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HIGHLIGHTS 

• New fermented functional papaya beverages were produced using selected symbiotic culture of bacteria and yeast 

(SCOBY) from MARDI’s Collection of Functional Food Cultures under controlled biofermentation process. 

• High fat diet-induced obese mice treated with SCOBY papaya beverages showed significant body weight loss with 

no adverse effect. 

• The qPCR data on selected gene markers and 16S rRNA metagenomics sequencing analysis provide evidence sup-

porting the anti-obesity mechanism of SCOBY papaya beverages with an increase in beneficial gut microbe abun-

dances. 

 
ABSTRACT 
The prevalence of obese populace is one of the major health concerns worldwide and had caused an economic burden to 

government and increased consumption of medical resources. In this study, we have developed new fermented papaya 

beverages using selected symbiotic culture of bacteria and yeast (SCOBY) under controlled biofermentation process. Two

-months treatment on high fat diet-induced obese mice with SCOBY papaya beverages showed a remarkable body weight 

loss of 21.3% (SCOBY papaya leaves) and 23.4% (SCOBY papaya pulp), significantly higher than commercial anti-

obesity drug, Orlistat (11.3%). Further investigation on blood glucose profile of all mice groups revealed a healthy level 

of blood glucose. Haematology analysis of obese mice fed with SCOBY papaya beverages demonstrated no adverse ef-

fect. Findings from quantitative PCR (qPCR) technique have disclosed anti-obesity mechanism of SCOBY papaya bever-

ages. The 16S rRNA metagenomics sequencing analysis confirmed that gut microbiome of high fat diet-induced mice 

treated with individual SCOBY papaya beverage showed an increase in beneficial gut microbe abundances, particularly 

Bifidobacterium, Faecalibaculum, Akkermansia, Lactobacillus and Bacteroides. Comprehensive evidence findings indi-

cated great potential of SCOBY papaya beverages as a functional drink therapy in weight management control and assist 

in improving gut microbiome of obese mice to healthier state. 
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1.INTRODUCTION 

The incidence of global epidemic in obesity has 

emerged as one of the major health issues as a con-

sequence of excessive consumption of energy-

dense diets and sedentary lifestyle. In certain case, 

obesity is partially contributed by the key factors 

like age, psychiatric disorder, genetic predisposi-

tion (Ghee 2016).  The obesity is a complicated 

condition as it facilitates the development of vari-

ous metabolic disorders such as diabetes, osteoar-

thritis, cardiovascular disease, hypertensive effect 

and etc. as reported by scientific findings (Grundy 

2004; Zhu et al. 2019). This phenomenon has re-

sulting major social health problems, particularly in 

Malaysia which has encountered dilemma in con-

trolling populace obesity as Malaysian foods are 

mainly high in sugar and fat. The latest statistical 

data showed that Malaysia has experienced an 

alarming increase in the prevalence of obesity. 

Nearly half of its 30 million Malaysian populace 

are overweight (38.5%) and obese (13.3%), caus-

ing huge economic burden to the nation (New 

Straits Times 2018). With the rapid expansion of 

obesity epidemic worldwide, it is crucial to develop 

new effective anti-obesity therapeutic agent for 

prevention and control measures to tackle the glob-

al obesity scenario. 

 

Development of health functional foods is a new 

emerging area that has been explored extensively 

as innovative approach to meet consumer demand 

for maintaining good health. Microbial fermenta-

tion is one of the promising processing strategies 

used to improve the functional value of food. There 

are many fermented foods known to possess health 

beneficial effects as a result of microbial activity 

which produces more organic acids and secondary 

metabolites. For example, vinegar and Kimchi are 

some of the nutritionally enhanced fermented foods 

that have been reported to have anti-obesity effects, 

supported by evidence collected from the in-vivo 

studies which confirm their influences on gut mi-

crobiota and gene expression (Han et al. 2015; Beh 

et al. 2017). Papaya (Carica papaya Linn.) is rank-

ing in the top 10 nutritionally beneficial fruits with 

significant health profile because of its rich source 

of phytonutrient content and high antioxidant ca-

pacity (Tacio 2020). The therapeutic value of papa-

ya leaves has been confirmed with many published 

scientific evidence to support its contribution role 

as a food remedy for diabetes treatment (Juárez-

Rojop et al. 2014), anti-inflammatory effect 

(Owoyele et al. 2008), immunomodulatory effects 

(Otsuki et al. 2010), chemopreventive effects (Tan 

et al. 2014), anti-plasmodial effect (Ahmad et al. 

2011) and analgesic activity (Hasimun and Ernasari 

2014). The effectiveness of fermented papaya pulp 

was reported to have favourable effects in modulat-

ing immunological, neuroprotective, anti-

inflammatory, antioxidant activity and prevention 

of diabetic complication from oxidative damage 

(Aruoma et al. 2010; Marotta et al. 2012; Barbagal-

lo et al. 2015; Raffaelli et al. 2015). 

 

The overweight may lead to alteration of gut mi-

crobiota and lowered immune system leading to 

higher disease risks (Li et al. 2017). The effects of 

high fat diet on the modification of composition 

and function of host obesity linked gut microbiota 

have been investigated in which involved of chang-

es in energy extraction, intestinal permeability and 

systemic inflammation (Mulders 2018). The altera-

tion of microorganisms that colonize gastrointesti-

nal tract has reduced the capability to generate obe-

sity-suppressing short chain fatty acids (SCFA) 

(Chambers et al. 2015; Li et al. 2017; Mulders 

2018). Our work aims to investigate the potential 

of SCOBY papaya beverages as new cost-effective 

anti-obesity therapy treatment by altering the gut 

microbiota profile as preventives measure in com-

bating the obesity problem in a natural way. Vari-

ous assays have been conducted to investigate the 

mechanism of action of SCOBY papaya beverages 

in reducing body weight. The safety aspects of pro-

longed consumption of SCOBY papaya beverage 

were also included in this current study. 
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2. MATERIALS & METHODS 

2.1. Preparation of SCOBY papaya beverages  

In Malaysian Agricultural Research and Develop-

ment Institute (MARDI), we have developed a new 

controlled biofermentation process to produce 

SCOBY papaya beverage using Kombucha consor-

tium strains which were specifically selected from 

MARDI’s Collection of Function Food Cultures. 

The ultimate target of using selected pure mixed 

cultures was to improve the biological functionality 

of papaya phytonutrients (leaves, PL; pulp, PP) and 

to ensure the consistency and quality of SCOBY 

papaya beverages. Papaya leaves and pulp were 

chosen as substrate to produce SCOBY papaya 

beverages as these two raw materials are enriched 

with valuable phytonutrients that have been report-

ed to contain multiple pharmacological properties. 

 

The papaya (Carica papaya Linn.) with variety of 

Sekaki was purchased from a local papaya planta-

tion in Temerloh, Pahang. A suspension of papaya 

pulp and leaves at the concentration of 5% was pre-

pared and inoculated with 10% of selected 

Kombucha consortium strains (Dekkera sp. & Ko-

magataiebacter sp.) with the colony count of at 

least 1×108 colony forming units/mL. Both papaya 

leaves and pulp were incubated at 30 °C for 4 days 

before subjected to centrifugation at 10,000 rpm for 

5 min to remove substrate residue and the end 

product were named as SCOBY papaya leaves (PL) 

and SCOBY papaya pulp (PP), respectively. The 

SCOBY papaya beverages were pasteurised at 90°

C for 30 min to stop the microbial growth. The car-

bohydrate and protein content of SCOBY PL and 

PP beverages were 5.8 g/100 mL, 0.3 g/100 mL 

and 9.6 g/100 mL, 0.4 g/100 mL, respectively. 

Both SCOBY PL and PP beverages did not contain 

any fat. 

 

2.2. In vivo anti-obesity study 

A total of 30 ICR mice were divided into 5 groups: 

a) normal diet (normal); b) high fat diet (HFD, C(-

); c) HFD-Orlistat, C(+); d) HFD-SCOBY papaya 

pulp (PP); e) HFD-SCOBY papaya leaves (PL). All 

mice groups except for normal diet mice group, 

were fed with high fat diet (34.5% fat, D12491 pur-

chased from Specialty Feeds, Australia) for 3 

months to induce obesity (at least 20% body weight 

higher than normal diet mice) before treated with 

Orlistat (10 mg/kg), PP (2 mL/kg) & PL (2 mL/kg) 

for a period of 2 months with continually fed with 

high fat diet. The mice body weight and blood glu-

cose profile were monitored and measured twice a 

month. The physical appearances of the mice such 

as sudden body weight drop, fur loss and reduce in 

mobility were observed. After 2 months treatment, 

mice were euthanized in CO2 chamber. The collect-

ed organs (kidney, liver, spleen & stomach) and 

adipose tissue were weighed before proceeded to 

histopathology analysis.  All organs were fixed in 

neutral buffered 10% formalin solution and were 

embedded in paraffin, sectioned, stained with hae-

matoxylin and eosin before examining individual 

organ tissue under microscope (Leica, Germany). 

 

2.3. Determination of haematology, serum bio-

chemistry and lipids profile 

The blood was drawn afterwards via the brachial 

artery from all mice groups and stored in tubes con-

taining anticoagulant EDTA-2K. The haemetology 

profile (red blood cell, platelets, white blood cell, 

haemoglobin and haematocrit) were determined 

using automated haematology analyzer (Exigo 

Blood Haematology Analyzer, Sweden). Serum 

samples were obtained by centrifuging blood sam-

ples (Centrifuge S417R, Eppendorf, CA, USA) at 

4,000 rpm for 10 min under chilled condition of 4 °

C and were measured using a clinical chemistry 

autoanalyzer (DIRUI CS-300, China) to examine 

the liver function, kidney function and lipids pro-

files (alanine aminotransferase (ALT), alkaline 

phosphatase (ALP), aspartate aminotransferase 

(AST), total protein, creatinine, urea readings, tri-

glycerides, high density lipoprotein, low density 

lipoprotein and cholesterol level) for all treated 

HFD-induced obese mice and normal diet mice. 
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2.4. Quantification of short chain fatty acids via 

gas chromatography (GC) 

Short chain fatty acids (SCFAs) were extracted 

from mice faecal samples and quantified using gas 

chromatography technique. A total of 0.3 g frozen 

faecal sample was smashed first using mortal and 

pestle before adding 3 mL distilled water with the 

adjusted pH to 2 using 10 M hydrochloric acid. 

The acidic solution was added onto tube containing 

Lysing Matrix E and subjected to homogenisation 

using FastPrep-24 homogenizer (MP Biomedicals, 

Germany) at the agitation rate of 10,000 rpm for 10 

min to extract the SCFAs solution. The homoge-

nate was transferred into new tubes and further 

centrifuged at 10,000 rpm for 5 min to remove un-

wanted residues before filtered using 0.22 µm sy-

ringe filter for GC injection. The SCFAs chromato-

graphic analysis was carried out using Agilent 

6890N GC system equipped with a flame ioniza-

tion detector (FID). A Zebron ZB-Waxplus capil-

lary column (30 m x 0.25 mm internal diameter x 

0.25 µm film thickness) was used to separate the 

SCFAs peaks using gradient heating profile: The 

initial oven temperature was set for 50°C for 1 min 

before heating up the column to 200°C at 60°C/

min and held for 1 min before further raised to 

250°C with the heating rate of 20°C/min and then 

maintained at 250°C for 3 min. The nitrogen was 

used as carrier gas and the split ratio was set at 

100:1 with the split flow of 99.4 mL/min. The in-

jection port and FID temperature was set at 250°C. 

The flow rate of hydrogen, air and make up gas 

were maintained at 40, 350 and 30 mL/min, re-

spectively with total run time of 10 min. The 

amount of SCFAs was quantified from external 

calibration curve of SCFAs standards (acetic acid, 

butyric acid and propionic acid) using HP Chem-

station Plus software (Agilent, USA). 

 

2.5. Quantitative real-time polymerase chain 

reaction (qPCR) analysis 

The adipose tissue samples were collected from 

treated and control mice (three individual mice 

samples per group). Total RNAs were extracted 

from adipose tissue samples using RNeasy Lipid 

Tissue Mini kit (Qiagen, Germany). Complemen-

tary DNAs were synthesized using QuantiNova 

Reverse Transcriptase kit (Qiagen, Germany). Pre-

designed PrimeTime Assay Std Probes 5' FAM/

ZEN/3' IBFQ were synthesized by Integrated DNA 

Technology, IDT, Singapore) as follows: Actin-b 

(Actb) (Mm.PT.39a.22214843.g), glyceraldehyde 

3-phosphate dehydrogenase (GADPH) 

(Mm.PT.39a.1), hypoxanthine phosphoribosyl 

transferase-encoding gene (Hprt) 

(Mm.PT.39a.22214828), glucose transporter 4 

(Slc2a4) (Mm.PT.58.9683859), sterol regulatory 

element binding protein-1 (SREBP-1) 

(Mm.PT.58.8508227), adiponectin receptor 1 

(Adipor1) (Mm.PT.58.42620207), nitric oxide syn-

thase 2 (NOS2) (Mm.PT.58.5680554), tumor ne-

crosis factor alpha (TNF-α) 

(Mm.PT.58.12575861), transforming growth factor 

β1 (TGF-β1) (Mm.PT.58.11254750), matrix metal-

loproteinase-2 (MMP2) (Mm.PT.58.9606100), in-

terleukin 6 (IL6) (Mm.PT.58.12506617) and  C-C 

motif chemokine ligand 2 (CCL2) 

(Mm.PT.58.42151692). The qPCR assay was per-

formed using synthesized PrimeTime Assay Std 

Probe 5' FAM/ZEN/3' IBFQ in a StepOnePlus real-

time PCR system (Applied Biosystems, USA). The 

PCR cycling conditions used for sample analysis 

were as follows: 1 cycle of 95 °C (3 min) for DNA 

polymerase activation, 40 cycles of 95 °C (5 s) for 

denaturation, and 60 °C (30 s) for annealing and 

extension. The fluorescent dye ROX served as an 

internal reference for normalization of the FAM 

fluorescent signal. The fold expression value of 

each targeted gene in individual sample relative to 

normal control sample was calculated by normaliz-

ing individual expression value with the average 

expression value of a set of reference genes (Actb, 

GADPH and Hprt) using 2–[delta][delta]Ct meth-

od. 

 

2.6. Gut microbiota analysis via 16S rRNA gene 

sequencing  

The composition of gut microbiota of individual 
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treated and control mice samples were evaluated 

via 16S rRNA sequencing on mice faecal samples. 

Bacterial genomic DNA was extracted from mice 

faecal samples of each group using NucleoSpin 

tissue mini kit (Macherey-Nagel, Germany) accord-

ing to the manufacturer’s instructions. The 16S 

rRNA variable V3-V4 regions were amplified us-

ing 16S Amplicon PCR Forward Primer, 5’- 

CCTAYGGGRBGCASCAG-3’ and 16S Amplicon PCR 

Reverse Primer 5’-GGACTACNNGGGTATCTAAT-3’ 

and Phusion High-Fidelity PCR Master Mix (New 

England Biolabs, Ipswich, MA, USA). Sequencing 

libraries were constructed using NEBNext® Ul-

traTM DNA Library Prep Kit for Illumina ® accord-

ing to the manufacturer’s instructions. Sequencing 

of 16S rRNA libraries was performed using lllumi-

na HiSeq 2500 platform with 250 bp paired end 

reads generated. Paired-end reads were merged us-

ing FLASH (V1.2.7) (Magoč and Salzberg 2011) to 

generate raw tags before the raw tags were subject-

ed to quality filtering to obtain clean tags using 

QIIME (V1.7.0) (Caporaso et al. 2010). To detect 

chimera sequences, the tags were compared with 

the reference data namely Gold database using 

UCHIME algorithm (Edgar et al. 2011) for obtain-

ing the effective tags. Sequences analysis was per-

formed by Uparse software (V7.0.1001) using all 

the effective tags (Edgar 2013). Sequences with 

≥97% similarity were assigned to the same OTUs. 

Annotation of OTUs at each taxonomic rank was 

performed using Mothur software against the 

SSUrRNA database of SILVA Database (Wang et 

al. 2007). The evolutionary tree was generated with 

RAxML and viewed in ITOL (Letunic and Bork 

2007).  

 

3. RESULTS 

In this study, the effectiveness of SCOBY papaya 

beverages to combat obesity was investigated using 

a high fat diet-induced obese mice model. The mice 

were fed with high fat diet for three months to in-

duce obese condition. On the 4th month onwards, 

the selected obese mice were treated with SCOBY 

papaya beverages and a commercial drug (Orlistat) 

for 2 months intervention under continuous feeding 

with high fat diet. Negative obese mice group was 

continually fed with high fat diet without treatment 

while the normal diet mice which served as a con-

trol for comparison purpose were fed with standard 

pellet diet. Surprisingly, the obese mice group fed 

with SCOBY papaya beverages showed remarkable 

weight reductions when compared to commercial 

anti-obesity drug, Orlistat under short period of 

treatment. Even though obese mice received con-

tinuous high fat diet, treatments with SCOBY papa-

ya beverages were efficiently reducing body weight 

of obese mice at a higher percentage (21.3% 

SCOBY papaya leaves, PL; 23.4% SCOBY papaya 

pulp, PP) compared to treatment using commercial 

anti-obesity drug (Orlistat), with a lower weight 

reduction of 11.3% (Fig. 1A). Further examination 

on mice blood glucose profile revealed no hypogly-

caemia or hyperglycemia effect observed in all 

obese and normal diet mice with their blood glu-

cose level maintained within the healthy levels (6 - 

8 mmol/L) (Fig. 1B). Generally, the percentages of 

relative weight of kidney, liver, spleen, stomach 

and adipose tissues of all mice groups were also 

examined (Fig. 1C). There were no swelling symp-

tom or abnormal physical appearance observed in 

all mice organs after the two months high fat diets 

intervention. However, obese mice without treat-

ment, C(-) were found to have higher percentage of 

adipose tissue (3.6% ±0.18) deposits when com-

pared to other treated obese mice groups (within 

range of 1.32 – 1.48%), which was closer to normal 

diet mice group (1.37%±0.26). In order to examine 

the safety aspect of prolonged consumption of 

SCOBY papaya beverages and commercial drug, 

the histopathology assessments on mice’s various 

organs (kidney, liver, spleen and stomach) of treat-

ed high fat diet obese mice and control mice groups 

were performed. No inflammation symptoms were 

observed indicating no toxicity effect of consuming 

SCOBY papaya beverages within two months treat-

ment.  
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Figure 1 Comparative study between treated high 

fat diet obese mice and control mice group: (A) 

ratio body weight; (B) glucose level; (C) relative 

weight 

Abbreviations: PL – SCOBY papaya leaves-treated high 

fat diet obese mice; PP – SCOBY papaya pulp treated high 

fat diet obese mice; C(+): Orlistat-treated high fat diet 

obese mice; C(-): High fat diet obese mice; Normal: nor-

mal control mice 

 

The safe consumption of SCOBY papaya beverag-

es was further supported by the healthy levels of 

white blood cells, lymphocytes, haemoglobins, 

haematocrits, red blood cells and platelets. The 

haematology profile within acceptable ranges sug-

gested that SCOBY papaya beverages and Orlistat 

were safe for consumption as depicted in Fig. 2. 

Serum biochemistry analysis revealed that minor 

increase of alanine aminotransferase, total protein, 

creatinine and cholesterol in some of high fat diet-

induced obese mice as summarized in Table 1. Alt-

hough blood chemistry profile of some mice 

showed slight increases in readings, those mice 

were physically active with no sickness. 

Figure 2 Haematology profile for treated high fat 

diet obese mice and control mice group: a) white 

blood cell; b) lymphocytes; c) haemoglobin; d) 

haematocrit; e) red blood cell; f) platelets 

 

Abbreviations: PL – SCOBY papaya leaves-treated high 

fat diet obese mice; PP – SCOBY papaya pulp treated high 

fat diet obese mice; C(+): Orlistat-treated high fat diet 

obese mice; C(-): High fat diet obese mice; Normal: nor-

mal control mice 
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Figure 3. Short chain fatty acids profile for treated 

high fat diet obese mice and control mice groups: a) 

ratio acetic acid; b) ratio propionic acid; c) ratio bu-

tyric acid 

Abbreviations: PL – SCOBY papaya leaves-treated 

high fat diet obese mice; PP – SCOBY papaya pulp 

treated high fat diet obese mice; C(+): Orlistat-treated 

high fat diet obese mice; C(-): High fat diet obese 

mice; Normal: normal control mice 

 

The SCFAs are important gut metabolites which are 

produced by gut microbiota in the gastrointestinal 

system. The SCFAs were extracted from mice faecal 

samples to investigate the changes of these important 

gut microbial metabolites present in obese mice 

group treated with SCOBY papaya beverages in 

comparison with untreated obese mice. The acetic 

acid, propionic and butyric acid are the three major 

SCFAs that had been analysed from each mice group 

and the changes of each SCFAs contents were inves-

tigated between the initial and after 2 months treat-

ment (Fig. 3). Relatively, obese mice treated with 

SCOBY papaya beverages showed higher increment 

in total SCFAs content (acetic acid, propionic and 

butyric acids) than untreated obese mice and normal 

control mice, particularly for obese mice treated with 

SCOBY papaya pulp (PP).  

Table 1. Liver & kidney function and lipid profile between treated high fat diet obese mice and control mice 

group 

Sample 

Liver Function profile Kidney function Profile Lipids Profile 

ALT 

(U/l) 

AST 

(U/l) 

ALP 

(U/l) 

Total 

Protein (g/

l) 

Albumin 

 (g/l) 

Urea 

(mmol/l) 

Creatinine 

(µmol/l) 

TG 

(mmol/l) 

HDL 

 (mmol/l) 

LDL 

 (mmol/l) 

CHOL 

(mmol/l) 

Normal 48.40±5.10c 134.57±29.82ab 76.43±12.84c 71.62±7.10b 38.10±2.44a 10.41±1.79a 48.44±6.25c 1.09±0.20a 1.21±0.23b 1.31±0.30c 2.37±0.42d 

C (-) 49.33±7.15c 126.55±25.30ab 71.57±15.00c 71.52±8.47b 36.98±2.65a 5.72±0.69b 
53.00±2.83c

b 

1.07±0.11a

b 
1.99±0.38a 2.91±0.71ab 3.68±0.63c 

C (+) 67.25±6.65b 127.83±34.37ab 72.30±19.12c 
77.12±6.30a

b 
37.57±1.86a 4.54±0.63cb 54.40±2.59b 1.24±0.31a 2.12±0.83a 2.57±0.34ab 

4.07±0.47b

c 

PL 47.60±1.52c 143.50±34.84ab 127.67±34.23a 
79.84±5.16a

b 
38.35±3.31a 4.30±0.64c 61.17±2.40a 

0.76±0.19b

c 
2.47±0.59a 2.86±0.49ab 4.97±0.72a 

PP 83.75±8.62a 119.29±11.21b 104.18±21.99b 
76.40±6.14a

b 
38.11±2.02a 4.16±0.21c 62.00±7.21a 

1.05±0.07a

b 
2.07±0.30a 2.37±0.46b 

4.09±0.65b

c 

Normal 

range 
16 - 48 65 – 203 26 - 147 52 – 71 36 – 55 4.39 – 8.78 17.68 – 44.2 0.23-1.29 N.A N.A 0.91-2.20 

aMeans within the normal control and high fat diet treated obese mice group with different small letter are significantly (P<0.05) differ-
ent. 

Abbreviations: PL: SCOBY papaya leaves-treated high fat diet obese mice; PP: SCOBY papaya pulp treated high fat diet obese mice; C 
(+): Orlistat-treated high fat diet obese mice; C (-): High fat diet obese mice; Normal: normal control mice; ALT: Alanine aminotransfer-
ase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase, DHL: High density lipoprotein; LDL: low density lipoprotein; TG: 
Triglyceride; CHOL: Cholesterol; N.A. Not available 
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Obesity is a metabolic disorder which causes low-

grade chronic inflammation. There are changes in the 

body immune response during the development of 

obesity, as the circulating pro-inflammatory cyto-

kines will be elevated and trigger inflammation. In 

order to evaluate the effectiveness of SCOBY papaya 

beverages in controlling obesity and body weight 

management, this study has performed qPCR to 

measure the expression of adipocyte genes that in-

volved in glucose metabolism (Slc2a4), fat metabo-

lism (Adipor1, SREBP-1, and MMP2), and inflam-

mation processes (TNF-α, NOS2, TGF-β1, IL6 and 

CCL2) (Fig. 4). The short term consumption of 

SCOBY papaya beverages reduced the expression  of 

gene related to glucose transportation namely solute 

carrier family 2 (Slc2a4) significantly in HFD-

induced obese mice compared to non-treated obese 

mice (Fig. 4A, P<0.01). The expression profile of 

adiponectin receptor 1 (Adipor1) showed similarity 

with Slc2a4, where significant reductions of the ex-

pression level in samples treated with SCOBY papa-

ya beverages (Fig. 4B, P<0.01). Gene markers that 

associated with fat mass accumulation and adipogen-

esis such as sterol regulatory element binding protein 

1 (SREBP-1) and MMP2 were down-regulated mark-

edly in SCOBY papaya beverages (PL & PP) diet 

treated groups compared to non-treated obese mice 

(Fig. 4C and 4D, P<0.05). The high fat diet caused 

increases of inflammation gene marker expressions 

(TNF-α, IL6, TGF, CCL2 and NOS2) by 1.25- to 7-

fold in obese mice relative to the normal control (Fig. 

4E-4I). However, under SCOBY papaya beverages 

(PL & PP) diet interventions, the altered expression 

levels of these inflammatory genes in treated groups 

were restored to normal levels (Fig. 4E-4I, P<0.01).  

Figure 4. Expression of gene markers related to obesity. Gene expression of Slc2a4, Adipor1, SREBP-1, MMP2, 
TNF-α, IL6, TGF-β1, CCL2 and NOS2 in control groups (positive and negative controls) and fermented diet 
treated groups (PP and PL) relative to Normal. Results are presented as mean ± SEM (n=3). Significant differ-
ences between individual fermented treated and control group are marked with * (P<0.05) and ** (P<0.01). 

Abbreviations: perational toxonomy units: operational taxonomy units; PL – SCOBY papaya leaves-treated high fat diet 
obese mice; PP – SCOBY papaya pulp treated high fat diet obese mice; C(+): Orlistat-treated high fat diet obese mice; C(-): 
High fat diet obese mice; Normal: normal control mice. 
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The composition of gut microbiome of individual control and treated mice group was analysed using 16S rRNA se-

quencing technique on the mice stool samples. Fig. 5A shows the relative abundances of gut microbes as demonstrat-

ed by 12 most abundant percent OTUs at the phylum level in each sample group. Results showed that there were re-

ductions in the percentage of relative abundance of Firmicutes in SCOBY papaya pulp (PP) treated and positive con-

trol, C(+) groups compared to negative control, C(-) with approximately 9% and 11%, respectively (Fig. 5). For both 

SCOBY papaya beverages (PP and PL) treated groups, there were significant increments of Actinobacteria by ap-

proximately 6% compared to C(-) group. In addition, Verrucomicrobia was found to be increased after both SCOBY 

papaya beverages diet intervention, with higher increment in SCOBY papaya pulp, PP (4.9%) than in SCOBY papa-

ya leaves, PL (1.6%) compared to high fat diet-induced obese mice group without treatment, C(-).  

(A) 

(B) 

Figure 5. Gut microbiome analysis between treated high fat diet obese mice and control mice groups (A) relative abun-
dance of gut microbiome (OTUs) (B) comparative study of evolutionary tree at the genus level  
 
Abbreviations: OTUs: operational taxonomy units; PL – SCOBY papaya leaves-treated high fat diet obese mice; PP – SCOBY papaya 
pulp treated high fat diet obese mice; C(+): Orlistat-treated high fat diet obese mice; C(-): High fat diet obese mice; Normal: normal con-
trol mice 
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An evolutionary tree that demonstrating the distribu-

tion of gut microbes at the genus level across differ-

ent sample groups is shown in Fig. 5B. The circulat-

ing bars are the indicators for overall abundance and 

magnitude of difference between controls and treated 

groups. There are a number of microbes that abun-

dantly present particularly for treated groups are 

highlighted by red arrows such as Faecalibaculum, 

Lactobacillus, Bacteriodes, Bifidobacterium, Akker-

mansia and Lachnospiraceae NK4A136. Among 

these, Lactobacillus and Bifidobacterium were found 

to be increased markedly in SCOBY papaya leaves 

(PL) treated group whereas the Bacteriodes and Ak-

kermansia were abundantly present in SCOBY papa-

ya pulp (PP) treated group. Worth mentioning that 

the abundance of Faecalibaculum increased with a 

similar magnitude in both SCOBY papaya beverages 

(PL and PP) treated groups. In contrast, Lachnospi-

raceae NK4A136 reduced in abundance upon 

SCOBY papaya beverages diet interventions com-

pared to all other groups. 

 

4. DISCUSSION  

Globally, current diet trend is not only covering the 

basic nutrient needed for daily requirements, but also 

includes functional metabolites that can prevent or 

reduce the risk of chronic diseases. The consumers 

demand for multiple healthy functional foods with 

the prophylactic potential has been increasing. One of 

the major innovative solutions to address consumer 

health is to eat better foods. For instance, fermented 

foods have gained great attention due to the presence 

of biologically active compounds with therapeutic 

potential and lesser side effects. In this study, we 

have developed functional fermented papaya bever-

ages, known as SCOBY papaya beverages which 

were produced using selected pure mixed cultures of 

bacteria and yeast under controlled fermentation pro-

cess to ensure the consistency and quality of SCOBY 

papaya beverages. 

 

Our ultimate aim of producing SCOBY papaya bev-

erages is to promote these beverages as effective food 

remedy solution for tackling the current obesity epi-

demic with little side effect. Long term consumption 

of high fat diet is well known to be the causal factor 

for the increased risk of obesity. In this study, 

SCOBY papaya beverage treatments were applied to 

high fat diet-induced obese mice for a duration of 

two months on top of continuous feeding with high 

fat diet. Orlistat, a popular commercial anti-obesity 

drug was used as positive control to evaluate the anti-

obesity efficacy level. Surprisingly, it was found that 

both SCOBY papaya beverages (PP and PL) treated 

obese mice groups showed a remarkable body weight 

loss just after two weeks of treatment and achieved 

the percentage of body weight loss of 21.3% and 

23.4% for PL and PP, respectively after 8 weeks of 

treatment. On the contrary, Orlistat which acts as li-

pase inhibitor to reduce fat absorption showed a low-

er efficiency in reducing body weight (11.3%). Most 

interestingly, it was found that obese mice treated 

with SCOBY papaya beverages have lower percent-

ages of adipose tissue than obese mice without treat-

ment. This phenomenon supports the efficacy of 

SCOBY papaya beverage in significant reduction of 

fat loss in obese mice. The presence of natural acetic 

acid (~1.5-1.6%) in SCOBY papaya beverages as 

part of microbial metabolites produced by Kombucha 

consortium strains is likely to be the primary contrib-

uting factor for significant body weight reduction. 

This was based on previous findings where the pres-

ence of sufficient acetic acid in some of natural fer-

mented vinegar was suggested to have anti-obesity 

and anti-inflammatory effects, predominantly in in-

creasing satiety and reducing lipid deposition (Kondo 

et al. 2009; Yamashita et al. 2016; Beh et al. 2017). 

Various analyses on blood glucose profile, haematol-

ogy analysis, serum biochemistry profiling and histo-

pathology examination were conducted to evaluate 

the safety aspect of SCOBY papaya beverages. Pro-

longed consumption of SCOBY papaya beverages 

did not cause any hyperglycemia or hypoglycaemia 

effect on blood glucose profile of treated obese mice 

groups. Examination of various organs like liver, kid-

ney, stomach and spleen showed no swelling effect 

and any inflammatory symptoms. Therefore, the 

overall data collected have confirmed the safe con-

sumption of SCOBY papaya beverages, suggesting 

these beverages as new therapeutic agent in the 

weight management control with no toxicity symp-

toms shown. Nevertheless, prolonged consumption of 
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high fat diet in all mice groups except normal diet 

mice group did experience minor increase in certain 

serum biochemistry profile such as alanine ami-

notransferase, total protein, creatinine and cholesterol 

levels. Particularly, higher cholesterol levels were 

observed all high fat diet-induced mice groups was 

likely due to continuously consumption of high fat 

diet for a period of 5 months. This phenomenon 

showed that both SCOBY papaya beverages and 

Orlistat have no capability to reduce the cholesterol 

level in high fat diet-induced obese mice. 

 

Novel research showed that gut microbiota is associ-

ated with obesity and metabolic disorders, where gut 

microbiota composition is different between obese 

and lean animal and human subjects. Long term in-

take of high fat diet is one of the identified contrib-

uting factors that can indirectly affect the gut intesti-

nal microbiota by modifying the composition and 

function of microorganisms colonized in the gastroin-

testinal tract. Here, we investigated the changes of 

gut microbiota of high fat diet-induced obese mice 

under SCOBY papaya beverages interventions. The 

SCFAs which are also known as gut metabolites were 

evaluated with their suggested role as new key medi-

ator in modulating the effect of diet and interaction 

on the host metabolism, indirectly impacting the 

pathophysiology of obesity and metabolic disorders. 

On the whole, the SCFAs contents of obese mice fed 

with SCOBY papaya beverages increased significant-

ly (P<0.05) after two months treatment than untreat-

ed obese mice. The SCFAs also considered as an en-

ergy metabolite that are likely to increase body meta-

bolic activity and act as a defensive system against 

inflammation and atherosclerosis (Ohira et al. 2017). 

Prolonged consumption of SCOBY papaya beverages 

by obese mice has shown significant changes in the 

gut microbiota composition in comparison to untreat-

ed obese and normal mice group. This could be due 

to obesity suppressing SCFAs produced in SCOBY 

papaya beverages (e.g. acetic acid, propionic acid and 

butyric acid) that enhanced the reduction of body 

weight. Similar scientific findings have been reported 

in other high fat diet-induced obese mice studies 

(Beh et al. 2017; Mulders 2018). Moreover, propion-

ic acid has been associated with appetite regulation 

by enhancing the secretion of peptide YY and gluca-

gon like peptide -1 (GLP-1), hence reduce energy 

intake and weight gain in overweight adults 

(Chambers et al. 2015). 

 

The two months consumption of high fat diet had 

induced obesity in mice with significant metabolic 

changes as observed in negative control group. These 

changes were detected molecularly using qPCR tech-

nique, indicated by genes in adipocytes with func-

tions involved in glucose transportation, fat tissue 

build up and obesity linked inflammatory cytokines 

were abnormally up-regulated their expressions. In a 

former study conducted by Shepherd et al. (1993) 

found that Slc2a4 which is also known as glucose 

transporter 4 is responsible for glucose intake of adi-

pocytes where up-regulation of this gene could lead 

to increase in adipose tissue mass. This result was in 

agreement with increased expression level of adi-

ponectin receptor 1 (Adipor1) that enhances AMPK 

activity which in turn up-regulates insulin-stimulated 

glucose and fatty acid uptake by adipose tissues in 

obese mice (Karbowska and Kochan 2006). The high 

fat diet could also enhance the expression levels of 

transcription factor SREBP-1 which regulate activity 

of genes related to cholesterol and fatty acid biosyn-

thesis in adipose tissue (Porstmann et al. 2005). An 

essential proteinase for extracellular matrix remodel-

ling namely MMP2 that responsible for accumulation 

of adipose tissue during obesity development 

(Chavey et al. 2003) exhibited approximately 2.5 fold 

up-regulated gene expression compared to untreated 

obese and normal mice. The inflammation process in 

adipocytes during the progress of obesity was clearly 

shown by increased expressions of a number of in-

flammatory gene markers. Those markers include pro

-inflammatory cytokines such as TNF-α and IL6 as 

well as inflammatory chemokines like TGF-β1 and 

CCL2. Studies have shown that the expressions of 

these inflammatory cytokines and chemokines were 

initiated by the deposition of fat tissues (Xu et al. 

2002; Fain et al. 2005; Park et al. 2005; Neeld and 

Olefsky 2006), subsequently the low-grade inflam-

mation process of adipocytes stimulated and up-

regulated NOS2 expression, which is involved in the 

development of insulin resistance (Perreault and 
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Marette 2001; Sugita et al. 2005). However, follow-

ing individual SCOBY papaya pulp (PP) and 

SCOBY papaya leaves (PL) treatment, the altered 

expression of the above-mentioned gene markers re-

sulted from high fat diet were able to be restored to a 

normal expression level (P<0.05). These results sug-

gest that both SCOBY papaya beverages (PP and PL) 

are effective in preventing the development of obesi-

ty related pathogenesis that induced by high fat diet. 

 

Dietary intake is one of the primary factors that de-

termine the composition of gut microbiota besides 

genetics, mode of delivery at birth and use of medica-

tions. The consumption of high fat diet has contrib-

uting to an irregular energy intake and energy bal-

ance, which directly will alter the composition of in-

testinal microbiota and leads to development of obe-

sity. From the OTUs relative abundance analysis, the 

gut microbiota of fermented diet PP and PL treated 

groups were altered as compared to the non-treated 

control group. Clearly, the abundances of Actinobac-

teria and Verrucomicrobia increased markedly fol-

lowing individual PP and PL diet treatment, resulting 

in decreased abundances of major residing microbes 

such as Firmicutes, Bacteriodetes and Proteobacteria 

in comparison to negative and normal controls. These 

changes were in agreement with increases of 

Bifidobacterium and Akkermansia in both SCOBY 

papaya beverages (PP and PL) treated groups, which 

are the major genus belonging to phylum Actinobac-

teria and Verrucomicrobia as shown in the evolution-

ary tree. Bifidobacterium spp. was found to provide 

anti-obesity and lipid-lowering effects in high fat diet

-induced obese rats (An et al. 2012), which could 

explain the weight loss upon consumption of PP or 

PL diet in our current study. Similarly, there were 

cases which showed higher abundance of Akkerman-

sia in the faecal samples of those has successfully 

lost body weight among obese human (Louis et al. 

2016). The role of Akkermansia spp. in the gut sys-

tem has been related to obesity characteristics which 

include glucose metabolism regulation, intestinal im-

munity and strengthening the intestinal barrier (Naito 

et al. 2018). 

 

Comparison between the two fermented papaya (PP 

& PL) diet treatments, Faecalibacterium and Bac-

teroides were found to be more abundantly present in 

SCOBY papaya pulp (PP) treated group whereas 

Lactobacillus in SCOBY papaya leaves (PL) treated 

group. It was reported that treatment using Faecali-

bacterium prausnitzii improved metabolic health and 

reduced inflammation of adipose tissue in high fat 

fed mice (Munukka et al. 2017). This finding is in 

agreement with the current qPCR analysis results 

where greater reductions of expression for genes en-

coding for pro-inflammatory cytokines (TNF and 

IL6) in adipocytes of PP-treated than PL-treated 

obese mice. In addition, Faecalibacterium prausnitzii 

is known to be a butyrate producer, which was likely 

to be the main contributor for a 2.5-fold increase of 

faecal butyrate in PP-treated obese mice as indicated 

in our SCFAs analysis results. Studies have shown 

that one of the health effects by butyrate compound is 

protecting against diet-induced obesity without caus-

ing hypophagia by acting as a major energy source 

for colonocytes (Chakraborti 2015). On the other 

hand, there were several studies reported that an anti-

obesity effects exerted by Lactobacillus spp. which 

significantly reduced body weight by down-

regulating the adipogenesis in high fat diet induced 

obese mice (Lee et al. 2013; Zhu et al. 2019; Choi et 

al. 2019; Choi et al. 2020). 

 

5. CONCLUSION 

By applying selected Kombucha consortium strains 

fermentation on papaya leaves and pulp, the presence 

of mixed microbial activity has transformed the papa-

ya leaves and pulp into functional beverages that pos-

sess anti-obesity effect. Treatments using SCOBY 

papaya beverages, particularly SCOBY papaya pulp 

has resulted in significant increases of faecal SCFAs 

contents after the intervention, in agreement with 

increased abundances of SCFAs producing gut bacte-

ria. These SCFAs are crucial to regulate fat metabo-

lism by decreasing fat storage. Evidence findings 

collected from in vivo obese mice study confirmed 

the potential of SCOBY papaya beverages to allevi-

ate obesity problem by altering lipid metabolism, 

reducing inflammation and enhanced the growth of 

gastrointestinal beneficial microbes. Compared to 

untreated obese mice, SCOBY papaya beverages 
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treated obese mice showed greater abundances of 

beneficial microbiota. The overall results suggest that 

SCOBY papaya beverages are effective in restoring 

gut microbiota of obese subjects to a healthy state 

and ameliorate obesity related metabolic disorders. In 

conclusion, SCOBY papaya beverages represent a 

novel functional papaya beverage which offers a cost

-effective food remedy solution, potentially become 

the next generation preventive and therapeutic solu-

tion for body weight management control and global 

obesity epidemic with less side effect.  
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