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Background/aim: This study aimed to analyze the effect of a high-fat and high-fructose diet (HFFD) on the digesta weight and short-
chain fatty acid (SCFA) levels of cecal digesta in rats.

Materials and methods: This study was an experimental study with a posttest-only control group design with male Sprague-Dawley
strain rats as the samples. A total of 36 rats were divided into two groups with normal diet (N) and modified HFFD. The data of energy
intake, nutrients and fiber, body weight, Lee index, abdominal circumference, digesta weight, and SCFA levels of cecal digesta were
collected.

Results: The results showed an 11.94% increase in body weights of rats with HFFD. The total energy intake of the HFFD group was
significantly higher than that of N (p = 0.000). The fiber intake and cecal digesta weight in group N were higher than that in the HFFD
group (p = 0.00 and p = 0.02, respectively). The concentrations of acetate, butyrate, propionate, and total SCFA in the N group were
significantly higher than in the HFFD (p = 0.041,,p = 0.004, p = 0.040, p = 0.013, respectively). A significant negative relationship was
observed between the abdominal circumference and cecal digesta concentration (p = 0.029; r = —0.529) and between the Lee index and
the SCFA concentration of cecal digesta (p = 0.036, r = —0.206).

Conclusion: The research results showed that HFFD can reduce the weight and SCFA concentration of the cecal digesta. The negative
relationship between abdominal circumference, the Lee index, and the SCFA concentration indicates the potential role in obesity inci-

dence and metabolic diseases.
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1. Introduction
Obesity results from the imbalance between the energy
spent and energy intake, which influences various meta-
bolic pathways related to metabolites and hormones [1].
The number of people with obesity has increased, and it is
predicted to increase up to 57.8%, especially for the adult
population in the world in 2030 [2,3]. Current studies sug-
gest that obesity is often accompanied by diseases such as
insulin resistance, dyslipidemia, and hypertension and in-
creases the risk of type 2 diabetes and cardiovascular dis-
eases [4-7]. Based on the data from a basic health research
(Riskesdas) in 2018, the prevalence of obesity increased
from 14.8% in 2013 to 21.8% in 2018 in Indonesia [8].
Several studies explained that increased consumption
of foods and beverages with high-fructose corn syrup
would induce an increase in the obesity prevalence. Fruc-
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tose can facilitate the glucose absorption but it will lead to
malabsorption when the fructose content is higher than
glucose. Fructose has a higher potential than sucrose to
generate hepatic uric acid and triglycerides, which causes
fatty liver [9]. Mamikutty et al. reported that rat subjects
had obesity, hypertension, hyperglycemia, and hypertri-
glyceridemia after drinking water with 20% fructose for 8
weeks [10]. Fructose causes addiction and leptin resistance
in the brain while also decreasing cholecystokinin expres-
sion and the growth hormone expression in the ventrome-
dial nucleus. Long-term fructose consumption increases
calorie intake due to loss of satiety signals in the brain,
eventually resulting in obesity [11-13].

A low-fiber diet causes low short-chain fatty acid
(SCFA) production by the intestinal microflora. SCFAs,
such as acetate, propionate, and butyrate, are produced
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through fermentation by intestinal microflora from di-
etary fibers [11]. One of the roles of the intestinal micro-
flora is to convert the free fatty acids (FFAs) from dietary
fats to other FFAs as their metabolism results, which are
the key factor in energy metabolism [14,15]. Dietary fiber
has a beneficial metabolic effect on body weight, as well as
glucose homeostasis, food intake, and insulin sensitivity
[14,15].

SCFA involvement in energy and lipid metabolism has
gained attention as the potential in controlling metabolic
syndrome. Several studies showed that decreased obesity
and insulin resistance occurred in the experimental ani-
mals with a high-fat diet after butyrate-containing food
supplementation [12]. The mechanism that explains the
higher fecal SCFA production in the obese population re-
mains a subject of debate. It could be due to the increased
dietary substrate intake or the consequence of the in-
creased metabolic activity of a certain group of bacteria;
interestingly, some studies show inconsistent results. For
example, Fernandes et al. [16] showed experimental re-
sults that are contrary to the results of research conducted
by Lin et al. [17], Weitkunat et al. [18], and Miyamoto et al.
[19]. There was an increase in the diet, but there was also a
decrease in SCFA concentrations.

The controversy over these results prompted research-
ers to conduct studies on obese rats with a high-fat high-
fructose diet (HFFD) and measure the weight and con-
centration of SCFA in the cecum rather than in the feces.
Therefore, the present study aims to analyze the effect of
HFFD administration on digesta weight and SCFA levels
in rat cecum, as only 5%-10% of SCFA is excreted in the
feces [20]. Using the obesity animal model, several factors
related to food can be controlled, and the concentration of
SCFA in the cecum can be analyzed. Thus, this study pro-
vides more objective results that could be used as a basis
for creating an experimental animal model of obesity and
nutrition interventions. This study has several differences
with the previous ones: (1) We used Sprague-Dawley rats
while some studies used Wistar rats; (2) We used a high-fat
high-fructose feed while previous studies used high-fat or
high-carbohydrate feed; and (3) We measured the SCFA in
cecal digesta while others measured it in the feces.

2. Materials and methods

This research was conducted from October 2017 until
February 2018. The ethical approval for this research was
obtained from the Faculty of Medicine, Universitas Brawi-
jaya, Malang, Indonesia, No. 368/EC/KEPK/10/2017.

2.1. Materials
The feed was composed of corn starch, dextrin corn starch,
sucrose, soybean oil, casein, egg white, agar, white butter,
beef kidney fat, minerals (AIN-93 M-MX-Mineral Mix),
vitamins (AIN-93 -VX-Vitamin Mix), L-cystine, and cho-
line bitartrate.

2.2. Normal and HFFD diet formulation and feed energy
and content analysis

The manufacturing of modified feed and analysis of en-
ergy content and nutrient of the feed were according to the
research by Sulistyowati et al. [21]. Feed ingredients con-
sist of corn starch, dextrin corn starch, sucrose, soybean
oil, casein, egg white, gelatin, white butter, cow kidney fat,
minerals (AIN-93 M-MX-Mineral Mix), vitamins (AIN-
93 -VX-Vitamin Mix), L-cystine, and choline bitartrate.
All ingredients are mixed together and formed as rat pel-
lets. The compositions of dietary diet modification for the
intervention in making animal models of obesity in this
study are listed in Table 1 [21].

2.3. Animal preparation and experimental

2.3.1. Experimental design
This study used a posttest-only control group design. The
number of replications in this study was determined by the
Federer formula [22]:

(t-1)(n-1)=15 (1)

where t is the number of the intervention group and n
is the number of repetitions or the number of samples per
group. The number of interventions was 2 in this study;
therefore, the number of replications was at least 16. Then,
a number of the backup experimental unit was added to
anticipate unwanted possibilities, such as death. The cor-
rection to the number of replications was based on the
Higgins formula:

1/(1-f) (2)

with an estimated experimental unit dropout (f) of
10%, the number of subjects needed in this study was 36.

Table 1. Characteristics of initial subjects and the results of nor-
mal and HFFD dietary food intervention.

Characteristic Normal HFFD -value
(mean + SD) (mean + SD) P

Body weight (g) 246 + 19.11 245.58 + 22.06 0.945

Intake (g) 12.23 £ 1.67 6.49 +1.52 0.000

Intake fiber (g) 0.35+0.05 0.16 £ 0.04 0.000

Intake (calories

from drinks) 0 31.71 £ 7.08 0.000

Intake (calories |5\ (0704|3459 +8.12 0.000

from diet)

Totalintake ;) c0 1 704 |6630+7.26 0.000

(calories)

Final Weight (g) 261.93 £29.30 |[279.42 +£33.22 0.140

Lee index 265.85 +10.15 |287.65+ 10.34 0.875

Abdominal

circumference |14.64 +0.93 15.84 + 0.41 0.009

(cm)

Source: Sulistyowati et al. [21].
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The white rats ((Rattus norvegicus) Sprague-Daw-
ley strain) were obtained from the Animal Laboratory of
Institut Pertanian Bogor. The rats had 200-250 g body
weight, were aged 70-90 days postnatal, male, and healthy.
Rats with abnormal motor movements, those that did not
want to eat and drink, and those that had >10% weight
loss during the adaptation period were excluded from the
study. The Sprague-Dawley was chosen as an obese animal
model because it is quieter and easier to handle. Besides
the fact that the rats can show changes in metabolic status
according to the research objectives, these rats also have a
high survival rate [16,23-27].

Rat cages were placed in an approximately 2-cm-thick
husk mat that was replaced every 3 days. Room temper-
ature was maintained at 25 °C in 12 h of dark and light
cycles. Rats were acclimated for 7 days, fed with normal
rat feed, and given distilled water for drinking ad libitum.
On the 7th day, 18 rats in the intervention group were giv-
en HFFD and 30% fructose solution drink for 12 weeks
[23,24]. The administration of a normal diet and HFFD
was conducted for 12 weeks. Maintenance and euthana-
sia of rats were done following the fixed procedures at the
Institute of Biosciences of Universitas Brawijaya Malang.

2.3.2. Sample collection and preparation

Cecal digesta sample preparation for the SCFA content
and digesta weight analysis was carried out by cecal dissec-
tions. The contents of the cecum (digesta) were scraped oft
using tweezers and then weighed using an ABK 220-4M
digital scale-Japan. Next, each of the digesta was stored at
-20 °C for the SCFA examination.

2.4. Determination of parameters

2.4.1. Calorie intake

The feed intake was calculated by subtracting the amount

of the given feed (g) and the leftover (g) after 24 h. The
same was applied to the drinks in the HFFD group.

Feed intake = the provided feed (grams) - the leftover feed
(grams) (3)

Calorie intake was calculated by the amount of feed intake
(g) and 30% fructose solution (mL) multiplied by the en-
ergy value of feed N, HFFD, and the 30% fructose solution.

Calorie intake = feed intake (grams) x the energy density
of the feed (4)

Total calorie = the feed calorie + the drinks calorie ~ (5)
2.4.2. Body weight, length, abdominal circumference,
and Lee index

Body weight measurements were carried out by weigh-
ing rats with a KERN 440-33N analytical balance (Kern &
Sohn, Germany) once a week. The result was the average of
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the two weighing results. Body length was measured after
the rat was anesthetized with ketamine-xylazine of 75-100
mg/kg + 5-10 mg/kg. The body length was measured from
the tip of the nose to the anus or base of the tail (naso-
anal). Abdominal circumference was also measured after
the anesthesia. Abdominal circumference was measured
circularly in the largest part of the abdomen. Body length
and abdominal girth were measured using OneMed 235
metleen (OneMed, Indonesia) with an accuracy of 0.01
cm. Lee index was used to determine the degree of obesity:

Lee index=Body weight (g)***/Body length (mm)x1000 (6)

2.4.3. The weight of the cecal digesta

The weight of the cecal digesta was measured by using
KERN ABJ 220-4M (Kern & Sohn, Germany) digital scales
with an accuracy of 0.000 mg.

2.4.4. SCFA levels

The digest samples stored at 20 °C were thawed and 4 mg
of the samples were centrifuged at 10,000 rpm for 15 min.
As much as 2 mL of supernatant was added into a 5-mL
plastic tube and 30 mg of 5-sulphosalicylic acid was added.
The solution was shaken, centrifuged at 3000 rpm for 10
min at 4 °C, and then filtered through a Millipore filter
until the clear liquid was obtained. As much as 1 pL of su-
pernatant was injected into the gas-liquid chromatography
device (Chrompack CP 9002 series 946253, Netherlands)
using a microsyringe. After 9 min, the area of the specified
compound was drawn in the recorder paper. Before the
sample was injected, a standard mixture of acetate, propio-
nate, and butyrate was injected first with a concentration
of 0.025%, 0.05%, 0.3%, and 0.5%, respectively. Then the
regression equation was calculated, which reflected the re-
lationship between the area of acetic acid, propionic, and
butyrate standard (Y) with the concentrations of acetic
acid, propionic, and butyrate standard (X) [16,28-31].

2.5. Data analysis

All observations and measurements were tabulated and
made in the form of mean + standard deviation (SD). The
differences in the experimental animal characteristics, the
weight of the cecum contents, and the concentration of
SCFA from both groups were analyzed by using an inde-
pendent t-test at a 95% confidence level. The correlation
between variables was tested by a bivariate test and the re-
lationship was determined using the Pearson’s correlation
test. Data processing and analysis were done in Microsoft
Excel and SPSS version 21 (IBM) for Windows.

3. Results

The characteristics of the initial subjects and the results of
the interventions in this study are presented in Table 1. The
rats had similar body weights at the beginning of the study
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as the mean initial body weights in both groups were not
different (p = 0.945). After the HFFD dietary intervention
for 12 weeks, there was an increase of 12% in the average
body weight, higher than the normal but not statistically
significant (p = 0.140). However, there was a significantly
higher abdominal circumference in the HFFD compared
to the N group (p = 0.009).

The mean digesta weight of rats with N feed was signif-
icantly higher than that of rats with HFFD feed (p = 0.02)
(Figure). Meanwhile, the concentration of SCFA in cecal
digesta rat with N feed was significantly higher than in rats
with HFFD (Table 2).

Pearson’s correlation test results show a significant
negative relationship between the abdominal circumfer-
ence and SCFA concentration (r = —0.529; p = 0.029) while
the negative relationship also showed between the Lee In-
dex and the SCFA concentration of the cecal digesta (r =
—0.204; p = 0.433). The relationships between abdominal
circumference, Lee index, and SCFA concentration are
presented in Table 3.

C
=
8o
[
z
s
3
o0
<

N HFFD

B mean 1,8266 1,4289

Figure. The average weight of cecal digesta by group.

Table 2. Concentrations of SCFA in rat cecal digesta by group.

Characteristic N HFFD p-value
Acetate (mMol/g) 2276 +6.68 |18.18£6.93 [0.041
Butyrate (mMol/g) 3.23+1.54 2.72+1.28 0.004
Propionate (mMol/g) |7.31 +2.81 5.26 +2.09 0.040
Total SCFA (mMol/g) [33.30 £8.93 [26.16+9.94 |0.013

Table 3. Pearson’s correlation coefficient between waist
circumference and SCFA concentration of cecal digesta and
between Lee index and SCFA concentration of cecal digesta.

Lee index
-0.204

Waist circumference
-0.529"

SCFA

*Significant at o = 0.05.

4. Discussion

Several studies explained that an increase in the prevalence
of central obesity occurs along with the increase in con-
sumption of foods and drinks containing high-fructose
corn syrup (HFCS). HFCS is commonly used in a wide
variety of favored food and beverage products such as soft
drinks, pastries, cookies, gums, jelly, and desserts. In the
long run, the addiction effects and leptin resistance due to
the fructose increase the calorie intake because of the loss
of satiety signals in the brain, which in turn, causes over-
weightness and obesity [26].

The intervention of the HFFD feed was recommend-
ed in producing experimental animal models of obesity
[32]. Previous studies presented that the composition of
the HFFD feed is 25%-35% carbohydrate, 50%-70% fat,
15%-25% protein, and 17%-30% fructose solution [23-
25,33]. In this study, the composition of the HFFD feed
was 20.51% carbohydrate, 57.57% fat, and 21.90% protein,
with a fiber content of 24.25 g per 100 g of feed, and 30%
fructose in drinks.

The results indicated that the modified AIN 93 HFFD
did not provide significant changes in body weight. How-
ever, there was an 11.94% increase in body weight in the
HFFD group. This result is in line with the previous studies
that showed that the rat had moderate obesity if its body
weight change was 10%-25% higher than those in the N
group [13,34]. Those factors did not show a significant
increase in the body weight because the modified feed
formula still had a higher energy density than the N diet,
about 4.21 Cal/g. According to Miras et al. [35], the aver-
age energy density for N feed-in obese rats’ models was
<3.5 Cal/g. In this study, the high energy density of N feed
was due to the use of carbohydrate source material so it
could be easily molded as a mouse pellet [35]. The calo-
rie intake in this study was not different from the result
of Marques et al. [24], which was around 66 calories for
the HFFD group and 51 to 53 calories for the N group.
The calorie intake from the feed in the HFFD group was
lower than in the N group; however, the total calories of
the HFFD group were significantly higher than those of
the N group. The high-calorie intake in the HFFD group
was due to the drink that contained 30% fructose. Besides,
the HFFD feed had less than 60% fat, which was one of the
contributing factors [24].

Fiber intake in the N group was significantly higher
than in HFFD. This was due to the lower fiber content
in the HFFD feed. The HFFD feed generally has low car-
bohydrate content from dietary fiber [14]. It affected the
weight of the digesta in the rat cecum. The weight of rat ce-
cal digestion with the N diet was significantly higher than
HFFD (p = 0.02). The increasing volume of feces is the ef-
fect of the dietary fiber’s metabolism in the digestive tract,
especially in the colon [36].
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Most of the metabolic functions of dietary fiber are re-
lated to the colon as the fiber is relatively unchanged in the
stomach and small intestine. Bacterial flora works actively
in the colon. Besides being used to increase the content
and weight/volume of feces, the metabolic products are
used to produce volatile fatty acids (acetate, butyrate, and
propionate), which are the main anions in feces [36,37].
The data obtained from individuals who experienced sud-
den death showed that the SCFA concentrations in the ce-
cum were around 131 mmol/kg lumen contents, ten times
higher than those in the ileum (13 mmol/kg) [38,39].

The results of this study showed that the rats with N
feed had significantly higher SCFA concentrations in ce-
cal digesta than the HFFD (p = 0.013). The results showed
a high-fiber diet with low fat caused a higher amount of
SCFA feces compared with the low-fiber diet [40]. The ma-
jority of acetate is produced by enteric bacteria as a result
of carbohydrate fermentation. Besides, one-third of colon-
ic acetate is synthesized from hydrogen and carbon diox-
ide or formic acid through the Wood-Ljungdahl pathway
by acetogenic bacteria [41,42]. Three different pathways
used by colon bacteria for propionate formation are the
succinate pathway, the acrylic pathway, and the propanedi-
ol pathway [43]. Fermented food fiber with cellulose sub-
strate gives a proportion of 81% of acetate, 13% of propio-
nates and 6% of butyrate. In the fermentation process in
the large intestine, cellulose and pectate will produce the
largest proportion of acetic acid, while hemicellulose po-
tentially produces propionate acid [44]. This study showed
that the amount of produced acetate was higher than pro-
pionate and butyrate was the least in quantity.

The results also showed the negative relationship be-
tween the increased abdominal circumference, which
showed the degree of visceral obesity, with the decreased
concentrations of cecal digesta (r = —0.529; p = 0.029);
which was also similar to the Lee index with the de-
crease in the SCFA concentration in the cecal digesta. (r =
—0.204; p = 0.433). These were consistent with Heinritz et
al’s study [31], which explained that SCFA concentrations
were significantly higher in the administration of low-fat
diets than high-fat; the significance values for acetate, bu-
tyrate, and propionate were p = 0.023, p = 0.013, and p =
0.003, respectively.

References

1. Greenwood HC, Bloom SR, Murphy KG. Peptides and their
potential role in the treatment of diabetes and obesity. The
Review of Diabetic Studies: RDS 2011; 8 (3): 355-368. doi:
10.1900/RDS.2011.8.355.

2. Shrimpton R, Rokx C. The DOUBLE BURDEN OF MALNU-
TRITION: A REVIEW OF GLOBAL EVIDENCE. Health,
Nutrition and Population Discussion Paper. Washington, DC,
USA: World Bank Group; 2012.

272

Similar results were also found by Barczynska et al.
[45], who observed the SCFAs concentration in the feces
of obese children was lower than normal-weight children
(p = 0.04). It can be explained that the SCFA protective
effect on the metabolic changes induced by a high-fat diet
depends on the regulation of proliferator-active peroxi-
somes (PPARYy); it triggers the changes of lipid synthesis
to lipid oxidation [46]. Interestingly, although the three
intestinal SCFAs have a protective effect on obesity, bu-
tyrate and propionate are likely to have a more significant
effect than acetate [47]. Different mechanisms have been
proposed to explain this effect; one of them is the activa-
tion of signaling pathways mediated by protein kinases,
such as adenosine monophosphate-activated protein ki-
nases [12,46] or mitogen-activated protein kinases [48].
It has been reported that butyrate and propionate induce
the intestinal hormone production, which can reduce food
intake [47]. Acetate also has been proven to reduce appe-
tite through interactions with the central nervous system
[49]. One mechanism underlying the effect of SCFA on
food intake and satiety is related to the release of intestinal
hormone related to satisfaction, especially GLP-1 and the
peptide YY (PYY). These proteins are secreted by intes-
tinal L cell enteroendocrine, which is found in the distal
ileum and colonic epithelium [50,51]. PYY affects appetite
and satiety by suppressing neuropeptide Y (NPY) and ac-
tivating the proopiomelanocortin (POMC) neurons in the
hypothalamus or by delaying the gastric emptying process
[52]. In addition to its role as incretin, GLP-1 also regu-
lates the appetite by affecting POMC and NPY neurons
in the hypothalamus which also inhibits gastric emptying
and gastric acid secretion [53-56]. Unfortunately, the se-
cretion from intestinal hormones (PYY and GLP-1) was
not assessed in this study, which became a limitation in
this study.

In conclusion, the administration of HFFD showed a
weight and SCFA concentration reduction in the cecum
contents, which is harmful to health. However, further ex-
perimental studies are still needed to get more deep infor-
mation before it can be applied to the human diet.

Conflict of interest
There are no conflicts of interest.

3. Forse RA, Krishnamurty DM. Epidemiology and discrimina-
tion in obesity. In: Nguyen NT, Blackstone RP, Morton JM,
Ponce ], Rosenthal R] (editors). The ASMBS Textbook of Bar-
iatric Surgery. Vol. 1. New York, NY, USA: Springer; 2015.

4. Ye J. Mechanisms of insulin resistance in obesity. Frontiers of
Medicine 2013; 7 (1): 14-24. doi: 10.1007/s11684-013-0262-6



10.

11.

12.

13.

14.

15.

16.

SULISTYOWATT et al. / Turk ] Med Sci

Lavie CJ, De Schutter A, Patel DA, Romero-Corral A, Artham
SM et al. Body composition and survival in stable coronary
heart disease: impact of lean mass index and body fat in the
“obesity paradox”. Journal of the American College of Cardiol-
ogy 2012; 60 (15): 1374-80. doi: 10.1016/j.jacc.2012.05.037.

Malik VS, Hu FB. Sweeteners and risk of obesity and type 2 dia-
betes: the role of sugar-sweetened beverages. Current Diabetes
Reports 2012; 12: 195-203. doi: 10.1007/s11892-012-0259-6

Landsberg L, Aronne L], Beilin L], Burke V; Igel LI et al. Obe-
sity-related hypertension: pathogenesis, cardiovascular risk,
and treatment: a position paper of The Obesity Society and
the American Society of Hypertension. Journal of Clinical
Hypertension (Greenwich.) 2013; 15 (1): 14-33. doi: 10.1111/
jch.12049.

Kementrian Kesehatan Republik Indonesia. Hasil Utama
RISKESDAS 2018. Jakarta, Indonesia: Badan Penelitian dan
Pengembangan Kesehatan; 2018 (in Indonesian).

Lozano I, Van der Werf R, Bietiger W, Seyfritz E, Peronet C et
al. High-fructose and high-fat diet-induced disorders in rats:
impact on diabetes risk, hepatic and vascular complications.
Nutrition & Metabolism 2016; 13 (15): 1-13. doi: 10.1186/
$12986-016-0074-1.

Mamikutty N, Thent ZC, Sapri SR, Sahruddin NN, Yusof
MRMY et al. The establishment of metabolic syndrome model
by induction of fructose drinking water in male Wistar rats.
BioMed Research International 2014; 2014 (263897): 1-8. doi:
10.1155/2014/263897

Flint HJ, Bayer EA, Rincon MT, Lamed R, White BA. Polysac-
charide utilization by gut bacteria: Potential for new insights
from genomic analysis. Nature Reviews Microbiology 2008; 6:
121-131. doi: 10.1038/nrmicro1817

Gao Z, Yin J, Zhang ], Ward RE, Martin RJ et al. Butyrate im-
proves insulin sensitivity and increases energy expenditure in
mice. Diabetes 2009; 58 (7): 1509-1517. doi: 10.2337/db08-
1637.

Hariri N, Thibault L. High fat diet induced obesity in animal
model. Nutrition Research Review 2010; 23 (2): 270-299. doi:
10.1017/50954422410000168.

Albertson AM, Reicks M, Joshi N, Carolyn K. Whole grain
consumption trends and associations with body weight mea-
sures in the United States: results from the cross-sectional Na-
tional Health and Nutrition Examination Survey 2001-2012.
Nutrition Journal 2016; 15 (8): 1-14. doi: 10.1186/s12937-016-
0126-4

Delzenne NM, Neyrinck AM, Bickhed E Cani PD. Targeting
gut microbiota in obesity: Effects of prebiotics and probiotics.
Nature Reviews: Endocrinology 2011; 7 (11): 639-646. doi:
10.1038/nrendo.2011.126.

Fernandes J, Su W, Rahat-Rozenbloom S, Wolever TM, Come-
1li EM. Adiposity, gut microbiota and faecal short chain fatty
acids are linked in adult humans. Nutrition & Diabetes 2014; 4
(6): 1-7. doi: 10.1038/nutd.2014.23.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Lin HV, Frassetto A, Kowalik EJ Jr, Nawrocki AR, Lu MM et
al. Butyrate and propionate protect against diet-induced obe-
sity and regulate gut hormones via free fatty acid receptor
3-independent mechanisms. Plos One 2012; 7 (4): €35240. doi:
10.1371/journal.pone.0035240

Weitkunat K, Schumann S, Nickel D, Hornemann S, Petzke
KJ et al. Odd-chain fatty acids as a biomarker for dietary fiber
intake: a novel pathway for endogenous production from pro-
pionate. The American Journal of Clinical Nutrition 2017; 105
(6): 1544-1551. doi: 10.3945/ajcn.117.152702

Miyamoto J, Watanabe K, Taira S, Kasubuchi M, Li X et al.
Barley p-glucan improves metabolic condition via short-chain
fatty acids produced by gut microbial fermentation in high fat
diet fed mice. Plos One 2018; 13 (4): €0196579. doi: 10.1371/
journal.pone.0196579

Bloemen JG, Venema K, van de Poll MC, Olde Damink SW,
Buurman WA et al. Short chain fatty acids exchange across the
gut and liver in humans measured at surgery. Clinical Nutri-
tion 2009; 28 (6): 657-661. doi: 10.1016/j.cInu.2009.05.011

Sulistyowati E, Handayani D, Soeharto S, Rudijanto A. Serum
mineral (Mg, Mn, and K) levels are associated with increas-
ing the body mass index (BMI) and abdominal circumfer-
ence. Obesity Medicine 2019; 15: 100107. doi: 10.1016/j.
obmed.2019.100107

Federer WT. Experimental Design: Theory and Application.
Oxford, England: IBH Publishing Company; 1967.

Lee JS, Jun D, Kim EK, Jeon HJ, Nam HH et al. Histologic and
metabolic derangement in high-fat, high-fructose, and combi-
nation diet animal models. The Scientific World Journal 2015;
2015 (306326): 1-9. doi: 10.1155/2015/306326

Marquest CL, Meirelesa M, Norbertoa S, Leitea ], Freitasa | et
al. High-fat diet-induced obesity rat model: a comparison be-
tween Wistar and Sprague-Dawley Rat. Adipocyte 2016; 5 (1):
11-21. doi: 10.1080/21623945.2015.1061723.

Imam MU, Musa SNA, Azmi NH, Ismail M. Effects of white
rice, brown rice and germinated brown riceon antioxidant
status of type 2 diabetic rats. International Journal of Mo-
lecular Sciences 2012; 13 (10): 12952-12969. doi: 10.3390/
ijms131012952.

Senaphan K, Kukongviriyapan U, Sangartit W, Pakdeechote P,
Pannangpetch P et al. Ferulic acid alleviates changes in a rat
model of metabolic syndrome induced by high-carbohydrate,
high-fat diet. Nutrients 2015; 7 (8): 6446-6464. doi: 10.3390/
nu7085283.

Dong J, Zhu Y, Ma Y, Xiang Q, Shen R et al. Oat products
modulate the gut microbiota and produce anti-obesity effects
in obese rats. Journal of Functional Foods 2016; 25: 408-420.
doi: 10.1016/;.j{£.2016.06.025

Aswandi A, Sutrisno CI, Arifin A, Joelal A. Effect complete
feed containing starch tubers of different varieties of banana
plants on pH, NH3 and VFA of Kacang Goat. Jurnal Ilmu dan
Teknologi Peternakan 2012; 2 (2): 99-109 (article in Indone-
sian with an abstract in English).

273



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

274

SULISTYOWATT et al. / Turk ] Med Sci

Salazar N, Dewulf EM, Neyrinck AM, Bindels LB, Cani D et al.
Inulin-type fructans modulate intestinal Bifidobacterium spe-
cies populations and decrease fecal short-chain fatty acids in
obese women. Clinical Nutrition (Edinburg, Scotland) 2015;
34 (501): 507. doi: 10.1016/j.clnu.2014.06.001.

Hald S, Schioldan AG, Moore ME, Dige E, Laeker HG et al.
Effects of arabinoxylan and resistant starch on intestinal mi-
crobiota and short-chain fatty acids in subjects with metabolic
syndrome: a randomised crossover study. Plos One 2016; 11
(7): €0159223. doi: 10.1371/journal.pone.0159223

Heinritz SN, Weiss E, Eklund M, Aumiller T, Heyer CME et al.
Impact of a high-fat or high-fiber diet on intestinal microbiota
and metabolic markers in a pig model. Nutrients 2016; 8 (5):
1-16. doi: 10.3390/nu8050317.

Angelova P, Boyadjiev N. A review on the models of obesity
and metabolic syndrome in rats. Trakia Journal of Sciences
2013; 1: 5-12.

Cluny LN, Eller LK, Keenan CM, Reimer RA, Sharkey KA.
Interactive effects of oligofructose and obesity predisposition
on gut hormones and microbiota in diet-induced obese rats.
Obesity 2015; 23 (4): 769-778. doi: 10.1002/0by.21017.

Levin BE, Dunn-Meynell AA. Defense of body weight depends
on dietary composition and palatability in rats with diet-in-
duced obesity. American Journal of Physiology, Regulatory, In-
tegrative and Comparative Physiology 2002; 282 (1): R46-R54.
doi: 10.1152/ajpregu.2002.282.1.R46

Miras AD, Seyfried F, Phinikaridou A, Andia ME, Christakis I
et al. Rats fed diets with different energy contribution from fat
do not different in adiposity. Obesity Facts 2014; 7 (5): 302-310.
doi: 10.1159/000368622.

Weickert MO, Pfeiffer AFH. Impact of dietary fiber consump-
tion on insulin resistance and the prevention of type 2 diabe-
tes. Journal of Nutrition 2018; 148 (1): 7-12. doi: 10.1093/jn/
nxx008.

Louis P, Scott KP, Duncan SH, Flint HJ. Understanding the
effects of diet on bacterial metabolism in the large intestine.
Journal of Applied Microbiology 2007; 102 (5): 1197-1208. doi:
10.1111/j.1365-2672.2007.03322.x.

Canfora EE, Jocken JW, Blaak EE. Short-chain fatty acids in
control of body weight and insulin sensitivity. Nature Re-
views Endocrinology 2015; 11: 577-591. doi: 10.1038/nren-
do.2015.128

Alou MT, Lagier JC, Raoult D. Diet influence on the gut mi-
crobiota and dysbiosis related to nutritional disorders. Hu-
man Microbiome Journal 2016; 1: 3-11. doi: 10.1016/j.hu-
mic.2016.09.001

Cuervo A, Salazar N, Ruas-Madiedo P, Gueimonde M, Gon-
zalez S. Fiber from a regular diet is directly associated with
fecal short-chain fatty acid concentrations in the elderly. Nu-
trition Research 2013; 33 (10): 811-816. doi: 10.1016/j.nu-
tres.2013.05.016.

Miller TL, Wolin M]J. Pathways of acetate, propionate, and bu-
tyrate formation by the human fecal microbial flora. Applied
and Environmental Microbiology 1996; 62 (5): 1589-1592. doi:
10.1128/AEM.62.5.1589-1592.1996.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Louis P, Hold GL, Flint J. The gut microbiota, bacterial metabo-
lites and colorectal cancer. Nature Reviews Microbiology 2014;
12: 661-672. doi: 10.1038/nrmicro3344

Reichardt N, Duncan SH, Young P, Belenguer A, Leitch CM et
al. Phylogenetic distribution of three pathways for propionate
production within the human gut microbiota. The ISME Jour-
nal 2014; 8: 1323-1335. doi: 10.1038/isme;j.2014.14

Makki K, Deehan EC, Walter ], Bickhed F The impact of
dietary fiber on gut microbiota in host health and disease.
Cell Host & Microbe 2018; 23 (6): 705-715. doi: 10.1016/j.
chom.2018.05.012.

Barczynskar R, Litwin M, Slizewska K, Szalecki M, Berdowska
A et al. Bacterial microbiota and fatty acids in the faeces of
overweight and obese children. Polish Journal of Microbiology
2018; 67 (3): 339-345. doi: 10.21307/pjm-2018-041.

Den Besten G, Bleeker A, Gerding A, Van Eunen K, Havinga
R et al. Short-chain fatty acids protect against high-fat diet-
induced obesity viaa PPAR gamma-dependent switch from
lipogenesis to fat oxidation. Diabetes 2015; 64 (7): 2398-2408.
doi: 10.2337/db14-1213.

Lin HV, Frassetto A, Kowalik EJJr, Nawrocki AR, Lu MM et
al. Butyrate and propionate protect against diet-induced obe-
sity and regulate gut hormones via free fatty acid receptor3-
independent mechanisms. Plos One 2012; 7 (4): €35240. doi:
10.1371/journal.pone.0035240.

Jung TH, Park JH, Jeon WM, Han KS. Butyrate modulates bac-
terial adherence on LS174T human colorectal cells by stimu-
lating mucin secretion and MAPK signaling pathway. Nutri-
tion Research and Practice 2015; 9 (4): 343-349. doi: 10.4162/
nrp.2015.9.4.343.

Frost G, Cai Z, Raven M, Otway D, Mushtaq R et al. Effect of
short chain fatty acids on the expression of free fatty acid re-
ceptor 2 (Ffar2), Ffar3 and early stage adipogenesis. Nutrition
Diabetes 2014; 4 (8): e128. doi: 10.1038/nutd.2014.25.

Suzuki K, Jayasena CN, Bloom SR. Obesity and appetite con-
trol. Experimental Diabetes Research 2012; 2012: 1-19. doi:
10.1155/2012/824305.

Ross AB, Pere-Trépat E, Montoliu I, Martin FPJ, Collino S et al.
A wholegrain-rich diet reduces urinary excretion of markers of
protein catabolism and gut microbiota metabolism in healthy
men after one week. Journal of Nutrition 2013; 143 (6): 766-
773. doi: 10.3945/jn.112.172197.

De Vadder E Kovatcheva-Datchary P, Goncalves D, Vinera
J, Zitoun C et al. Microbiota-generated metabolites promote
metabolic benefits via gut brain neural circuits. Cell 2014; 156
(1-2): 84-96. doi: 10.1016/j.cell.2013.12.016.

Kimura I, Ozawa K, Inoue D, Imamura T, Kimura K et al. The
gut microbiota suppresses insulin-mediated fat accumulation
via the short-chain fatty acid receptor GPR43. Nature Com-
munications 2013; 4: 1-12. doi: 10.1038/ncomms2852

Greiner TU, Backhed F. Microbial regulation of GLP-1 and L-
cell biology. Molecular Metabolism 2016; 5 (9): 753-758. doi:
10.1016/j.molmet.2016.05.012



55.

SULISTYOWATT et al. / Turk ] Med Sci

Mishra AK, Dubey V, Ghosh AR. Obesity: An overview of pos-
sible role(s) of gut hormones, lipid sensing and gut microbiota.
Metabolism: Clinical and Experimental 2016; 65 (1): 48-65.
doi: 10.1016/j.metabol.2015.10.008.

56.

Bae YJ, Choi MK, Kim MH. Manganese supplementation re-
duces the blood cholesterol levels in Ca-deficient ovariecto-
mized rats. Biological Trace Element Research 2011; 141 (1-3):
224-231. doi: 10.1007/s12011-010-8714-1.

275



