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Short-chain fatty acids (SCFAs), especially acetate, propionate and butyrate, are the end products 

from the intestinal microbial fermentation of dietary fibers and resistant starch. It has been well 

documented that plasma and colonic SCFAs are associated with metabolic syndromes. Recently, 

the involvement of SCFAs in energy homeostasis regulation has been extensively studied. The 

importance of SCFAs on energy metabolism has highlighted the potential of modulating SCFAs 

as a nutritional target to prevent and counteract metabolism disorders and its associated diseases 

such as obesity and type 2 diabetes. Here, we summarize the current knowledge about the 

biological properties of SCFAs with their impact on the energy homeostasis. 
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INTRODUCTION 

The balance of energy storage and release, also known as energy homeostasis, is crucial for 

overall health and even survival (Woods 1998). It has been well characterized that obesity, the 

result of long-term positive energy balance, increases the risk for many diseases such as type 2 

diabetes, heart disease, hypertension, stroke, liver disease, colon cancer, and osteoarthritis (Must, 

Spadano et al. 1999). Similarly, long-term negative energy balance also contributes to several 

body-disorders, including decline in metabolism, loss of bone mass, decreases in thyroid 

hormones, and reduction in physical performance (Pollock, Grogan et al. 2010). Therefore, the 

ability to adapt to variety of energy intakes and outputs is vital.  

It has long been recognized that dietary fiber and resistant starch would benefit a range of 

health issues, such as lowering cholesterol level and controlling blood glucose level (Brown, 

Rosner et al. 1999, Causey, Feirtag et al. 2000, Boers, MacAulay et al. 2016). Recently, studies 

have revealed that these beneficial effects of high-fiber diets are, at least partly, attributed to its 

end-products of gut microbiota fermentation as SCFAs (Canfora, Jocken et al. 2015, De Vadder, 

Kovatcheva-Datchary et al. 2016). Dietary intake of fiber or resistant starch are linked to 

enhanced SCFAs production in gut as well as high-peripheral circulating SCFAs (Wong, de 

Souza et al. 2006, Tarini and Wolever 2010). Human study in obese women found three-month 

consumption of a mixture of inulin and oligofructose improved postprandial glucose response 

and enriched butyrate-producing bacteria in gut (Dewulf, Cani et al. 2013). Recent studies in 
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healthy individuals also found consumption of fiber-rich bread (e.g. barley kernel-based bread, 

wholegrain rye bread) resulted in improved markers of glucose metabolism with increased serum 

SCFAs concentrations (Lappi, Mykkanen et al. 2014, Nilsson, Johansson-Boll et al. 2015). 

Animal studies also show supplementation with inulin-type fructans (fructo-oligosaccharides 

[FOS]) improved HFD-induced diabetes in mice with improved glucose tolerance, and 

glucose-stimulated insulin secretion (GSIS) as well as decreased intestinal endotoxin levels and 

circulate pro-inflammatory cytokines (Cani, Neyrinck et al. 2007).  

There has been increasing interest in the idea that a strong link exists between the SCFAs and 

energy homeostasis. Recent studies have provided a wealth of evidence for the coherent 

understanding of the multi-level network in which SCFAs exert their effects. The aim of the 

present mini-review is to summarize the current knowledge about the biological properties of 

SCFAs with their impact on the energy homeostasis. 

EFFECTS OF COLONIC SCFA ABSORPTION IN HUMANS 

In humans, acetate, propionate and butyrate are three major SCFAs produced by intestinal 

fermentation, which account for >95% of SCFA content in gut (Velazquez, Lederer et al. 1997). 

The production of SCFAs mainly occurs in the proximal colon (including ascending colon and 

transverse colon) due to the highest level of substrate for colonic fermentation existing there. The 

concentration of SCFAs can reach around 70 to 140 mM in the proximal colon (Topping and 

Clifton 2001). Interestingly, although proximal colon is the major place for SCFA production in 
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gut, distal colonic acetate infusion, but not proximal colonic acetate infusion in obese man, can 

increase fasting fat oxidation, with a pronounced increase in plasma PYY and postprandial 

insulin, suggesting the distal SCFAs levels may be important for exerting their functions (van der 

Beek, Canfora et al. 2016). After being produced in the gastrointestinal (GI) tract, SCFAs are 

absorbed rapidly and efficiently. It is estimated that less than 10% of SCFAs produced in the 

colon would be excreted in the feces (Boets, Deroover et al. 2015). At least four putative 

mechanisms have been described for the colonic absorption of SCFAs, including non-ionic 

diffusion (Charney, Micic et al. 1998), exchange with bicarbonate in a ratio of 1:1 (Harig, 

Soergel et al. 1991, Mascolo, Rajendran et al. 1991, Harig, Ng et al. 1996), co-transportation 

with cations via the hydrogen-coupled monocarboxylate transporters (MCT1, MCT2, and MCT4) 

(Nedjadi, Moran et al. 2014), as well as sodium-coupled monocarboxylate transporter 1 (SMCT1) 

(Teramae, Yoshikawa et al. 2010). These mechanisms permit SCFAs to regulate lumen pH, 

epithelial cells volume and cations (especially Na
+
) absorption, and further influence the 

absorption of other nutrients. Indeed, in vivo studies have shown the estimated daily colonic 

SCFAs absorption in human is roughly equivalent to the sodium absorption (300 mmol), 

suggesting absorption of these two nutrients may be tightly integrated in the colon (Sellin 1999). 

Furthermore, study also demonstrated that reduced SCFA production (e.g antibiotic induced 

decrease in colonic microbiota) may results in diarrhea while administration of resistant starch 

can be the treatment of acute diarrhea by stimulate colonic SCFAs production as well as 
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improved sodium absorption (Binder 2010). Besides, butyrate is largely absorbed in the colon 

and plays as the major energy source for colonocytes (Roediger 1980, Wong, de Souza et al. 

2006). Butyrate oxidation can make up around 70% and 60% of the oxygen consumption in 

human descending colon and ascending colon when physiological levels of glucose and butyrate 

were present (Roediger 1980). 

ROLES OF SCFAs IN GUT-BRAIN AXIS 

After produced in the gut, SCFAs can reach the systemic circulation via superior mesenteric 

vein (SMV) or inferior mesenteric vein (IMV). Acetate is the major SCFA found in the 

peripheral circulation. In human, the concentration of acetate can reach several hundred µM in 

blood while the concentration of propionate and butyrate are negligible (few µM) (Wolever, 

Josse et al. 1997). Furthermore, free SCFAs can cross the blood-brain barrier via 

monocarboxylate transporters (Vijay and Morris 2014), which makes SCFAs can function as 

signaling molecules for transmitting the state of the intestines to the brain. Quantitative analysis 

of cerebrospinal fluid (CSF) by high-resolution nuclear magnetic resonance spectroscopy 

(HR-NMR) has revealed the existence of approximately 30 – 40 µM SCFAs in CSF (Nagashima, 

Morio et al. 2010). Indeed, acetate also serves as an important energy source for astrocytes in 

brain (Muir, Berl et al. 1986, Waniewski and Martin 1998). Positron emission tomography–

computed tomography (PET-CT) also confirmed that i.v. administration or colonic infusions of 

acetate led to acetate uptake by the brain (Frost, Sleeth et al. 2014). Recent study further pointed 
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out that gut microbiota-derived SCFAs can influence blood-brain barrier permeability (Braniste, 

Al-Asmakh et al. 2014). Furthermore, SCFAs were proved to be an appetite-regulating agent in 

brain. Both i.p. injection (500 mg / kg body weight, in C57BL/6 mice) and i.c.v injection (2.5 

µM acetate, in male Wistar rats) led to reduction in acute food intake at 1 and 2 h post injection 

(Frost, Sleeth et al. 2014). The underlying mechanism seems to involve acetate induced neuronal 

activation in the arcuate nucleus (ARC) in hypothalamus, where increased anorexingenic 

neuropeptides melanocortin precursor pro-opiomelanocortin (POMC) and decreased orexigenic 

neuropeptides agouti-related peptide (AgRP) expression were observed with reduced 

hypothalamic AMPK activity and consequent increased ACC activity (Frost, Sleeth et al. 2014). 

Using a functional magnetic resonance imaging (fMRI), it was revealed that increasing colonic 

propionate production by consumption of inulin-propionate ester significantly lowered blood 

oxygen level-dependent (BOLD) signal during food picture evaluation in the caudate and 

nucleus accumbens in healthy non-obese men, suggesting colonic propionate may attenuate 

reward-based eating behavior via striatal pathways in human (Byrne, Chambers et al. 2016). 

Besides to their appetite suppressing properties in CNS, SCFAs also mediate autonomic nervous 

system (ANS) activities. Propionate (i.p. injection, 1g/ kg body weight, in mice) was found to 

directly strengthen sympathetic nervous system (SNS) activation as well as downstream 

physiological effects such as increase in heart rate, oxygen consumption and energy expenditure 

(Kimura, Inoue et al. 2011). Besides, propionate also can induce action potentials and firing 
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frequency in sympathetic neurons, suggesting that propionate directly increases sympathetic 

activity at the sympathetic ganglion level (Kimura, Inoue et al. 2011). Recently, it was reported 

that HFD-induced acetate production in gut can increase acetate levels in brain and lead to 

activation of the parasympathetic nervous system, which further increase ghrelin secretion, 

glucose-stimulated insulin secretion (GSIS), and consequent hyperphagia, hypertriglyceridaemia, 

lipid accumulation in liver and skeletal muscle (Perry, Peng et al. 2016). This latest evidence 

further highlighted the complexity of regulatory effects of SCFAs on energy metabolism since it 

hinted HFD-induced increase in plasma SCFAs (especially acetate) will deteriorate obesity 

related metabolic syndrome, which seems to be opposite to the beneficial effects of consumption 

of dietary fibers. 

The intestine can also relay signals of nutritional and energy status from gut to brain via the 

secretion of gut-derived hormones (Maric, Gazibara et al. 2014). Recently with the discovery of 

regulatory effects of SCFAs on a range of gut-derived hormones, SCFAs were recognized as 

important regulator of food intake. Both in vitro and in vivo studies have revealed that SCFAs 

stimulate the secretion of GLP-1 and PYY in L-cells (Tolhurst, Heffron et al. 2012, Chambers, 

Viardot et al. 2015, Psichas, Sleeth et al. 2015). Additionally, increased circulating 

concentrations of GLP-1 and PYY after SCFAs administration also support the effects of SCFAs 

on these gut-derived hormones secretion (Tolhurst, Heffron et al. 2012, Psichas, Sleeth et al. 

2015). Human studies also highlighted the effect of intestinal microbes produced SCFAs on 
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secretion of gut hormones. Healthy individuals consuming additional inulin demonstrated 

increased plasma GLP-1 rapidly (0.5 h post-administration) and reduced ghrelin level after a 

followed test meal (after 4 h) (Tarini and Wolever 2010). Consuming brown beans rich in 

prebiotic non-digestible oligosaccharides at evening meals was also found to increase plasma 

levels of SCFAs (such as propionate and isobutyrate), PYY and GLP-2 but decrease level of 

ghrelin after a standard breakfast (Nilsson, Johansson et al. 2013). Consistent with these 

observed short-term effects, a number of human studies also revealed long-term supplementation 

of prebiotic fibers (e.g. oligo fructose and cereal β-glucans) or direct delivery of propionate to 

the human colon may up-regulate PYY and GLP-1 secretion and down-regulate ghrelin secretion 

with increase in SCFAs (Parnell and Reimer 2009, Verhoef, Meyer et al. 2011, Chambers, 

Viardot et al. 2015). Hence, regulation of gut-derived hormones, especially appetite regulating 

hormones such as PYY, GLP-1 and ghrelin, may also contribute to the overall beneficial effects 

of SCFAs on suppressing appetite and lowering energy intake.  

ROLE OF SCFAs IN PANCREATIC ISLETS 

Besides the indirect effect of SCFAs on insulin secretion via parasympathetic nervous system 

mentioned above, evidence also support the existence of direct effect of SCFAs on pancreatic 

beta cells. However, it seems different conclusions were reached from a range of studies (Shah, 

Wongsurawat et al. 1977, Patel and Singh 1979, Tiengo, Valerio et al. 1981, Ximenes, Hirata et 

al. 2007, McNelis, Lee et al. 2015, Priyadarshini and Layden 2015, Priyadarshini, Villa et al. 
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2015, Tang, Ahmed et al. 2015). Shah J.H. et al., firstly reported acetate infusion (0.4 µM/min) 

in rat significantly potentiated GSIS, hinting the positive regulatory effect of SCFAs on insulin 

release (Shah, Wongsurawat et al. 1977), however, two independent studies using isolated islets 

of rat demonstrated the opposite effects of acetate on pancreatic islets (Patel and Singh 1979, 

Tiengo, Valerio et al. 1981). Recently, with the discovery of opposite effects of two SCFA 

sensing GPCRs on GSIS upon SCFA activation (GPR41 was found to inhibit glucose-dependent 

insulin secretion while GPR43 was reported to potentiate insulin secretion) (McNelis, Lee et al. 

2015, Priyadarshini and Layden 2015, Priyadarshini, Villa et al. 2015), it seems the balance 

between GPR43 and GPR41 expression and activation can fine-tune the net effects of SCFAs on 

insulin secretion, which may explain the discrepancy between studies. However, more studies are 

needed to clarify how SCFAs influence insulin secretion in islets. Recently, loss of GPR43 

(SCFA sensing GPCR) was found to cause impaired islet mass and beta cell survival in mice 

(Villa, Priyadarshini et al. 2016), suggesting circulating SCFAs may regulate beta cell mass and 

functions by direct mechanisms. 

ROLE OF SCFAs IN LIVER 

Liver is an essential metabolic organ, where propionate and butyrate is mainly absorbed 

(Wong, de Souza et al. 2006). Recently, a human study to measure SCFAs exchange across the 

gut and liver during major upper abdominal surgery showed very little butyrate and propionate 

produced in the GI tract could escape the splanchnic area because of the highly efficient hepatic 
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uptake (Bloemen, Venema et al. 2009).  

Imbalance between lipid formation and breakdown, glucose production and catabolism, and 

cholesterol synthesis and secretion may contribute to aberrant liver energy metabolism (Shen and 

Shi 2015). SCFAs metabolism in liver can directly affect energy status as sources of energy. For 

example, propionate can be largely converted to glucose (gluconeogenesis) in liver via entering 

tricarboxylic acid (TCA) cycle (Demigne, Yacoub et al. 1986, Bloemen, Olde Damink et al. 2010, 

den Besten, Lange et al. 2013). Acetate also can be changed into substrates for the synthesis of 

cholesterol, long-chain fatty acids (LCFAs) (den Besten, Lange et al. 2013). Besides, variety of 

research also demonstrated that SCFAs is beneficial for hepatic metabolism. A number of animal 

studies have revealed the dietary SCFAs induce a switch from hepatic lipogenesis to hepatic 

beta-oxidation, thus decreasing hepatic steatosis, increasing energy expenditure and providing a 

protective mechanism against high fat diet (HFD) challenge (Yamashita, Maruta et al. 2009, den 

Besten, Bleeker et al. 2015). Activation of UCP2-AMPK-ACC pathway seems to be required for 

this SCFAs mediated beneficial effects on liver metabolism (den Besten, Bleeker et al. 2015). 

SCFAs also demonstrated the effects on glucose metabolism in liver. Rat fed with dietary 

containing acetate (0.2% w/w) showed significant higher glycogen, citrate, and lower 

xylulose-5-phosphate concentrations in liver, suggesting the occurrence of acetate-activated 

gluconeogenesis and -inactivated glycolysis via inactivation of fructose-2,6-bisphosphate 

synthesis (Fushimi, Tayama et al. 2001). SCFAs were also reported to suppress the cholesterol 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 
12 

synthesis in liver. Diet supplement with SCFAs for 14 days significantly decreased liver 

cholesterol synthesis as well as plasma cholesterol levels compared to the prebiotic fiber-free diet 

groups (Hara, Haga et al. 1999). Recently, using liposome encapsulated acetate (LITA), which 

only delivered acetate peripherally, decreased lipid accumulation, suppressed lipogenesis, and 

increased mitochondrial functions were also observed in liver of HFD mice, suggesting this 

anti-lipogenic action of SCFAs in liver should be independent of central action (Sahuri-Arisoylu, 

Brody et al. 2016).  

ROLE OF SCFAs IN ADIPOSE TISSUE 

Adipose tissue also has a major influence on energy homeostasis (Rosen and Spiegelman 

2006). SCFAs have been demonstrated to promote adipogenesis in 3T3-L1 preadipocytes with 

down-regulation of the lipid accumulation and up-regulation of PPARγ, AP2 and leptin 

expression (Hong, Nishimura et al. 2005). These effects seem to happen at the late stage of 

adipogenesis since exposing 3T3-L1 preadipocytes to acetate or propionate failed to induce any 

significant changes in nuclear receptors expression, leptin secretion and intracellular triglyceride 

accumulation at the early stage of differentiation (Frost, Cai et al. 2014). Recently, the 

pro-adipogenic potential of acetate in immortalized brown adipocytes were also reported (Hu, 

Kyrou et al. 2016). Interestingly it seems that in rodent adipocytes models, acetate exerts its 

pro-adipogenic effects at markedly lower concentrations in white adipocytes 3T3-L1 (10
-7

 M) 

than immortalized brown adipocytes (10
-3 

-10
-2

 M). Considering the fact that circulating acetate 
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concentration reflects the nutrient status, this might indicate that acetate may act on white and 

brown adipocytes differently depending on the nutrient status.  

Interestingly, the pro-adipogenic effects of SCFAs were not only found in pre-adipocytes 

from rodent cell models. It has also been demonstrated that SCFAs enhance adipocyte 

differentiation in porcine adipose tissue (Li, Yao et al. 2014), suggesting pro-adipogenic effect of 

SCFAs might widely exist in many species. However, acetate treatment failed to alter the process 

of adipogenesis (using aP2 expression as indicator) using preadipocytes isolated from human 

omental adipose tissue (OAT) (Dewulf, Ge et al. 2013). Therefore, more evidence is needed to 

elucidate the effects of SCFAs on adipogenesis in humans. 

In addition, i.p administration of acetate at mM level was found to induce the increase in 

browning of white adipose tissue (WAT) both in HFD- and NFD-fed mice. Since stimulating the 

browning of WAT has been proven to demonstrate anti-obesity and anti-diabetic effects in rodent 

models, therefore, SCFAs may also help to improve metabolic health via increasing energy 

expenditure by WAT browning (Sahuri-Arisoylu, Brody et al. 2016). 

SCFAs also mediate various aspects of glucose and lipid metabolism in adipose tissue. 

SCFAs inhibit lipolysis in white adipocytes in vitro (Hong, Nishimura et al. 2005) and reduce 

free fatty acid (FFA) levels in circulation in mice in vivo (Hong, Nishimura et al. 2005), which 

correlates with the decreased ATGL expression in SAT (Sahuri-Arisoylu, Brody et al. 2016) and 

decreased phosphorylation of HSL at Ser563 (Aberdein, Schweizer et al. 2014). Notably, unlike 
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plasma FFA lowering agent nicotinic acid, acetate decreases plasma FFA levels without causing 

undesirable side effects such as flushing, indicating SCFAs such as acetate might be a potential 

treatment of dyslipidemia than nicotinic acid treatment (Hong, Nishimura et al. 2005). Similar to 

the effects in liver, SCFAs were also found to increase lipid oxidation in adipose tissue via PPAR 

dependent UCP2-AMPK-ACC pathway activation (den Besten, Bleeker et al. 2015). In vivo 

studies also highlighted the roles of SCFAs in BAT activity. Acetate injection (5.2 mg / kg body 

weight) decreased lipid accumulation in BAT and increased transcripts of lipolytic genes (such as 

LCACD, 3KACT, and PPARδ) (Yamashita, Maruta et al. 2009), while butyrate administration 

(5g/kg body weight) was found to increase adaptive thermogenesis and thermogenesis-related 

genes (PGC-1α and UCP1) expression in BAT of HFD- mice (Gao, Yin et al. 2009).  

Besides, SCFA also affect the cytokines secretion in adipose tissue. Ex vivo study using 

human omental adipose tissue (OAT) and subcutaneous adipose tissue (SAT) has revealed the 

propionic acid incubation significantly stimulated leptin secretion, suggesting SCFAs may also 

modulate appetite via directly regulating adipokines expression in adipose tissue (Al-Lahham, 

Roelofsen et al. 2010) 

ROLE OF SCFAs IN SKELETAL MUSCLE  

SCFAs were also found to mediate glucose metabolism and fatty acid utilization in skeletal 

muscle. Evidence suggest that AMPK (an important regulator of skeletal muscle metabolism) 

activation may be the key signal for SCFAs exerting their effects in muscle. Injection of acetate 
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(10.5 mg/ kg body weight) led to the increase in AMP/ATP ratio and subsequent AMPK 

activation in muscles in both normal and Otsuka Long-Evans Tokushima Fatty (OLETF) rat 

rapidly (2-3 mins post-injection) (Yamashita, Maruta et al. 2009). In addition, six months of 

acetate injections (5.2 mg / kg body weight) led to the increase in the transcription of myoglobin 

and Glut4 in abdominal muscle of OLETF rats (Yamashita, Maruta et al. 2009). Besides, animal 

study also demonstrated dietary acetate supplementation (0.2% w/w in diet) induced glycogen 

storage and decrease glycolysis in gastrocnemius, suggesting SCFAs may enhance glycogen 

repletion in skeletal muscle (Fushimi, Tayama et al. 2001). 

Furthermore, butyrate administration also increased the transformation of skeletal muscle 

fiber from type I (glycolytic type) into type II (oxidative type) in the vastus lateralis, 

gastrocnemius, and soleus of HFD-mice via activation of AMPK and p38. Consistently, PGC-1α, 

the main regulator of this transformation was also increased by butyrate treatment (Gao, Yin et al. 

2009).  

SCFA RECEPTORS 

Since the discovery of SCFAs sensing receptors (GPR41 and GPR43) in the early 21st 

century (Brown, Goldsworthy et al. 2003), SCFAs have been regarded as the signalling 

molecules involved in various cellular processes. GPR41 and GPR43 have been demonstrated to 

be indispensable for a range of SCFA-mediated effects. Although numerous studies have 

suggested the beneficial effects of SCFA administration on appetite regulation and energy 
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homeostasis, the exact roles of these SCFA sensing GPCRs on energy homeostasis remain 

unclear. Knockout mice studies provided inconsistent and even contradictory results about the 

effects of loss of GPR41 and/or GPR43 on energy metabolism (Ge, Li et al. 2008, Bjursell, 

Admyre et al. 2011, Tolhurst, Heffron et al. 2012, Kimura, Ozawa et al. 2013, McNelis, Lee et al. 

2015, Priyadarshini, Villa et al. 2015). SCFAs may exert their functions on metabolism via both 

GPCR-dependent and GPCR-independent mechanisms. Therefore, high selective agonists and 

antagonists for SCFAs sensing receptors as well as tissue-specific GPR41 and/or GPR43 

knock-out mice are needed in future studies to elucidate the involvement of these receptors in 

SCFA-mediated effects. Notably, the crosstalk between GPR41 and GPR43 expression may also 

make this task more complex since loss of GPR41 caused the decrease of GPR43 (Zaibi, Stocker 

et al. 2010). Recently, a study using dual knock out of GPR41 and GPR43 in mice showed 

increased insulin secretion and improved glucose tolerance in type 2 diabetes after the loss of 

both GPR41 and GPR43 in the animals (Tang, Ahmed et al. 2015). However, evidence is still not 

enough to explain the discrepancy between the observed functions of SCFAs and their receptors 

on metabolism. 

CONCLUSIONS 

The SCFAs produced by anaerobic microbial fermentation in the digestive tract or feces were 

widely identified in almost all mammalian species. This fermentation process is believed to be 

important for herbivorous species, which consume large amount of indigestible carbohydrates 
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such as cellulose, hemicellulose, pectin and oligosaccharides as food. Current estimates are that 

SCFAs contribute ~ 70 % to the caloric requirements of ruminants, such as sheep and cattle 

(Bergman, 1990). Besides, studies in ruminants also demonstrated the regulatory effects of 

SCFAs on the energy metabolism. One striking example is that intravascularly administration of 

SCFAs (propionate and butyrate) can stimulate insulin secretion in ruminant animals even 

stronger than glucose, which was more potential in other non-ruminant animals and humans. 

Although SCFAs is not counted as major energy source for humans, however, current evidence 

also strongly suggest the SCFAs production significantly influence the host energy metabolism. 

This may support the hypothesis that although humans and other and non-ruminant animals have 

evolutionarily adapted to an era where glucose and fats are more readily available, the ability of 

sensing nutrient status and regulating energy metabolism via SCFAs is still being kept. 

Although no final conclusion has yet been reached on how SCFAs affect the energy 

homeostasis, however, a number of studies have indicated the alterations in SCFAs levels can be 

associated with changes of energy metabolism. Furthermore, most recent research indicated the 

addition of fermentable carbohydrates such as dietary fiber or resistant starch to the diets provide 

protective mechanisms against HFD challenge including reducing appetites, increasing energy 

expenditure, increasing insulin secretion and sensitives. These findings provide evidence for the 

potential application of modulating SCFAs and gut microbiota as a possible therapeutic method 

to prevent and counteract metabolism disorders and associated diseases such as obesity and type 
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2 diabetes. Indeed, a better understanding towards the roles of SCFAs in metabolism may 

provide useful information for keeping energy homeostasis in humans. 
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