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ABSTRACT
Background and Objective: Diabetes mellitus is a disorder of glucose metabolism that causes mortality
and  morbidity.  Both  fresh  and  fermented  fruit  juice  of  Morinda  citrifolia  have  antidiabetic  activity.
This study compared the antidiabetic activity of the fresh and fermented fruit juice of Morinda citrifolia.
Materials and Methods: The 45 Wistar rats were randomly divided into 9 groups. Group 1 was the normal
control. Groups 2-9 were induced with diabetes using alloxan. Group 3 was administered a standard drug,
glibenclamide.  Groups  4,  5,  6  were  administered  20,  40  and  80  mL/kg  b.wt.,  fresh  fruit  juice  of
Morinda citrifolia, respectively, while groups 7, 8 and 9 were administered 20, 40 and 80 mL/kg b.wt.,
fermented fruit juice of Morinda citrifolia, respectively. The fasting blood glucose level of the rats was
taken at an interval of 2 days using a glucometer. The initial and final weights of the rats were taken. After
sacrificing the animals on the 15th day, the concentration of albumin, alanine transaminase, aspartate
transaminase and alkaline phosphatase was determined using standard methods. Results: The fasting
blood glucose level of the groups administered 80 mL/kg b.wt., fresh fruit juice of Morinda citrifolia and
80 mL/kg b.wt., fermented fruit juice of Morinda citrifolia  was  comparable  with  the  control  by  day  7.
The weight gains of the diabetic rats that received 80 mL/kg b.wt., fresh Morinda citrifolia and fermented
fruit juice of Morinda citrifolia were not significantly different from each other. The level of the serum liver
indices of rats administered 80 mL/kg b.wt., fermented fruit juice of Morinda citrifolia was not significantly
different from the control. Conclusion: High dose of fermented fruit juice of Morinda citrifolia attenuated
liver damage caused by diabetes mellitus. Fermented fruit juice of Morinda citrifolia is more effective in
treating liver damage caused by diabetes mellitus.
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INTRODUCTION
Diabetes mellitus is a metabolic disorder of carbohydrates due to insulin deficiency resulting from
dysfunction of pancreatic β-cells1. It results from defects in insulin  secretion,  action  or  both2.  Diabetes
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mellitus is characterized by hyperglycemia. It is estimated that more than half a billion people are currently
living with diabetes worldwide and this figure will project to 1.31 billion by 20503.

There are  2  types  of  diabetes  mellitus,  type  1  and  type  2.  Type  1  (T1DM)  which  is  also  called
insulin-dependent diabetes mellitus occurs when there is a complete lack of insulin due to autoimmune
destruction of the pancreatic β-cells while type 2 diabetes mellitus (T2DM) also called non-insulin
dependent diabetes mellitus occurs due to impaired secretion and action of insulin4. Symptoms of T1DM
includes weight loss, polydipsia, polyuria, ketoacidosis and polyphagia5.

Diabetes mellitus can be managed by changing diet and by the use of synthetic drugs (insulin and/or
hypoglycemic drugs such as biguanides and sulphonylurea6. These synthetic drugs have so many side
effects which include hypoglycemia by sulphonylureas, gastrointestinal symptoms by acarbose, B12 and
folate malabsorption by metformin and weight gain by sulphonyureas and thiazolidinediones7. There is
therefore need to search for newer antidiabetic agents with no or lesser side effects. Medicinal plants are
one such agent. A lot of plants have been reported to have antidiabetic activity. Amongst such plants is
Morinda citrifolia.

Morinda citrifolia L (Rubiaceae) also known as noni is used traditionally for the treatment of many ailments
which include diabetes, cancer, skin inflammation, wounds, arthritis and circulatory weakness8-11. Studies
have shown that M. citrifolia fruit juice has hypoglycemic activity and can thus be used to treat diabetes12.
Several mechanisms of antidiabetic activity of M. citrifolia fruit juice have been proposed. Studies have
shown that M. citrifolia fruit juice exerts an insulin-mimetic activity13-15. Also, M. citrifolia fruit juice has been
reported to contain iridoids (deacetylasperulosidic acid, asperulosidic acid and asperuloside) which have
several biological activities16. Iridoid glycosides are bitter in taste) and recognized as potentially toxic via
bitter taste receptors (T2R’s)17. The T2R’s present in some gastrointestinal cells secrete the peptide
hormone; glucagon-like-peptide-1 (GLP-1) which stimulates the secretion of insulin in response to an
increase  in  the  blood  glucose  level18,19.  This  has  been  proposed  as  another  mechanism  by  which
M. citrifolia fruit juice exerts its hypoglycemic activity.

Fermented M. citrifolia fruit juice has also been shown to have antidiabetic activity13. Fermentation is
advantageous because it enhances the digestibility of foods and helps to reduce the antinutrients in foods.
This study therefore compared the antidiabetic activity of fermented M.  citrifolia  fruit  juice  and  fresh
M. citrifolia fruit juice.

MATERIALS AND METHODS
Study area: The study was conducted in the Biochemistry Laboratory of Adamawa State University, Mubi,
Adamawa State, Nigeria between July, 2023 and September, 2023.

Methods: The 500 g of fresh fruits of M. citrifolia were collected from Yola, Adamawa state. It was
identified by a botanist. The fresh fruits were washed with lukewarm water. The fruit was chopped into
small  pieces  and  the  seeds  were  removed.  The  juice  was  extracted  using  a  fruit  juice  extractor.
This constitutes the fresh fruit juice and was prepared daily. It was then used for the analysis. For the
fermented fruit juice, the fresh fruit juice was left for seven days to ferment.

Phytochemical  analysis  was  done  using  the  standard  procedure   described   by   Hussain   et   al.20.
The 45 healthy male Wistar rats were obtained from the animal house, Department of Biochemistry,
Adamawa State University, Mubi. They were housed in well ventilated cages. The rats were given standard
feed pellets and water ad libitum. They were handled according to the guidelines for the protection and
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handling of laboratory animals by the International Council for Laboratory Animal Science (ICLAS) and
approved by the Ethical Committee of Adamawa State University, Mubi and was given an approval
number: ADSU/IACEC/ANP-A046/2023.

The Wistar rats were randomly divided into nine groups. Groups 1 was the normal control and was given
normal  saline.  Diabetes  was  induced  to  groups  2-9.  After  confirmation  of  diabetes,  group  3 
received 2.0 mg/kg b.wt., glibenclamide, groups 4, 5 and 6 received 20, 40 and 80 mL/kg b.wt., fresh fruit
juice of M. citrifolia, respectively, while groups 7, 8 and 9 received 20, 40 and 80 mL/kg b.wt., fermented
fruit  juice  of  M.  citrifolia,  respectively  for  14  days.  The  initial  and  final  body  weight  of  the  rats
were taken.

To induce diabetes, 40 mg/kg b.wt., alloxan was injected intravenously. After five days, rats with fasting
blood glucose >7.0 mmol/L were considered diabetic.

Fasting blood sugar levels was done using the glucometer (glucose-oxidase principle). Blood samples were
collected from the tail veins of the rats.

The rats were sacrificed on the 15th day and serum collected was used for the determination of albumin,
alanine transaminase (ALT), aspartate transaminase (AST) and alkaline phosphatase (ALP). Albumin was
determined using the method described by Doumas et al.21, ALT and AST were determined using the
method  described  by  Cabaud  et  al.22,  while  ALP  was  determined  by  the  method  described  by
Sherphard et al.23.

RESULTS
Table 1 shows the result of the phytochemical screening. Phenols, saponins, flavonoids, alkaloids and
tannins were found present in both the fresh and the fermented fruit juice of M. citrifolia while steroids
were absent in both.

The fasting blood glucose level of alloxan-induced diabetic rats administered fresh and fermented fruit
juice of M. citrifolia is shown in Fig. 1. The fasting blood glucose of all the groups except the control
increased on day 5 (>7.0 mmol/L) indicating  that  diabetes  was  induced  in  the  rats.  The  fasting  blood

Fig. 1: Fasting blood glucose level of alloxan-induced diabetic rats administered fresh and fermented fruit
juice of Morinda citrifolia
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Table 1: Qualitative phytochemical screening of fresh and fermented fruit juice of Morinda citrifolia
Phytochemical Fresh Morinda citrifolia fruit juice Fermented Morinda citrifolia fruit juice
Steroid - -
Phenols + +
Saponins + +
Flavonoids + +
Alkaloids + +
Tannins + +
+: Present and -: Absent

Table 2: Body weight gain/loss of alloxan-induced diabetic rats treated with fresh and fermented fruit juice of Morinda citrifolia
Group Weight gain/loss (g)
Control 70.00±7.23e

Diabetic untreated -30.00±3.7a

Diabetic+glibenclamide 54.67±0.88d

Diabetic+20 mL/Kg b.wt., fresh MC 45.33±2.72c

Diabetic+40 mL/Kg b.wt., fresh MC 50.33±0.88c

Diabetic+80 mL/Kg b.wt., fresh MC 57.33±3.28d

Diabetic+20 mL/Kg b.wt., fermented MC 41.67±3.67b

Diabetic+40 mL/Kg b.wt., fermented MC 47.33±2.97c

Diabetic+80 mL/Kg b.wt., fermented MC 54.00±4.00d

Values are Mean±SEM. Mean values with different superscript letters down the column are significantly different from each other

Table 3: Serum liver function indices of alloxan-induced diabetic rats administered fresh and fermented fruit juice of Morinda citrifolia
Group Albumin (mg/dL) ALT (IU/L) AST (IU/L) ALP (IU/L)
1 3.50±0.06a 13.33±0.88a 57.67±1.45a 91.33±1.20a

2 4.70±0.06e 34.67±0.33g 143.33±0.33i 128.67±0.88h

3 4.27±0.19d 25.67±0.88e 87.67±1.76e 113.33±1.20g

4 4.30±0.06d 20.33±0.67c 82.33±1.45d 102.33±1.45f

5 4.13±0.07c 19.00±0.56b 75.00±2.08c 96.67±1.20d

6 3.67±0.09a 14.67±0.33a 64.00±2.08b 94.33±0.33c

7 4.23±0.03d 28.33±0.88f 127.33±0.88h 96.00±0.58e

8 3.97±0.03b 22.00±1.73d 122.00±1.15g 94.33±0.67c

9 3.67±0.03a 15.33±0.33a 63.00±2.18a 90.00±0.58a

ALT: Alanin transaminase, AST: Aspartate transaminase and ALP: Alkaline phosphatase, values are Mean±SEM. Mean values with
different superscript letters down the column are significantly different from each other

glucose level of the group that received no treatment continued increasing on day 7, 11 and 14, while by
day  14,  the  fasting  blood  glucose  of  the  treatment  groups  was  comparable  to  the  normal  control.
The  fasting  blood  glucose  of  the  groups  that  received  80  mL/kg  b.wt.,  fresh  M.  citrifolia  juice  and
80 mL/kg b.wt., fermented M. citrifolia juice was comparable with the control right from day 7.

Table 2 shows the body weight gain or loss of alloxan-induced diabetic rats treated with fresh and
fermented fruit juice of M. citrifolia. The rats that were diabetic and received no treatment significantly lose
weight (-30.00±3.70). The weight gained by the  treated  groups  was  not  comparable  with  the  control.
The weight gain by diabetic rats that received 80 mL/kg b.wt., fresh and fermented M. citrifolia was not
significantly different from each other.

The serum liver function indices of alloxan-induced diabetic rats administered fresh and fermented fruit
juice of M. citrifolia are shown in Table 3. The serum liver function indices of rats in group 2 (diabetic rats
that received no treatment) significantly increased when compared to that of the rats in group 1 (control).
There was a significant decrease in the serum liver indices of rats in groups 3-9 (treatment groups) when
compared to group 2 (the untreated diabetic group). All the tested serum liver function indices of rats in
group 9 (diabetic rats that received 80 mL/kg b.wt., fermented M. citrifolia) were not significantly different
from group 1 (control rats).
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DISCUSSION
The phytochemicals present in both fermented and fresh M. citrifolia fruit juice are similar. These similar
phytochemicals present may be responsible for the non-significant difference in the hypoglycemic activity
of both fruit juices. Saponin have been reported to inhibit gastric emptying either by inhibiting the
degradation of glucagon-like peptides 1 (GLP-1) or by promoting its secretion. This slows down the
process of nutrient absorption into the bloodstream and thus, is effective in managing hyperglycemia13.
The decreased degradation of GLP-1 may also stimulate insulin release from the pancreas24. Also, saponin
may have a glucagon decreasing effect which may enhance glucose utilization and thus lower blood
glucose13.

The continuous increase in the fasting blood glucose of rats that received no treatment indicates
untreated diabetes while the observed comparable decrease in fasting blood glucose of rats administered
a high dose (80 mL/kg b.wt.,) of fresh and fermented fruit juice of M. citrifolia indicates that their
hypoglycemic activity is comparable. This may be due to the similar phytochemicals present in both the
fresh and fermented fruit juice.

The  observed  decrease  in  the  body  weight  of  diabetic  rats  that  received  no  treatment  indicates
weight loss. Insufficient insulin in people with diabetes prevents the body from moving glucose from the
blood into the cells for energy, the cells therefore result in burning fat and muscle for energy leading to
overall weight loss. The no significant  difference  in  the  body  weight  of  rats  that  received  high  doses
(80 mL/kg b.wt.,) of fresh and fermented M. citrifolia fruit juice indicates that fermentation did not have
any effect on the ability of the fruit juice to restore weight gain in diabetic condition.

Guven et al.25 described diabetes mellitus is associated with a number of liver abnormalities which include
abnormally elevated liver enzymes and acute liver disease. Studies have shown that there is a decrease
in catalase and superoxide dismutase activities in hyperglycemia state which leads to an increase in
reactive  oxygen  species  (ROS).  This  increase  in  ROS  leads  to  oxidation  induced  liver  damage26,27.
The observed significant increase in the liver serum indices of diabetic rats that did not receive any
treatment indicates liver damage. This liver damage was attenuated by both fresh and fermented fruit
juice of M. citrifolia. However, the fermented M. citrifolia at 80 mL/kg b.wt., effectively attenuated the liver
damage when compared to fresh fruit juice. Reports have shown that fermented fruit juice has
hepatoprotective properties13.

Flavonoids have antioxidant properties. The flavonoid present in M. citrifolia may be responsible for the
attenuation of oxidation-induced liver damage. Fermentation has been shown to markedly increase the
total flavonoid content of food28. This increase in flavonoids maybe responsible for the effective liver
damage attenuation by high dose of fermented fruit juice of M. citrifolia. Zhao et al.29 reported that
fermentation can improve the antioxidant activity of plant-based food materials by increasing
phytochemicals, antioxidant polysaccharides and antioxidant peptides produced by microbial hydrolysis
or biotransformation. This may contribute to the effective liver damage attenuation by 80 mL/kg b.wt.,
fermented fruit juice of M. citrifolia.

CONCLUSION
The fresh and fermented fruit juice of Morinda citrifolia are comparable in their hypoglycemic activity and
its weight gain ability. Fermented fruit juice efficiently attenuated liver damage better than fresh fruit juice.
Fermented fruit juice is better than fresh fruit juice in the treatment of liver damage arising from diabetes
mellitus.

SIGNIFICANCE STATEMENT
The use of both the fresh and fermented fruit juice of Morinda citrifolia has been scientifically validated
but there is no information on which of the two is better. This study therefore  compared  the  antidiabetic

https://doi.org/10.3923/asb.2024.518.524  |                Page 522



Asian Sci. Bull., 2 (4): 518-524, 2024

activity of the fresh and fermented fruit juice of the plant. The study found that fermentation does not
have any effect on the ability of the fruit juice to lower fasting blood glucose but it increases the
hepatoprotective potential of the fruit juice. Therefore, fermentated Morinda citrifolia fruit juice is
recommended because it is more effective in the treatment of liver damage caused by diabetes.

ACKNOWLEDGMENT
Authors are grateful to Mr. Mujib Suleiman for his assistance during the laboratory work.

REFERENCES
1. Satyanarayana, N., S.V. Chinni, R. Gobinath, P. Sunitha, A.U. Sankar and B.S. Muthuvenkatachalam,

2022. Antidiabetic activity of Solanum torvum fruit extract in streptozotocin-induced diabetic rats.
Front. Nutr., Vol. 9. 10.3389/fnut.2022.987552.

2. Lartey, N.L., H. Asare-Anane, E.K. Ofori, S. Antwi, J. Asiedu-Larbi, F. Ayertey and L.K.N. Okine, 2021.
Antidiabetic activity of aqueous stem bark extract of Annickia polycarpa in alloxan-induced diabetic
mice. J. Tradit. Complementary Med., 11: 109-116.

3. TL,   2023.   Diabetes:   A   defining   disease   of   the   21st   century.   Lancet,   Vol.   401.
10.1016/S0140-6736(23)01296-5.

4. Lin, Y. and Z. Sun, 2010. Current views on type 2 diabetes. J. Endocrinol., 204: 1-11.
5. Ojo, O.A., J.C. Amanze, A.I. Oni, S. Grant and M. Iyobhebhe et al., 2022. Antidiabetic activity of avocado

seeds (Persea americana Mill.) in diabetic rats via activation of PI3K/AKT signaling pathway. Sci. Rep.,
Vol. 12. 10.1038/s41598-022-07015-8.

6. Koski, R.R., 2006. Practical review of oral antihyperglycemic agents for type 2 diabetes mellitus.
Diabetes Educ., 32: 869-876.

7. Campbell,  I.,  2007.  Oral  antidiabetic  drugs:  Their  properties  and  recommended  use.  Prescriber,
18: 56-74.

8. Kumar, H.C., X.Y. Lim, F.H. Mohkiar, S.N. Suhaimi, N. Mohammad Shafie and T.Y.C. Tan, 2022. Efficacy
and safety of Morinda citrifolia L. (Noni) as a potential anticancer agent. Integr. Cancer Ther., Vol. 21.
10.1177/15347354221132848.

9. Algenstaedt, P., A. Stumpenhagen and J. Westendorf, 2018. The effect of Morinda citrifolia L. fruit juice
on the blood sugar level and other serum parameters in patients with diabetes type 2. Evidence-Based
Complementary Altern. Med., Vol. 2018. 10.1155/2018/3565427.

10. Wang, M.Y. and C. Su, 2001. Cancer preventive effect of Morinda citrifolia (Noni). Ann. N. Y. Acad. Sci.,
952: 161-168.

11. Nayak, B.S., S. Sandiford and A. Maxwell, 2009. Evaluation of the wound-healing activity of ethanolic
extract of Morinda citrifolia L. leaf. Evidence-Based Complementary Altern. Med., 6: 351-356.

12. Wang, L., N. Yan, M. Zhang, R. Pan, Y. Dang and Y. Niu, 2022. The association between blood glucose
levels and lipids or lipid ratios in type 2 diabetes patients: A cross-sectional study. Front. Endocrinol.,
Vol. 13. 10.3389/fendo.2022.969080.

13. Nayak, B.S., J.R. Marshall, G. Isitor and A. Adogwa, 2011. Hypoglycemic and hepatoprotective activity
of fermented fruit juice of Morinda citrifolia (Noni) in diabetic rats. Evidence-Based Complementary
Altern. Med., Vol. 2011. 10.1155/2011/875293.

14. Lee,  S.Y.,  S.L.  Park,  J.T.  Hwang,  S.H.  Yi,  Y.D.  Nam  and  S.I.  Lim,  2012.  Antidiabetic  effect  of
Morinda citrifolia (Noni) fermented by Cheonggukjang in KK-Ay diabetic mice. Evidence-Based
Complementary Altern. Med., Vol. 2012. 10.1155/2012/163280.

15. Nerurkar, P.V., A. Nishioka, P.O. Eck, L.M. Johns, E. Volper and V.R. Nerurkar, 2012. Regulation of
glucose metabolism via hepatic forkhead transcription factor 1 (FoxO1) by Morinda citrifolia (noni) in
high-fat diet-induced obese mice. Br. J. Nutr., 108: 218-228.

16. Tundis, R., M.R. Loizzo, F. Menichini, G.A. Statti and F. Menichini, 2008. Biological and pharmacological
activities of iridoids: Recent developments. Mini-Rev. Med. Chem., 8: 399-420.

https://doi.org/10.3923/asb.2024.518.524  |                Page 523



Asian Sci. Bull., 2 (4): 518-524, 2024

17. Behrens, M. and W. Meyerhof, 2009. Mammalian Bitter Taste Perception. In: Chemosensory Systems
in Mammals, Fishes, and Insects, Korsching, S. and W. Meyerhof (Eds.), Springer, Berlin, Heidelberg,
ISBN: 978-3-540-69919-4, pp: 77-96.

18. Wang,  Z.,  R.M.  Wang,  A.A.  Owji,  D.M.  Smith,  M.A.  Ghatei  and  S.R.   Bloom,   1995. Glucagon-like
peptide-1 is a physiological incretin in rat. J. Clin. Invest., 95: 417-421.

19. Clark, A.A., S.B.  Liggett  and  S.D.  Munger,  2012.  Extraoral  bitter  taste  receptors  as  mediators  of
off-target drug effects. FASEB J., 26: 4827-4831.

20. Hussain, I., Riaz Ullah, Rooh Ullah, M. Khurram and Naseem Ullah et al., 2011. Phytochemical analysis
of selected medicinal plants. Afr. J. Biotechnol., 10: 7487-7492.

21. Doumas, B.T., W.A. Watson and H.G. Biggs, 1971. Albumin standards and the measurement of serum
albumin with bromcresol green. Clin. Chim. Acta, 31: 87-96.

22. Cabaud, P., R. Leeper and F. WrÓBlewski, 1956. Colorimetric measurement of serum glutamic
oxaloacetic transaminase. Am. J. Clin. Pathol., 26: 1101-1105.

23. Shephard, M.D., M.J. Peake and R.N. Walmsley, 1986. Quantitative method for determining serum
alkaline phosphatase isoenzyme activity II. Development and clinical application of method for
measuring four serum alkaline phosphatase isoenzymes. J. Clin. Pathol., 39: 1031-1038.

24. Norberg, Å., N.K. Hoa, E. Liepinsh, D. van Phan and N.D. Thuan et al., 2004. A novel insulin-releasing
substance, phanoside, from the plant Gynostemma pentaphyllum. J. Biol. Chem., 279: 41361-41367.

25. Guven, A., O. Yavuz, M. Cam, F. Ercan, N. Bukan, C. Comunoglu and F. Gokce, 2006. Effects of
melatonin on streptozotocin-induced diabetic liver injury in rats. Acta Histochem., 108: 85-93.

26. Manna, P., J. Das, J. Ghosh and P.C. Sil, 2010. Contribution of type 1 diabetes to rat liver dysfunction
and cellular damage via activation of NOS, PARP, IκBα/NF-κB, MAPKs, and mitochondria-dependent
pathways: Prophylactic role of arjunolic acid. Free Radical Biol. Med., 48: 1465-1484.

27. Parveen, K., M.R. Khan, M. Mujeeb and W.A. Siddiqui, 2010. Protective effects of Pycnogenol® on
hyperglycemia-induced oxidative damage in the liver  of  type  2  diabetic  rats.  Chem.  Biol.  Interact.,
186: 219-227.

28. Adetuyi, F.O. and T.A. Ibrahim, 2014. Effect of fermentation time on the phenolic, flavonoid and
vitamin   C  contents  and  antioxidant  activities  of  okra  (Abelmoschus  esculentus)  seeds. Niger.
Food J., 32: 128-137.

29. Zhao, Y.S., A.S. Eweys, J.Y. Zhang, Y. Zhu and J. Bai et al., 2021. Fermentation affects the antioxidant
activity of plant-based food material through the release and production of bioactive components.
Antioxidants, Vol. 10. 10.3390/antiox10122004.

https://doi.org/10.3923/asb.2024.518.524  |                Page 524


