: 10.1021/acs.jafc.8b03096

El-Dreny, E.S.G. and El-Hadidy, G.S. (2018). Utili-
zation of young green barley as a potential source
of some nutrition substances. Zagazig Journal of
Agricultural Research, 45(4):1333-1344.

El-Dreny, E.G. (2019). Protective and treatment effect
of germinated turnip seeds (brassica rapa l.) and
radish seeds (raphanus sativus 1.) against carbon
tetrachloride-induced hepatotoxicity in rats, Curr.
Sci. Int 8, 888-897.

El-Dreny, E.G., Maha A. Mahmoud. and El-Hadidy,
G.S. (2020). Effect of Feeding Iron Deficiency
Anemia Rats on Red Beetroots Juices, J. Food

Food Technology Research Journal, Vol. 9, issue 1, 40-58, 2025


https://www.semanticscholar.org/paper/
https://www.semanticscholar.org/paper/

Germinated Radish Seed Powder as a Functional Ingredient in Toast: Effects on Product Quality and Obesity-Linked Metabolic Health in Rats

and Dairy Sci., Mansoura Univ., 10(8):243- 247

El-Hadidy, G.S. (2020). Preparation and evaluation of
pan bread made with wheat flour and psyllium
seeds for obese patients. European Journal of Nu-
trition & Food Safety, 12(8), 1-13.

El-Hadidy, G.S., Rizk, E.A. and El-Dreny, E. G.
(2020). Improvement of Nutritional Value, Physi-
cal and Sensory Properties of Biscuits Using Qui-
noa, Naked Barley and Carrot. Egypt. J. Food.
Sci, 48, (1):147-157.

El-Hadidy, G.S., Eman A. Yousef and Abd El-Sattar,
A.S. (2020). Effect of Fortification Breadsticks
with Milk Thistle Seeds Powder on Chemical and
Nutritional Properties, Asian Food Science Jour-
nal ,17(2):1-9.

El-Hadidy, G.S. and El-Dreny E.G. (2020). Effect of
addition of Doum fruits powder on chemical, rhe-
ological and nutritional properties of toast bread.
Asian Food Sci. J. 16(2):22-31.

El-Hadidy, G.S., Elmeshad, W., Abdelgaleel, M. and
Ali, M. (2022). Extraction, identification, and
quantification of bioactive compounds from
globe artichoke (Cynara cardunculus var. scoly-
mus). Sains Malaysiana, 51(9):2843-2855.

El-Hadidy, G.S. and Boriy, E. (2024). Antioxidants,
antidiabetic and antihyperlipidemic effects of the
spice ginger rhizome (zingiber officinale) and
cinnamon (cinnamomum zeylanicumon) in diabet-
ic rats. Journal of Disease and Global Health, 17
(2):44-55.

EL-Hadidy, G.S. FElabd, M. and Hussien, N.H.
(2025). Impact of planting date and tuber packag-
ing on two jerusalem artichoke cultivars and its
flour fortification on diabetic-bakery products,
Egyptian Journal of Chemistry 68(9):729-748.

Fassati, P. and Prencipe, L. (1982). Serum triglycer-
ides determined colorimetrically with an enzyme
that produces hydrogen peroxide. J. Clinical
Chemist, 28(10): 2077-2080.

Gallegos-Infante, J.A., Rocha-Guzman, N.E., Gonza-
lez-Laredo, R.F., Ochoa-Martnez, L.A., Corzo,
N., Bello-Perez, L.A., Medina-Torres, L. and Per-
alta Alvarez, L.E. (2010). Quality of spaghetti
pasta containing Mexican common bean flour
(Phaseolus vulgaris L.) Food Chemistry 119,

1544-1549.

Gamba, M., Asllanaj, E., Raguindin, P.F., Glisic, M.,
Franco, O.H. and Minder, B. (2021). Nutritional
and phytochemical characterization of radish
(Raphanus sativus): A systematic review. Trends
Food Sci. Technol. 113, 205-218.
doi: 10.1016/j. tifs.2021.04.045

Gouda, T.M.H. and Hanafi, H.M. (2025). Study the
effect of different levels of red radish seeds and
celery seeds on rats suffering from osteoporo-
sis. Research Journal Specific Education, (91).

Hamano, T., Shiotani, Y., Takeda, M., Abe, T.,
Sundquist, K. and Nabika, T. (2017). Is the effect
of body mass index on hypertension modified by
the elevation? A cross-sectional study of rural
areas in Japan. International Journal of Environ-
mental Research and Public Health, 14(9), 1022.

Hanafi, H.M. (2025). Effect of seeds and sprouts of
red radish and soybeans on oxidative stress
caused by paracetamol on rats. Research Journal
Specific Education, 11(3):727-754.

Hanlon, P.R. and Barnes, D.M. (2011). Phytochemical
composition and biological activity of 8 varieties
of radish (Raphanus sativus L.) sprouts and ma-
ture taproots. J. Food Sci. 76, C185—-C192.
doi: 10.1111/5.1750-3841.2010.01972.x

Henry, R.J. (1974). Clinical Chemist: Principles and
Techniqus, 2nd Edition, Hagerstown (MD), Harc-
er, Row. pp.882.

Jacky, C. (2023). Chinese Pharmacopoeia 2020-
English ed. issued in March 2023. In: CISEMA -
China Zertifizierung, Einkauf und Quali-
tatssicherung. Available online at:
https://www.cisema.com/en/chinese-pharmacoo
eia-2020-edition-official-englishtranslation/

Kakkar, S., Tandon, R. and Tandon, N. (2023). The
rising status of edible seeds in lifestyle related
diseases: A review. Food Chem. 402, 134220.
doi: 10.1016/j.foodchem. 2022.134220

Knight, J.A., Andersone, S. and Rawie. J.M. (1972).
Colorimetric determination of (total lipids). Clin.
Chem., 18: 199.

Kramer, A. and Twigg, B.A. (1974). Fundamental of
quality control for the food industry. The Avi pub-
lishing Company Inc. Westport Connecticut.

Food Technology Research Journal, Vol. 9, issue 1, 40-58, 2025


https://www.cisema.com/en/chinese-pharmacopoeia-2020-edition-official-englishtranslation/
https://www.cisema.com/en/chinese-pharmacopoeia-2020-edition-official-englishtranslation/

Germinated Radish Seed Powder as a Functional Ingredient in Toast: Effects on Product Quality and Obesity-Linked Metabolic Health in Rats

1974;218-223.

Kyriacou, M.C., El-Nakhel, C., Graziani, G., Pannico,
A., Soteriou, G.A. and Giordano, M (2019).
Functional quality in novel food sources: Geno-
typic variation in the nutritive and phytochemical
composition of thirteen microgreens species.
Food Chem. 277, 107-118.
doi: 10.1016/j.foodchem.2018.10.098

Larmond E. (1997). Laboratory method of sensory
evaluation of food Publication 1977, Canada,
Dept: Agric. Ottawa; 1997.

Lee, R. and Nieman, D. (1996). Nutrition Assess-
ment.2ndedition. Mosby, Missouri, USA, 591—
594.

Li, N., Wu, X., Zhuang, W., Wu, C., Rao, Z., Du, L.
and Zhou, Y. (2022). Cruciferous vegetable and
isothiocyanate intake and multiple health out-
comes. Food Chemistry, 375, 131816.

Liu, H.-Y., Liu, Y., Li, M.Y,, Ge, Y.Y., Geng, F. and
He, X.-Q. (2022). Antioxidant capacity, phyto-
chemical profiles, and phenolic metabolomics of
selected edible seeds and their sprouts. Front.
Nutr. 9. doi: 10.3389/fnut.2022.1067597

Manivannan, A., Kim, J.H., Kim, D.S., Lee, E.S. and
Lee, H.-E. (2019). Deciphering the nutraceutical
potential of Raphanus sativus—A comprehensive
overview. Nutrients 11, 402.
doi: 10.3390/nu11020402

Moreno, D.A., Pérez-Balibrea, S. and Garcia-Viguera,
C. (2006). Phytochemical quality and bioactivity
of edible sprouts. Natural Product Commun. 1,
1934578X0600101120.
doi: 10.1177/1934578X0600101120

Mospah, W.M., Abd El-Sattar, A.S. and El-Hadidy,
G.S. (2023). Preparation of pan bread supple-
mented with amaranth cereal and soybean
flour. Egyptian Journal of Food Science, 51(1),
139-150.

Mospah, W.M., El-Dreny, E.G. and El-Hadidy, G.S.
(2024). Preparation and evaluation of noodles
from some legumes powder. Food Technology
Research Journal, 5(1), 1-14.

Namkoong, S., Cho, C.S., Semple, I. and Lee, J.H.
(2018). Autophagy dysregulation and obesity-
associated pathologies. Molecules and cells, 41

(1):3-10.

Nassef, S.L., El-Hadidy, G.S. and Abdelsattar, A.S.

(2022). Impact of defatted chia seeds flour addi-

tion on chemical, rheological, and sensorial prop-

erties of toast bread. Egyptian Journal of Agricul-

tural Sciences, 73(4), 55-66.

M, Fleming, T, Robinson, M., Thomson, B.,

Graetz, N., Margono, C., Mullany, E.C., Biryu-

kov, S., Abbafati, C., Abera, S.F. and Abraham,

J. P. (2014). Global, regional, and national preva-

lence of overweight and obesity in children and

adults during 1980-2013: a systematic analysis

for the Global Burden of Disease Study 2013.

The lancet. 384(9945):766-81.

Pajak, P., Socha, R., Galkowska, D., Roznowski, J.
and Fortuna, T. (2014). Phenolic profile and anti-
oxidant activity in selected seeds and sprouts.
Food Chem. 143, 300-306.
doi:10.1016/j.foodchem.2013.07.064

Rosalki, S.B. and Foo, A.Y. (1984). Two new methods
for separating and quantifying bone and liver al-
kaline phosphatase isoenzymes in plasma. Clini-
cal Chemistry, 30(7): 1182-1186.

Samec, D., Pavlovi¢, 1. and Salopek-Sondi, B. (2017).
White cabbage (Brassica oleracea var. capitata f.
alba): botanical, phytochemical and pharmaco-
logical overview. Phytochem. Rev. 16, 117-135.
doi: 10.1007/s11101-016-9454-4

Saleem, T.M., Salama, R.H., Mohamed, G.A., Qawy,
A.R.H.A. and Radwan, E. (2023). Obesity is As-
sociated With Autophagy Dysregulation In Egyp-
tian Women. Bulletin of Pharmaceutical Sciences
Assiut University, 46(1):483-496.

Shaban, H.H., El-Hadidy, G.S. and Hamouda, A.M.
(2023). Evaluation of Breadsticks Prepared from
Chufa Tubers as Partial Substitute of Wheat
Flour. Asian J. Food Res. Nutri, 2(2):40-51.

Shaban, H.H., Nassef, S.L. and El-Hadidy, G.S.
(2023). Utilization of garden cress seeds, flour,
and tangerine peel powder to prepare a high-
nutrient cake. Egyptian Journal of Agricultural
Research, 101(1):131-142.

Sola, 1., Vuj¢i¢ Bok, V., Popovié, M. and Gagié, S.
(2024). Phytochemical composition and function-
al properties of Brassicaceae microgreens: impact

Ng,

Food Technology Research Journal, Vol. 9, issue 1, 40-58, 2025



58 Germinated Radish Seed Powder as a Functional Ingredient in Toast: Effects on Product Quality and Obesity-Linked Metabolic Health in Rats

of in vitro digestion. Int. J. Mol. Sci. 25, 11831.
doi: 10.3390/ijms252111831

Thakur, P., Kumar, K., Ahmed, N., Chauhan, D., Eain
Hyder Rizvi, Q.U. and Jan, S. (2021). Effect of
soaking and germination treatments on nutrition-
al, antinutritional, and bioactive properties of am-
aranth (Amaranthus hypochondriacus L.), quinoa
(Chenopodium quinoa L.), and buckwheat
(Fagopyrum esculentum L.). Curr. Res. Food Sci.
4,917-925. doi: 10.1016/j.crfs.2021.11.019

Tian, W., Ehmke, L., Miller, R. and Li, Y. (2019).
Changes in bread quality, antioxidant activity, and
phenolic acid composition of wheats during early
-stage germination. J. Food Sci. 84, 457—465.
doi: 10.1111/1750-3841.14463

Tilahun, S., Baek, M.W., An, K.S., Choi, H.R., Lee, J.
H. and Hong, J.S. (2023). Radish microgreens
produced without substrate in a vertical multi-
layered growing unit are rich in nutritional me-
tabolites. Front. Plant Sci. 14.
doi: 10.3389/1pls.2023.1236055

Tork, M. Eman. (2017). Radish seed sprouting using
saline water and their biochemical and pathologi-
cal effects on albino rats. M.Sc. Thesis,
Fac. Agric., Ain Shams Univ., 1-91.

Tork, I.T., Abdelhafez, A.A.M., Mostafa, F.A. and
Abdallah, M.M.F. (2019). Influence Of Sprouting
Using Biotic And Abiotic Elicitors On Chemical
Composition Of Radish Seeds (Raphanus Sa-
tivus). Arab Universities Journal of Agricultural
Sciences, 27(1):717-726.

Trinder, P. (1969). Reagent for the quantitative deter-
mination of glucose in serum plasma and other
biological fluids. Ann. Clin Biochem., 6:24

Varley H., Gewenlock, A. and Bell, M. (1980). Practi-
cal Clinical Biochemist 5th Ed. In: William, H.
Medical Books. Ltd, London., 741- 897.

Wunthunyarat, W., Seo, H.S. and Wang, Y.J. (2020).
Effects of germination conditions on enzyme
activities and starch hydrolysis of long-grain
brown rice in relation to flour properties and
bread qualities. J. Food Sci. 85, 349-357.
doi: 10.1111/ 1750-3841.15008

Food Technology Research Journal, Vol. 9, issue 1, 40-58, 2025
Published under CC BY 4.0 — reuse permitted with attribution. https://creativecommons.org/licenses/by/4.0



