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Abstract 
      One of the pseudo-cereal cereals that are high in both 

macronutrients and micronutrients is quinoa. This research records 

changes in the phenolic content and antioxidant bioactivity of quinoa 

seeds during germination. This study's objective was to assess the 

impacts of quinoa sprouts (QS) on dexamethasone- induced insulin 

resistance rats. Thirty-five Sprague-Dawley adult male rats were 

divided into five groups. Group (1) served as a negative control 

group and was given a basal diet, While the other rats (n= 28) were 

injected intraperitoneally with dexamethasone (Dexa) in a dose of (1 

mg/kg b.wt) 3 times/ week for 6 weeks to induce insulin resistance. 

Group (2) was then maintained as insulin resistance rats (positive 

control) and the other three groups were given 10, 15, and 20% of 

QS, respectively. The findings revealed that the germination of 

quinoa improved the phenolic content and antioxidant activity of 

quinoa seeds and decreased anti-nutritional factors. Meanwhile, 

administration of QS significantly reversed the biochemical 

parameters induced by Dexa in rats, it caused significant changes in 

body weight gains, feed efficiency ratio, feed intake, and decreased 

serum liver, kidney function, and lipid profile. It also decreased 

fasting insulin, fasting glucose, glucose tolerance, and HOMA-IR. 

Furthermore, significantly increased in antioxidant enzymes (SOD, 

CAT, Gpx and TAC) while, a decrease in MDA, serum cytokines as 

interleukin-1 (IL-β1) and tumor necrotic factor-α (TNF-α) in insulin 

resistance rats. In conclusion, incorporating quinoa sprouts as 

functional food ingredients should be taken into consideration given 

their positive effects and possible health benefits in reducing 

inflammation and oxidative stress in insulin resistance rats.  

Keywords: Chenopodium Quinoa, Insulin resistance, Glucose 

tolerance, Dexamethasone, Inflammation, Oxidative stress. 
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Introduction  

    A decrease in the reactions of insulin target cells is known as 

insulin resistance (IR) (Creus et al., 2017). IR can be a risk factor 

for the emergence of dyslipidemia and cardiovascular illnesses, and 

is crucial in the prediction of type 2 diabetes. IR alters glucose and 

lipid metabolism, which is evidenced by reduced glycogen synthesis, 

increased lipolysis, and impaired glucose uptake and oxidation 

(Akhtar et al., 2019).  

       Dexamethasone (Dexa) is a synthetic glucocorticoid widely. 

Despite being a potent immune suppressant and anti-inflammatory, 

there are a number of adverse effects that could occur from its use, 

including skeletal muscle atrophy hyperglycemia, dyslipidemia, 

glucose intolerance and insulin resistance (Safaeian et al., 2018). 

Dexa increases the generation of free radicals, which in turn 

increases cellular damage brought on by oxidative stress. Numerous 

antioxidant-rich plants have been shown to reduce insulin resistance 

because oxidative stress is a key factor in the formation of the 

condition (Aryaeian et al., 2017and Abou-Seif et al., 2019). 

    The pseudo cereal quinoa (Chenopodium quinoa Willd.) is 

referred to as "one of the cereals of the 21st century" (Dakhili et al., 

2019). Quinoa has a high nutritional value because it’s a good source 

of high-quality protein, fiber, carbohydrates, vitamins, and minerals, 

and it also has therapeutic qualities that make it suitable for use as a 

functional food (Pereira et al., 2019). In recent years, quinoa sprouts 

have gained enormous popularity because of their numerous health 

advantages. Germination can help to reduce antinutritional factors 

such as saponins, tannins, and phytic acids, which can reduce 

bioavailability due to forming insoluble complexes with minerals, 

such as zinc and iron (Al-Qabba et al., 2020). Germination includes 

a sequence of activities that start with the dry, dormant seed 

absorbing water and end with the elongation of the embryo axis 

(Benincasa et al., 2019). It has been thought that germination is a 

low-cost and efficient way to boost antioxidant capacity and increase 

the bioavailability of vital minerals and vitamins (Maldonado-

Alvarado et al., 2023). This study's objective was to assess the effect 

of germination on the chemical composition, vitamin and mineral 

content, antioxidants, and anti-nutritional factors of quinoa. 
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Additionally, a biological evaluation was done to monitor the effect 

of quinoa sprouts at (10, 15, and 20) % on inflammation and 

oxidative stress markers of insulin resistant rats. 

Materials and Methods 

Materials 

Quinoa was obtained from the grains and herbs market in Cairo, 

Egypt. 

Chemicals: Casein, cellulose, vitamins, minerals, and 

dexamethasone were supplied from Sigma Chemical Company in 

Cairo, Egypt. 

Kits: for biochemical analysis were obtained from Gama Trade 

Company, Cairo, Egypt. 

Rats: Thirty-five Sprague-Dawley adult male rats (weighing 

195±10 g) were obtained from the animal house of the National 

Research Center, Giza, Egypt. 

Methods 

Quinoa seeds germination 
        Quinoa grains were cleansed of foreign objects and then soaked 

in distilled water at 25°C for 12 hours in a ratio of 1:5 grains to water 

(w/v) to remove saponin, which is responsible for the bitter taste 

(Brady et al., 2007). For germination, the previously soaked grains 

were spread out separately on damp jute bags, then covered with 

muslin cloth and another wet jute bag. The grains were then watered 

every 12 hours until the germination time was complete (72 hr.).The 

sprouted grains were carefully picked along, washed, dried in an 

oven at 50°C for 24 hours, crushed, and kept in labeled polyethylene 

bags (Padmashree et al., 2019).  

A- Gross chemical composition 

      According to the method described in the A.O.A.C (2016), the 

moisture, protein, fat, fiber, and ash contents of quinoa seeds and 

sprouts were determined. By using the differential, total 

carbohydrates were computed. According to Chaney (2006) 

description, gross energy was determined using the following 

equation: Gross energy = 4 × (Protein % + Carb. %) + 9 × (Fat %). 
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Determination of Total phenolic, flavonoid content, 

antioxidant, and anti-nutritional factors. 

     Folin-Ciocalteu colorimetric method was used to estimate total 

phenolic compounds (TPC) of raw grains and sprouts of quinoa by 

Yawadio Nsimba et al., (2008). The total flavonoid content (TFC) 

of raw grains and sprouts of quinoa were determined according to 

Mohdaly et al., (2012). Total antioxidant capacity was determined 

by the method of Prieto et al., (1999). The contents of saponin, 

phytic acid, alkaloids, tannins, and oxalates were measured 

according to the methodology described by Obadoni and Ochuko, 

(2001); Reason et al., (2015); Harborne (1973); Makkar et al., 

(1993), and Abaza et al., (1968), respectively. 

Vitamins content 
     Vitamin B2 and C were measured by the method of Pinheiro et 

al., (2021) and Sun-Ju et al., (2006), respectively.  

Minerals content 
   According to the method outlined by Tazrart et al., (2016) an 

atomic absorption spectrometer was used to measure the amounts of 

magnesium (Mg), iron (Fe), calcium (Ca), and zinc (Zn).  

Experimental design 
  For adaptation, 35 adult male Sprague-Dawley rats weighing 

(195±10) g were fed on a baseline diet for a week. According to 

Reeves et al., (1993), the basal diet (AIN-93M) was created to 

provide rats with the suggested amounts of nutrients.  

Ethical approval: The study received approval from the research 

ethics committee of the faculty of nursing at Port Said University, 

code number: NUR (4-12-2022) (20). 

After one week, rats will be randomly divided into five groups as 

follow: Group (1) (n=7) received the baseline diet as a negative 

control group, while the other four groups (n=28) received 

intraperitoneally (i.p.) injections of Dexa at a dosage of 1 mg/kg/bw 

3 times/week for 6 weeks to cause IR according to Shittu et al., 

(2021). One of these groups served as positive control which was 

group (2) while, the other three groups were given (10, 15, and 20) 

% of QS, respectively. Rats underwent a glucose tolerance test at the 
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conclusion of the treatment. At the end of the experiment, rats were 

serially anaesthetized with diethyl ether after a 12-hr fast. Rats were 

euthanized and organs were dissected. The posterior vena cava was 

used to gather blood samples into dry, clean centrifuge tubes, which 

were then allowed to clot at room temperature before being 

centrifuged for 10 minutes at 3000 rpm to separate the serum. For 

biochemical examination, serum samples were frozen at -20°C. 

Biological Evaluation 

      Daily amounts of food consumed and/or wasted were recorded 

while total feed intake (FI) was calculated. Additionally, rats body 

weights (BW) were tracked weekly. According to Champman et al., 

(1959), body weight increase percentage (BWG%) was calculated 

using the following equation: 

               𝐁𝐖𝐆% =
Final body weight – Initial body weight

  Initial body weight
× 100   

𝐅𝐄𝐑 =
weight Gain (g)

  Feed intake (g)
 

Oral glucose tolerance test 

     After a 12-hr fast, glucose (2 g/kg) was administered to all of the 

rats in the groups. Rat tail vein blood samples were used to evaluate 

the oral glucose tolerance test (OGT) at 0, 15, 30, 60, 90, and 120 

minutes after glucose administration (Rohling et al., 2019).  

Biochemical analysis 

     Fasting blood glucose (FBG) was determined according to 

Burrin and Price, (1985). According to Chevenne et al., (1998) 

description the enzyme-linked immunosorbent assay (ELISA) 

method was used to measure insulin activity. Homeostasis of Insulin 

Resistance index (HOMA-IR) calculated by Salgado et al., (2010) 

using the following equation: 

HOMA‑IR= {[fasting insulin (μU/ml)] × [FBG (mmol/L)]} /22.5. 

Aspartate aminotransferase (AST) and alanine aminotransferase 

(ALT) were measured to determine liver function according to 

Bergmeyer et al.(1978), alkaline phosphatase (ALP) was measured 

using Belfield and Goldberg (1971). Total protein was determined 
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by the method of Weichse-lbauml, (1946). Urea, uric acid, and 

creatinine were measured to determine kidney function according to 

Patton and Crouch, (1977) Fossati et al., (1980), and Bonsens and 

Taussky (1984), respectively. Triglycerides (TG), total cholesterol 

(TC), and cholesterol contents of high density lipoprotein (HDL) 

were measured in accordance with Wahlefeld, (1974), Fossati and 

Principe,(1982) and Albers et al.,(1983), respectively. Calculations 

of low density lipoprotein cholesterol (LDL) and very low-density 

lipoprotein cholesterol (VLDL) by the equation of Fruchart, (1982).  

LDL-c = TC-[HDL-c + (TG/5)]           VLDL-c = TG/5.  

Serum-selected cytokines such as Interleukin-1 (IL-1β) and tumor 

necrotic factor-α (TNF-α) were determined according to Kandir 

and Keskin, (2016). For assessing lipid peroxidation, the plasma 

level of Malondialdehyde (MDA) was determined according to 

Draper and Hadley, (1990). The activity of superoxide dismutase 

(SOD) was assessed according to Spitz and Oberley, (1989). 

Catalase (CAT) and Glutathione peroxidase (GPX) were measured 

methods by Aebi, (1984), Pagalia and Valentine, (1967) 
respectively. Benzie and Strain, (1996) method was used to 

determine the total antioxidant capacity (TAC). 

Statistical analysis 

The results were presented as mean ± Standard Error (SE). One-way 

ANOVA followed by post hoc multiple comparisons were used to 

statistically evaluate the data using the SPSS program (Snedecor 

and Cochron, 1989). 

Results and Discussion 

     Table (1) observed that the germination of quinoa showed an 

increase in protein content from 15.4 to 17.5% due to protein 

synthesis. In addition the increased level of fiber content from 3.98 

to 5.91% as compared with quinoa seeds. When, a new plant is 

created as a result of germination, its cell wall contains a high 

percentage of insoluble fiber. Also, quinoa seeds and sprouts 

provided energy of (373.13 - 368.21 Kcal/100g), respectively. These 

outcomes were in line with Maldonado-Alvarado et al., (2023) 

found that germination increased fiber and protein content ranged 

between (16 and 19%). Similarly, Ibrahem and Mohamed, (2021) 
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observed germination of quinoa showed an increase in the protein 

and fiber content (18.9 and 5.23%) respectively. Mohamed et al., 

(2022a,b) proved that germinated quinoa had the best outcomes in 

terms of proteins, followed by non-germinated quinoa  (19.1 and 

14.9). Additionally, quinoa grains offered 375.8 Kcal/100g of 

energy. Furthermore, Guardianelli et al., (2022) noted that quinoa 

sprouts (QS) had less moisture compared to row quinoa (RQ), and 

after 48 h of germination, lipid values decreased. This effect was 

ascribed to a portion of the lipids being degraded to produce energy 

for the growth of the new plant. The ash content of the quinoa 

samples, according to Pilco-Quesada et al., (2020), varied from 2.3 

to 4.3%; however, there was a preliminary decrease in ash content 

during soaking, which might be accounted for by the mineral 

lixiviation occurring at this time. 

Table (1): Chemical composition of quinoa seeds and  

                   sprouts 

  The results presented in Table (2) showed that germination caused 

an increase in total phenolic, flavonoids compounds, and antioxidant 

capacity compared to the RQ from (197.75, 130.21 and 415.62 

mg/100g) to (344.48, 168.26 and 1018.6 mg/100g), respectively. 

Consistent with Mohamed et al., (2022a,b) showed that TPC  and  

total antioxidant capacity of raw and germinated quinoa seeds were 

recorded (212.5 , 362.7 mg GAE/100g) and (450.44 , 998.9 mg/100g 

ascorbic acid) respectively. A similar study by Namrata and 

Haripriya, (2022) noted that the germination of quinoa improved 

TPC, and the antioxidant activity increased by 7.5% compared to the 

raw sample due to biochemical, physical, and enzymatic activities. 

This aligns with the results of a previous study by Le et al., (2021) 

observed that 72h germination resulted in an increase of 101.2% in 

TPC. In addition TFC in quinoa sprouts value ranged from (100.38 

to 304.10 mg QE/100g−1 DW). On the other hand, Guardianelli et 

Gross 

Energy 

kcal/100g 

Fiber

% 

 

Ash

% 

Carb

% 

Fat 

% 

 

Protein

% 

 

 

Moisture 

% 
   Components 

     

 Samples 

373.13 3.98 3.8  65.17  5.65 15.4 6 Quinoa Seeds     

368.21 5.91 2.9 64.9  4.29 17.5  4.5 Quinoa Sprouts 
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al., (2022) observed that the TFC content of quinoa increased 

significantly with germination time. Consistent with these reports 

Ibrahem and Mohamed, (2021) found that the germination 

significantly increased (P≤0.05) in TFC and total antioxidant 

capacity (123.65 to 161.7 mg/100g) and (410.64 to 1013.9 %) 

compared to the RQ. Hence, germination helps produce more 

bioactive substances like phenols and flavonoids (Ruijuan et al., 

2021). 

Table (2): Total phenolic, flavonoid and antioxidant  

                  activity. 

    GAE: Gallic acid,       QE: Quercetin,     ASE: ascorbic acid equivalent 

Table (3) illustrates germination process gradually decreased 

saponin, phytic acid, oxalate, tannins and alkaloids content at (1.3, 

1.26, 0.13, 0.18 and 0.19% respectively) as a result of their leaching 

from quinoa grains during soaking and washing. These outcomes 

were in line with Mohamed et al., (2022a,b) showed that The 

germination phase is where anti-nutritional factors are found to be 

reduced the most. Similarly, Namrata and Haripriya, (2022) 

showed that the total saponin and tannin content decreased from 

(1.597 to 0.938 g SE/100 g) and (343 to 48.02 mg TA/100 g) 

respectively, during 48 h germination, which seems to be in 

accordance with our findings. Maldonado-Alvarado et al., (2023) 

indicated that Phytic acid levels in the white quinoa significantly 

decreased after one week of germination. 

Table (3): Effect of germinating on anti-nutritional factors  

                   in quinoa. 

Quinoa Sprouts Quinoa Seeds                             Samples 

Components 

344.48 197.75 Total Phenolic (mg/ GAE 100g) 

168.26 130.21 Total Flavonoids  (mg QE/100 g)   

1018.6 415.62 Antioxidant activity (mg ASE/100g)  

Alkaloids 

% 

Tannins 

% 

Oxalate 

% 

Phytic acid 

% 

Saponin 

% 
     anti-nutritional 

Samples 

0.74  0.49  0.21  1.36 2.8   Quinoa Seeds 

0.19 0.18  0.13 1.26  1.3  Quinoa Sprouts 
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The data in Table (4) showed that the germination process gradually 

increased the vitamins B2 and C content from (0.060 and 195 to 

0.305 and 258 mg/100g) respectively. These outcomes are consistent 

with He et al., (2022) and Pinheiro et al., (2021) discovered that as 

the germination period was extended, the contents of VC and VB2 

increased. Le et al., (2021) found the amount of VB2 ranged from 

(0.059 to 0.076 mg/100 g DW) in quinoa seeds. Darwish et al., 

(2020) found that quinoa germinating for 72 h, increase the vitamin 

C content by 32.17%, with values hitting 260.5 mg/100g DW. The 

outcomes demonstrate that increasing the nutritional value of quinoa 

seeds through germination is a viable strategy. 

Table (4): Effect of germinating on the content of quinoa 

                  seeds from vitamins.  

   Table (5) observed that the germination process gradually 

increased (Zn, Fe, Mg, and Ca) content at (2.4, 14.9, 138.7and 89.8 

mg/100g respectively). These findings support Maldonado-

Alvarado et al., (2023) reported that germination caused a 

substantial increase in the calcium content of quinoa by 17%, zinc 

content by 10%, and iron concentration increased significantly 

(p≤0.05) with germination until the seventh day, In comparison to 

the values of the initial raw material. Similarly, Guardianelli et al., 

(2022) showed that the greatest calcium content was found in 

germinated white quinoa, followed by iron and zinc. Similarly, 

Ibrahem and Mohamed, (2021) noted that the germination of 

quinoa improved calcium concentration increased by 20%. 

According to Kajla et al., (2017), changes in these micronutrients 

may result from the hydrolysis of complex organic compounds that 

release minerals during germination and may also as enzymatic 

cofactors, causing them to differ depending on the stage.  

Furthermore, phytate hydrolysis during germination could be a 

simple way to improve the abundance of minerals for vegetarian 

diets (Maldonado-Alvarado et al., 2023). 

 

Quinoa Sprouts Quinoa Seeds                    Vitamins 

Samples 
mg/100g 

0.305 0.060 Vitamin B2 

258 195 Vitamin C 
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Table (5): Effect of germinating on the content of quinoa  

                  of minerals. 

Results from Table (6) show that dexamethasone significantly 

reduced body weight while significantly increasing (p≤0.5) liver 

weight of insulin resistance rats compared to normal control. This is 

consistent with Poualeu Kamani et al., (2022) and Shittu et al., 

(2021) who reported that dexa administration caused rat’s body 

weight to significantly reduce while increasing the relative liver 

weight by 40% when compared to the healthy control group. In 

contrast, quinoa sprouts (QS)-treated at (10, 15, and 20) % caused a 

significant increase in body weight and feed intake but caused a 

significantly reduce (p≤0.05) in liver weight of rats compared to 

dexa group. Which, this liver hypertrophy induced by dexa was 

reduced by quinoa sprouts. No significant differences in levels of 

IBW and FBW between the groups treated with QS. 

Table (6): Effect of Quinoa sprouts consumption on body 

weight, feed intake and relative liver weight of insulin 

resistant rats 

      Initial body weight (IBW), Final body weight (FBW), Body weight gain% (BWG %), feed intake 

(FI) and feed efficiency ratio (FER). Results are expressed as mean ± SE.  

     Values in each column which have different letters are significantly different at (P≤0.05). 

Ca Mg Fe 

 

Zn             Minerals 

 

Samples mg/100g 

78.9 127.9 10.9 1.9 Quinoa Seeds 

89.8 138.7 14.9 2.4 Quinoa Sprouts 

Parameters 

Groups 

IBW 

(g) 

FBW 

(g) 

BWG 

% 

FI 
(g/ 

day) 

FER Relative 

liver 

weight 
Normal control  198.81±1.73a 220.02±1.60a 10.67±2.81a 17.20 0.029±0.03a 2.51±0.06d 

Dexa  205.30±1.64a 179.24±1.44c -12.69±1.83d 13.38 -0.046±0.02d 5.33±0.12a 

Quinoa sprouts 

(10%) 

201.24±1.13a 192.50±2.62b - 4.34±1.65c 15.52 -0.013±0.04c 4.09±0.08b 

Quinoa sprouts 

(15%) 

202.23±1.24a 198.51±2.41b -1.84±1.09bc 15.64 -0.006±0.03bc 3.54±0.04c 

Quinoa sprouts 

(20%) 

203.90±0.60a 201.22±3.54b -1.31±0.59b 15.93 -0.004±0.03b 2.80±0.09d 
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Our results are corroborating those previously released reports by 

Mohamed et al., (2022a,b) revealed that the basic diet 

supplemented with quinoa that had been germinated had the best 

results for reducing weight. Ibrahem and Mohamed, (2021) 

showed that germinating of quinoa seeds resulted in the greatest 

reductions in FBW, BWG%, and FER. Similarly, Wahba et al., 

(2019) observed that quinoa seed powder demonstrated 

improvement in each of BWG, FI, and FER compared to the (+ve) 

group at different levels (10 to 40%).  Additionally, these results 

are consistent with Lopes et al., (2019) noted that in rats given diets 

supplemented with quinoa, the sprouting processes potentiate the 

ability to reduce FI due to the chemical changes promoted by 

processing quinoa. 
 

   Table (7) showed subcutaneous dexa successfully produced IR in 

normal rats, as evidenced by hyperglycemia, hyperinsulinemia, 

impaired oral glucose tolerance, and elevated HOMA-IR This is 

consistent with Mahmoud et al., (2022) demonstrated that dexa  

cause IR in rats at various dose levels and for various lengths of time. 

Alkot et al., (2022) observed the introduction of dexa caused a 

substantial increase in FBS, insulin level, and HOMA-IR when 

compared to the normal control group. Also, Alona et al., (2021) 

showed that dexa caused rats to acquire a condition known as IR and 

glucose intolerance, which occurs before the onset of diabetes and 

obesity. 

Table (7): Effect of Quinoa sprouts consumption on  

                 glycemic indices of insulin resistance rats. 

                  Results are expressed as mean ± SE.  

                        Values in each column which have different letters are significantly different at (P≤0.05). 

                  Parameters 

Groups   

Fasting Insulin 

(FI) 

(µIU/ml) 

 

Fasting Blood 

Glucose  

(FBG)  

(mmol/L) 

Homeostasis 

Insulin 

Resistance 

(HOMA- IR) 

Normal control  8.95 ± 1.29c 4.82±0.19d 1.92±0.05d 

Dexa  14.96 ± 2.38a 10.54±0.35a 7.01±0.04a 

Quinoa sprouts (10%) 10.27 ± 1.26b 7.17±0.14b 3.27±0.01b 

Quinoa sprouts (15%) 9.93 ± 0.42b 6.37±0.28c 2.81±0.01c 

Quinoa sprouts (20%) 9.24 ± 0.61bc 6.20±0.27c 2.55±0.01cd 
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   On the other hand, QS-treated following dexa administration 

reversed the IR that had been seen in the rats that had only received 

dexa, as demonstrated by a decrease in FI, FBG, and HOMA-IR in 

QS-treated groups as compared to dexa. Obviously, the effectiveness 

of the studied germinated quinoa is due to the presence of various 

biologically active substances. Furthermore, no apparent difference 

was obvious in the serum glycemic indices between the QS -treated 

rats of both doses (15 and 20 %). The fact that there was no change 

in FI and HOMA-IR levels of both groups given quinoa at (15 and 

20%), is proof that quinoa is safe when compared to the healthy 

group. This is consistent with Erfidan et al., (2022) determined 

glucose, insulin levels, and HOMA-IR increased due to experimental 

insulin resistance while, it decreased with quinoa for the treatment 

group (IQ) and quinoa + IR for the prophylaxis group (QI), and the 

levels were discovered to approach the values of the control group.  

Due to the linear connection between HOMA-IR and insulin 

resistance, a higher HOMA-IR level denotes IR while a lower 

HOMA-IR level (compared to the control) denotes insulin 

sensitivity. Therefore, HOMA-IR index was determined that 

characterizes the degree of insulin resistance.  

Similarly, Al-Anazi, et al.,(2022) observed that sprouted 

quinoa administration significantly reduced serum insulin and 

glucose levels. Obaroakpo et al., (2020) observed that sprouted 

quinoa yoghurt (QY) exhibited the highest hypoglycemic lowering 

effects when compared with non-germinated QY, and found that 

germination affected the glucose in T2DM mice. Also, Lopes et al., 

(2019) reported that germination enhances quinoa's capacity to 

decrease blood glucose while increasing glucose tolerance in rats 

due to its ability to enhance the bioactive compounds.  

Results of the oral glucose tolerance test are shown in Figure 

(1), all treatment groups showed an early rise in blood glucose levels 

at 30 min compared to the healthy control group. Furthermore, 120 

min after reaching glucose tolerance, dexa groups experienced a 

greater rise in blood sugar levels than the healthy control group. 

These findings were on the same line with (Erfidan et al., 2022 and 

Poualeu Kamani et al., 2022). Contrarily, at the same time, a return 

to baseline blood glucose values was observed in all QS-treated 

groups. The postprandial hyperglycemia in QS-treated rats was 
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substantially reduced from the 60th to the 120th min, which was the 

best effect at a dose of 20%. Moreover, Dexa-induced impairment in 

glucose tolerance was completely and substantially reversed by QS. 

QS may have therefore reversed the body weight reduction brought 

on by IR. These results agreed with Al-Okbi et al., (2021) showed 

Quinoa has a high potential to improve glucose tolerance. 

Obaroakpo et al., (2020) reported that the germinated quinoa 

yoghurt groups had blood glucose levels 5.54% lower than the 

diabetic control 120 minutes after oral glucose administration. 

Similarly, An et al., (2021) observed that quinoa treatment could 

significantly reduce the level of blood glucose, and improve glucose 

tolerance of obese mice, the quinoa treatment substantially lowered 

the blood glucose levels  30, 60, 90, and 120 min before and after 

glucose administration in comparison to the control group. These 

findings suggest that quinoa may be useful in the management of 

diabetes and insulin resistance, including both prevention and 

therapy.  

Figure (1): Effect of Quinoa sprouts on glucose tolerance test in  

                   insulin resistance rats 

 

Table (8) described that dexa significantly increased (p≤0.5) in AST, 

ALT, and ALP, while decreasing the total protein of insulin 

resistance rats compared to normal control. This is consistent with 

Poualeu Kamani et al., (2022) noted that dexa significantly altered 
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biochemical parameters by increasing ALT, AST, and by decreasing 

total proteins. Similar results were reported by Alkot et al., (2022) 

revealed that dexa treatment significantly increased liver function. 

In contrast, quinoa sprouts (QS)-treated at (10, 15, and 20) % caused 

a significant decrease in AST, ALT, and ALP, while increasing total 

protein as compared to dexa group, approaching the level in the 

healthy group. Moreover, no significant difference (p≤0.05) in the T. 

protein among all groups quinoa- treated. IR- rats treated with QS at 

a dose of 20 %  showed the greatest increase in liver function The 

outcomes corroborated the study of Erfidan et al., (2022) and 

Ibrahem and Mohamed, (2021) observed that quinoa 

administration significantly reduced liver function compared to the 

control groups. Similarly, Obaroakpo et al., (2020) observed that 

sprouted quinoa yoghurt (QY) significantly (p ≤ 0.05) reduction of 

ALT and AST activities than non-germinated QY. Al-Qabba et al., 

(2020) observed that QS improved liver enzymes in CCl4-induced 

rats. These markers' decline, due to quinoa containing ascorbic acid, 

polysaccharides, and phenolic components, which are known as 

hepatoprotective factors (Ng and Wang, 2021). 

Table (8): Effect of Quinoa sprouts consumption on liver  

                  functions in rats of insulin resistance 

       AST: Aspartate transaminase; ALT: Alanine transaminase; ALP: Alkaline phosphatase 
        Results are expressed as mean ± SE.  

          Values in each column which have different letters are significantly different at (P≤0.05). 

 

Table (9) discovered that dexa significantly increased (p≤0.5) in 

urea, uric acid, and creatinine in insulin resistance rats in 

comparison to the normal control group. While the effect of quinoa 

Parameters 

   

Groups 

AST ALT  ALP T. protein  

(μ/L) (g/dl) 

Normal control  43.60±2.25e 50.90±1.37d 62.40±1.45e 10.53±0.24a 

Dexa  120.54±1.27a 150.60±0.96 a 120.80±2.08a 5.32±0.10d 

Quinoa sprouts (10%) 88.85±1.22b 120.80±0.79 b 100.94±1.47b 6.98±0.19c 

Quinoa sprouts (15%) 65.92±1.08c 98.30±2.61 c 83.43±1.38c 7.64±0.27bc 

Quinoa sprouts (20%) 48.44±1.96d 52.75±1.58 d 70.51±1.82d 8.68±0.07b 
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sprouts (QS)-treated at (10, 15, and 20) % caused a significant 

reduction in kidney function as compared to dexa group. 

Furthermore, no significant changes (p≤0.05) between the rats 

treated with quinoa at doses of 15% and 20% in uric acid. IR- rats 

treated with QS at a dose of 20 % showed the greatest increase in 

kidney function. This is consistent with Erfidan et al., (2022) dexa 

treatment significantly increase kidney function, while the best 

decrease was observed in the QI and IQ groups. Similarly, Ali, 

(2019) found that quinoa seeds at dose (10 and 5%) improved 

kidney and liver function in rats. El-Kewawy and Morsy, (2019) 

observed diet-fortified QS can improve serum urea, creatinine, and 

uric acid levels. Improvements in kidney function may be a 

consequence of the presence in QS of important compounds like 

flavonoids and phenolic compounds that lower uric acid levels and 

protect the kidney. 

                Table (9): Effect of Quinoa sprouts consumption on kidney  

                                 function in rats of insulin resistance 

 
              Parameters  

Groups 

Urea Uric acid Creatinine 

                        (mg/dl ) 

Normal control  38.74±1.11e 3.44±0.08bc 0.35±0.02e 

Dexa  73.84±1.72a 4.22±0.21a 0.96±0.04a 

Quinoa sprouts (10%) 63.07±1.75b 3.53±0.09b 0.75±0.05b 

Quinoa sprouts (15%) 49.69±1.93c 3.28±0.06cd 0.66±0.03c 

Quinoa sprouts (20%) 43.81±1.67d 3.20±0.13d 0.59±0.05d 

                  Results are expressed as mean ± SE.  

                       Values in each column which have different letters are significantly different at (P≤0.05). 

Table (10) discovered that administration of dexa at a dose of 1 

mg/kg caused dyslipidemia; it also induced a significant increase (p 

≤ 0.05) of TC, TG, LDL, and VLDL, but a decrease in HDL 

comparison to negative group. This is consistent with Poualeu 

Kamani et al., (2022) noted that dexa significantly altered 

biochemical parameters to raise TG levels. Numerous studies have 

shown that triglyceride is a useful indicator of insulin resistance 

(Lee et al., 2021 and Song et al., 2021). In contrast, the effect of 

Quinoa sprouts of insulin resistance rats caused a significant 
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decrease in lipid profile, but an increase in HDL comparing to dexa 

group. These results approve of the findings of Ibrahem and 

Mohamed, (2021) found that obese anemic rats treated with 

germinated quinoa had significantly reduced in TC, TG, VLDL, and 

LDL while increasing levels of HDL. Al-Okbi et al., (2021) and Al-

Qabba et al., (2020) observed that quinoa sprouts improved the lipid 

profile due to the rich contents of phenols and antioxidants. 

Similarly, Obaroakpo et al., (2020) observed that germination had 

a significant (p 0.05) impact on lipid homeostasis in T2DM mice. 

Table (10): Effect of Quinoa sprouts consumption on lipid  

                   profile in rats of insulin resistance 

      Total cholesterol (TC), Triglycerides (TG), High density lipoprotein -cholesterol (HDL), low 

density lipoprotein-cholesterol (LDL-C) and very low density lipoprotein-cholesterol (VLDL-C). 

Results are expressed as mean ± SE.  

      Values in each column which have different letters are significantly different at (P≤0.05). 

            

Table (11) depicts that treatment by dexa caused a significantly 

increased (p≤0.5) in inflammatory cytokines including (IL-β1and 

TNF-α) compared to the normal control group. While, all quinoa 

sprouts groups at doses (10, 15, and 20%) remarkably reversed the 

(IL-β1 and TNF-α) level compared to the dexa group. The bioactive 

QS compounds may effectively conduct anti-inflammatory and 

anti-oxidative effects (Pellegrini et al., 2019). The present results 

have been confirmed by Erfidan et al., (2022) observed that the 

increased production of cytokines like (IL-1β and TNF-α) caused 

  Parameters  

 

Groups 

TC TG HDL-c VLDL-c LDL-c 

(mg/dl) 

Normal control  130.50±2.38e 110.84±1.40d 64.72±1.21a 22.17±0.28d 43.61±4.29e 

Dexa  206.40±1.54a 164.36±2.03a 38.63±0.87c 32.87±0.40a 134.9±2.75a 

Quinoa sprouts 

(10%) 

182.80±1.89b 143.26±1.95b 50.35±2.33b 28.65±0.39b 103.8±3.01b 

Quinoa sprouts 

(15%) 

171.34±4.90c 137.24±0.76c 51.00±2.00b 27.45±0.15c 92.89±7.78c 

Quinoa sprouts 

(20%) 

151.54±2.46d 135.95±1.74c 51.09±0.49b 27.19±0.34c 73.26±3.87d 
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by the stimulation of inflammatory pathways by Dexa results in 

impaired insulin, which lowers glucose uptake and creates IR , 

while quinoa has been shown to significantly reduce (IL-1β and 

TNF-α) in IR- rats. Similarly, Obaroakpo et al., (2020) observed 

that Sprouted QY caused the level of pro-inflammatory cytokines 

were significant reduced when compared with the diabetic control 

group. Al-Qabba et al., (2020) observed that QS improved liver 

inflammation.  

Table (11): Effects of Quinoa sprouts consumption on  

            inflammation markers in rats of insulin resistance  

Interleukin-1 (IL-1β) and Tumor necrotic factor-α (TNF-α) 
                    Results are expressed as mean ± SE.  

                     Values in each column which have different letters are significantly different at (P≤0.05).                     

Table (12) depicts that treatment by dexa caused a significantly 

increased in MDA, whereas the antioxidant enzymes (SOD, CAT, 

Gpx and TAC) were significantly decreased compared to the normal 

group. However, quinoa sprouts significantly lowered (p≤0.5) the 

oxidative stress to rats of insulin resistance by reducing MDA and 

increasing SOD, CAT, Gpx and TAC levels, due to their antioxidant 

properties. The present results have been confirmed by Erfidan et 

al., (2022) noted that quinoa improved biochemical markers 

antioxidant in experimental glucocorticoid-induced IR. An et al., 

(2021) observed that quinoa could increase oxidative stress but 

decrease the MDA of obese mice. Similarly, El-Kewawy and 

Morsy, (2019) reported that QS exhibited a significantly higher 

level of SOD, GPXs, GST, and CAT, but a significantly lower level 

of MDA compared to hyperuricemic control. Al-Okbi et al., (2021) 

and Al-Qabba et al., (2020) observed that QS extracts significantly 

reduced MDA compared to CCl4-rats. These findings were on the 

same line with Obaroakpo et al., (2020) observed that sprouted QY 

Parameters  

Groups  

IL-1β 

(pg/ml) 

TNF-α 

(pg/ml) 
Normal control  6.65±1.12d 8.18±0.60d 

Dexa  13.52±0.02a 18.28±2.87a 

Quinoa sprouts (10%) 11.42±0.87b 15.01±0.75b 

Quinoa sprouts (15%) 11.27±0.19bc 9.82±0.26c 

Quinoa sprouts (20%) 10.75±0.92c 9.48±0.67c 



 المجــلة العلمــــية للتربيــــة النوعيـــة والعـلوم التطبيقـــية

The Scientific Journal of Specific Education and Applied Sciences 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

211 
 

had a greater capacity to regulate oxidative stress. Wahba et al., 

(2019) and Ali, (2019) found that quinoa seed powder improved 

antioxidant parameters such as (TAC and SOD) in female rats.  

 

     Table (12): Effect of Quinoa sprouts consumption on oxidative  

                         enzymes in rats of insulin resistance 

 

    Results are expressed as mean ± SE.  

     Values in each column which have different letters are significantly different at (P≤0.05). 

     Malondialdehyde (MDA), Superoxide dismutase (SOD); CAT: catalase; GPx: Glutathione 

Peroxidase and Total antioxidant capacity (TAC).  

 

             Conclusion  

     The germination process improves on the phenolic content in 

quinoa seeds, enhanced the antioxidant potential, reduction in 

saponin and tannin content. Furthermore, quinoa sprouts improved 

inflammation and reduced the harmful impacts of induced oxidative 

stress in insulin resistance rats. Therefore the current study 

recommends the usage of dried quinoa sprouts in the formulation 

of functional foods in patients suffering from insulin resistance, 

abnormal glucose tolerance and overweight. Given the dearth of 

studies on the positive effects of quinoa on insulin resistance, it was 

determined that it would be suitable to assess the findings of this 

study as a crucial first step for future studies. 

 

 

 

Parameters 

Groups 

MDA 

(µmol/dl) 

SOD 

(µ/dl) 

CAT 

(µ/L) 

Gpx 

μ/mg 

TAC 

(mmol/L) 

Normal control  11.67±1.90e 92.34±1.37a 130.13±0.30a 65.44 ± 1.04a 4.25±0.12a 

Dexa  34.56±2.04a 54.43±1.22d 68.79±1.23e 27.14 ± 1.11d 2.13±0.05c 

Quinoa sprouts 

(10%) 
22.70±1.02b 76.71±0.92c 93.80±0.86d 45.34 ± 1.06c 3.80±0.07b 

Quinoa sprouts 

(15%) 
18.90±0.88c  72.92±1.31c 103.39±1.02c 53.21 ± 1.54b 3.98±0.09ab 

Quinoa sprouts 

(20%) 
13.75±1.30d 85.63±1.10b 121.02±1.08b 67.73 ± 1.12a 4.10±0.10a 
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 تأثير براعم الكينوا على مؤشرات الالتهاب والإجهاد التأكسدي في الفئران

 المقاومة للأنسولين

 2، الاء أسامة أبو راية 1شيماء حسن نجم
 1جامعة بورسعيد  -كلية التربية النوعية  -قسم الاقتصاد المنزلي

 2جامعة حلوان -كلية الإقتصاد المنزلى  -قسم التغذية وعلوم الأطعمة 

 

 من عالية نسبة على تحتوي التي الزائفة الحبوب من واحدة هي الكينوا

التغيرات في المحتوى بحث ال اهذ يسجل .الدقيقة والمغذيات الكبيرة المغذيات

ذور بالفينولي والنشاط الحيوي المضاد للأكسدة لبذور الكينوا أثناء انبات 

. كان الهدف من هذه الدراسة هو تقييم آثار براعم الكينوا على مقاومة الكينوا

الأنسولين التي سببتها مادة الديكساميثازون في الفئران. حيث تم تقسيم خمسة 

إلى خمس  Sprague-Dawleyوثلاثين من ذكور الفئران البالغة من نوع 

الأساسي  ( التي تم تغذيتها على النظام الغذائي1مجموعات. المجموعة )

( 82كمجموعة ضابطة سالبة، بينما تم حقن مجموعات الفئران الأخرى )ن = 

 3م / مجم / كج 1يومياً تحت الجلد )الصفاق( بمادة ديكساميثازون بجرعة 

لإحداث مقاومة للأنسولين. ثم تم الحفاظ على اسابيع  6مرات اسبوعيا لمدة 

مجموعة ضابطة موجبة( ( من الفئران المقاومة للأنسولين )ك8المجموعة )

من براعم الكينوا.  ٪81و  11و  11وأعطيت المجموعات الثلاث الأخرى 

ضاد والنشاط الم أظهرت النتائج أن إنبات الكينوا يحسن المحتوى الفينولي

فسه، . وفي الوقت نالعوامل المضادة للتغذية قلل من تالكينوا وللأكسدة لبذور

أدى استخدام براعم الكينوا إلى عكس المقاييس الكيميائية والحيوية التي يسببها 

في الفئران بشكل كبير، مما تسبب في تغيرات كبيرة في زيادة  ثازونديكسامي

وزن الجسم ، ومعدل الاستفادة من الغذاء، والمأخوذ من الغذاء، وانخفاض 

. كما أنه يقلل من الأنسولين دملدهون في الا ستوىالكلى ومو وظائف الكبد

. مقاومة الانسولين الة الصيام ومدى تحمل الجلوكوز ووالجلوكوز في ح

 SODعلاوة على ذلك ، زادت بشكل ملحوظ الإنزيمات المضادة للأكسدة )

 ،CAT  ،Gpx  ،TACمستوى  ( بينما انخفضMDA والسيتوكين في ،

في الفئران المقاومة للأنسولين. وفي الختام،  TNF-α)و  (IL-β1مثل  دمال

ظرا ن دمج براعم الكينوا كمكونات غذائية وظيفية ان يؤخذ فى الاعتباريجب 

لآثارها الإيجابية وفوائدها الصحية فى تقليل مؤشرات الالتهاب والإجهاد 

  .للفئران المقاومة للأنسولين التأكسدى 

مدى تحمل الجلوكوز  –مقاومة الانسولين - الكينوا : الكلمات المفتاحية

 .الاجهاد التأكسدي  -الالتهاب  - الديكساميثازون


