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Implication for health policy/practice/research/medical education:
The present study demonstrated that supplementation of fiber extracted from jicama (P. erosus) tuber in the diet counteracts liver 
disease caused by a high-sugar drink in an animal model. It suggests the potential for further investigations in human subjects 
to determine whether jicama fiber is effective as a dietary supplement to preclude metabolic disorders such as non-alcoholic fatty 
liver disease (NAFLD).
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hepatoprotective effect against high-sugar drinks in mice. J Herbmed Pharmacol. 2022;11(3):360-366. doi: 10.34172/jhp.2022.41.

Introduction: Jicama (Pachyrhizus erosus, family Fabaceae) is a potent medicinal plant. 
Although extensive studies report the health benefits of jicama extract, few studies have 
investigated the efficacy of its dietary fiber in preventing metabolic diseases, including liver 
disease. The present study aimed to elucidate whether dietary fiber obtained from the jicama 
tuber counteracts the development of liver disease induced by high-sugar drinks.
Methods: Twenty-four adult male mice (DDY strain; 2 months old with bodyweight 22-25 
g) were randomized into three groups: normal drink (ND), fed with tap water and standard 
chow; high-sucrose drink (HSD), fed with a high-sucrose drink and standard chow; and 
high-sucrose drink plus standard chow with 25% jicama fiber (HSD + JF 25%). After the 
mice were on their respective diets for ten weeks, the following parameters were measured: 
body weight, liver weight, malondialdehyde (MDA), histopathological alterations, blood 
glucose, and serum glutamate-pyruvate transaminase (SGPT).
Results: Mice in the HSD + JF 25% group had significantly lower body weight (P < 0.01), 
liver weight (P < 0.05), MDA (P < 0.01), blood glucose (P < 0.01), and SGPT (P < 0.01) 
compared to those in the HSD group. They also had fewer histopathological alterations in 
the liver, as demonstrated by a lower proportion of degenerated cells and an overall lower 
histopathological score than those in the HSD group (P < 0.05). 
Conclusion: Adding jicama fiber (25% of standard chow) mitigates the increase in blood 
glucose and body weight and histopathological changes in the liver induced by high-sucrose 
drinks, showing liver protective activity. 
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Introduction 
Jicama (Pachyrhizus erosus, Fabaceae) is a medicinally 
potent plant that provides several health benefits, such 
as the inhibition of platelet aggregation in humans and, 
therefore, the prevention of strokes and heart attacks (1). 
Jicama tuber extract reduced postprandial blood glucose 
and improved glucose tolerance in rats with streptozotocin-
induced diabetes (2). It also inhibited the activity of 
α-glucosidase and α-amylase, two enzymes responsible 
for carbohydrate metabolism in the gastrointestinal tract; 

the inhibition of α-amylase by jicama was higher than that 
by acarbose (2). Moreover, jicama could improve insulin 
sensitivity (3). Another study demonstrated that jicama 
yogurt reduced blood glucose in mice with diabetes (4). 
Therefore, consumption of jicama tuber is likely to be 
beneficial for those with diabetes and other metabolic 
dysregulation disorders.

Although many studies have reported the health benefits 
of jicama extract, investigations explicitly focusing on 
the dietary fiber of jicama tuber are few. Dietary fiber 

http://www.herbmedpharmacol.com                      doi: 10.34172/jhp.2022.41

https://orcid.org/0000-0003-4092-6222
https://orcid.org/0000-0002-8494-314X
https://orcid.org/0000-0001-7332-4709
https://orcid.org/0000-0002-5127-4365
http://www.herbmedpharmacol.com
https://doi.org/10.34172/jhp.2022.41


Journal of Herbmed Pharmacology, Volume 11, Number 3, July 2022http://www.herbmedpharmacol.com 361

Dietary fiber of jicama tuber exerts hepatoprotective effect

extracted from the jicama tuber modulated immune 
responses in splenocytes in vitro (5), which may be due 
to the polysaccharide pectin found in the jicama tuber (6). 
Our previous study also revealed that supplementation 
of jicama fiber effectively counteracted excessive body 
weight increase in mice fed with a high-sucrose powder 
(7). Furthermore, jicama fiber could elicit a preventive 
effect against liver injury in mice (8). We also found that 
jicama fiber is effective in preventing the development 
of hyperglycaemia caused by high-fat diet in mice (9). 
Taken together, those findings suggest that jicama fiber 
is beneficial to prevent the development of diet-induced 
metabolic diseases. However, whether jicama fiber can 
exert a preventive effect against liver degeneration caused 
by high-sugar drinks remains unknown.

Frequent consumption of high-sugar beverages, 
including those with high-fructose corn syrup, has been 
correlated with the development of metabolic disorders 
in children and adolescents (10). Likewise, a cohort 
study revealed that consumption of sugary drinks is 
correlated with the prevalence of cardiovascular disease 
(11). Long-term consumption of sugary drinks increased 
the incidence of type 2 diabetes in young adults (12) 
and the development of liver diseases, especially non-
alcoholic fatty liver disease (NAFLD) (13,14). The 
present study aimed to determine whether dietary fiber 
extracted from the jicama tuber is therapeutic against liver 
disease induced by high-sugar drinks. We hypothesized 
that dietary jicama fiber supplementation may prevent 
histopathological damage and oxidative stress in the liver 
caused by high-sugar drinks.

Materials and Methods 
Sample collection and authentication 
The jicama tubers were obtained from a farm field 
in Kuranji, Padang, West Sumatra. A certified plant 
taxonomist authenticated the species identity, and a 
voucher specimen was deposited in the Herbarium ANDA, 
Andalas University (ID: 062/K-ID/ANDA/1/2022). 

Extraction of dietary fiber
Jicama tubers were washed with tap water, peeled, and 
subsequently ground using an electric grater for 20 
minutes. The fiber was extracted from the samples in 
distilled water according to the procedures described 
elsewhere (5,7). The powder of the fiber obtained from 
the extraction was used for the experiment. 

Experimental animal model and treatments
We used adult male albino mice (n = 24; DDY strain; 2 
months old with bodyweight 22-25 g), purchased from 
Balai Veteriner Baso, Bukittingi, West Sumatra. The 
mice were kept individually in cages (one mouse/cage), 
acclimatized in the animal room for seven days (25-26°C, 
68% humidity, 12-hour light/dark cycle) and fed with a 

standard chow diet (RATBIO: Citra Ina Fedmill, Jakarta-
Indonesia) and tap water ad libitum. After acclimatization, 
the mice were randomized into three groups: normal drink 
(ND), fed with tap water and standard chow; high-sucrose 
drink (HSD), fed with a high-sucrose drink and standard 
chow; and high-sucrose drink plus standard chow diet 
with 25% jicama fiber (HSD + JF 25%). The high-sucrose 
drink was 30% sucrose (Sigma-Aldrich, Burlington, 
USA) in distilled water (gram/volume) and provided in 
the water bottle ad libitum. The HSD + JF 25% diet was 
prepared by combining jicama fiber with standard chow at 
a ratio of 25g jicama fiber/75 g standard chow. The dose of 
jicama fiber was based on our previous studies (7-9). All 
animal handling and uses in this study were performed per 
guidelines established by the Committee of Ethical Code 
for Research of Faculty of Medicine, Andalas University 
(Approval No.528/ UN.16.2/ KEP-FK/2021). 

Monitoring of blood glucose and body weight 
Blood glucose levels were measured biweekly at 9 a.m. 
when the mice were in the fed state. The blood sample 
was drawn from the tail tip and the glucose concentration 
was determined using an automatic glucometer (AGM-
4000; All Medicus Co. Ltd.). Body weight was measured 
twice, namely, on the first day of treatment and at the end 
of treatment (week 10), using a sensitive digital balance 
for animals (PCE-BDM 1.5, Benchtop; PCE Instruments). 

Measurement of serum glutamate-pyruvate transaminase 
(SGPT) in the blood 
At the end of the experiment, animals were sacrificed 
through dislocation of the cervical vertebrae. Blood was 
drawn by cardiac puncture and immediately centrifuged 
at 4000 rpm for 10 minutes. Plasma was separated into 
sterile microcentrifuge tubes and kept at -80°C until used 
for SGPT measurement. The SGPT measurement was 
conducted using an alanine aminotransferase 1 mouse 
ELISA kit (BioVision, San Francisco, USA) according to 
the manufacturer’s instructions. The determination of 
absorbance at the wavelength 365 nm was conducted by 
using UV-vis spectrophotometer (Bio-Rad UV-visible 
spectrometer SmartSpecTM Plus, California, USA). 

Measurement of liver weight and liver index 
The liver was weighed upon sacrifice and subsequently 
fixed in 10% formalin for histopathological examination. 
The liver index was calculated with the following formula:

100%Liver weightLiver index
body weight

= ×

Measurement of malondialdehyde (MDA) in the liver 
tissue 
A 0.5-g sample of liver tissue was homogenized in 
phosphate-buffered saline (PBS) before being centrifuged 
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(2000 rpm for 10 minutes at 4°C). The supernatant was 
collected and used for detection of MDA using a lipid 
peroxidation assay kit (Sigma-Aldrich, Burlington, USA). 
The procedure for the assay was performed as per the 
instructions described in the product kit. The absorbance 
of samples at wavelength 532 nm was determined by using 
a UV-Vis spectrophotometer. 

Histological examination of liver 
The 10% formalin-fixed samples of liver tissue were 
dehydrated with graded alcohol before being subjected 
to tissue processing and hematoxylin-eosin staining 
according to the procedures as described elsewhere (15). 
The histopathological observations were conducted by 
using a microscope (Olympus CX21, Tokyo, Japan). The 
normal and degenerated cells were counted based on the 
microscopic picture taken at 400× magnification. The 
histopathological alterations of the liver were analyzed 
semi-quantitatively using the Manja Roenigk scoring 
system as previously described (15).

Statistical analysis 
Data are presented as mean ± standard error (SE). 
Quantitative data were analyzed by ANOVA followed by 
Duncan’s new multiple range test. Statistical significance 
was set at P < 0.05. All analyses were carried out by using 
SPSS version 26. 

Results 
Mice fed with a high-sucrose drink (HSD group and HSD 
+ JF 25% group) exhibited higher blood glucose levels 
starting from the second week of treatment compared to 
those fed with the tap water drink (ND group) (Figure 
1A). However, after six weeks of treatment, the mice in 
the HSD + JF 25% group showed a markedly lower blood 
glucose level that was not significantly different from that 
of the ND group. Furthermore, after 10 weeks, the mice 
in the HSD group had a significantly higher body weight 
compared to those in the ND and HSD + JF 25% groups. 
Body weight was not significantly different between ND 
and HSD + JF 25% groups (Figure 1B and C).

After 10 weeks, the livers of the mice in the HSD group 
were heavier than those of mice in the other two groups 
(Figure 2A), while the weights of the livers of mice in 
the HSD + JF 25% group were not significantly different 
when compared to those in the ND group. No significant 
differences in liver index values were detected (Figure 2B), 
but liver weights tended to be lower in mice in the HSD + 
JF 25% group compared to the other two groups.

Mice in the HSD group had significantly elevated 
SGPT as compared with those in other groups. However, 
the SGPT level of mice in the HSD + JF 25% group was 
comparable to the ND group (Figure 3A).

Mice in the HSD group exhibited significantly higher 
liver MDA compared to that in the ND and HSD + JF 25% 

Figure 1. Effect of dietary jicama fiber on mouse blood glucose and body weight. (A) Biweekly blood glucose measurement; (B) Body weight at the 
beginning and the end of the diet treatments; (C) Body weight gain for ten weeks of treatment presented as percent increase. ND (normal tap water drink); 
HSD (high-sucrose drink); HSD + JF 25% (25% of jicama fiber in the diet). * and ** indicate statistically significant differences among groups at P < 0.05 
and P < 0.01, respectively; ns (not significant). 
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groups. In contrast, there were no significant differences 
in liver MDA between the HSD + JF 25% group and the 
ND group (Figure 3B).

Mice in the HSD group experienced severe 
histopathological damage as indicated by degeneration of 
hepatocytes and the wall of the central vein (Figure 4A). 
In contrast, the histopathological alterations in the HSD 
+ JF 25% and ND groups were lower. Microvesicles in the 
liver were also elevated in the HSD group but lower in the 
ND and HSD JF 25% groups. 

Most hepatocytes were degenerated in the HSD group, 
whereas fewer were degenerated in the ND and HSD + 
JF 25% groups (Figure 4B). However, the magnitude of 
the degeneration remained markedly higher in the HSD 
+ JF 25% group when compared to that of ND group. 

The histopathological scoring data (Manja Roeingk score; 
Figure 4C) also indicated that the overall histopathological 
damages were significantly higher in the HSD group 
compared to those in the ND group and HSD + JF 25% 
group. Moreover, the injuries were also significantly 
different between HSD + JF 25% group and the ND group. 

Discussion
In the present study, supplementation of dietary fiber, 
extracted from jicama tuber, could exert a preventive 
effect against pathological alterations in the liver caused 
by chronic consumption of the high-sugar drinks in mice. 
Jicama fiber inhibited the secretion of SGPT from the liver 
and the accumulation of MDA in the liver. Moreover, the 
magnitude of structural damage of the liver tissues caused 

Figure 2. Effect of dietary jicama fiber on mouse liver weight and liver 
index. (A) Liver weight as determined at the end of treatment; (B) 
Liver index presented as the ratio of liver weight to total body weight. 
ND (normal tap water drink); HSD (high-sucrose drink); JF 25% (25% 
of jicama fiber in the diet); * indicates statistically significant differences 
between groups at P < 0.05; ns (not significant).

Figure 4. Effect of dietary jicama fiber on the histopathological alterations in mouse liver. (A) Microscopic features of mouse liver; (B) Proportion of normal 
and degenerated liver cells (C) Level of histopathological damage based on Roeingk score. ND (normal tap water drink); HSD (high-sucrose drink); JF 25% 
(25% of jicama fiber in the diet); v (central vein); * and ** indicate statistically significant differences at P < 0.05 and P < 0.01, respectively. Scale bars in A 
= 20 µm.  

Figure 3. Effect of dietary jicama fiber on mouse serum glutamate-
pyruvate transaminase (SGPT) levels and liver malondialdehyde (MDA) 
levels. (A) Level of SGPT in blood plasma; (B) Level of MDA in liver tissue. 
ND (normal tap water drink); HSD (high-sucrose drink); JF 25% (25% of 
jicama fiber in the diet); ** indicates statistically significant differences 
between groups at P < 0.01; ns (not significant). 
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by the high-sucrose drink was significantly lower in mice 
fed with jicama fiber.

A chronic intake of high-sugar drinks is associated with 
the hyperglycemic state and the subsequent development 
of diabetes mellitus and liver diseases (16,17). The liver 
plays a pivotal role in the regulation of blood glucose 
homeostasis (18), and an excessive intake of sugars 
increases the risk of NAFLD (19). In the present research, 
hyperglycemia induced by high-sugar drinks was reduced 
by jicama fiber supplementation within six weeks of 
treatment. This counteractive effect was sustained for four 
weeks, until the conclusion of the experiment. Thus, the 
hepatoprotective effect of jicama fiber might be due to its 
ability to suppress the elevation of blood glucose induced 
by high-sugar drinks. 

We also found that weight gain induced by high-sugar 
drinks in mice was reduced by the supplementation of 
dietary jicama fiber. Likewise, jicama fiber also mitigated 
the increase in liver weight induced by high-sugar drinks. 
Excessive increase in body weight leading to obesity could 
be caused by a marked increase in adiposity, including 
central and ectopic adiposity (20). Our previous studies 
have shown that jicama fiber, especially at the dose of 
25% of the diet, reduces the central and ectopic adiposity 
induced by a high-sugar diet (7,8). Another report also 
suggested that the accumulation of fat in the liver in the 
mice fed with an atherogenic diet could be attenuated 
by the supplementation of guar gum, a water-soluble 
dietary fiber (21). Taken together, our data and the 
existing literature indicate that the protective effects of 
dietary fiber, including jicama fiber, could be due to the 
prevention of adiposity.

In our study, supplementation of jicama fiber in the diet 
effectively prevented the plasma SGPT elevation caused by 
the high-sucrose drink. SGPT is a hepatic enzyme that is 
excessively secreted into the blood when there is extensive 
degeneration of liver tissue (22). Excessive consumption 
of high-sugar drinks promotes liver degeneration 
through hyperglycemia-induced glucotoxicity (23,24). 
Accordingly, an improvement in glycemic profile could 
lead to prevention of glucotoxicity, thereby reducing the 
SGPT increase in blood plasma (24). Studies in humans 
found that dietary fiber consumption is associated with 
improved glycemic control and reduction of plasma SGPT 
level (25). Accordingly, we suggest that jicama fiber may 
prevent the increase in SGPT induced by high-sucrose 
drinks through sustained glycemic control. However, this 
remains to be confirmed. 

A high glucose environment could lead to a marked 
increase in oxidative stress (26). In our study, an increase 
in hepatic MDA level, as a marker of oxidative stress, was 
effectively prevented by the supplementation of jicama 
fiber. Dietary fiber has been suggested to exert antioxidant 
effects, thereby reducing oxidative stress (27). Hence, the 
counteractive effect exerted by the jicama fiber against the 

increase of MDA induced by the high-sugar drink could 
be associated with its antioxidant effect. Further studies 
on the antioxidant properties of jicama fiber are needed to 
confirm this speculation. 

In this study, histopathological alterations of the liver 
induced by the high-sugar drink were partially prevented 
by the supplementation of jicama fiber in the diet. Dietary 
fiber reduces sugar diffusion from the lumen to the 
brush-border layer in the small intestine, attenuating the 
absorption of sugar and the related glycaemic responses, 
and thereby protecting the liver (28). Polysaccharides from 
Acacia senegal decreased the levels of intestinal sodium-
glucose transporter 1 (SGLT1) in the membrane vesicle of 
the jejunal brush border, thereby reducing the detrimental 
effects of high-sugar drinks, such as liver damage (29). 
Thus, we suggest that in addition to its antioxidant effect, 
the hepatoprotective effect of jicama fiber may be linked 
to its counteractive action against glucose absorption in 
the intestine.

Products of fiber fermentation in the large intestine, 
including short-chain fatty acids (SCFAs), exert various 
beneficial effects on the body’s health. For instance, 
polysaccharides derived from noni fruits, including 
dietary fiber, alleviated oxidative stress in the liver by 
modulating microbiome composition and SCFA levels 
and sustaining the integrity of intestinal cells (30). Inulin, 
a water-soluble dietary fiber that is also found in the 
jicama tuber, reduced inflammation in the liver through 
a mechanism involving modulation of macrophages by 
SCFAs in mice (31). Moreover, increasing dietary fiber 
intake also has been associated with the prevention of 
fibrosis in mouse liver by modulating intestinal microflora 
and immune responses (21,31). 

There were some limitations of our present study. We 
did not determine the inhibitory effect of jicama fiber 
on glucose absorption in the intestine. Moreover, we did 
not investigate the inflammatory markers accompanying 
high-sugar diet-induced liver degeneration. Consequently, 
we could not provide the mechanistic evidence 
demonstrating whether jicama fiber acts directly or 
indirectly to protect the liver from the detrimental effect 
of high-sugar drinks. Our study was carried out for a 
relatively short period of treatment (10 weeks). Thus, it 
remains unknown whether the hepatoprotective effect of 
jicama fiber would be sustained for a longer time without 
side effects. Furthermore, we did not measure SCFAs 
(butyrate, acetate, and propionate) in the ceca or blood 
plasma. As a result, it is not known whether jicama fiber 
supplementation increases the production of SCFAs and 
provides subsequent beneficial outcomes to the liver in 
animals fed high-sugar drinks. 

Conclusion
The present study revealed that supplementation of jicama 
(P. erosus) fiber in the diet is protective against the effects 
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of high-sugar drinks on the liver. The results observed in 
mice may reflect a similar response in humans suffering 
from NAFLD induced by high-sugar drinks. Hence, 
frequent consumption of jicama fiber might mitigate the 
NAFLD-associated health problems caused by high-sugar 
drinks. 

Acknowledgment
We thank the Ministry of Education, Culture, Research, 
and Technology of Indonesia for providing the grant 
and Dr-Eng. Uyung Gatot S Dinata (Head of Division 
of Research and Society Service, Andalas University) for 
facilitating the grant. 

Authors’ contribution
PS, RM, and RO designed and performed the experiments 
and collected the data. PS and RM analysed the data. PS 
and RSR prepared the manuscript. All authors read and 
approved the manuscript for publication. 

Conflict of interests
There is no conflict of interest.

Ethical considerations
All protocols applied for this research were approved by 
the Committee of Ethical Code for Research of Faculty 
of Medicine, Andalas University (Approval No.528/ 
UN.16.2/ KEP-FK/2021). All authors have inspected 
carefully and cleared the issues related to misconduct, 
plagiarism, fabrication, and redundancy associated with 
the manuscript. 

Funding/Support
This research was funded by a Basic Research Grant 
from the Ministry of Education, Culture, Research and 
Technology of Indonesia (Contract No.021/E4.1/AK.04.
PT/2021).

References
1. Zheng J, Zhou Y, Li S, Zhang P, Zhou T, Xu DP, et 

al. Effects and mechanisms of fruit and vegetable 
juices on cardiovascular diseases. Int J Mol Sci. 
2017;18(3):555. doi: 10.3390/ijms18030555.

2. Park CJ, Lee HA, Han JS. Jicama (Pachyrhizus 
erosus) extract increases insulin sensitivity and 
regulates hepatic glucose in C57BL/Ksj-db/db mice. 
J Clin Biochem Nutr. 2016;58(1):56-63. doi: 10.3164/
jcbn.15-59.

3. Eva Y, Annisa A, Andrafikar. Effectiveness of jicama 
perbiotic yoghurt (Pachyrhizus erosus) on blood 
glucose in diabetic mice. KnE Life Sci. 2019;4(15):250-
261. doi: 10.18502/kls.v4i15.5768.

4. Kumalasari ID, Nishi K, Harmayani E, Raharjo 
S, Sugahara T. Immunomodulatory activity of 
Bengkoang (Pachyrhizus erosus) fiber extract in vitro 

and in vivo. Cytotechnology. 2014;66(1):75-85. doi: 
10.1007/s10616-013-9539-5.

5. Baroroh HN, Nugroho AE, Lukitaningsih E, 
Nurrochmad A. Immune-enhancing effect of 
bengkoang (Pachyrhizus erosus (L.) Urban) fiber 
fractions on mouse peritoneal macrophages, 
lymphocytes, and cytokines. J Nat Sci Biol Med. 
2021;12(1):84-92. doi: 10.4103/jnsbm.JNSBM_53_20.

6. Santoso P, Amelia A, Rahayu R. Jicama (Pachyrhizus 
erosus) fiber prevents excessive blood glucose and 
body weight increase without affecting food intake in 
mice fed with high-sugar diet. J Adv Vet Anim Res. 
2019;6(2):222-30. doi: 10.5455/javar.2019.f336.

7. Santoso P, Maliza R, Fadhilah Q, Insani SJ. Beneficial 
effect of Pachyrhizus erosus fiber as a supplemental 
diet to counteract high sugar-induced fatty liver 
disease in mice. Rom J Diabetes Nutr Metab Dis. 
2019;26(4):353-60.

8. Santoso P, Maliza R, Insani SJ, Fadhila Q, Rahayu R. 
Preventive effect of jicama (Pachyrhizus erosus) fiber 
against diabetes development in mice fed with high-
fat diet. J Appl Pharm Sci. 2021;11(1):137-43. doi: 
10.7324/japs.2021.110116.

9. Li S, Cao M, Yang C, Zheng H, Zhu Y. Association 
of sugar-sweetened beverage intake with risk of 
metabolic syndrome among children and adolescents 
in urban China. Public Health Nutr. 2020;23(15):2770-
80. doi: 10.1017/s1368980019003653.

10. Chazelas E, Debras C, Srour B, Fezeu LK, Julia 
C, Hercberg S, et al. Sugary drinks, artificially-
sweetened beverages, and cardiovascular disease 
in the NutriNet-Santé cohort. J Am Coll Cardiol. 
2020;76(18):2175-7. doi: 10.1016/j.jacc.2020.08.075.

11. Hirahatake KM, Jacobs DR, Shikany JM, Jiang L, 
Wong ND, Steffen LM, et al. Cumulative intake of 
artificially sweetened and sugar-sweetened beverages 
and risk of incident type 2 diabetes in young adults: the 
Coronary Artery Risk Development in Young Adults 
(CARDIA) Study. Am J Clin Nutr. 2019;110(3):733-
41. doi: 10.1093/ajcn/nqz154.

12. Patman G. NAFLD: sugary drinks and fatty 
liver--a bitter-sweet relationship. Nat Rev 
Gastroenterol Hepatol. 2015;12(8):430. doi: 10.1038/
nrgastro.2015.108.

13. Ma J, Fox CS, Jacques PF, Speliotes EK, Hoffmann U, 
Smith CE, et al. Sugar-sweetened beverage, diet soda, 
and fatty liver disease in the Framingham Heart Study 
cohorts. J Hepatol. 2015;63(2):462-9. doi: 10.1016/j.
jhep.2015.03.032.

14. Berends MA, van Oijen MG, Snoek J, van de 
Kerkhof PC, Drenth JP, Han van Krieken J, et al. 
Reliability of the Roenigk classification of liver 
damage after methotrexate treatment for psoriasis: a 
clinicopathologic study of 160 liver biopsy specimens. 
Arch Dermatol. 2007;143(12):1515-9. doi: 10.1001/

http://www.herbmedpharmacol.com


Journal of Herbmed Pharmacology, Volume 11, Number 3, July 2022            http://www.herbmedpharmacol.com366 

Santoso et al

archderm.143.12.1515.
15. Chen H, Wang J, Li Z, Lam CWK, Xiao Y, Wu Q, et 

al. Consumption of sugar-sweetened beverages has a 
dose-dependent effect on the risk of non-alcoholic 
fatty liver disease: an updated systematic review 
and dose-response meta-analysis. Int J Environ 
Res Public Health. 2019;16(12):2192. doi: 10.3390/
ijerph16122192.

16. Evans CEL. Sugars and health: a review of current 
evidence and future policy. Proc Nutr Soc. 
2017;76(3):400-7. doi: 10.1017/s0029665116002846.

17. Han HS, Kang G, Kim JS, Choi BH, Koo SH. 
Regulation of glucose metabolism from a liver-
centric perspective. Exp Mol Med. 2016;48(3):e218. 
doi: 10.1038/emm.2015.122.

18. Chiu S, Mulligan K, Schwarz JM. Dietary carbohydrates 
and fatty liver disease: de novo lipogenesis. Curr 
Opin Clin Nutr Metab Care. 2018;21(4):277-82. doi: 
10.1097/mco.0000000000000469. 

19. Gatineau E, Capel F, Dardevet D, David J, Pouyet 
C, Polakof S, et al. Effect of high chronic intake of 
sucrose on liver metabolism in aging rats. Modulation 
by rutin and micronutrients. J Physiol Biochem. 
2018;74(4):569-77. doi: 10.1007/s13105-018-0628-y.

20. Goossens GH. The metabolic phenotype in obesity: 
fat mass, body fat distribution, and adipose tissue 
function. Obes Facts. 2017;10(3):207-15. doi: 
10.1159/000471488.

21. Takayama S, Katada K, Takagi T, Iida T, Ueda T, 
Mizushima K, et al. Partially hydrolyzed guar gum 
attenuates non-alcoholic fatty liver disease in mice 
through the gut-liver axis. World J Gastroenterol. 
2021;27(18):2160-76. doi: 10.3748/wjg.v27.i18.2160.

22. Sookoian S, Pirola CJ. Liver enzymes, metabolomics 
and genome-wide association studies: from systems 
biology to the personalized medicine. World J 
Gastroenterol. 2015;21(3):711-25. doi: 10.3748/wjg.
v21.i3.711.

23. Mota M, Banini BA, Cazanave SC, Sanyal AJ. 
Molecular mechanisms of lipotoxicity and 
glucotoxicity in nonalcoholic fatty liver disease. 
Metabolism. 2016;65(8):1049-61. doi: 10.1016/j.

metabol.2016.02.014.
24. Asgari-Taee F, Zerafati-Shoae N, Dehghani M, 

Sadeghi M, Baradaran HR, Jazayeri S. Association of 
sugar sweetened beverages consumption with non-
alcoholic fatty liver disease: a systematic review and 
meta-analysis. Eur J Nutr. 2019;58(5):1759-69. doi: 
10.1007/s00394-018-1711-4.

25. Cantero I, Abete I, Monreal JI, Martinez JA, Zulet 
MA. Fruit fiber consumption specifically improves 
liver health status in obese subjects under energy 
restriction. Nutrients. 2017;9(7):667. doi: 10.3390/
nu9070667.

26. Morresi C, Cianfruglia L, Sartini D, Cecati M, 
Fumarola S, Emanuelli M, et al. Effect of high glucose-
induced oxidative stress on paraoxonase 2 expression 
and activity in Caco-2 cells. Cells. 2019;8(12):1616. 
doi: 10.3390/cells8121616.

27. Mézes M, Erdélyi M. [Antioxidant effect of the fibre 
content of foods]. Orv Hetil. 2018;159(18):709-12. 
doi: 10.1556/650.2018.30953.

28. Goff HD, Repin N, Fabek H, El Khoury D, Gidley 
MJ. Dietary fibre for glycaemia control: towards a 
mechanistic understanding. Bioact Carbohydr Diet 
Fibre. 2018;14:39-53. doi: 10.1016/j.bcdf.2017.07.005.

29. Nasir O, Artunc F, Wang K, Rexhepaj R, Föller M, 
Ebrahim A, et al. Downregulation of mouse intestinal 
Na(+)-coupled glucose transporter SGLT1 by Gum 
Arabic (Acacia senegal). Cell Physiol Biochem. 
2010;25(2-3):203-10. doi: 10.1159/000276554.

30. Yang X, Mo W, Zheng C, Li W, Tang J, Wu X. 
Alleviating effects of noni fruit polysaccharide on 
hepatic oxidative stress and inflammation in rats 
under a high-fat diet and its possible mechanisms. 
Food Funct. 2020;11(4):2953-68. doi: 10.1039/
d0fo00178c. 

31. Yang X, He F, Zhang Y, Xue J, Li K, Zhang X, et al. Inulin 
ameliorates alcoholic liver disease via suppressing 
LPS-TLR4-Mψ axis and modulating gut microbiota 
in mice. Alcohol Clin Exp Res. 2019;43(3):411-24. 
doi: 10.1111/acer.13950.

http://www.herbmedpharmacol.com

