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ABSTRACT: 

Barley (Hordeum vulgare, L.) is the world's fourth most significant cereal crop, following wheat, rice, 

and maize. It is reasonably priced and contains the most dietary fiber of any cereal, which may benefit metabolic 
syndrome. This study looked at the effects of germinated and non-germinated barley on diabetes in rats induced 
with alloxan. A total of 36 rats were divided into six major groups of six rats each: A healthy group and a diabeIc 
group, which were divided into five experimental subgroups: the first was diabeIc and untreated, the second and 
third were diabeIc and treated with 5 and 10% and non-germinated barley, the fourth and fiNh group were diabeIc 
and treated with 5 and 10% germinated barley. The treatment lasted four weeks. The results demonstrated a 
considerable improvement in blood glucose levels in the groups treated with germinated and non-germinated 
barley compared to the untreated diabeIc group. The treated groups also improved their lipid profiles, with lower 
levels of triglycerides and total cholesterol, indicaIng a good influence on metabolic performance. Furthermore, 
liver and kidney funcIons improved significantly in the groups treated with germinated and non-germinated barley, 
as demonstrated by lower serum liver acIvity levels. This indicates that barley in the diet improves health outcomes 
and increases food palatability. This suggests that barley could be a useful dietary strategy for diabetes prevenIon 
and therapy.  
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1. INTRODUCTION 
 
Diabetes mellitus (DM) is a major metabolic 
condi5on characterized by hyperglycemia and 
decreased insulin secre5on. The disease's 
progressive form is associated with ketosis, 
proteinuria, and a variety of comorbidi5es 

such as re5nopathy, nephropathy, neuropathy, 
and peripheral vascular insufficiencies, all of 
which can lead to limb amputa5on (1). It is the 
most common endocrine illness in the world, 
affec5ng about 285 million people. If not 
controlled, the number of affected individuals 
is predicted to approach 333 million by 2025 

https://mkas.journals.ekb.eg/
https://portal.issn.org/resource/ISSN/2735-5934
https://portal.issn.org/resource/ISSN/2735-590X
mailto:emad.elkhouli@hec.menofia.edu.eg


JHE, Volume, 35, Apr (2), Page 131-149   El-Kholie et al., 2025 

Copyrights @ Faculty of Home Economics 
Menoufia University, Shibin El Kom, Egypt 

- 132 - 

(2). Various studies have shown that 
func5onal diets and herbal medicines can 
effec5vely manage diabetes and reduce its 
consequences (3).  
Cereals and their deriva5ves are important 
nutri5onal components because of their high 
carbohydrate content, which provides energy 
needed to the body. Germina5on ac5vates 
endogenous enzymes like protease, amylase, 
and lipase, which improves the nutri5onal 
quality of these grains (4). Furthermore, 
germinated cereals are rich in bioac5ve 
chemicals, including polyphenols, gamma-
aminobutyric acid (GABA), flavonoids, and 
tannins, which have an5oxidant 
characteris5cs and reduce the risk of 
noncommunicable diseases such as diabetes, 
cardiovascular disease, and obesity (5, 6 and 
7). Germina5on changes the physical, 
chemical, textural, and sensory quali5es of 
grains, making them more appealing and 
boos5ng their use in processed food products 
such as snacks, bakery items, and non-dairy 
beverages (8).  
Barley (Hordeum vulgare, L.) is the world's 
fourth most important cereal crop, with the 
highest concentra5on of dietary fiber; its malt 
is u5lized in func5onal meals. Regular 
consump5on of whole grain barley and its 
hydroalcoholic extract, rich in phytochemicals 
including flavonoids, β-glucan, tocols, lignans, 
phytosterols, phenolic acids, and folate, has 
been linked to a lower risk of chronic diseases 
like cancer, obesity, cardiovascular disease, 
and diabetes, etc.) (9). Germinated seeds can 
improve the condi5on of blood vessels and 
reduce the development of heart diseases 
(10). This is mostly due to saponarin, a 
flavonoid present in immature barley leaves 
(11). Furthermore, barley is high in 
magnesium, which serves as a cofactor for 
over 300 enzymes, including those involved in 
glucose metabolism and insulin produc5on. 
Studies have indicated that regular ea5ng of 
whole grains can reduce the incidence of type 
2 diabetes by 31%, emphasizing the benefits 
of whole grains in encouraging healthy blood 

sugar control (12). Furthermore, studies have 
discovered that ea5ng whole grain barley can 
help manage blood sugar levels for up to 10 
hours aber inges5on (13). Barley seeds are 
great sources of soluble fiber, and their 
beneficial benefits on metabolic syndrome, 
lipid metabolism, and gastrointes5nal 
func5on are well recognized (14).  
High viscosity of water-soluble dietary fibers, 
especially β-glucan, causes delayed diges5on 
and absorp5on of nutrients (15).  Barley has a 
lower glycemic index (GI) and a suppressive 
effect on postprandial blood glucose increase 
because of its higher fiber content compared 
to white rice (16, 17 and 18).  The an5oxidant 
quali5es of phenolic compounds contained 
barely add to their nutri5onal value and may 
improve its preven5ve benefits against 
chronic diseases by neutralizing reac5ve 
oxygen species, which are frequently raised in 
diabe5cs. Barley can help lower serum glucose 
levels in diabe5c rats, confirming its poten5al 
as a dietary interven5on for managing 
diabetes-related problems (19). Therefore, 
the purpose of this study was to determine 
how different doses of 5% and 10% powdered 
non-germinated and germinated barley 
affected diabe5c male albino rats. 
 
2. MATERIAL AND METHODS 
 
2.1. Materials 
2.1.1. Source of barley  
Barley was acquired in local markets in Shebin 
El-Kom, Menoufia Governorate, Egypt. 
 
2.1.2. Chemicals  
Alloxan was received from SIGMA (USA) to 
develop diabetes mellitus in rats. El-
Gomhoriya Company for Trading Drugs, 
Chemicals, and Medical Instruments in Cairo, 
Egypt supplied casein, vitamin mixture, salt 
combina5on, cellulose, L-Cys5ne, choline 
chloride, and methanol. Gamma Trade 
Company, situated in Cairo, Egypt, provided 
biochemical examina5on kits. 
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2.1.3. Experimental animals 
The Medical Animal  Research Ins5tute in 
Dokki, Cairo, Egypt provided 36 mature male 
albino rats of the Sprague-Dawley strain, 
weighing 150 ± 10 grams each. 
 
2.1.4. Baladi bread ingredients: 
Wheat flour (82% extrac5on), sodium chloride 
and ac5ve dry yeast were obtained from local 
market, Cairo, Egypt. 
 
2.2. Methods 
 
2.2.1. Preparation of germinated barley 
Aber removing the broken grains, dust, and 
contaminants, the grains were cleaned with 
0.7% sodium hypochlorite before soaking in 
dis5lled water at room temperature for 12 
hours with a grain-to-water ra5o of 1:4. The 
grains were then dispersed on wet gauze in 
plas5c baskets. Gauze cloths help to minimize 
contamina5on while also allowing oxygen to 
reach germina5ng grains. The grains are 
germinated at 25 ±3°C for 72 hours. 
Germinated grains were sprayed with dis5lled 
water on a frequent basis to maintain them 
moist before and aber soaking. Aber that, the 
germinated plants were air dried for 48 hours 
before being processed. The dried germinated 
barely (GB) was processed 5ll powdery using 
an electric mill and then passed through sieves 
(sibers) with 2 mm pores. The sample was 
stored at 4 ◦C for analysis before being used in 
the experiment. Finally, grains were weighed 
prior to germina5on, as described by (20).   
 
2.2.2. Preparation of Baladi bread: 
Baladi bread was prepared and processed 
according to the method described by (21). 
The recipe for the Baladi bread was 1 kg wheat 
flour or its blends mixed with other 
ingredients including 1.5% ac5ve dry yeast, 
1.5% sodium chloride and 700 ml water.  The 
mixture is well mixed in mixer (250rpm) for 
20min. The dough was leb to ferment  

(15min./30 °C/85% rela5ve humidity), then 
divided into pieces (160g). Each piece of bread 
was laid on wooden board previously covered 
with a fine layer of bran and leb to ferment 10-
15 min. at the same men5oned temperature 
and rela5ve humidity. The fermented dough 
pieces were flalened to about 20cm 
diameter. The flat loaves were proved at 380-
400 °C for 1-2 min. in electric oven. Bread 
loaves were allowed to cool at room 
temperature before chemical and sensory 
evalua5on. Wheat flour was replaced with un-
germinated and germinated oats flour at the 
level of 0, 2.5, 5.0, 10.0 and 20.0% for giving 
the replacement Baladi bread.     
 
2.2.3. Identification and quantification 
of non-germinated and germinated 
barely flour phenolic compounds by 
HPLC 
With a few minor changes, the phenolic acid 
content of each extract was measured using 
an HPLC system in accordance with (22) 
technique. The analy5cal column u5lized was 
an Agilent Technologies ODS column (5 μm, 
4.6 mm × 250 mm, Santa Clara, CA, USA). A 
gradient elu5on was performed using solvents 
A (water containing 0.1% (v/v) ace5c acid) and 
B (acetonitrile containing 0.1% (v/v) ace5c 
acid). This was the gradient program: The 
gradients are as follows: 0-2 min, 92-90% A in 
B; 2-27 min, 90-70% A in B; 27-50 min, 70-10% 
A in B; 50-51 min, 10-0% A in B; 51-60 min, 0% 
A in B (isocra5c); and 60-70 min, 0-92% A in B.  
The injec5on volume was 20 μL, and the flow 
rate was constant at 1 mL/min. At 280 nm, the 
UV detector was calibrated. Standard phenolic 
compounds are produced in HPLC-grade 
methanol. Standard curves were generated by 
injec5ng varying amounts of the phenolic acid 
standard into the HPLC system, allowing the 
phenolic acid levels to be quan5fied. Each 
peak area was compared to a standard peak 
area for verifica5on, and the presence of 
standard phenolic acids in the samples 
confirmed the peaks. The total phenolic acid 
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content was calculated by summing the values 
of each individual phenolic acid component. 
 
2.2.4. Biological experiment 
Ethical Approval  
All animal tests were authorized by the Animal 
Care and Use Commilee of the Faculty of 
Home Economics at Menoufia University in 
Shebin El-Kom, Egypt. (Approval No. 
(MUFHE/NFS/40/24). 
 
2.2.5. Preparing for the basal diet (BD) 
The final cons5tuents of the standard diet are 
(10%) protein, (10%) maize oil, (1%) vitamin 
combina5on, (4%) minerals combina5on, 
(0.20%) choline chloride, (0.3%) methionine, 
(5%) cellulose, and maize starch make up the 
final ingredients, according to (23). 10% of the 
rats' diet used to be supplemented with a 
for5fied cake containing varying quan55es of 
byproducts instead of maize starch.  
 
2.2.6. Induction of diabetes mellitus. 
According to (24), an injec5on of alloxan at a 
dose of 150 mg/kg rat weight caused long-
term damage to pancrea5c beta cells in 
normal and healthy rats. 
 
2.2.7. Experimental design  
All rats were given a baseline diet for a week. 
Aber the adapta5on phase, six groups of six 
rats each were created. The first group of rats 
acted as a nega5ve control (-ve), while the 
other five groups were each given a single 
intraperitoneal alloxan dose (150 mg/kg body 
weight) to induce diabetes; one group was 
kept as a posi5ve control (+ve), and four 
diabe5c groups were treated with 5% and 10% 
germinated and non-germinated barley. 
 
2.2.8. Collecting blood samples  
Aber a 12-hour fast, the rats were slain at the 
conclusion of the experiment. Blood samples 
from the portal vein were obtained using dry, 
sterile centrifuge tubes. The blood was 

centrifuged for 10 minutes at 3000 rpm to 
extract the serum. While they were awai5ng 
chemical analysis, serum samples were kept at 
-20°C (25).  
 
2.2.9. Biochemical analysis  
2.2.9.1. Blood glucose 
Blood glucose levels were tested using (26) 
technique. 
 
2.2.9.2. Serum lipid profile 
Triglycerides were assessed using the 
methodology described by (27). The total 
cholesterol was found to be (28). Using (29) 
methodology, the levels of HDL (high-density 
lipoprotein) cholesterol were ascertained. The 
following formulas were used to iden5fy low-
density lipoprotein (LDL) and very-low-density 
lipoprotein (VLDL): VLDL cholesterol = 
triglycerides / 5 (30). The AI (atherogenic 
index) was computed using the method 
provided by (31).   
 
2.2.9.3. Liver function markers 
The ALP (alkaline phosphatase) concentra5on 
was calculated using the (32) method. (33) 
measured ALT (alanine aminotransferase) 
levels, while (34) described a method for 
detec5ng AST (aspartate aminotransferase) 
levels. 
 
2.2.9.4. Determination of serum 
protein fractions: total protein and 
albumin 
The total protein was detected using the 
techniques described by (35 and 36). Albumin 
levels were determined using the (37) 
technique using Boehringer kits.  
 
2.2.9.5. Kidney function 
The serum crea5nine, urea, and uric acid 
levels were measured using the procedures 
described by (38, 39 and 40) consecu5vely. 
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2.2.10. Sensory evaluation of bread  
Bread samples were produced using the 
standardized methods described by (41). 
Fibeen Par5cipants who par5cipated from 
Menoufia University's Department of 
Nutri5on and Food Science, Faculty of Home 
Economics, took part in the bread sensory 
evalua5on. Panelists evaluated samples based 
on taste, flavor, color, appearance, texture, 
compressibility, and overall acceptability. 
Water was supplied to cleanse the palate in 
between samples. Bread samples were served 
on round, coded white plates. A 1-10 ra5ng 
system was used, with 10 deno5ng "excellent" 
and 1 indica5ng "dislike greatly". The 
evalua5ons were carried out two hours aber 
baking. The sensory examina5on was 
conducted in a well-lit controlled sensory 
evalua5on laboratory at 25°C. 
 
2.2.11. Sta(s(cal analysis 
The data were analyzed using one-way ANOVA 
with SPSS sta5s5cal sobware. The data are 
provided as mean ± SD (standard devia5on). 
Sta5s5cal significance between groups was 
considered at p < 0.05 (42). 
 
3. RESULTS AND DISCUSSION 
 
Iden5fica5on of phenolic acids in both 
germinated and non-germinated samples by 
HPLC. 
Table (1) shows the phenolic chemicals 
contained in non-germinated and germinated 
scarcely as assessed using an HPLC method. 
The obtained results showed that catechin, 
ferulic acid, and -epicatechin were the most 
abundant phenolic components detected in 
non-germinated scarcely, with corresponding 
readings of 52.73, 28.74, and 17.59 mg/100g. 
Gallic acid, p-coumaric acid, and vanillic acid 
have the lowest quan55es of phenolic 
components in non-germinated barely. The 
quan55es were 2.88, 3.33, and 5.62 mg/100 
g, respec5vely.  
 Conversely, the highest amounts of phenolic 
compounds detected in germinated barely 

were catechin, ferulic acid, and -epicatechin, 
with values of 64.28, 33.14, and 20.13 
mg/100g, respec5vely. In contrast, gallic acid, 
p-coumaric acid, and vanillic acid have the 
lowest quan55es of phenolic components in 
germina5ng barely. The levels were as follows: 
3.90, 3.91, and 5.71 mg/100g. Chlorogenic 
acid and p-hydroxybenzoic acid were not 
detected under these condi5ons. The data 
also showed that the germinated method 
resulted in more phenolic chemicals than the 
ungerminated. These findings are consistent 
with those of (43), who reported that when 
employed as an elicitor for barley 
germina5on, chito-oligosaccharide applied at 
10 mg/kg barley kernels during the first 
steeping cycle led to the maximum 
produc5on. 
Furthermore, (5) discovered that germinated 
plants contained minimal quan55es of 
phenolic chemicals.  
The flavonoids and phenolic content of barley 
germinated increased, as did its an5oxidant 
ac5vity (44). Furthermore, the phenolic acid 
content varied substan5ally during 
germina5on, and germinated barley 
demonstrated high ac5vity in the removal of 
free radicals. The results are consistent with 
prior study by (45 and 46), who found that 
germina5on increases phenolic content. This 
rise is related to the enzyma5c hydrolysis 
process, which produces phenolic chemicals in 
addi5on to lignin and arabinoxylase.  
 
Table (1) Chromatographic quanCficaCon of 
phenolic acids in non-germinated and 
germinated barley 

Phenolic compounds 
Un-

germinated 
(mg/100g) 

Germinated 
(mg/100g) 

Gallic acid 
(-)-Epicatechin 
Vanillic acid 
P-coumaric 
Chlorogenic acid 
Synergic acid 
Ferulic acid 
Protocatechuic acid 

34.79 
17.59 
5.62 
3.44 

91.39 
6.83 

28.74 
8.95 

347.93 
20.13 
5.71 
3.91 

913.94 
68.34 
33.14 
10.15 
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Following germina5on, total phenolic and 
total flavonoid levels increased by 11.1% and 
87.6%, respec5vely. Furthermore, barley 
sprouts are differen5ated by their high 
saponarin content, a flavonoid-C-glycoside 
with strong an5oxidant effects. These sprouts 
are also high in policosanol, polyphenols, vital 
minerals, and free amino acids, which boosts 
their nutri5onal value (10 and 47).  
The data in Table (2) show how varying 
quan55es of non-germinated and germinated 
barley powder altered diabe5c rats' serum 
glucose levels. The diabetes control group had 
considerably higher glucose levels (P≤0.05) 
compared to the healthy control group, which 
were normal. Diabe5c rats fed 10% 
germinated barley powder had the lowest 
glucose levels, while those fed 5% non-
germinated barley powder had considerably 
higher levels (P≤0.05). When compared to the 
diabe5c control group, those who ate 10% 
germinated barley powder had the lowest 
serum glucose levels. Both germinated and 
non-germinated barley have a good impact on 
blood glucose levels due to their high 
presence of soluble fibers, such as beta-
glucan, which slows sugar absorp5on in the 
diges5ve tract, lowering post-meal blood 
glucose increases. Germina5on also raises the 
quan55es of bioac5ve substances such as 
phenols and flavonoids, which boost 
an5oxidant ac5vity and contribute to beler 
insulin sensi5vity. 
The effect of barley on blood glucose levels in 
diabe5c rats is an important area of research, 
especially in terms of trea5ng diabetes-related 
comorbidi5es such as renal impairment. (48) 
studied the hypoglycemic, hypolipidemic, and 
an5oxidant effects of barley in diabe5c rats 
and discovered a significant drop in fas5ng 
blood glucose levels as well as improvements 
in the lipid profile. This demonstrates that 
barley has a variety of applica5ons in diabetes 
management. They also discovered that rats 
fed barley-enriched bread had significantly 
lower serum glucose levels compared to the 
control group. This supports the no5on that 

barley could be a useful dietary interven5on 
for regula5ng blood glucose in diabetes 
pa5ents. Furthermore, it was discovered that 
barley therapy resulted in reduced fas5ng 
blood glucose levels compared to other 
treatment groups, highligh5ng its poten5al for 
controlling blood sugar levels in diabe5c mice 
(49). Overall, these findings indicate that 
integra5ng barley into the diet could be a 
feasible method for improving blood glucose 
control and possibly improving kidney 
func5on outcomes in diabe5cs. 
Barley's ability to lower blood glucose levels 
can be related to its influence on glucose 
u5liza5on and glycemic responses, which are 
regulated by components such as β-glucan 
and the amylose/amylopec5n ra5o (50). 
Furthermore, barley's an5oxidant and 
detoxifying quali5es serve to reduce oxida5ve 
stress and remove toxins from the body, which 
may aid in diabetes management (51).  Barley 
leaf phytochemicals also provide health 
benefits, such as an5-inflammatory, immune-
boos5ng, and an5oxidant capabili5es. 
Research suggests that combining 
arabinoxylan with β-glucan can increase the 
release of GLP-1, a hormone used to manage 
type 2 diabetes, via short-chain faly acids 
(SCFAs) produced during barley ea5ng (52).  
In rats with type 2 diabetes, soluble fibers 
from barely effec5vely lowered postprandial 
blood glucose levels, enhanced insulin 
sensi5vity, and helped with weight loss (53). 
Propionic acid, which has been associated to 
improved glucose management and insulin 
response, was caused by arabinoxylan 
promo5ng Akkermansia growth in the 
stomach (54). (55) discovered that 
arabinoxylan and β-glucan boost the growth 
of butyrate-producing bacteria, leading to 
increased gut microbiota diversity and 
poten5al metabolic health benefits. (56) 
discovered that barley consump5on lowered 
postprandial glucose and insulin levels, 
implying that barley may help prevent the 
onset of diabetes by modera5ng metabolic 
dysregula5on. 
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The data in Table 3 show how varying amounts 
of non-germinated and germinated barley 
powder affect blood lipid levels in diabe5c 
rats. The healthy group had normal levels of 
total cholesterol, LDL, VLDL, HDL, and 
triglycerides, indica5ng a balanced metabolic 
state. Diabetes nega5vely affects blood lipids, 
as seen by substan5al increases in total 
cholesterol, LDL, VLDL, and triglycerides, as 
well as a decrease in HDL levels (P < 0.05). 
Significant reduc5ons in total cholesterol, LDL, 
and VLDL, as well as a decrease in triglycerides 
and an increase in HDL levels (P < 0.05), were 
found in the treated groups. The group that 

received 10% non-germinated barley powder 
showed the most notable improvement. 
Germinated barley consump5on resulted in 
significant reduc5ons in total cholesterol, LDL, 
and VLDL, as well as an increase in HDL levels 
(P ≤ 0.05), demonstra5ng its effec5veness in 
improving blood lipid profiles. Both 
germinated and non-germinated barley were 
found to improve blood lipid profiles in 
experimental rats. This benefit is likely owing 
to their high fiber content, notably β-glucan, 
which reduces cholesterol levels and 
modulates lipid metabolism, encouraging 
beler cardiovascular health. 

 
Table (2) Effect of non-germinated and germinated barley powder on glucose level of diabeCc rats 

G6 (10% 
Germinated 

barley 
powder) 

G5 (5% 
Germinated 

barley 
powder) 

G4 (10% non-
germinated 

barley 
powder) 

G3 (5% non-
germinated 

barley 
powder) 

G2 C (+) G1 C (-) 

                        Groups 
 
 
Parameters 

123.7cd±12.3 136.2c±13.6 151.2bc±15 168.2b±16.8 240.2a±23.5 101.7d±10 Mean±SD Glucose 
mg/dl 21.62 33.85 48.67 65.35 136.06 - %of change 
The findings are shown as mean ± SD. According to a one-way ANOVA and Duncan's test, different superscript leBers (a, b, c, d, and e) denote 
staFsFcally significant differences (p < 0.05) across treatment groups. G1 C (-) Healthy Control Group, G2 C (+) DiabeFc Control Group, G3 5% Non-
Sprouted Barley Group: Rats fed 5% non-sprouted barley, G 4 10% non-germinated Barley Group: Rats fed 10% non-germinated barley, G5 5% 
Sprouted Barley Group: Rats fed 5% germinated barley, G6 10% Sprouted Barley Group: Rats fed 10% germinated barley. 
 

When a high-fat sucrose diet created with 
refined wheat flour was compared to one with 
whole grain barley, rat and mouse models 
showed significant decreases in fat 
accumula5on (57 and 58). Randomized 
double-blind human trial demonstrated that 
barley rich in β-glucan effec5vely reduced 
visceral fat area, BMI, and waist circumference 
in obese Japanese subjects over 12 weeks  (59) 
discovered that hamsters fed with 8 g/100 g of 
β-glucan from barley or oats had lower aor5c 
cholesterol and higher neutral fecal 
cholesterol. Soluble β-glucan, found in barley 
or oat seeds, may help lower cholesterol by 
increasing intes5nal viscosity and slowing fat 
absorp5on. Furthermore, β-glucan binds to 
bile acids and promotes their excre5on, 
causing the body to replenish cholesterol. 
Tocopherol and tocotrienol have also been 
demonstrated to lower cholesterol levels, 
giving further benefits in the preven5on and 
treatment of cardiovascular disease and 
cancer when consumed in a balanced diet. 

Barley is a high-fiber, low-fat, whole-grain 
cereal with a low energy density, which is 
consistent with the recommenda5ons for a 
low-calorie, high-fiber diet for weight 
management (60).  
High blood cholesterol is a significant risk 
factor for cardiovascular disease (61). 
Consuming more soluble fibers, including β-
glucan, can lower LDL-C levels by 5-10% (62). 
Consuming barley β-glucan has consistently 
been associated with sta5s5cally significant 
decreases in total cholesterol and LDL-C in 
78% of 19 study arms (63). Quinoa that has 
been germinated may be a potent 
nutraceu5cal therapeu5c op5on for the 
treatment of hypercholesterolemic rats (64).  
Addi5onally, barley has been proven to 
improve lipid profiles in obese rats.  
 High-fat diets normally raise cholesterol and 
triglyceride levels, however barley 
supplementa5on has been shown to lower 
blood cholesterol and triglycerides 
significantly (48). This underlines barley's 
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poten5al to improve lipid metabolism and 
cardiovascular health in diabe5cs (65). Studies 
with diabe5c rat models have indicated that 
barley supplementa5on leads to a reduc5on in 

serum cholesterol, triglycerides, and overall 
improvement  in  lipid  profiles  compared  to  
control groups (66).  

 
Table (3) Effect of non-germinated and germinated barley powder on serum lipid profile of diabeCc rats 

G6 (10% 
Germinated 

barley 
powder) 

G5 (5% 
Germinated 

barley 
powder) 

G4 (10% non-
germinated 

barley 
powder) 

G3 (5% non-
germinated 

barley 
powder) 

G2 C (+) G1 C (-)                       Groups  
 
 
Parameters 

94bc ±9.5 106bc ±10.55 112b ±11.1 144a ±14.25 157a ±15.7 86.5c ±8.6 Mean ±SD TC 
mg/dl 8.67 22.54 29.47 66.47 -81.50 - %of change 

83.1cd ±8.3 100.5bc ±10 112.6b ±11.2 135a ±13.44 141a ±14.45 76.6d ±7.8 Mean ±SD TG 
mg/dl 8.48 31.20 46.99 76.24 84.07 - %of change 

48ab ±4.6 45.5ab ±4.5 40.47bc ±3.6 37.6c ±3.7 29.6d ±2.8 52.1a ±5.2 Mean ±SD HDL-C 
mg/dl -7.86 -12.66 -22.32 -27.83 -43.18 - %of change 

29.6d ±2.85 40.89c ±3.99 49.65c ±4.89 79.39b ±7.6 99.33a ±9.9 19.2d±1.88 Mean ±SD LDL-c 
mg/dl 54.166 112.96 158.59 313.48 417.34 - %of change 

16.67cd±1.59 20.16bc ±1.9 22.46b±2.3 27a ±2.7 28.3a ±2.7 15.36d ±1.5 Mean ±SD VLDL-c 
mg/dl 8.52 31.25 46.22 75.78 84.24 - %of change 

0.96± 1.34± 1.78± 2.82± 4.31± 0.66± Mean ±SD AI 
45.38 102.26 168.74 326.69 550.34 - %of change 

Results are reported as mean ± SD. Using a one-way ANOVA and Duncan's test, significant differences (p < 0.05) between treatment groups were 
idenFfied. Significant differences between group means are indicated by different lowercase leBers (a, b, c, d, and e). TC, LDL-C, VLDL-C, HDL-C, TG, 
and AI indicate total cholesterol, low-density lipoprotein cholesterol, very low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, 
triglycerides, and atherogenic index (TC/HDL-C), respecFvely. 
 

Table 4 shows the effect of varying amounts of 
non-germinated and germinated barley 
powder on liver func5on in diabe5c rats. The 
healthy group had normal levels of ALT, AST, 
and ALP enzymes, indica5ng proper liver 
func5on. The diabe5c group had significantly 
higher levels of ALT, AST, and ALP (P < 0.05), 
demonstra5ng liver stress and diabetes' 
deleterious impact on liver func5on. Non-
germinated barley treatment resulted in a 
significant decrease in enzyme levels 
compared to the diabe5c group (P ≤ 0.05). The 
group that consumed 10% non-germinated 
barley powder showed the greatest 
improvement, indica5ng its ability to alleviate 
liver stress.  Germinated barley treatment 
significantly improved liver enzyme levels (ALT, 
AST, and ALP), with the group consuming 10% 
germinated barley powder showing the best 
results in reducing these enzyme levels (P ≤ 
0.05), indica5ng its effec5veness in improving 
liver health and mi5ga5ng the nega5ve impact 
of diabetes on liver func5on. Both germinated 

and non-germinated barley can improve liver 
func5on in experimental rats because they 
include bioac5ve substances such 
polyphenols, vitamins, and minerals. These 
substances assist minimize oxida5ve stress 
and boost metabolic processes, enhancing the 
liver's ability to cleanse and sustain its normal 
ac5vi5es. 
Raised levels of AST have been linked to liver 
dysfunc5on in studies; however, it is crucial to 
note that this enzyme can also be raised in 
disorders affec5ng other organs such as the 
heart or muscles. Research on the poten5al 
benefits of barley, par5cularly germinated 
barley (GB), has yielded promising results in 
diabe5c rats in terms of liver protec5on. For 
example, therapy with GB in rats with hepa5c 
steatosis was observed to improve hepatocyte 
func5on and reduce inflamma5on (10). The 
glucoregulatory effects of beta-glucans found 
in barley have been iden5fied as beneficial to 
liver health, par5cularly in allevia5ng damage 
induced by high-fat diets (67). Supplemen5ng 
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with highland barley β-glucan reduced blood 
ALT and AST levels in male C57BL/6 mice fed a 
Western-style diet with sugar-sweetened 
water, indica5ng improvements in liver 
enzyme markers (68). (69) Found that 
introducing germinated barley into a high-fat 
diet effec5vely reduced liver damage, 
improved lipid profiles, and even altered liver 
structure in rats. In addi5on, it was discovered 
to lower hepa5c inflamma5on and 
downregulate par5cular proteins involved in 
liver injury, such as SDC1, in liver 5ssue. 
Barley fibers have also been demonstrated to 
improve liver func5on by boos5ng HDL 
cholesterol and lowering blood 
malondialdehyde levels. According to (52), 
barley may have an5oxidant and 
cardioprotec5ve capabili5es comparable to 
those seen in β-glucan. To address the 
nutri5onal issues provided by grains, the 
process of germina5on (or sprou5ng) has 
arisen as a novel strategy to improve their 
func5onal and nutri5onal proper5es. 
Germinated cereals and pulses, especially 
barley, provide important amino acids and 
other bioac5ve chemicals that have been 
related to benefits in metabolic illnesses such 
as diabetes (70 and 71).         Furthermore, 
polyphenols present in germinated cereals 
serve to protect against oxida5ve stress by 
providing an5oxidant ac5vity, which may help 
prevent chronic diseases (72 and 73). As a 
result, the demand for germinated cereal-
based func5onal foods has grown, with barley 
sprouts being used in a number of processed 
products such as snacks, bakery items, and 
non-dairy beverages (8).  
Barley and wheat grasses enhanced liver 
markers. Daily inges5on of barley grass 
powder improves liver func5on and immunity; 
lowers cholesterol and weight; has an5cancer 
and an5-inflammatory proper5es; and helps 
prevent heart disease (74).  Saponarin-rich 
barley sprouts protect the liver by decreasing 
the inflammatory response to alcohol use 
(10). Saponarin showed an5oxida5ve and 
hepatoprotec5ve effects against CCl4-induced 

liver injury in vitro and in vivo (75). Barley 
sprout extract protects liver cells from 
oxida5ve stress by ac5va5ng nuclear factor 
erythroid 2-related factor 2 (Nrf2) and 
increasing glutathione synthesis, inhibi5ng 
glutathione deple5on and hepa5c lipid 
buildup, lowering serum biochemical 
indicators of liver injury, and suppressing 
inflammatory responses (49). Treatment of 
barley grass raised the total protein and 
albumin levels in rats' serum. Increased 
protein levels could be alributed to phenols 
found in barley grass, which have successfully 
prevented cell membrane damage (76). The 
consump5on of barley grass extract boosted 
total protein to near-normal levels (77). 
Table 5 shows the effect of various 
concentra5ons of non-germinated and 
germinated barley powder on kidney func5on 
in diabe5c rats, including crea5nine, urea, and 
uric acid levels. Diabetes nega5vely affects 
kidney func5on, as seen by significant 
increases in crea5nine, urea, and uric acid 
levels (P < 0.05). Treatment with non-
germinated barley significantly improved 
crea5nine, urea, and uric acid levels compared 
to the diabe5c group (P < 0.05), with 
substan5al differences across the groups. The 
group that received 10% non-germinated 
barley showed the greatest improvement. The 
group that consumed 10% germinated barley 
showed the most significant reduc5ons in 
crea5nine, urea, and uric acid levels (P ≤ 0.05), 
indica5ng its effec5veness in improving kidney 
func5on and mi5ga5ng the nega5ve effects of 
diabetes. Both germinated and non-
germinated barley significantly improved 
renal func5on in experimental rats. This 
impact is thought to be generated by its 
an5oxidant and an5-inflammatory 
characteris5cs, as well as its fiber and mineral 
content, which assist support kidney 5ssue 
health and prevent damage caused by 
oxida5ve stress.  
Studies on the effects of barley and related 
dietary interven5ons in diabe5c animal 
models highlight barley's promising role in 
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blood glucose management. This data imply 
that incorpora5ng barley into the diet could 
provide significant benefits for blood glucose 
control, perhaps improving kidney func5on 
outcomes in diabe5c pa5ents. Specifically, 
inves5ga5ons examining renal func5on in 
diabe5c rats by measuring crea5nine and urea 

levels following barley supplementa5on have 
yielded interes5ng results. The diabe5c 
control group had increased levels of urea and 
crea5nine, indica5ng compromised kidney 
func5on. In contrast, rats given barley 
interven5ons had urea and crea5nine levels 
comparable to the normal control group (48).

 
Table (4) Effect of non-germinated and germinated barley powder on liver funcCons of diabeCc rats 

G6  
(10% 

Germinated 
barley 

powder) 

G5  
(5% 

Germinated 
barley 

powder) 

G4  
(10% non-

germinated 
barley 

powder) 

G3  
(5% non-

germinated 
barley 

powder) 

G2  
C (+) 

G1  
C (-) 

                               Groups 
 
 
 
Parameters 

51.3d±4.99 57.4cd±5.7 67.6bc±6.7 71.5b±7.1 95.5a±9.49 46.4d±4.65 Mean ±SD ALT 
U/L 10.56 23.70 45.68 54.09 105.81 - %of change 

38.15cd±3.7 40.48cd±3.9 45.08c±4.47 54.2b±5.4 76.1a ±7.6 32.5d±3 Mean ±SD AST 
U/L 17.38 12355.38 38.70 66.76 134.15 - %of change 

31.5d±3 35.4cd±3.5 38.6bc±3.8 42.4b±4 52.3a±5 23.76e±1.8 Mean ±SD ALP 
U/L 32.57 48.98 62.45 78.45 120.11 - %of change 

5.30ab±0.72 5.08ab±0.5 5.05ab±0.5 4.30b±0.43 4.22b±0.40 5.45a±8.2 Mean ±SD Total protein 
 (g/dl) -2.59 -14.28 -7.79 -18.18 -35.06 - %of change 

3.75ab±0.37 3.30ab±0.33 3.55ab±0.35 3.15b ±0.31 2.5c ±0.25 3.85a ±0.38 Mean ±SD Albumin  
(g/dl) -2.75 -6.78 -7.33 -21.1 -22.56 - %of change 
Results are expressed as mean ± SD. StaFsFcal significance among treated groups was established by one-way ANOVA followed by Duncan's test. 
Significant differences (p < 0.05) are indicated by means that have different lowercase leBers (a, b, c, d, and e). ALP stands for alkaline phosphatase; 
ALT for alanine aminotransferase; and AST for aspartate aminotransferase. 
 

These findings imply that barley may have a 
protec5ve effect on kidney func5on in diabe5c 
rats, helping to preserve normal kidney 
indicators such as urea and crea5nine. Thus, 
including barley into diabe5cs' diets may help 
to preserve renal func5on and prevent 
addi5onal difficul5es associated with diabe5c 
nephropathy. Furthermore, several studies 
have shown that barley has the capacity to 
reduce inflamma5on-induced kidney 
impairment in diabetes animals. Barley has 
been demonstrated to target important 
enzymes involved in inflamma5on, including 
ADAM17 and neutral sphingomyelinase. 
Barley may help reduce inflammatory cell 
infiltra5on and proteinuria, mi5ga5ng kidney 
damage and improving overall renal func5on 
(78 and 79). Furthermore, barley consump5on 
has been associated with a reduc5on in 
glomerular lesions, nodular sclerosis in the 
glomeruli, and renal arteriolar lesions, 
indica5ng that it may help to preserve kidney 

structure in diabetes pa5ents.  In addi5on, 
studies have shown that barley has a 
considerable effect on renal func5on markers 
in diabe5c rats. Barley's beneficial 
components, including β-glucan, tocols, and 
resistant starch, have been linked to improved 
kidney health. Barley's high fiber content, 
which is renowned for its involvement in blood 
sugar regula5on, is especially beneficial for 
diabe5cs (80).  
Table 6 shows how subs5tu5ng wheat flour 
with non-germinated and germinated barley 
powder affects the sensory evalua5on of 
bread. The results showed that adding barely 
5% and 10% concentra5ons resulted in 
substan5al varia5ons in major sensory 
quali5es of the bread, such as appearance, 
color, texture, and overall acceptability, 
compared to control samples. It was also 
discovered that adding both non-germinated 
and germinated barley to the bread increased 
the product's sensory alributes, which had a 



JHE, Volume, 35, Apr (2), Page 131-149   El-Kholie et al., 2025 

Copyrights @ Faculty of Home Economics 
Menoufia University, Shibin El Kom, Egypt 

- 141 - 

significant impact on overall acceptance. 
While some consumers no5ced a color change 
that some may find unacceptable at higher 
concentra5ons, this change is acceptable due 
to the significant health benefits they would 
gain from the lower glycemic index and blood 
sugar levels when consuming bread for5fied 
with non-germinated and germinated barley. 
Overall, the sensory evalua5on results showed 
that barley might improve bread quality, and 

customers are likely to embrace it because of 
the health benefits. Both germinated and non-
germinated barely improve bread's sensory 
characteris5cs, including texture, flavor, and 
acceptance. Barley has bioac5ve substances 
such as fiber and an5oxidants, which 
contribute to a sober crumb and a more 
alrac5ve taste, making it an ideal ingredient 
for func5onal bakery products. 

 
Table (5) Effect of non-germinated and germinated barley powder on kidney funcCons of diabeCc rats 

G6 (10% 
germinated 

barley 
powder) 

G5 (5% 
Germinated 

barley 
powder) 

G4 (10% 
non-

germinated 
barley 

powder) 

G3 (5% non-
germinated 

barley 
powder) 

G2 C (+) G1 C (-) 

                           Groups 
 
 
 
Parameters 

33.54c±3.34 35.58bc±3 38.4bc ±4 41.1b ±3.9 50.2a ±5 31.2c ±2.8 Mean ±SD Urea 
mg/dl 7.5 14.03 23.07 31.73 60.89 - %of change 

7bc ±0.69 7.48bc ±0.75 7.96bc ±0.7 8.4b ±0.8 10.35a±0.98 6.5c ±0.6 Mean ±SD Uric acid 
mg/dl 7.69 15.07 22.46 29.23 59.23 - % of change 

0.83d ±0.08 0.94cd ±0.94 1.08c ±0.1 1.35b ±0.12 1.87a ±0.1 0.65e ±0.06 Mean ±SD CreaXnine 
mg/dl 27.69 44.61 66.15 107.69 187.69 - %of change 
Results are reported as mean ± SD. StaFsFcally significant differences (p ≤ 0.05) between treated groups were determined by one-way ANOVA 
followed by Duncan's test. Dissimilar lowercase leBers (a, b, c, d, e) within each row indicate significant differences between group means. 
 

Barley is becoming more widely recognized for 
its func5onal and nutri5onal characteris5cs, 
making it an important ingredient in a variety 
of food products. According to research, 
barley is widely used in human nutri5on, 
notably because of its versa5lity and health 
benefits. When used in various forms, such as 
malt, whole grain, or barley flour, it can 
improve the nutri5onal value of many dishes, 
including bread, soups, and pasta (81). Despite 
its poten5al, human consump5on accounts 
for less than 5% of global barley produc5on, 
with pearl barley, barley flakes, and barley 
flour being the most popular products. Barley 
has the poten5al to drama5cally enhance the 
sensory proper5es of baked foods. For 
example, research has found that adding 
barley, par5cularly malted or germinated 
barley, increases the nutri5onal profile of 
bread and biscuits. Incorpora5ng hulless 
barley into bread and biscuits also boosts fiber 
content, decreases the glycemic index, and 
provides addi5onal flavor benefits. Cookies 

have also been flavored with barley malt, 
which is a healthier alterna5ve to typical 
sweets. Although barley-based breakfast 
cereals, such as flakes, require addi5onal 
seasoning to increase flavor, they are regarded 
as a beneficial supplement to the diet due to 
their high fiber content and poten5al health 
advantages (82).  
Barley has a tremendous impact on the 
texture and overall quality of many food 
products. Arabinoxylan, a major component 
isolated from brewer's lebover grain, has been 
found to alter viscosity in bread and bakery 
goods, poten5ally improving their texture and 
structure (83). Furthermore, barley 
arabinoxylan lowers the glycemic index of 
foods, which is par5cularly beneficial to 
diabe5cs, by enhancing the bulk and binding 
quali5es of the dough (84 and 85). This feature 
is also useful for crea5ng low-calorie, high-
fiber breads and pastas. Furthermore, barley 
arabinoxylan has been proven to improve the 
texture and enjoyment of snack products like 
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bars and chips by boos5ng fiber content and 
inducing sa5ety, which can help with weight 
control (86 and 87). Barley's ability to improve 
food texture extends beyond baked items to a 
wide range of other food categories, including 
beverages, snacks, and dairy replacements. 
Barley-based beverages, including barley 
water and barley tea, are becoming 
increasingly popular as pleasant and healthful 
alterna5ves to typical beverages (88). 
Furthermore, barley is increasingly being 
u5lized to make plant-based dairy alterna5ves 
such as barley milk and barley yogurt, which 
give a nutri5ous and sustainable choice for 
dairy-free diets (89). Furthermore, barley 

fermenta5on improves its flavor, aroma, and 
nutri5onal value by increasing the growth of 
beneficial bacteria and enzymes, which 
contribute to enhanced gut health and 
poten5al probio5c health benefits (90).  
The use of barley in culinary products also 
includes convenient snack op5ons. Barley-
based snack foods, such as roasted barley 
chips and crackers, have a crunchy texture and 
savory flavor, making them a popular choice 
among consumers looking for healthful, guilt-
free snacks (91 and 92). These items are 
frequently promoted as gluten-free and whole 
grain, which appeals to health-conscious 
customers. 

 
Table (6) Sensory evaluaCon of bread made with varying amounts of germinated and non-germinated 
barley instead of wheat flour 
 Control 5% 

germinated 
Barley 

10% 
germinated 

Barley 

5% non-
germinated 

Barley 

10% non-
germinated 

Barley 
Calor 9.64a±0.49 9.5ab±0.75 9.40ab±0.93 9.39ab ±0.8 9.00b ±0.91 
Flavor 9.60a±0.73 9.39ab±0.90 8.75abc±1.0 8.10c±1.6 8.85abc±1.0 
Taste 9.71a±0.72 9.25abc± 0.97 8.78abcd±101 8.30cd±1.0 8.25d±1.5 
Texture 9.85a±0.36 9.39ab±0.80 9.2ab±0.89 9.17ab±1.0 9.0ab±0.95 
Compressibility 9.96a±0.13 9.39ab±1.59 9.32ab±0.82 9.00b±1.14 8.96b ±1.0 
Appearance 9.92a±0.26 9.32ab±0.74 9.32ab±0.82 9.17ab ± 1.26 9.14b±0.96 
Softness 9.92a±0.18 9.5ab±0.45 9.42ab±0.91 9.32ab ±0.95 9.25ab±0.95 
Overall acceptability 9.75a±0.42 9.35a±0.63 9.21a±0.84 9.10a±0.85 9.00a±1.37 
Results are expressed as mean ± SD. The Duncan's test and one-way ANOVA were used to idenFfy staFsFcally significant differences (p ≤ 0.05) 
between the treated groups. Significant differences between treatment means are indicated by different lowercase leBers (a, b, c, d, and e) in each 
row. 
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The control group consisted of wheat flour, 
while the germinated and  non-germinated 
barley groups were supplemented with 5% 
and 10% barley, respec5vely, by replacing 
wheat flour. Image 1 shows the control group, 
Image 2 shows 5% non-germinated barley, 
Image 3 shows 10% non-germinated barley, 
Image 4 shows 5% germinated barley, and 
Image 5 shows 10% germinated barley. 
 
4. CONCLUSION 
 
Barley is a versa5le grain with benefits that 
extend beyond its conven5onal culinary uses. 
In experimental animals, both germinated and 
non-germinated barley lowered blood glucose 
and cholesterol levels and improved liver and 
kidney func5ons. Barley's rich nutri5onal 
value, including dietary fibers like β-glucan, 
minerals, and vitamins, makes it an excellent 
choice for promo5ng general health and 
preven5ng chronic diseases like diabetes and 
heart disease. Aside from its nutri5onal 
significance, barley has a significant impact on 
food sensory quali5es, improving taste, 
texture, and color in baked goods, beverages, 
and snacks, increasing consumer appeal. As 
research into the benefits of barley con5nues, 
its role in boos5ng human health and 
expanding its use in func5onal foods is 
projected to grow, resul5ng in a healthier and 
more sustainable food system. 
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