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Background: Fermented food has been widely consumed as health food to ameliorate or 

prevent several chronic diseases including diabetes. Xeniji™, a fermented food paste (FFP), 

has been previously reported with various bioactivities, which may be caused by the presence 

of several metabolites including polyphenolic acids, flavonoids, and vitamins. In this study, the 

anti-hyperglycemic and anti-inflammatory effects of FFP were assessed.

Methods: In this study, type 2 diabetes model mice were induced by streptozotocin and high-fat 

diet (HFD) and used to evaluate the antihyperglycemic and anti-inflammatory effects of FFP. 

Mice were fed with HFD and challenged with 30 mg/kg body weight (BW) of streptozotocin for 

1 month followed by 6 weeks of supplementation with 0.1 and 1.0 g/kg BW of FFP. Metformin 

was used as positive control treatment.

Results: Xeniji™-supplemented hyperglycemic mice were recorded with lower glucose level after 

6 weeks of duration. This effect was contributed by the improvement of insulin sensitivity in the 

hyperglycemic mice indicated by the oral glucose tolerance test, insulin tolerance test, and end point 

insulin level. In addition, gene expression study has shown that the antihyperglycemic effect of FFP 

is related to the improvement of lipid and glucose metabolism in the mice. Furthermore, both 0.1 

and 1 g/kg BW of FFP was able to reduce hyperglycemia-related inflammation indicated by the 

reduction of proinflammatory cytokines, NF-kB and iNOS gene expression and nitric oxide level.

Conclusion: FFP potentially demonstrated in vivo antihyperglycemic and anti-inflammatory 

effects on HFD and streptozotocin-induced diabetic mice.

Keywords: fermented foods, diabetic, inflammation, high-fat diet, lipid metabolism, glucose 

metabolism

Introduction
Diabetes is a global public health crisis contributed to by several factors including obe-

sity, low physical activity, and intake of diet with excessive calories.1 Type 2 diabetes 

is characterized by increased level of blood glucose due to insulin resistance.2 Although 

several factors including obesity, low physical activity, genetics, and intake of diet 

with excessive calories contributed to the development of diabetes,1 obesity caused by 

intake of Western high-fat diet (HFD) was one of the top risk factors.2 To overcome 

the escalating diabetes health problem, several suggestions such as increasing physical 

activity and practicing healthy lifestyle or diet were proposed.3 It was hypothesized that 

traditional Asian diet including fermented food can help in preventing and delaying 

the progression of type 2 diabetes.4 Fermentation using lactic acid bacteria is a food 

processing method practiced since ancient time to improve flavor, aroma, and shelf 

life of fresh foods.5 Among the commonly used lactic acid bacteria, Lactobacillus 
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plantarum has been reported as the safest way to preserve 

food.5 Recent studies have shown that fermentation also helps 

to remove anti-nutritional factors5 and enhances bioactive 

metabolites such as polyphenols6 and isoflavone,7 which 

contributed to the improvement of bio-activities such as 

antibacterial, anti-inflammatory, anti-allergy, antioxidant, 

antihypertensive, and tyrosinase inhibitory effects.8 In addi-

tion, fermented food was also reported with antidiabetic 

effect. For example, fermented soybean improved glucose 

control in diabetic mice by improved sensitivity of insulin 

and glucose metabolism.7 The antidiabetic effect of fermented 

food may be contributed by the polyphenolic acid6 and even 

the lactic acid bacteria that were used for fermentation.9

Among the fermented food, fermented food paste (FFP) 

produced by fermenting fruits, vegetable, herbs, mushrooms, 

seaweed, and pulses using lactic acid bacteria is a convenient 

source of digestible nutrients in Japan.8 Xeniji™ is one of 

the commercial FFP that is available in Malaysia and Japan. 

A recent study has reported that FFP contained β-carotene, 

phytonadione, polyphenol, citric acid, and essential amino 

acids, which may have contributed to the antioxidant and 

immunostimulatory effect of 1 g/kg body weight (BW) of 

raw FFP (dissolved in distilled water) on healthy BALB/c 

mice in vivo.10 In addition, vitamin and polyphenols in 

fermented food were also correlated to its antiinflammatory 

and inhibition of fat deposition effects.8,11 Presence of 

polyphenols particularly caffeolyquinic acid and sakuranetin 

in 1 g/kg BW of raw FFP (dissolved in distilled water) was 

also correlated with its in vivo hepato-recovery effect on 

ethanol-induced liver damage of BALB/c mice.12 Although 

FFP contained essential amino acids, vitamins, and polyphe-

nolic acids10,13 and fermented food has been recorded to have 

potential antidiabetic effect,13 benefit of this FFP in regulating 

hyperglycemia particularly on type 2 diabetes is still unclear. 

Mice fed with HFD and challenged with streptozotocin were 

described as suitable model to resemble type 2 diabetes.13 

Thus, this model was used in this study to evaluate the anti-

hyperglycemia and anti-inflammatory effect of FFP.

Methods
Preparation of FFP
Commercially available FFP was provided by Elken Sdn Bhd, 

Malaysia. Preparation and ingredients of FFP were reported 

in the previous study.10 In brief, various food ingredients 

were batch fermented using commercial lactic acid bacteria 

(Table 1) for 3.5 years.10 Based on the previous study, FFP 

contained β-carotene, phytonadione, polyphenol, citric acid, 

and essential amino acids.10 FFP used in this study was evalu-

ated and standardized based on total phenolic content (~5 mg 

GAE/g extract), citric acid (~30 mg/g extract), aspartic acid 

Table 1 Ingredients of FFP

Food 
ingredients

Content Concentration

Sugar Brown sugar, galacto-oligosaccharide (GOS), and oligosaccharide 67.2%
Fruits Prunus domestica L. (prune), Fragaria xananassa (strawberry), Malus domestica (apple), Vitis pione (grape),  

Prunus persica (peach), Citrus unshiu (mandarin orange), mulberry, cherry blossom paste, Citrus junos (yuzu),  
Diospyros kaki (persimmon), Actindia chinensis (kiwi), Fortunella japonica (kumquat), Citrus limon (lemon),  
Vaccinium corymbosum (blueberry), Myrica rubra (artubus), Pyrus pyrifola (pear), Prunus mume (ume), Citrus iyo  
(iyo-orange), Ficus carica (fig), Rubus buergeri (raspberry), and Rubus fruticosus (blackberry)

18.0%

Vegetables 
and wild herbs

Angelica keiskei (folium) (Angelica keiskei leaf powder), Perilla frutescens (perilla), Cucurbita maxima (pumpkin),  
Raphanus sativus (Japanese radish), Spinacia oleracea (spinach), Daucus carota var. Sativus (carrot), Brassica  
oleracea, acephala (kale), Hordeum vulgare L. (barley grass), Corchorus olitorius (Jew’s mallow), Lycopersicone  
sculentum (tomato), Cucumis sativus (cucumber), Plantago asiatica (plantain), Sasa veitchii (stripped bamboo),  
Equisetum arvense (field horsetail), Eriobotrya japonica (loquat leaf), Brassia oleracea var. Capitata (cabbage),  
Salanum melongena (eggplant), Apium graveolens var. Dulce (celery), Capsicum annuum (sweet pepper),  
Mormodica charantia (bitter melon), Brassica rapa chinensis (bok choi), Nelumbo nucifera (Radix) (lotus root),  
Curcuma longa (turmeric), Brassica oleracea var. italica (broccoli), Zingiber officinale (ginger), Petroselinum  
crispum cv (parsley), Asparagus officinalis var. Altilis (asparagus), and Oentanthes tolonifera (Japanese parsley)

7.4%

Mushrooms Ganoderma lucidum (reishi), Lentinula edodes (shiitake mushroom), Auricularia polytricha (Jew’s ear), Grifola  
frondosa (maitake mushroom)

1.3%

Seaweed Ascophyllum nodosum (kelp), Laminaria japonica Areschoug (kombu), Undaria pinnatifida suringer (wakame),  
Fucuse vanescens (fucus), Sargassum fusiformesetchell (hijiki)

1.6%

Pulses and  
cereals

Glycine max (soybean), Theobroma cacao (cocoa), Zea mays L. (sweet corn), Oryza sativa (rice) 4.4%

Lactic acid  
bacteria  
species

Lactobacillus brevis, Lactobacillus casei, Lactobacillus curvatus, Lactobacillus paracasei, Lactobacillus pentosus,  
Lactobacillus plantarum, Lactococcus lactis, Leuconostoc mesenteroides, Pediococcus acidilactici, Pediococcus  
pentosaceus

0.1%

Note: Reprinted from Zulkawi N, Ng KH, Zamberi R, et al. In vitro characterization and in vivo toxicity, antioxidant and immunomouldatory effect of fermented foods; 
Xeniji™. BMC Complement Altern Med. 2017;17:344.10
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(~30 mg/100 g extract), and β-carotene (~5 mg/g extract), 

which was similar to the our previous report.10 In this study, FFP 

was freshly prepared daily by dissolving in distilled water at 

the evaluated concentration prior to the supplementation.

Animals and treatment
Male mice (n=45, 6 weeks old) were purchased from animal 

house, Institute of Bioscience, Universiti Putra Malaysia (UPM). 

This study was approved by Institutional Animal Care and Use 

Committee, UPM (R045/2016). All animal experiments were 

carried out in accordance with the Malaysia Animals Act 1953 

(Revised 2006) under Malaysian Veterinary Council for ani-

mal experiments. The animals were acclimatized for 2 weeks 

before starting the experiment. All mice were housed under 

standard condition at 22°C, 12 hours of day/dark light cycles, 

humidity ~70%, and fed with distilled water and standard mouse pel-

lets 702 (Gold Coin Holding, Selangor, Malaysia) ad libitum.

The mice were randomly divided into nine groups as 

stated below. Group 1 was the normal healthy mice that were 

fed with standard mouse pellets 702 (Cold Coin Holding,) 

throughout the experimental period. Mice from groups 

2–5 were fed with HFD D12492 (Research Diet, Inc, New 

Brunswick, NJ, USA) ad libitum for 12 weeks. Major com-

ponents of the standard diet and HFD are listed in Table 2.14 

In addition, mice from groups 2–5 were injected with strep-

tozotocin (35 mg/kg) (Sigma-Aldrich Co., St Louis, MO, 

USA) intraperitoneally on week 8.15 When the fasting glucose 

was .270 mg/dL at week 12, mice from groups 3–5 were 

orally fed with metformin (CCM Pharmaceuticals Sdn Bhd, 

Selangor, Malaysia) or FFP using oral gavage for 6 weeks as 

stated below. Previous studies10,12 have shown that 0.1 and 

1.0 g/kg body weight (BW) of FFP enhanced the antioxidant 

effects in healthy and ethanol-induced liver damaged BALB/c 

mice. Thus, these concentrations were used in this study.

•	 Group 1, normal healthy (n=5): standard diet + normal 

saline buffer (Sigma-Aldrich Co.) only

•	 Group 2, untreated diabetic (n=5): HFD + streptozotocin 

challenged + distilled water

•	 Group 3, metformin diabetic (n=5): HFD + streptozotocin 

challenged + 0.3 g/kg BW metformin

•	 Group 4, FFP0.1 diabetic (n=5): HFD + streptozotocin 

challenged + 0.1 g/kg BW of FFP

•	 Group 5, FFP1.0 diabetic (n=5): HFD + streptozotocin 

challenged + 1.0 g/kg BW of FFP

During the experimental period, fasting blood glucose 

level and food intake were measured weekly. Calorie intake 

per mouse was calculated based on the calorie/g for the 

standard diet and HFD (Table 2). At the end of the 18 weeks 

of experimental period, all mice were anesthetized with 

isoflurane (Sigma-Aldrich Co.) and euthanized by cervical 

dislocation. Liver, gonadal fat pads, and serum were collected 

and subjected to the following assays.

Oral glucose tolerance test (OGTT)
On week 17, all mice that fasted overnight were orally fed with 

2.5 g/kg BW of glucose (Sigma-Aldrich Co.). Subsequently, 

blood glucose level of the mice collected from tail vein was 

measured at 30, 60, 90, 120, and 180 minutes using OneTouch 

glucose meter (LifeScan, Inc, Chesterbrook, PA, USA).

Insulin tolerance test (ITT)
One week before the end of the experiment, all mice that fasted 

6 hours were injected with 1 IU/kg BW of insulin intraperito-

neal injection (CCM Pharmaceuticals Sdn Bhd). Subsequently, 

blood glucose level of the mice was measured for 30, 60, 

90, 120, and 180 minutes using OneTouch glucose meter.

Serum liver markers, insulin, and leptin
Serum was collected for quantification of the following 

enzyme markers (aspartate aminotransferase [AST], alanine 

aminotransferase [ALT], alkaline phosphatase [ALP], and 

creatinine) and lipid profile (total cholesterol and triglyc-

eride [TG]). The assays were performed in a biochemical 

analyzer (Hitachi 902 Automatic Analyzer; Hitachi Ltd., 

Tokyo, Japan) with adapted reagents from Hoffman-La 

Roche Ltd. (Basel, Switzerland). In addition, insulin and 

leptin levels in the serum were also determined using insulin 

and leptin ELISA kit (R&D Systems, Inc., Minneapolis, 

MN, USA).

Differential gene expression using real-
time quantitative PCR (RT-qPCR)
Expressions of inducible nitric oxide synthase (iNOS), 

nuclear factor kappa light chain enhancer of activated B cells 

(NF-kB), carnitine palmitoyl transferase I (CPT1a), glucoki-

nase, glucose-6-phosphate dehydrogenase (G6PD), phos-

phofructokinase and 6-phosphogluconate dehydrogenase in 

Table 2 Major components of the standard diet and high-fat diet

Content Standard pellet (g%) 
(Gold Coin, Malaysia)

D12492 (g%) 
(Research Diet, USA)

Protein 22.0 26.2
Fiber 5.0 6.0
Carbohydrate 49.0 26.3
Fat 3.0 34.9
Others 21.0 6.6
Total kcal/g 3.8 5.2

Note: Reprinted from Beh BK, Mohamad NE, Yeap SK, et al. Anti-obesity and 
anti-inflammatory effects of synthetic acetic acid vinegar and Nipa vinegar on high 
fat-diet-induced obese mice. Sci Rep. 2017;7:6664.14
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liver and adiponectin, glucose transporter 1 (Glut1), glucose 

transporter (Glut4), glucose transporter (Glut8), insulin 

receptor, and SREBP1 in gonadal fat pads were quantified. 

β-Actin was used as housekeeping gene. Primers for the eval-

uated targets and housekeeping genes are listed in Table 3. 

Livers and gonadal fat pads were stored in RNAlater solution 

(Thermo Fisher Scientific, Waltham, MA, USA) to preserve 

the RNA. The RNA was then extracted using an RNeasy 

Mini Kit (Qiagen NV, Venlo, the Netherlands). Total RNA 

(1 μg) was reverse-transcribed to first-strand cDNA using 

NEXscript cDNA synthesis kit (NEX Diagnostics, Seoul, 

Korea) according to the manufacturer’s protocols. The RNA 

and cDNA were aliquoted into five tubes and stored at −80°C. 

RT-qPCR was performed with NEX proq PCR Evagreen 

Master Mix (NEX Diagnostics) using Eco Real Time PCR 

system (Illumina, San Diego, CA, USA) with the following 

steps: 95°C for 2 minutes, 40 cycles of 95°C for 10 seconds, 

60°C for 45 seconds, and acquisition of fluorescent signal. 

Specificity and efficiency of primers were confirmed by RT-

qPCR melt curve and standard curve analysis. Non-template 

controls were used to confirm specificity. All samples 

were measured in triplicate. The expression levels of the 

target genes in all samples were normalized using the three 

housekeeping genes and further compared with those in the 

untreated control group by the Eco 48 software (Illumina). 

All the results were expressed as normalized fold changes 

compared with the untreated diabetic group.

Glycogen and nitric oxide (NO) 
quantification
Liver was excised from each mouse, washed with ice-cold 

phosphate-buffered saline (PBS; 137 mM NaCl, 2.7 mM KCl, 

10 mM Na
2
HPO

4
, 2 mM KH

2
PO

4
, pH 7.4; Sigma-Aldrich 

Co.), and weighted. One part of the liver was mashed using a 

0.2 μm cell strainer and syringe rubber plunger in cold PBS, 

to obtain a liver homogenate. The liver homogenate was used 

to determine the levels of glycogen and NO by using ELISA 

kit (Sigma-Aldrich Co.) and Griess assay (Thermo Fisher 

Scientific), respectively.

Serum adipokine quantification
Serum collected for the biomarkers evaluation was also sub-

jected to interleukin-1β (IL-1β) and tumor necrosis factor-α 

(TNF-α) quantification using ELISA kits (R&D Systems).

Statistical analysis
Mean and standard deviation from five mice per group were 

calculated by using Excel. Significant difference (p,0.05) 

between the untreated diabetic mice with other groups for all 

experiments was tested using one-way analysis of variance 

followed by post hoc Duncan analysis using SPSS version 20 

(IBM Corporation, Armonk, NY, USA).

Results
After 12 weeks of incubation, HFD streptozotocin-challenged 

diabetic mice were observed with three times higher fast-

ing blood glucose compared with normal healthy mice 

( p,0.05). For the following 6 weeks, untreated diabetic 

mice were recorded with further increase of fasting glucose 

to ~300 mg/dL while normal healthy mice maintained the fast-

ing blood glucose below 100 mg/dL (p,0.05). Metformin-

treated mice maintained lower fasting blood glucose than the 

Table 3 Primer sequence of target genes for RT-qPCR assay 

Organ Genes Sequence (5′-.3′)

Gonadal fat 
pad

AD F: TCAGGAAGAGGAGGAGGA
R: TCAGGAAGCACATCATACG

Glut1 F: GCAGTTCGGCTATAACAC 
TGG
R: GCGGTGGTTCCATGTTTGA 
TTG

Glut4 F: CTGCTTCTGGCTCTCACA
R: AGGACATTGGACGCTCTC

Glut8 F: CCCTTCGTGACTGGCTTTG
R: TGGGTAGGCGATTTCCGA 
GAT

Insulin receptor (IR) F: CGATGGCTTCTCAGACGTG
R: CAGCCCGCTTGTTGATGTTG

SREBP F: TCATCAACAACCAAGACAGT
R: CCAGAGAAGCAGAAGAG 
AAG

Liver CPT1a F: TGGCATCATCACTGGTG 
TGTT
R: GTCTAGGGTCCGATTGATCT 
TTG 

G6PD F: CACAGTGGACGACATCCG 
AAA
R: GCAGGGCATTCATGTGGCT

Glucokinase F: AGGAGGCCAGTGTAAAGA 
TGT
R: CTCCCAGGTCTAAGGAGAG 
AAA

Phosphofructokinase F: TGCAGCCTACAATCTGC 
TCC 
R: GTCAAGTGTGCGTAGTT 
CTGA

6-Phosphogluconate 
dehydrogenase

F: CCTCGACTCTGCTTCGT 
CTG
R: AAGATCGCCTTGATGTGGGG

iNOS F: GCACCGAGATTGGAGTTC
R: TAGTTACACCGACACGAG

NF-kB F: CATTCTGACCTTGCCTATCT 
R: TCTTACCTGTCTTGTCGTC

Housekeeping 
gene

β-Actin F: TCCTTCCTGGGCATGGAG
R: AGGAGGAGCAATGATCTTGA 
TCTT
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untreated diabetic mice throughout the 6-week study period 

(p,0.05). Moreover, FFP diet-supplemented mice also had 

reduced fasting blood glucose compared with untreated dia-

betic mice. After 3 weeks of FFP supplementation, FFP1.0 

showed better effect than FFP0.1 in reducing the fasting 

blood glucose (p,0.05) (Figure 1A).

ITT and OGTT
ITTs (Figure 1B) and OGTT (Figure 1C) were performed to 

measure insulin sensitivity and glucose tolerance. Compared 

with the untreated diabetic mice that had impaired glucose 

tolerance, metformin-treated and FFP diet-supplemented 

mice were observed with improved glucose metabolism 

and insulin sensitivity in the OGTT and ITT. When the two 

evaluated concentrations of FFP were compared, FFP1.0 was 

observed with faster reduction of glucose level and was able 

to maintain low blood glucose level even after 2.5 hours of 

insulin injection than in FFP0.1 supplemented mice.

Food and calorie intake per mouse
Overall, diabetic mice were recorded with significantly 

(p,0.05) higher food/calorie intake than normal healthy 

mice (Figure 2A and B). Within the first 5 weeks of treat-

ment, no significant difference was observed for food/calorie 

intake among all groups of diabetic mice. On the other hand, 

significantly lower level of food/calorie intake was observed 

in diabetic mice treated with metformin or supplemented with 

FFP1.0 after 6 weeks of duration. (Figure 2A and B).

Serum insulin and leptin levels
The effect of FFP, particularly at 1 g/kg BW, in sensitiz-

ing the insulin was further supported with the reduction 

of fasting serum insulin and serum leptin levels (Table 4). 

Untreated diabetic mice were recorded with higher levels 

of serum insulin and serum leptin. On the other hand, 

metformin treatment and FFP1.0 diet supplementation sig-

nificantly (p,0.05) reduced the serum insulin and serum 

leptin levels compared with the untreated mice. FFP0.1 only 

significantly reduced the serum insulin level compared with 

the untreated mice.

Serum lipid and liver enzyme profiles
Untreated diabetic mice were recorded with higher levels of 

serum lipid (cholesterol and TG) and liver enzyme (AST, 

Figure 1 (A) Blood glucose level of normal, untreated, metformin-treated, and FFP-supplemented diabetic mice for the 6 weeks period. (B) Insulin tolerance and (C) oral 
glucose tolerance of normal, untreated, metformin-treated, and FFP-supplemented diabetic mice after 5 weeks of treatment.
Note: FFP0.1 and FFP1.0 indicate 0.1 and 1.0 g, respectively, of FFP per kg of body weight.
Abbreviations: FFP, fermented food paste; ITT, insulin tolerance test; OGTT, oral glucose tolerance test.
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ALT, and ALP) profiles. Metformin-treated diabetic mice 

were also recorded with significant (p,0.05) lower level 

of serum lipid and liver enzyme profiles compared with 

untreated mice (Table 5). FFP0.1 diet-supplemented mice 

were recorded with significantly (p,0.05) lower level of 

only serum TG, ALT, and ALP levels. In addition, FFP1.0 

was also observed with significantly (p,0.05) lower level 

of serum lipid and liver enzyme profiles compared with the 

untreated diabetic mice. Ten times higher supplementation 

of FFP on diabetic mice significantly ( p,0.05) further 

reduced the serum cholesterol, TG, ALP, and AST levels 

(Table 5).

Liver glycogen level
Untreated diabetic mice were recorded with 4.5-fold lower 

liver glycogen level compared to the normal healthy mice. 

Metformin, FFP1.0, and FFP0.1 were able to increase liver 

glycogen level by 3.00-, 2.15-, and 3.57-fold, respectively, 

compared with the untreated diabetic mice after 6 weeks of 

duration (Figure 3).

Expression of glucose metabolism, insulin 
signaling, and adipogenesis-related genes
To understand how FFP regulates the glucose metabolism 

and insulin signaling pathway in the diabetic mice, expression 

of several genes that related to these pathways was observed 

by RT-qPCR. In the liver tissue, the expression of G6PD, 

glucokinase, phosphofructokinase, and 6-phosphogluconate 

dehydrogenase genes was found to be increased in the liver 

tissue of metformin-treated and FFP1.0 diet-supplemented 

diabetic mice (Figure 4). Moreover, expression of insulin 

signaling pathway-related genes, that is, Glut1, Glut4, Glut8, 

adiponectin, and insulin receptor genes were also ameliorated 

by the metformin treatment and FFP1.0 diet supplementation 

in the fat pad of the diabetic mice (Figure 5). In terms of 

adipogenesis-related genes, metformin treatment and FFP1.0 

diet supplementation were able to ameliorate the expression 

of CPT1a gene in liver (Figure 4) while the expression of 

SREBP1 gene in the fat pad was suppressed (Figure 6). When 

FFP1.0 and FFP0.1 diet supplementations were compared, 

10 times higher dosage of FFP showed significantly ( p,0.05) 

additional benefit in ameliorating the expression of these 

evaluated genes in liver and fat pad.

Serum IL-1β and TNF-α adipokine levels
Untreated diabetic mice were observed with highest serum 

IL-1β and TNF-α levels. On the other hand, metformin, 

FFP1.0, and FFP0.1 similarly helped to reduce the levels of 

IL-1β and TNF-α proinflammatory adipokines compared 

with the untreated diabetic mice. Both metformin treatment 

and FFP supplementation have even helped to reduce the 

level of serum IL-1β near to the level of normal healthy 

mice (Figure 5).

Figure 2 (A) Food (g/day) and (B) calorie intake per mice (kcal/day) of normal, untreated, metformin-treated, and FFP-supplemented diabetic mice for the 6 weeks period.
Note: FFP0.1 and FFP1.0 indicate 0.1 and 1.0 g, respectively, of FFP per kg of body weight.
Abbreviation: FFP, fermented food paste.

Table 4 Serum insulin and leptin, of normal, untreated 
diabetic, metformin-treated diabetic and fermented food paste-
supplemented diabetic mice after 6 weeks of duration 

Grouping Serum insulin 
(ng/mL)

Serum leptin 
(ng/mL)

Normal 1.68±0.12d 3.29±0.21c

Untreated 2.97±0.11a 7.36±0.25a

Metformin 1.89±0.09c 5.77±0.31b

FFP0.1 2.34±0.10b 7.14±0.25a

FFP1.0 1.82±0.13c 5.21±0.27b

Note: Different superscript letters indicate a significant difference compared with 
the untreated diabetic group, p,0.05.
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Gene expression of NF-kB and iNOS in 
the liver
FFP1.0 diet supplementation showed the highest suppression 

on the expression of proinflammatory related genes iNOS 

and NF-kB in the liver compared with the untreated diabetic 

mice. On the other hand, metformin treatment and FFP0.1 

diet supplementation showed lower degree (but significant, 

p,0.05) of iNOS and NF-kB expression in the liver compared 

with the diabetic mice (Figure 7A).

NO level in the liver
Untreated diabetic mice were recorded with 2.9-fold higher 

liver NO level compared with the normal healthy mice. Met-

formin and FFP1.0 were able to reduce ~55% of the liver NO 

level in the diabetic mice after 6 weeks of duration. On the 

other hand, FFP0.1 reduced only 13% of the liver NO level 

compared with the diabetic mice (Figure 7B).

Discussion
Fermented food including FFP has been widely consumed 

as health supplements.8 However, health benefits of different 

types of fermented food can be varied contributed by the 

different source of food and strains of microbes used for the 

fermentation.16 Thus, it is important to evaluate the efficacy of 

fermented food to correlate with its health claim. In this study, 

the antihyperglycemic and anti-inflammatory effects of FFP 

were evaluated on the HFD + streptozotocin challenged dia-

betic mice. Previous study has shown that HFD-fed mice with 

streptozotocin impaired glucose tolerance as a result of the 

loss of early phase insulin secretion and subsequently caused 

insulin resistance.15 In this study, mice fed with HFD and sin-

gle dose of streptozotocin were found to develop hyperglyce-

mia after 12 weeks of observation. In this study, the untreated 

diabetic mice were observed with pathological condition 

of type 2 diabetes such as hyperglycemia, insulin resistant, 

depletion of liver glycogen, deposition of fat, and secretion 

of various adipokines such as TNF-α and leptin.17

Like metformin, FFP possessed antihyperglycemic effect 

after 6 weeks of diet supplementation. Reduction of blood 

glucose level by FFP was contributed by improved insulin 

sensitivity and glucose metabolism, which were indicated by 

the OGTT and ITT. Improved oral glucose tolerance value 

indicates enhanced adipose and liver sensitivity to insulin.18,19 

Improvement of insulin resistance by FFP was supported 

by the upregulation of three different glucose transporters 

(Glut1, Glut4, and Glut8) and insulin receptor in the adipose 

tissue. Upregulation of glucose transporter gene expression 

also gives the clue that insulin sensitization by FFP diet sup-

plement may achieve through increasing the translocation and 

glucose uptake in the diabetic mice.20 FFP diet supplement 

was also observed to have higher level of liver glycogen. 

Glycogen is the primary intracellular storable form of glucose 

converted by insulin in liver via activation of glycogen syn-

thesis.19 Thus, enhancement of glycogen synthesis in the liver 

was also observed, indicating the improvement of hepatic 

insulin sensitivity in the type 2 diabetes.19 Furthermore, insu-

lin was also involved in the activation of liver metabolism 

Table 5 Serum lipid (cholesterol and TG) and liver enzymes (ALT, ALP, and AST) profiles of normal, untreated diabetic, metformin-
treated diabetic and FFP-supplemented diabetic mice after 6 weeks of duration

Cholesterol 
(mmol/L)

TG (mmol/L) ALT (U/L) ALP (U/L) AST (U/L)

Normal 2.52±0.08d 1.35±0.06d 69.30±8.68c 49.33±1.41d 167.66±18.92e

Untreated 5.28±0.74b 4.83±0.02a 175.30±7.78a 126.67±8.18a 337.18±18.80a

Metformin 4.59±0.03c 2.76±0.04b 81.25±4.95b 88.00±4.14b 253.76±15.22b,c

FFP0.1 5.74±0.32a 1.92±0.01c 73.25±5.44b,c 73.33±3.94c 299.76±17.57a,b

FFP1.0 4.77±0.29c 1.20±0.06d 70.35±3.80c 56.00±5.66d 213.50±14.00d

Notes: Different superscript letters indicate a significant difference compared with the untreated diabetic group, p,0.05. FFP0.1 and FFP1.0 indicate 0.1 and 1.0 g, 
respectively, of FFP per kg of body weight.
Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; FFP, fermented food paste; TG, triglyceride.

Figure 3 Liver glycogen level of normal, untreated, metformin-treated, and FFP-
supplemented diabetic mice. Different superscript letters indicate a significant 
difference compared with the untreated diabetic group, p,0.05.
Note: FFP0.1 and FFP1.0 indicate 0.1 and 1.0 g, respectively, of FFP per kg of body 
weight.
Abbreviation: FFP, fermented food paste.
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through ameliorating the expression of genes related to 

glycolysis such as glucokinase, G6PD, phosphofructokinase, 

and 6-phosphogluconate dehydrogenase,21 which was also 

observed in the FFP diet-supplemented diabetic mice.

Adipokines are proteins secreted by adipocytes that are 

known to have direct or indirect regulation on insulin sen-

sitivity.22 In this study, dysregulation on the production of 

adipokines such as leptin, adiponectin, IL-1β, and TNF-α was 

observed in the untreated diabetic mice. Leptin, stimulated by 

hyperinsulinemia, is a hormone produced by adipocytes that 

promotes body fat accumulation. Over accumulation of leptin 

always promotes excessive food intake and reduces energy 

expenditure in obese subjects.15 On the other hand, adiponec-

tin is a hormone produced by adipocytes that positively 

regulates energy expenditure and suppresses excessive food 

intake.15 IL-1β and TNF-α are proinflammatory cytokines 

that inhibit insulin secretion and induce apoptosis of β-cells 

via stimulating the generation of NO through the activation of 

inflammation.22 In this study, FFP diet supplement was able 

to upregulate the expression of adiponectin associated with 

reduced level of serum leptin, IL-1β, and TNF-α. In addi-

tion, reduced level of proinflammatory IL-1β was observed 

Figure 4 Differential expression of G6PD, glucokinase, phosphofructokinase, 6-phosphogluconate dehydrogenase, and CPT1a hepatic genes on normal, untreated, metformin-
treated, and FFP-supplemented diabetic mice. The expression of target genes (± SEM) was normalized with β-actin, and the untreated diabetic group was used as control for 
comparison. Fold change .2 compared with the untreated group was considered significant. Different superscript letters indicate a significant difference compared with the 
untreated diabetic group, p,0.05.
Note: FFP0.1 and FFP1.0 indicate 0.1 and 1.0 g, respectively, of FFP per kg of body weight.
Abbreviation: FFP, fermented food paste.

Figure 5 Serum (A) IL-1β and (B) TNF-α of normal, untreated, metformin-treated, and FFP-supplemented diabetic mice. Different superscript letters indicate a significant 
difference compared with the untreated diabetic group, p,0.05.
Note: FFP0.1 and FFP1.0 indicate 0.1 and 1.0 g, respectively, of FFP per kg of body weight.
Abbreviations: IL-1β, interleukin-1β; TNF-α, tumor necrosis factor-α; FFP, fermented food paste.

β α
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Figure 7 (A) Differential expression of NF-kB and iNOS genes in the liver of normal, untreated, metformin-treated, and FFP-supplemented diabetic mice. The expression of 
target genes (±SEM) was normalized with β-actin, and the untreated diabetic group was used as control for comparison. Fold change .2 when compared with the untreated 
group was considered significant. (B) NO levels in livers of normal, untreated, metformin-treated, and FFP-supplemented diabetic mice. Different superscript letters indicate 
a significant difference compared with the untreated diabetic group, p,0.05.
Note: FFP0.1 and FFP1.0 indicate 0.1 and 1.0 g, respectively, of FFP per kg of body weight.
Abbreviations: NO, nitric oxide; FFP, fermented food paste; iNOS, inducible nitric oxide synthase; NF-kB, nuclear factor kappa B.

with the suppression of liver inflammation indicated by the 

lower level of liver NO and downregulation of expression 

of inflammatory markers NF-kB and iNOS. Reduced level 

of liver inflammation may contribute to the recovery of mild 

liver damage shown by lower level of serum liver enzyme 

profile in the FFP-supplemented diabetic mice. Moreover, 

suppression of leptin and improved insulin sensitivity may 

help to control the appetite of the diabetic mice as previous 

study has reported that leptin combined with insulin has 

reduced food intake and BW of rat.23 In addition, promotion 

of adiponectin expression and improvement of insulin sensi-

tivity by FFP may also helped to reduce fat accumulation as 

indicated by lower levels of serum cholesterol and TG in the 

FFP-supplemented mice, which was similar to the previous 

reports that evaluated the role of adipokines.22,24 Besides 

improved insulin resistance, 6 weeks of FFP diet supple-

ment was able to ameliorate the expression of CPT1a gene 

in liver, which was involved in fatty acid oxidation.25 On the 

contrary, it suppressed the expression of SREBP1 gene, which 

plays an important role in mediating accumulation of lipid 

and cholesterol homeostasis.24 Thus, improvement of serum 

cholesterol and TG level by FFP may also be contributed by 

the activation of lipid metabolism.

Foods including vegetables, mushrooms, fruits, herbs, 

and seaweed, which were used to produce FFP are known 

as natural sources of antioxidants, vitamins, and minerals.26 

Figure 6 Differential expressions of Glut1, Glut4, Glut8, adiponectin, insulin receptor, and SREBP1 genes in the fat pad of normal, untreated, metformin-treated, and FFP-
supplemented diabetic mice. The expression of target genes (± SEM) was normalized with β-actin and the untreated diabetic group was used as control for comparison. 
Fold change .2 compared with the untreated group was considered significant. Different superscript letters indicate a significant difference compared with the untreated 
diabetic group, p,0.05.
Note: FFP0.1 and FFP1.0 indicate 0.1 and 1.0 g, respectively, of FFP per kg of body weight.
Abbreviation: FFP, fermented food paste.
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Furthermore, fermentation by lactic acid bacteria was pro-

posed as biological process that can enhance the biological 

activities of natural food.27 Previous study has reported that 

FFP contained oligosaccharides, essential amino acids, 

vitamins, and polyphenolic acids.10 A pilot clinical trial has 

shown that supplementation with amino acid helped to reduce 

the plasma glucose and improved insulin sensitivity of type 2 

diabetes patients.25 Moreover, amino acid arginine was also 

found to improve glucose tolerance in obese mice.28 On the 

other hand, polyphenolic acids particularly caffeoylquinic 

acid, which is the most abundant polyphenol in FFP,12 were 

reported with antihyperglycemic29 and anti-inflammatory30 

effects. Oligosaccharides in various types of food including 

mushrooms were also reported with antidiabetic effect.31 Thus, 

the antihyperglycemic and anti-inflammatory effects of FFP 

may be contributed by not only the polyphenolic acids but 

also essential amino acids, oligosaccharides, and even other 

bioactive metabolites that are present in the sample.

It can be concluded that FFP possessed antihyperglycemic 

and anti-inflammatory effects toward the HFD-streptozotocin-

challenged mice. This antidiabetic effect was mainly con-

tributed by improved insulin sensitivity, glucose metabolism, 

glycogen metabolism, and inhibition of lipid deposition. The 

observed activities can be contributed by the presence of 

essential amino acids, vitamins, and polyphenolic acids in 

the FFP as reported in the previous study.10,12
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