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Abstract

Diets high in added sugar both directly and indirectly promote the development of
metabolic diseases such as diabetes and obesity. The objective of this study was to
evaluate the effects of mushroom powder (MP) in preventing the development of
metabolic disorders caused by a high sugar diet. Swiss albino male mice were fed with
normal diet (ND) or high sugar diet (HSD) in supplementation with or without
mushroom powder. The results showed that supplementation of MP in high sugar diet
effectively reduced the food intake and body weight of mice. Moreover, MP sustained
glucose tolerance in HSD-fed mice and a significantly lower glucose level was observed
in the MP supplemented group than that of the HSD group. Furthermore, kidney and
heart weight were almost similar among the groups. However, MP supplementation
significantly reduced the liver weight in comparison to that of HSD control group. The
wet weights of white adipose tissue and brown adipose tissue were also lower in the MP
supplemented groups in comparison to that of HSD group. In addition, supplementation
of MP in the high sugar diet significantly decreased the level of total cholesterol,
triacylglycerides, and LDL content. In conclusion, these results suggest that mushroom
powder was effective in preventing the development of diabetes and obesity induced by
a high sugar diet. As mushroom powder is an abundant source of nutrients, therefore,
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Introduction

Diabetes mellitus is a metabolic disorder results in elevated blood sugar levels (hyperglycemia),
abnormalities in insulin secretion or action at peripheral tissues, and reduced insulin sensitivity at skeletal
muscle, adipose, and liver tissues. Insulin resistance is the result of this reduced insulin sensitivity
(American Diabetes Association, 2009). Diabetes mellitus (DM) prevalence is a serious and expanding
global health issue. Obesity and a sedentary lifestyle are significant environmental and genetic (heredity)
contributors to Type 2 Diabetes.
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Overnutrition, insufficient exercise, and other factors can hasten the development of obesity, also known
as excess body fat. Insulin resistance (IR) and metabolic abnormalities are caused by excessive energy
intake and poor energy expenditure, which causes lipid accumulation in internal tissues such as adipose
tissue, the liver, muscles, and other tissues and finally play a pivotal role to increase the incidence of
diabetes and obesity in developing countries. According to the previous report by Barricre et al. (2018),
consuming a high-sugar diet (HSD) hastens the onset of diabetes and obesity. However, South Asian
nations choose to consume a variety of sugary meals that contain simple sugars and refined
carbohydrates. That’s why to counteract the negative effects of high sugar consumption, an alternate
approach is required. Although there are a few restorative alternatives accessible for the management of
diabetes, majority of them exhibit short to medium-term response. Further, most of current treatments are
related with an expanded chance of antagonistic impacts such as gastrointestinal intolerance
(metformin), weight gain (sulphonylureas, insulin and thiazolidinediones), hypoglycaemia (insulin and
sulphonylureas), and myocardial dead tissue (rosiglita- zone) (Nathan et al., 2009). As a result, there has
been an increase in research on natural products and their active ingredients that have therapeutic
potential for diabetes and obesity. Preventive measures for maintaining blood glucose homeostasis
include maintaining a healthy body weight, eating low glycemic foods and soluble fibers, limiting
refined sugars and trans fats, and engaging in other activities (Hod et al., 2015). Various plant parts have
been reported to be high in fibers, vitamins, minerals, and phytonutrients, and to have beneficial effects
in the treatment of diabetes, cardiovascular disease, obesity, and some cancers (Craig, 2010). Medicinal
plants contain anti-diabetic compounds such as, phenolic compounds, flavonoids, alkaloids, and tannins
that increase insulin secretion or decrease intestinal glucose absorption to improve pancreatic tissue
efficiency (Kooti ef al., 2016).

Mushroom is an excellent source of natural medicines with anti-diabetic activity. A mushroom is a type of
macrofungus, and Pleurotus species are commonly referred to as oyster mushrooms. All across the world,
these mushrooms are cultivated as food particularly in Southeast Asia, India, Europe, and Africa. People
have cultivated and consumed mushrooms for hundreds of years due to their appealing sensory
characteristics (Phat er al., 2016), abundant nutritional compositions (Kalac et al., 2016), multiple
functional activities (Roupas ef al., 2012), and manageable cultivation conditions. Edible Mushrooms are
a high-quality source of protein, minerals, polysaccharides, unsaturated fatty acids, and secondary
metabolites. Cultivated mushrooms are richer in protein and minerals, higher in vitamins B, D, and K, and
lower in fat (Manzi et al., 2001). In addition, the high dietary fiber content of mushrooms has been
reported to act as an antitumor and antiviral agent (Zhang et al., 2004a and 2004b). Moreover, mushrooms
are known for being a good source of amino acids, which play an important role in their flavor (Mau et al.,
1998). Mushrooms contain bioactive components, particularly phenolic compounds and polysaccharides
that have been shown to be effective antioxidants (Cheung, 2008, Li ef al., 2017). Non-enzymatic
molecules such as ascorbic acid and carotenoids have been found in mushrooms and act as antioxidants
(Liu, 2004). Mushroom has been shown to increase antioxidant status in pancreatic, liver, and kidney
tissues, all of which have significant hypoglycemic and hypolipidemic activities (Rony et al., 2015). In
STZ-induced diabetic rats, mushroom consumption was shown to lower blood glucose levels, improve
serum lipid profile, liver function enzymes, liver glycogen, and enzymatic antioxidants activities in the
liver, pancreas, and kidney (Jayasuriya ef al., 2012). However, no study has yet been done to evaluate the
beneficial effects of mushroom powder in mice on a high-sugar diet. Therefore, we carried out the present
study to investigate whether supplementing with mushroom powder could help to halt the development of
metabolic abnormalities induced by a high sugar diet (HSD).
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Materials and Methods
Preparation of mushroom powder

Mushrooms (Oyster) were procured from the Horticulture Center, Mymensingh, Bangladesh. After
collection, fresh mushrooms were cleaned, treated with HgCl,, and then were cleaned once more. For
eight to ten days, the mushrooms were dried in the shade at room temperature. After proper drying, the
mushrooms were powdered with grinding machine and sieved. Before being used in the experiment, the
powder was immediately placed in a sterilized jar and sealed.

Experimental animals

The Animal Resources Facility of International Centre for Diarrhoeal Disease Research, Bangladesh
(ICDDR, B) provided six-week-old Swiss Albino male mice, which were acclimated to the new
environment for 10 days. Animals were kept in a well-ventilated room at a temperature of 28°C with a
relative humidity of 70-80%. Normal food and water were available ad libitum before the starting of
feeding experiments. Animals were divided into four groups and each group contained at least 4 mice. The
Animal Welfare and Experimentation Ethics Committee of Bangladesh Agricultural University approved
(AWEEC/BAU/2021 16) all of the study's protocols.

Diet paradigms

Regular food preparation involves maize, groundnut cake, soybean, fish meal, oyster shell, salt, vitamin
premix and rice bran at different proportion (Ulla et al., 2017). Four types of food were formulated with
supplementation of sucrose and/or mushroom powder. Types of food are as below-i) 100% Normal food
formulation- Control group (ND); ii) 80% Normal food formulation + 20% Mushroom powder (MP); iii)
70% Normal food formulation + 30% sucrose (HSD); iv) 50% Normal food formulation + 30% sucrose
(HSD) + 20% Mushroom powder (MP). The dose was justified with references to earlier investigations
(Santoso et al., 2019, Li et al., 2016). To assure the quality of the animals' food, diets were changed daily.
Six mice were assigned in each treatment group, and each mouse was housed in its own cage. The diet
paradigm-based treatment was administered four consecutive weeks.

Measurement of food intake, water intake and body weight

The amount of food and water consumed by each mouse was measured weekly at 10:00 am for 4 weeks
according to the following formula: Food / Water intake = Initial food / water weight- remaining food /
water weight. The body weight of each mouse was also measured weekly utilizing an electric balance
(eki300-2n electronic scale, A&D company Ltd., Korea) up to the end of the experiment.

Intraperitoneal glucose tolerance test

Following the protocol outlined in a previous study, the intraperitoneal glucose tolerance test (ipGTT) was
performed at the end of the feeding treatment (Maejima et al., 2014). By moving mice to clean cages
without food or waste in the bottom or hopper, mice were fasted for about 4 hours. At all times, access to
drinking water was ensured. A scalpel blade that was either new or sterile was used to score the tip of the
tail. The first small drop of blood was discarded. On the test strip of the blood glucose meter, a tiny drop
of blood (<5ul) was applied. A standardized automated blood glucose test meter was used to measure
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blood glucose level (Glucoleader TM Enhance Blood Glucose Meter, HMD Biomedical Inc., Hsinchu
County, Taiwan). Each mouse received a single injection of glucose (2 g/’kg BW) intraperitoneally.
Each mouse's blood glucose level was measured at 15, 30, 60, and 120 minutes after receiving

intraperitoneal glucose. The blood glucose levels in the ipGTT were then used to prepare the area
under the curve (AUC) data.

Blood samples collection and preparation of serum

According to the previously stated procedure, at 28" day of the feeding experiment, after 18 hours of
fasting, blood samples were taken from the Posterior Vena Cava (Hoff ef al., 2000). The mice were
put inside the airtight container that contained chloroform-soaked cotton. By making a V-cut through
the skin and abdominal wall 1 cm caudal to the rib cage, the abdominal cavity of the anesthetized
mouse was accessed. The liver was pulled forward while the intestines were moved to the left.
Between the kidneys, the posterior vena cava's largest section was found. A 1 ml syringe and a
26-gauge needle were employed to collect the blood. The needle was carefully inserted into the vein
and blood was drawn slowly until the vessel wall collapses. The blood-containing tubes were then
centrifuged for 10 minutes at 4°C at 4000 rpm (Gyrozen 1580R Multi-Purpose High-Speed
Refrigerated Centrifuge, Gangnam-gu, Seoul, KOREA). After centrifugation, a fresh tube was filled
with the supernatant serum that had been separated from the undesirable blood cells using a
micropipette. Prior to the lipid profile assay, serum samples were kept at -20 °C.

Measurement of organs weight

After collecting the blood samples, internal organs like the liver, heart, and kidney were harvested, and
they were then trimmed to remove extra tissues. The organs were cleansed in a saline solution, and then
the saline on the surface was removed by placing the organ on filter paper. After that, a digital balance was
used to measure the organ weights (eki300-2n electronic scale, A&D company Ltd., Korea).

Determination of lipid profile parameters

Serum lipid profile studies includes the analysis of serum parameters such as total cholesterol (TC) level
determined by CHOD-PAP method (Richmond, 1973); triglyceride (TG) level measured by GPO-PAP
method (Cole et al., 1997); HDL cholesterol level estimated by CHOD-PAP method (Henry et al., 1974).
HumaTex febrile antigen test kit (Human Diagnostic, Wiesbaden, Germany) was employed, and
Humalyzer (Model No. 3000, Human GmbH, Wiesbaden, Germany) was used to calculate the absorbance
of each test. The Friedewald equation was used to quantify serum LDL cholesterol values (Friedewald et
al., 1972) as follows:

LDL cholesterol (mg/dl) = Total cholesterol- HDL cholesterol— (Triglyceride/5)
Statistical analysis

Using Prism 5, all statistical calculations were carried out (Graph Pad Software, CA). All information was
presented as mean = SEM. Tukey's post-hoc analysis was used after an analysis of variance (ANOVA) to
justify the significant differences among the groups. The p < 0.05 was set as a significant value for all
analyses.
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Results and Discussion
Effect of mushroom powder on food intake of mice

Weekly food intake of each mouse was measured for the duration of the feeding experiment for 4 weeks.
Food intake among the groups did not differ significantly before the start of the experiment (Fig. 1).
However, incorporation of 30% sucrose and 20% mushroom powder into the food, exert an effect in the
food intake per mouse from the first week of the treatment. Food intake was insignificantly higher in High
sugar diet (HSD) supplemented group as compared with the control group (ND) for the duration of the
experiment. MP supplementation reduced the food intake of ND-fed mice though it was not significant.
Furthermore, supplementation of mushroom powder (MP) significantly reduced the food intake in
comparison to HSD-fed group from 3 weeks of the feeding experiment. Moreover, food intake between
(ND+MP) group and (HSD+MP) was comparable throughout the experimental period.

Effect of mushroom powder on water intake

We also measured the water intake throughout the experimental period. At the beginning of the
experiment, water intake was comparable among the groups. However, 20% mushroom powder (MP)

| 1 HsD
E MND+MP Em HSD+MP

Food Intake (g)/ mouse

Weeks

Fig. 1. HSD-induced hyperphagia was alleviated by MP supplementation. Average weekly food intake was
measured for 4 weeks after the start of food supplementation. Bars represent mean + SEM. n > 3 for each
group. *p<0.05 by ANOVA followed by Tukey’s post-hoc test. ND: Normal Diet, HSD: High Sugar Diet, MP:
Mushroom Powder.

supplemented groups showed a tendency to increase weekly water consumption in comparison to their
control group though there was no statistically significant difference (Fig. 2).

Effect of mushroom powder on body weight of mice

The body weight of each mouse was measured to find out the efficacy of mushroom powder in reducing
the development of HSD-induced obesity. Mushroom powder supplementation (20% weight basis) in ND
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Fig. 2. Water consumption was unaffected by the supplementation of MP. Over the course of four weeks, water

consumption per mouse was assessed every week. Bars represent mean = SEM. n > 3 for each group. ND: Normal
Diet, HSD: High Sugar Diet, MP: Mushroom Powder.

diet-fed mice slightly reduced body weight which was not significant throughout the study period (Fig. 3).
The results also showed that high sugar diet consumption increased body weight of the mice. However,

mice fed with mushroom enriched diet significantly attenuated body weight as compared with HSD group
at 3" and 4™ weeks of the experiment.

Effect of mushroom powder on intraperitoneal glucose tolerance

As we observed that MP supplementation effectively prevented the onset of diabetic symptoms such as
obesity, hyperglycemia caused by HSD. We conducted ipGTT at the end of feeding experiment (at day 29)

—a WD 3 HSD

60- E3 ND+MP B HSD+MP

Body weight (g)

Weeks

Fig. 3. MP counteracted the body weight gain in HSD-fed mice. The body weights of the mice were recorded on a weekly

basis. Bars represent mean = SEM. n > 3 for each group. *p<0.05 by ANOVA followed by Tukey’s post-hoc test. ND:
Normal Diet, HSD: High Sugar Diet, MP: Mushroom Powder.
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in order to evaluate the potentiality of MP to maintain the blood glucose homeostasis (Fig. 4A). High
sugar diet supplementation slightly induced glucose intolerance as characterized by a sharp increase in
blood glucose concentration after glucose challenge (i.p. 2g/kg BW). The GTT results also showed that,
following an 1i.p. injection of 2 g glucose per kg BW, the blood glucose levels of the MP supplemented
group tended to be lower than those of the HSD group almost at every time points (Fig. 4A). Furthermore,

the AUC data (Fig. 4B) derived from the GTT graph depicted that the AUC of MP treated group was
significantly lower as compared with the HSD group (p < 0.05).

Effect of mushroom powder on organs weight of mice

The liver weight of HSD fed mice showed a tendency to increase when compared to the control group,
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Fig. 4. MP sustained glucose tolerance in HSD-fed mice. (A) ipGTT was done at the end of the study after an intraperito-
neal injection of glucose at a dose of 2 g/kg BW. (B) The corresponding area under the curve (AUC) values which
showed significant difference about glucose utilization between HSD and HSD + MP fed groups. *p<0.05 by

ANOVA followed by Tukey’s post-hoc test. Bars represent mean = SEM. n > 3 for each group. ND: Normal Diet,
HSD: High Sugar Diet, MP: Mushroom Powder.
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Fig. 5. MP treatment significantly attenuated the increased weight of liver in HSD-fed group. A) Organs (Liver, Heart
and Kidney) weight, B) Weight of white adipose tissue (WAT) and brown adipose tissue (BAT) were measured at
the end of the experiment after sacrificing the animals. *p<0.05 by ANOVA followed by Tukey’s post-hoc test.

Bars represent mean + SEM. n > 3 for each group. ND: Normal Diet, HSD: High Sugar Diet, MP: Mushroom
Powder.
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though the differences were very small (Fig. 5A). Mushroom powder (MP) supplementation (20%)
attenuated the wet weight of the liver in the HSD-treated mice. Heart and kidney weights were comparable
among the groups at the end of the study. The weight of white adipose tissue (WAT) and brown adipose
tissue (BAT) were also affected by the diets. The HSD- treated mice had insignificantly higher amount of
WAT and BAT than the control group. However, 20% supplementation of MP attenuated the wet weight
of WAT and BAT of HSD-fed mice. The values for the weight of WAT and BAT were comparable among
the ND, ND+MP, HSD and HSD+MP-fed groups (Fig. 5B).

O ND 1 HsSD
200 - E ND+MP E3 HSD+MP

Concentration (mg/dL)

Fig. 6. MP treatment attenuated the HSD-induced elevation of serum concentrations of TC, TG and
LDL. Blood lipid profile including total cholesterol (TC), triglycerides (TG), high-density lipo-
protein (HDL-C) and low-density lipoprotein (LDL-C) were measured. *p<0.05 by ANOVA
followed by Tukey’s post-hoc test. Bars represent mean £ SEM. n > 3 for each group. ND:
Normal Diet, HSD: High Sugar Diet, MP: Mushroom powder.

Effect of mushroom powder on lipid profile parameters

High sugar diet (HSD) intake remarkably increased the total cholesterol (TC), triglycerides (TG) and
low-density lipoprotein (LDL) concentration of the serum. Mushroom powder supplementation (20%)
significantly reduced the serum concentration of the blood parameters (Fig. 6). There was no noticeable
difference in serum HDL-cholesterol between the groups. Administration of MP in addition to normal diet
showed an insignificant reduction in the serum concentration of TC, TG and LDL when compared with
ND-fed mice.

The current investigation revealed that the supplementation of 20% mushroom powder (MP) with high
sugar diet (HSD) significantly reduced the food intake and body weight gain in mice. The decrease in
food intake observed in this experiment might be the result of either a decreased appetite or the diet that
is less palatable. The chitin content in the mushroom powder may cause the decreased appetite. Fungal
chitinous biopolymers (chitin and chitosan) are present in mushrooms. They have chitin in the cell walls
(Wu et al., 2004), which makes up about 7% of their composition (Hassainia ef al., 2018; Vetter, 2007).
The deacetylated form of chitin, Chitosan, supplementation can cause a reduction in food intake in mice
(Kumar et al., 2009). Food consumption may also be influenced by food palatability. The composition
of food with additional plant-derived supplements that contain anti-nutritional components can have
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an impact on its palatability (Dong & Pluske, 2007). Mushrooms contain compounds like tannins and
phenolic acids (Yildiz et al., 2017), which may make them less palatable due to their bitter taste and cause
the reduction in food intake (Dong & Pluske, 2007). Consuming high-sugar diets may cause excessive
weight gain, which accelerates the development of obesity in rodents (Torres-Villalobos ef al., 2015).
According to earlier research, eating fast food and drinking beverages high in sugar can greatly raise the
risk of obesity and diabetes in humans (Oo et al., 2017, El-Wakkad et al., 2012). Our present finding also
demonstrated that HSD-fed mice showed a tendency to acquire body weight after 4 weeks of feeding
treatment, and it was greatly inhibited by the 20% mushroom powder addition in their diet. A previous
study also reported that a diet high in mushrooms could reduce body weight gain (Neyrinck et al., 2009).

Consuming a high-sugar diet is linked to the development of metabolic dysregulations like diabetes and
obesity (Lean and Morenga, 2016 & Barriere et al., 2018). One of the long-term metabolic disorders
known as diabetes mellitus is characterized by elevated blood glucose concentration and associated with
several disease states, especially cardiovascular disease. In this study, as expected, mice fed with HSD
exhibited an increase in blood glucose concentration after glucose challenge (2g/kg BW). This finding
may indicate to a dysfunctional blood glucose balance that could lead to the development of diabetes
(Andrixopoulos et al., 2008). However, supplementation of MP in HSD significantly reduced the AUC in
the high sugar diet-fed group. According to nutritional analysis by Rosli & Aishah (2012), mushroom
powder (Pleurotus sajor-caju) has a high concentration of dietary fiber (35.6%), including S-glucan
(3.57%). Moreover, dietary fiber and f-glucan have been scientifically demonstrated to have synergistic
and protective benefits against a variety of ailments including heart disease, stroke, and diabetes, as they
may help to reduce blood sugar and cholesterol levels in addition to other methods (Maier et al., 2000).
f-glucan is a soluble dietary fiber that can produce viscous solution, making it resistant to stomach
digestive enzymes and delaying glucose absorption in the gut as well as gastric emptying rate (Chen &
Raymond, 2008). Therefore, we can speculate that the dietary fiber present in mushroom and the
ingredients present in it caused the delayed gastric emptying and may contribute to improve glucose
tolerance in mice consuming high sugar diet. Apart from that, previous study also reported that oral
administration of mushroom extract decreased serum glucose level in alloxan-induced diabetic mice
(Badole et al., 2009).

Higher level of cholesterol and triglycerides are known as the risk factors for cardiovascular and metabolic
diseases. In this experiment, supplementation of mushroom powder with high sugar diet showed a
significant reduction in plasma cholesterol. One of the possible mechanisms is mushroom contains -1,
3-D-glucan and pectin which bind to bile acids and inhibit the formation of cholesterol-bile micelle and
resorption of cholesterol (Alam et al., 2009). Furthermore, mushrooms contain hypocholesterolaemic
agent like mevnolin (monacolin K, lovastatin) (Gunde-Cimermann et al., 1993), which could reduce the
rate-limiting enzyme's (3-hydroxy-3-methylglutaryl coenzyme A (HMGCoA) reductase) activity for
cholesterol biosynthesis (Bobek et al., 1995). Furthermore, we observed that serum triglycerides were
lower in mushroom powder supplemented group than that of HSD group. The characteristic high
hemicellulose content in mushroom may influence the reduction of serum triglyceride level (Goyal,
2002). The presence of dietary fiber in mushroom may lead to triglyceride binding, which will boost fat
excretion and limit the absorption of lipids (Zhang et al., 1994). Jeong et al., (2010) observed that lower
weight of liver, lower liver cholesterol, and lower liver triglyceride levels were related with a reduction in
plasma low-density lipoprotein cholesterol and an increase in high-density lipoprotein cholesterol. In our
study, we also observed a significant reduction in the wet weight of liver. Moreover, we found no



22 Mushroom powder ameliorates the metabolic syndromes by maintaining glucose ~ 04(1) 2022

noticeable changes between heart and kidney weights among the groups studied. There are a few studies
that investigated the beneficial effect of mushroom powder on ameliorating HSD-induced fat deposition.
This current study reveals that mice that received MP enrich diet had lower WAT than that of HSD
supplemented group. Rats fed with a cholesterol diet also showed similar outcomes, particularly with the
addition of 20% Maitake mushrooms resulting in a 43% reduction in fat deposition (Kubo et al., 1996).
However, no significant difference was found in the weights of BAT among the groups. Further
investigation is needed to completely understand detailed mechanism of potential benefits of mushroom
powder to ameliorate the deleterious effect of high sugar diet consumption.

Mushroom powder could effectively maintain blood glucose homeostasis as well as body weight and food
intake against the development of metabolic disorders such as diabetes and obesity caused by HSD in
mice. As mushroom powder is an abundant source of nutrients, therefore, this powder could be an
important dietary tool in the management of metabolic diseases.

Acknowledgments

Authors acknowledge the support and cooperation from Bangladesh Agricultural University Research
System (BAURES) for financial management of the research grant.

References

Alam N, Amin R, Khan A, Ara I, Shim MJ, Lee MW, Lee UY, Lee TS 2009. Comparative effects of oyster mushrooms on lipid
profile, liver and kidney function in hypercholesterolemic rats. Mycobiol. 37(1): 37-42.

American Diabetes Association (ADA) 2009. Diagnosis and classification of diabetes mellitus. Diabetes Care. 32: 62-67.

Andrixopoulos S, Blair AR, Deluca N, Fam BC, Proietto J 2008. Evaluating the glucose tolerance test in mice. Am J Physiol
Endocrinol Metab. 295: 1323-1332.

Bach F, Helm CV, Bellettini MB, Maciel GM and Haminiuk CWI 2017. Edible mushrooms: a potential source of essential amino
acids, glucans and minerals. Int J of Food Sci & Techn. 52: 2382-2392.

Badole SL, Shah SN, Patel NM, Thakurdesai PA, Bodhankar L 2006. Hypoglycemic activity of aqueous extract of Pleurotus
pulmonarius in alloxan-induced diabetic mice. Pharm Biol. 44: 421-425.

Barriere DA, Noll C, Roussy G, Lizotte F, Kessai A, Kirby K, Belleville K, Beaudet N, Longpré J, Carpentier A, Geraldes P, Sarret
P 2018. Combination of high-fat/high fructose diet and low-dose streptozotocin to model long-term type-2 diabetes
complications. Sci Rep. 8: 424.

Bobek P, Ozdin O, Mikus M 1995. Dietary oyster mushroom (Pleurotus ostreatus) accelerates plasma cholesterol turnover in
hypercholesterolaemic rats. Physiol Res. 44: 287-291.

Bobek P, Ozdin L, Galbavy S 1998. Dose- and time-dependent hypercholesterolaemic effect of oyster mushroom (Pleurotus
ostreatus) in rats. Nutrition. 14: 282-286.

Chen J and Raymond K 2008, Beta-glucans in the treatment of diabetes and associated cardiovascular risks. Vascular Health and
Risk Management. 4(6): 1265-1272.

Cheung PC 2008. Mushrooms as functional foods. Hoboken, New Jersey, USA: Wiley.

Cole TG, Klotzsch SG, Namara MC 1997. Measurement of triglyceride concentration. In: Handbook of lipoprotein testing. Rifai
N, Warnick GR, Domiminiczak MH (ed.), AACC Press, Washington. pp 115-26.

Craig WJ 2010, Nutrition concerns and health effects of vegetarian diets. Nutr Clin Pract. 25: 613-620.

Dong G and Pluske J 2007. The low feed intake in newly-weaned pigs: Problems and possible solutions. Asian-Australasian J of
Anim. Sci. 20(3): 440-452.



Chacrabati, Khatun, Kazal, Moon, Bhattacharjya, Hossain and Goswami 23

El-Wakkad A, Hassan NE, El-Zayat SR, Sibaii H, El-Masry SAE 2012. Multiple markers of diabetes in relation to abdominal
obesity in obese Egyptian adolescent girls. Int J Pharm Sci. 4(4): 276-281.

Friedewald WT, Levy RI, Friedrickson DS 1972. Estimation of the concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin Chem. 18: 499-502.

Goyal R 2002. Hypocholesterolemic effect and nutritional attributes of Agaricus bisporus and Pleurotus sajor-caju mushrooms.
PhD thesis CCS Haryana Agricultural University, Hisar, India.

Gunde-Cimerman N, Plemanitas A, and Cimerman A 1993. Pleurotus fungi produce mevinolin and inhibitor of HMG CoA
reductase. FEMS Microbiol Lett. 111: 333-337.

Hassainia A, Satha H, Boufi S 2018. Chitin from Agaricus bisporus: Extraction and characterization. Int J of Biol Macromol. 117:
1334-1342.

Henry RJ, Winkleman JW, Cannon DC 1974. Clinical Chemistry-Principles and Technics (2™ ed.), Harper & Row Publishers,
New York.

Hod M, Kapur A, Sacks DA, Hadar E, Agarwal M, Di Renzo GC, Cabero Roura L, McIntyre HD, Morris JL, Divakar H 2015. The
International Federation of Gynecology and Obstetrics (FIGO) Initiative on gestational diabetes mellitus: A pragmatic guide
for diagnosis, management, and care. Int J Gynaecol Obstet. 131(3): 173-211.

Hoft J, Rlagt LV 2000. Methods of blood collection in the mouse. Lab animals. 29: 47-53.

Hollman PCH, Arts ICW 2000. Flavonols, flavones and flavanols-nature, occurrence and dietary burden. J Sci Food Agric. 80:
1081-1093.

Hossain S, Hashimoto M, Choudhury E, Alam N, Hussain S, Hasan M, Choudhury S, Mahmud I 2003. Dietary mushroom
(Pleurotus ostreatus) ameliorates atherogenic lipid in hypercholesterolaemic rats. Clin Exp Pharmacol Physiol. 30:
470-475.

Isabel CF, Lillian B, Rui MV 2004. Antioxidants in wild mushrooms. Instituto Politécnico de Braganga, Campus de Sta. J of Agric
and Food Chem. 23: 1894-2845.

Jayasuriya WJ, Suresh TS, Abeytunga D, Fernando GH, Wanigatunga CA 2012. Oral hypoglycemic activity of culinary-medicinal
mushrooms Pleurotus ostreatus and P. cystidiosus (higher basidiomycetes) in normal and alloxan-induced diabetic Wistar
rats. Int J Med Mushrooms. 14(4): 347-355.

Jeong SC, Jeong YT, Yang BK 2010. White button mushroom (Agaricus bisporus) lowers blood glucose and cholesterol levels in
diabetic and hypercholesterolemic rats. Nutr Res. 30(1): 49-56.

Kalac P 2016. Edible mushrooms: chemical composition and nutritional value. Academic Press.

Kooti W, Farokhipour M, Asadzadeh Z, Ashtary-Larky D, Asadi-Samani M 2016. The role of medicinal plants in the treatment of
diabetes: a systematic review. Electron Physician. 8(1): 1832-1842.

Kubo K, Nanba H 1996. The effect of maitake mushrooms on liver and serum lipids. Altern Ther Health Med. 2(5): 62-66.

Kumar SG, Rahman MA, Lee SH, Hwang HS, Kim HA, Yun JW 2009. Plasma proteome analysis for anti-obesity and
anti-diabetic potentials of chitosan oligosaccharides in ob/ob mice. Proteomics. 9(8): 2149-2162.

Lean MEJ, Morenga LT 2016. Sugar and type 2 diabetes. Br Med Bull. 120: 43-53.

Li B, Kimatu BM, Li C, Pei F, Hu Q, Zhao L 2017.Analysis of volatile compounds in L. edodes blanched by hot water and
microwave. Int J of Food Sci and Tech. 52: 1680—1689.

Li X, Guo J, Ji K, Zhang P 2016. Bamboo shoot fiber prevents obesity in mice by modulating the gut microbiota. Sci Rep. 6:
32953.

Liu S, Willett WC, Manson JE, Hu FB, Rosner B, Colditz G 2003. Relation between changes in intakes of dietary fiber and grain
products and changes in weight and development of obesity among middle-aged women. Am J Clin Nutr. 78: 920-927.

Maejima Y, Rita RS, Santoso P, Aoyama M, Hiraoka Y, Nishimori K, Gantulga D, Shimomura K, Yada T 2014. Nasal oxytocin
administration reduces food intake without affecting locomotor activity and glycaemia with c-Fos induction in limited brain
area. Neuroendrocrinology. 101(1): 35-44.



24 Mushroom powder ameliorates the metabolic syndromes by maintaining glucose ~ 04(1) 2022

Maier SM, Turner ND and Lupton JR 2000. Serum lipids in hypercholesterolemic men and women consuming oat bran and
amaranth products. Cereal Chemistry. 77(3): 297-302.

Manzi P, Aguzzi A, Pizzoferrato L 2001. Nutritional value of mushrooms widely consumed in Italy. Food chem. 73(3):
321-325.

Mau JL, Lin YP, Chen PT, Wu YH, Peng JT 1998, Flavor compounds in king oyster mushrooms Pleurotus eryngii. J Agr Food
Chem. 46: 4587-4591.

Nathan DM, Buse JB, Davidson MB 2009. Medical management of hyperglycemia in type 2 diabetes: a consensus algorithm
for the initiation and adjustment of therapy: a consensus statement of the American Diabetes Association and the
European Association for the Study of Diabetes. Diabetes Care. 32: 193-203.

Neyrinck AM, Bindels LB, De Backer F, Pachikian BD, Cani PD, Delzenne NM 2009. Dietary supplementation with chitosan
derived from mushrooms changes adipocytokine profile in diet-induced obese mice, a phenomenon linked to its
lipid-lowering action. Int Immunopharmacol. 9(6): 767-773.

Oo SS, Rao USM, Zin T 2017. Prevalence and factors associated with obesity among adult at the kampung kolam, east coast
malaysian peninsula-a cross sectional study. /nt J Pharm Sci. 3(9): 273-281.

Phat C, Moon B, Lee C 2016. Evaluation of umami taste in mushroom extracts by chemical analysis, sensory evaluation, and
an electronic tongue system. Food chem. 192: 1068-1077.

Rony KA, Ajith TA, Janardhanan KK 2015. Hypoglycemic and Hypolipidemic Effects of the cracked-cap medicinal mushroom
Phellinus rimosus (Higher Basidiomycetes) in streptozotocin-induced diabetic rats. Int J Med Mushrooms. 17(6):
521-531.

Rosli WW and Aishah MS 2012. Pleurotus sajor-caju (PSC) improves nutrient contents and maintains sensory properties of
carbohydrate-based products. World Academy of Science, Engineering and Technology 6(3): 488—490.

Roupas P, Keogh J, Noakes M, Margetts C, Taylor P 2012. The role of edible mushrooms in health: Evaluation of the evidence.
Jof Func Foods. 4(4):687-709.

Santoso P, Amelia A, Rahayu R 2019. Jicama (Pachyrhizus erosus) fiber prevents excessive blood glucose and body weight
increase without affecting food intake in mice fed with high-sugar diet. J Adv Vet Anim Res. 6(2): 222-230.

Torres-Villalobos G, Hamdan-Perez N, Tovar AR, Ordaz-Nava G, Torres N 2015. Combined high-fat diet and sustained high
sucrose consumption promotes NAFLD in a murine model. Ann. Hepatol. 14(4): 540-546.

Ulla A, Alam MA, Sikder B, Sumi FA, Rahman MM, Habib ZF, Mohammed MK, Subhan N, Hossain H, Reza HM 2017,
Supplementation of Syzygium cumini seed powder prevented obesity, glucose intolerance, hyperlipidemia and oxidative
stress in high carbohydrate high fat diet induced obese rats. BMC Complement Altern Med.17: 289.

Vetter J 2007, Chitin content of cultivated mushrooms Agaricus bisporus, Pleurotus ostreatus and Lentinula edodes. Food
Chem. 102(1):6-9.

Wu SJ, Chen YW, Wang CY, Shyu YT 2017. Anti-inflammatory properties of high pressure-assisted extracts of Grifola
frondosa in lipopolysaccharide-activated RAW 264.7 macrophages. Int J of Food Sci and Tech. 52: 671-678.

Wu T, Zivanovic S, Draughon FA, Sams CE 2004. Chitin and chitosan value-added products from mushroom waste. J of Agric
and Food Chem. 52(26): 7905-7910.

Yildiz S, Yilmaz A, Can Z, Kili¢ C, Yildiz U 2017. Total phenolic, flavonoid, tannin contents and antioxidant properties of
Pleurotus ostreatus and Pleurotus citrinopileatus cultivated on various sawdust. The Journal of Food. 42(3): 315-323.

Zhang JX, Lundin E, Hallmans G, Adlercreutz H, Andersson H, Bosacus I, Aman P, Stenling R, Dahlgren S 1994. Effect of rye
bran on excretion of bile acids, cholesterol, nitrogen, and fat in human subjects with ileostomies. 4m J Clin Nutr. 59(2):
389-394.

Zhang M, Cheung PCK, Ooi VCE, Zhang L 2004a. Evaluation of sulfated fungal B-glucans from the sclerotium of Pleurotus
tuber-regium as a potential water-soluble anti-viral agent. Carbohydr Res. 339: 2297-2301.

Zhang M, Cheung PCK, Zhang L, Chiu CM, Ooi VCE 2004b. Carboxymethylated -glucans from mushroom sclerotium of
Pleurotus tuber-regium as novel water-soluble anti-tumor agent. Carbohydr Polymer. 57: 319-325.



