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INTRODUCTION

Consumers prefer beef that is tender and juicy, 
characteristics that are seen very important to its palat-
ability. Development of marbling adipose tissue is 
essential for increasing the tenderness in beef, while 
connective tissue or subcutaneous fat contributes to 
its toughness. Marbling is the visible intramuscular fat 
within a cross-section of meat, and is positively corre-
lated with beef juiciness, perceived tenderness, and pal-
atability (Wheeler et al., 1994; Albrecht et al., 2011). The 
intramuscular fat depositions of native Korean Hanwoo 
beef cattle increase by more than 30%, over the course of 
more than two decades (Smith & Johnson, 2016).

The formation and growth of adipose tissue involve 
both hyperplasia (increased cell numbers) and hypertro-
phy (increased cell size). Adipogenesis is the process of 
proliferation of pre-adipocytes and their differentiations 
into mature adipocytes. Pre-adipocytes and adipocytes 
are major factors for adipose tissue expansion, as well 
as being the main contributors to intramuscular fat 
deposition. Hypertrophy of adipocytes occurs as they 
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ABSTRACT

The effects of acetate and propionate in enhancing intramuscular fat (marbling) deposition in beef 
cattle are poorly understood. This study aimed to evaluate the effects of acetate and propionate on pre-
adipocyte determination and adipocyte differentiation in stromal vascular cells (SVC) isolated from the 
intramuscular tissue of Hanwoo beef cattle. SVC were isolated and treated with different concentra-
tions of acetate and propionate (0.125 to 1 mM). Pre-adipocyte determination was observed through 
the Zfp423 (Zinc finger protein 423) and Pref-1 (Pre-adipocyte factor-1) genes expressions, which were 
important transcription factors used to identify committed pre-adipocytes. Adipocyte differentiation 
was determined based on the lipid accumulation, triglyceride contents, and their molecular activities 
related to adipogenic markers. The results suggest that acetate supports pre-adipocyte determination 
in SVC which is observed to increase the expression of Zfp423 and Pref-1 along with the increasing 
acetate concentration. Propionate treatment was seen to significantly affect lipid accumulation as well 
as triglyceride content in SVC, compared to acetate treatment. Furthermore, propionate treatment very 
significantly increased the expressions of PPARγ, C/EBPα, SREBP-1c, and FABP4. In conclusion, acetate 
likely enhances pre-adipocyte determination, while propionate effectively promotes adipogenesis in 
SVC isolated from the intramuscular tissue of Hanwoo beef cattle.
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accumulate triglycerides created through lipogenesis 
(Hausmann et al., 2001; Fernyhough et al., 2007; Brooks 
et al., 2011; Lee et al., 2010). Because of the importance of 
adipogenesis, many scientists are carrying out research 
to enhance intramuscular fat deposition by different 
approaches.

Zfp423 (Zinc finger protein 423), which is abun-
dantly found in pre-adipose adipoblasts, has been 
identified as a critical regulator of the pre-adipocyte 
determination in the primary cell cultures (Gupta et al., 
2010; Huang et al., 2012; Moseti et al., 2016). The Zfp423 
expression is augmented in numerous pre-adipocyte cell 
lines when compared to numerous fibroblast cell lines 
(Visvanath et al., 2016). Zfp423 regulates pre-adipocyte 
levels of PPARγ, and is required for proper differen-
tiations of white and brown adipocytes in vitro and in 
vivo (Shao et al., 2016; Moseti et al., 2016). In addition, 
the other regulators of the PPARγ expression, such as 
C/EBPα, may be expressed to compensate for the loss 
of Zfp423, in order to maintain the expressions of adi-
pocyte transcription factor. By contrast, in mature white 
adipocytes, Zfp423 is able to suppress the thermo-genic 
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gene program associated with beige/brown adipocytes. 
It regulates the initial formation of white adipocytes and 
later plays a role in maintaining energy storage.

Volatile fatty acids (VFAs), a primary source 
of energy for ruminants, are produced from micro-
bial fermentation of feed carbohydrates in the rumen 
(Wattiaux, 1996; Hong et al., 2005). Acetate is the most 
common VFA produced in the rumen, and high levels 
of acetate maintain a stable fermentation in the rumen, 
and stabilize its pH. Excess acetate increases propionate 
production, decreases rumen pH, reduces feed intake, 
and reduces microbial reproduction (Russell, 1998; 
Aschenbach et al., 2009). High levels of propionate in 
the rumen might, in turn, lead to the depressed fiber 
digestion and acidosis. Moreover, glucose contributes 
a greater proportion of the carbon used for fatty acid 
biosynthesis in intramuscular sites, rather than in subcu-
taneous adipose tissue, while acetate is thought to con-
tribute to the development of committed pre-adipocytes 
(Hausman et al., 2009; Nayananjalie et al., 2015).

Because acetate and propionate are the most com-
mon VFAs, their roles in cattle metabolism become an 
interesting issue in relation to intramuscular fat deposi-
tion in adipose tissue. Either acetate or propionate is 
thought to be required by the mesenchymal stem cells 
to develop into pre-adipocytes and adipocytes, although 
the precise understanding of the function and perfor-
mance of acetate and propionate in the adipose tissue 
of beef cattle is still lacking. Therefore, this study aimed 
to investigate and clarify the effect of different levels 
of acetate and propionate on the proliferation and dif-
ferentiation of stromal vascular cells (SVC) isolated from 
bovine intramuscular fat.

MATERIALS AND METHODS

Stromal Vascular Cell Isolation

According to dela Cruz et al. (2015), SVC adipose 
tissue was isolated from the muscle tissue (Longissimus 
dorsi) of three different samples of 15-month old cas-
trated Hanwoo beef cattle. The muscles were collected 
directly from a slaughterhouse in Anseong (Gyeonggi 
Province, South Korea). During  transportation to the 
laboratory, the samples were placed in a sterile ice-cold 
Phosphate Buffer Saline (PBS, Gibco #1957829), which 
contained Amphotericin B at a concentration of 1 ml/L 
(Sigma Aldrich, #2942) and gentamycin at a concentra-
tion of 4 ml/L (Sigma Aldrich, #G1397). Adipose tissue 
was then resected and put in an isolation media (10% 
Bovine Calf Serum (BCS, Gibco #1749272) in 1 L of 
Dulbecco’s Modified Eagle’s Medium (DMEM, Gibco 
#1927561) containing collagenase type 1 at a concentra-
tion of 1 mg/mL (Sigma Aldrich, #C2130) and bovine 
serum albumin at a concentration of 0.4g/mL (Sigma 
Aldrich, #A4503).

Digestion was performed for 50 min, at 37ºC, in an 
agitated water bath, operating at a speed of 60 cycles per 
min. After digestion, 5 mL of BCS-DMEM was added 
to the isolating media to stop the digestion, and the 
suspension was filtered using a nylon cell strainer with 
a pore size of 100 µm, and was then centrifuged at 1000 

rpm for 10 min, at room temperature. The filtrate was 
then washed in 10 ml of RBC Lysis (Sigma Aldrich, 
#R7757) and centrifuged for 1000 rpm for 10 min, at 
room temperature. The cells were then re-suspended 
in 10 mL of growing media (10% BCS-DMEM contain-
ing 1% penicillin-streptomycin (Lonza, #17-602E)). The 
cells were incubated at 37ºC under 5% CO2 until fully 
attached to the plate. Every 2 days after isolation, the 
growing media was renewed, to maintain cell cultures.

Stromal Vascular Cell Culture and Treatments

The cells were cultured in 10% Fetal Bovine Serum 
(FBS, Biowest #S1520)-DMEM supplemented with 1% 
Penicillin-streptomycin as the cells commenced to differ-
entiate. In order to accelerate cell differentiation, on the 
day of differentiation, the cells were induced with 10 µL 
each of 0.5 mM isobuthylmethylxanthine (IBMX, Sigma 
Aldrich #I5879), 1 µM dexamethasone (DEX, Sigma 
Aldrich #D4902),  insulin at a concentration of 10µg/mL 
(INS, Sigma Aldrich #I6634), and rosiglitazone (Sigma 
Aldrich, #R2408). Every 2 days, the media was replaced 
with a fresh FBS-DMEM, and induced with only insulin 
and rosiglitazone (dela Cruz et al., 2015).

As the SVC proliferated and continued differentia-
tion, they were treated with different concentrations of 
98.5% sodium acetate trihydrate (Samchun Chemicals, 
#S0274) and 99.0% sodium propionate (Sigma Aldrich, 
#P5436) (0.125, 0.25, 0.5, and 1 mM). These experiments 
were repeated 3 times.

Cells Viability Assay

To determine the effects of different concentra-
tions of acetate and propionate on SVC adipose tissue, 
Cell Counting Kit-8 assays (Dojindo, #CK04) were 
performed at the 72 h point. The cells were seeded in a 
96-well plate, and treated with different concentrations 
of acetate and propionate; the cells were then incubated 
for 72 h, and then CCK-8 reagent was added to the cells, 
and the mixture was allowed to stand for 2 h. Optical 
density was then measured at 450 nm in a micro plate 
reader, with the estimated number of treated cells 
shown as the percentage of control cells (dela Cruz et al., 
2015).

Pre-adipocyte Proliferation

Based on the manufacturer’s protocol, the cells 
were seeded in 6-well plates, at a density of 1 × 108 cells/
well, and treated with different concentrations of acetate 
and propionate. The cells were incubated, and then 
harvested at 72 h. Total RNA was extracted from each 
plate using RNAiso Plus (Takara Shuzo Co., #TR118), 
and then cDNA was synthesized from the RNA sample 
using a ThermoFisher Co. PCR set, containing 10 mM 
dNTP Mix (#R0191), 0.2 µg/µL random hexamer primer 
(#S014), 40 U/µL RiboLockRNAse inhibitor (#E00381), 
200 U/µL RevertAid Reverse Transcriptase, and 5× reac-
tion buffer. Reverse-Transcriptase Polymerase Chain 
Reaction was performed to identify the expression of 
Zfp423 and Pref-1. The following oligonucleotide prim-
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ers were used in PCR: β-actin forward: 5’-CGC CAT 
GGA TGA TGA TAT TGC-3’; β-actin reverse: 5’-AAG 
CGG CCT TGC ACA T-3’; Zfp423 forward: 5’-GGA TTC 
CTC CGT GAC AGC A-3’; Zfp423 reverse: 5’- TCG TCC 
TCA TTC CTC TCC TCT-3’; Pref-1 forward: 5’-CTC 
CCA GGC CAT CTG CTT C-3’; and Pref-1 reverse: 5’-
ACA TGT GGT TGT AGC GCA GA-3’.

Oil Red O Staining

The amount of lipid accumulation from fully 
differentiated SVC was determined with Oil Red O 
staining on day 14. Differentiated cells were fixed 
with 10% formaldehyde in a PBS for 1 h at 37ºC, and 
then washed with distilled water. The plate was then 
inverted and blotted against clean paper towels. To 
equilibrate the differentiated cells before staining, 60% 
isopropanol was added to each well, which were then 
washed with distilled water, and dried. The cells were 
stained with 2 mL/well of Oil Red O solution (300 mg 
of Oil Red O powder (Sigma Aldrich, #O0625) diluted 
in 100 ml of 99% isopropanol (Sigma Aldrich, #I9516)) 
for 2 h at room temperature, then washed with distilled 
water. The plate was then inverted and blotted against 
clean paper towels until the bottom plate was dried. 
Differentiation was observed under the microscope. 
Triglyceride analysis was quantified by elution with 
isopropanol, and the optical density was measured at 
490 nm.

Reverse-Transcriptase Polymerase Chain Reaction

Based on the manufacturer’s protocol, fully dif-
ferentiated SVC were harvested using RNAiso Plus 
(Takara Shuzo Co., #TR118), and then cDNA was syn-
thesized from the RNA sample using a ThermoFisher 
Co. PCR set, containing 10 mM dNTP Mix (#R0191), 
0.2 µg/µL random hexamer primer (#S014), 40 U/
µL RiboLockRNAse inhibitor (#E00381), 200 U/µL 
RevertAid Reverse Transcriptase, and 5× reaction buf-
fer. A maxime RT Premix Kit (iNtRON Biotechology, 
#25026) was used to mix 1 µg of cDNA and 20 µL of 
primer marker. The cDNA was then incubated in a ther-
mocycler for an initial denaturation cycle, at 95ºC for 5 
min, followed by 30 amplification cycles of 40 s at 95ºC, 

annealing for 40 s at 50-60ºC, and final extension at 72ºC 
for 1 min (dela Cruz et al., 2015). The oligonucleotide 
primers used in this study were shown in Table 1.

Western Blotting

Protein was extracted from fully differentiated 
SVC by adding 200 µL of protein extraction solution 
(iNtRON Biotechnology, #17081). The lysates were 
purified by centrifugation at 15000 rpm for 14 min at 
4ºC, and protein concentrations were then determined 
using Bradford assay. To prepare the electrophoresis 
gel, 35 µg of the protein sample was separated by 
vertical electrophoresis (SDS-PAGE), and transferred 
to nitrocellulose transfer membranes. The membranes 
were blocked with 5% skimmed milk, and hybrid-
ized with the following primary AbcamTM antibodies: 
mouse monoclonal anti-beta actin (ab6276), rabbit poly-
clonal anti-PPAR gamma (ab45036), rabbit polyclonal 
anti-FABP4 (ab85875), rabbit polyclonal anti-CEBP 
alpha (ab140479), and mouse monoclonal anti-SREBP1 
from Santa Cruz Biotechnology (sc-365513). The target 
protein was exposed and detected on radiographic 
film, after membrane incubation with horseradish per-
oxidase (HRP, AB Frontier #LF-QC0103), to enhance the 
chemiluminescence.

Statistical Analysis

All the quantitative data were shown as the mean 
± SD. Differences between groups were analyzed us-
ing one-way ANOVA, followed by Duncan’s Multiple 
Range Test (DMRT). The level of statistical significance 
was set at P<0.05. The statistical software package SPSS 
15.0 (SPSS Inc., Chicago, Ill., USA) was used for the 
analysis. 

RESULTS

Cell viability was determined to evaluate the effects 
of acetate and propionate in different concentrations 
(0.125, 0.25, 0.5, and 1.0 mM) on proliferating SVC iso-
lated from Hanwoo beef cattle at 72 h. CCK-8 assay was 
conducted in order to evaluate the viability of the SVC. 
The results showed that acetate and propionate promot-
ed SVC proliferation, as were presented in Figure 1. Cell 
viability initially increased, for both tests, along with 
the increases in the concentrations of acetate and pro-
pionate, up until reaching the concentration of 1.0 mM, 
at which point maximum cell viability was reached. 
Neither acetate nor propionate had cytotoxic effects on 
the SVC, and the results suggested that different levels 
of acetate and propionate affected cells proliferation.

To identify the existence of pre-adipocytes, gene 
expressions for Zfp423 and Pref-1, transcription fac-
tors that become critical regulators for determining 
committed pre-adipocytes, were performed. As shown 
in Figure 2A, representative mRNA bands for Zfp423 
and Pref-1 were significantly expressed after treatment 
for 72 h with different concentrations of acetate. The 
result suggested that acetate promoted pre-adipocyte 
determination in SVC isolated from Hanwoo beef 

Genes Primers
Forward Reverse

β-actin 5’-CGC CAT GGA TGA 
TAT TGC-3’

5’-AAG CGG CCT TGC 
ACA T-3’

PPARγ 5’-CAT CTT CCA GGG 
GTG TCA GT-3’

5’-GGA TAT GAG GAC 
CCA TCC T-3’

C/EBPα 5’-GCT GAC CAG TGA 
CAA TGA CC-3’

5’-CTT GAC CAG GGA 
GCT CTC G-3’

FABP4 5’-AAG CTG CAC TTC 
TTT CTC ACC-3’

5’-GAC CAC ACC CCC 
ATT CAA AC-3’

SREBP-1c 5’-ACC GCT CTT CCA 
TCA ATG AC-3’

5’-TTC AGC GAT TTG CTT 
TTG TG-3’

Table 1. 	List of primers used in the PCR analysis to identify the 
effect of acetate and propionate on differentiated stro-
mal vascular cells (SVC) isolated from adipose tissue
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cattle. Interestingly, representative mRNA bands for 
Zfp423 and Pref-1 were not significantly expressed in 
the propionate-treated group, which showed a similar 
expression for all concentrations; in other words, this 
study has shown that committed pre-adipocyte determi-
nation in bovine SVC was not affected by the increasing 
concentration of propionate. The result suggested that 
propionate did not promote pre-adipocyte determina-
tion in SVC isolated from Hanwoo beef cattle.

Oil red O staining and triglyceride content analysis 
were performed to evaluate the effect of different levels 
of acetate on the adipogenic differentiation of SVC. 
Figure 3A shows that the increasing concentration of 

acetate until 1.0 mM significantly increased cytoplasmic 
lipid accumulation, shown by the increased number 
of areas developed as red spots. Negative control and 
positive control were provided to differentiate the MDI 
treatment. These data suggested that the increasing level 
of acetate up to 1.0 mM stimulated the mesenchymal 
stem cells to differentiate into adipocytes, and increased 
the accumulation of lipid. In this study, the highest lipid 
accumulation was shown by the addition of 1.0 mM 
acetate, as was shown by the increased number of red 
stained fat droplets in Figure 3B. 

Unlike the acetate effects, propionate showed 
an excellent result for the lipid accumulation. As was 

Figure 1.	Stromal vascular cells (SVC) proliferation after 72 h treatments treated with different concentrations of (A) acetate and (B) 
propionate. Data are means ± SD of four replicate experiments. Bars with different superscripts are significantly different 
(P<0.05).
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Figure 2.	Representative mRNA bands of committed pre-adipocytes genes expressions, Zfp423 and Pref-1, in stromal vascular cells 
(SVC) isolated from Hanwoo beef cattle after 72 h treatments with different concentrations of (A) acetate and (B) propionate.
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shown in Figure 4A, the areas of red spots increased and 
the differentiation was perfectly developed. Figure 4B 
showed that the accumulated lipid in bovine SVC, after 
treatment with different concentrations of propionate, 
also increased, along with the increased concentration of 
propionate.

Pre-adipocyte differentiation into mature 
adipocytes can also be identified from their molecular 
activities, such as the gene and protein expressions. 
In this study, further experiments were conducted 
to evaluate several expressions of adipogenic-related 
markers, such as PPARγ, C/EBPα, SREBP-1c, and 
FABP4, in both genes and proteins, through Reverse 

Transcriptase-Polymerase Chain Reaction and Western 
blot experiments.

As was shown in Figure 5, genes and protein 
expressions of differentiated SVC treated with different 
concentrations of acetate showed to support lipid ac-
cumulation results. All adipogenic transcription factors 
for genes and protein expression showed that increasing 
the concentration of acetate up to 1.0 mM also increased 
the PPARγ, C/EBPα, SREBP-1c, and FABP4 expressions; 
at higher concentrations, they decreased. This suggested 
that concentration of acetate up to a maximum of 1.0 
mM was effective for the differentiation of bovine SVC.

Figure 5.	Representatives of (A) mRNA bands and (B) protein bands related with adipogenesis of fully differentiated stromal vascular 
cells (SVC) after treatment with different levels of acetate.
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As was shown in Figure 6, as expected, genes 
and protein expressions of differentiated SVC treated 
with different concentrations of propionate showed 
to support lipid accumulation results. All adipogenic 
transcription factors for genes and protein expressions 
showed that increasing the concentration of propionate 
up to 1.0 mM also increased the expressions of PPARγ, 
C/EBPα, SREBP-1c, and FABP4. The results sug-
gested that both genes and protein expressions were 
significantly influenced by different concentrations of 
propionate, illustrating a very well significant effect of 
propionate on bovine SVC, compared with acetate.

DISCUSSION

Adipogenesis is an inclusive term describing the 
proliferation, differentiation, and expansion of cells into 
lipid-assimilating cells which are found in fat tissue 
(Fernyhough et al., 2007). One method to determine the 
mechanism of adipogenesis in cattle is by using primary 
cell cultures isolated from adipose tissue. Primary SVC 
cultures contain multiform cell populations that include 
pre-adipocyte progenitors and mesenchymal stem cells 
(Kraset al., 1999). Mesenchymal stem cells stimulated 
with certain signaling pathways could be committed 
into adipocytes. On the way to becoming adipocytes, 
mesenchymal stem cells will firstly develop into pre-
adipocytes; these cells will then proliferate, increasing 
until they get to the point where contact inhibition leads 
to a growth arrest phase. The number of pre-adipocytes 
in adipose tissue is an important factor contributing to 
improved marbling (Rosen & MacDougald, 2006).

Pre-adipocytes determination is an important stage 
in adipogenesis because pre-adipocyte fated cells are 
determined from mesenchymal stem cells, which are 
mostly developed in the growing phase of beef cattle. 
Meanwhile, adipocyte differentiation mostly developed 
in fattening stage. Beef cattle stored most excess energy 
as fat, in the form of triacylglycerol (TG), which was 
then deposited in the pre-adipocytes (Smith & Johnson, 
2016).

Manipulating nutrition to increase the number of 
pre-adipocytes will improve intramuscular fat deposi-
tion. The addition of pro-differentiate hormones will 
trigger the arrested pre-adipocytes into re-entering 
the cell cycle, and undergoing two more rounds of 
proliferation, in a technique known as the clonal expan-
sion phase. In this phase, it is important to identify the 
Zfp423 expression; this is a multi-zinc finger transcrip-
tional protein, which signals the existence of committed 
pre-adipocytes in a primary SVC culture (Gupta et al., 
2012). In addition, the expression of Pref-1 is also con-
sidered to identify committed pre-adipocytes; Pref-1 is 
a molecular gatekeeper for adipogenesis, which acts by 
maintaining the culture in the pre-adipocyte state and 
preventing adipocyte differentiation. The addition of 
dexamethasone to the preadipocytes cells suppressed 
Pref-1 expression and induced PPARγ, thus initiating 
the early stage of differentiation (Hudak & Sul, 2013). 
Many transcriptional factors are generated by the transi-
tion of pre-adipocytes into mature adipocytes, in the 
terminal differentiation phase (Otto & Lane, 2005).

Zfp423 may provide a molecular target for en-
hanced intramuscular adipogenesis and marbling in 
beef cattle (Huang et al., 2012). Pref-1 activated signaling 
through ERK/MAPK pathways, to promote cell pro-
liferation and inhibit adipocyte differentiation (Wang 
et al., 2010). Acetate promoted both proliferation and 
determination of pre-adipocytes in SVC isolated from 
rat, through STAT3 and MAPK signaling pathways. 
Acetate activated leptin secretion, and increased the 
phosphorylation of p42 and p44 isoforms, to produce 
pre-adipocytes cells (Machinal-Quelin et al., 2002). Wan 
et al. (2009) mentioned that propionate, which was 
converted into glucose in the liver, supported the prolif-
eration of different kinds of cells. Glucose is an essential 
nutrient which is very useful for cell growth. Propionate 
promoted proliferation of SVC, but it did not enhance 
the determination of pre-adipocytes. Pre-adipocytes 
are fat cell precursors and is an important cell type for 
adipocyte development (Florido et al., 2011).

Torii et al. (1996) stated that bovine SVC, which 
contained various cell types, had the potential to dif-
ferentiate in response to the adipogenic stimulation. In 
this study, the differentiation stages of SVC were also 
supported by the addition of insulin, dexamethasone, 
and isobutylmethlxanthine. 

Insulin signaling pathways acted as adipocyte me-
tabolism regulators. The use of thiazolidinedione drugs 
helped to manipulate the insulin receptor signaling 
cascade, which promoted glucose uptake. Rosiglitazone, 
one of thiazolidinedione drugs, was used in this experi-
ment to enhance SVC glucose uptake, and to increase 
insulin sensitivity in peripheral adipocytes.

Activation of acetate to acetyl-CoA promoted the 
accumulation of lipid or triglyceride deposition in the 
adipose tissue. In ruminants, acetate carbons come into 
play twice, once as the source of acetyl-CoA, to enter 
the malonyl-CoA pathways, and once as the source of 
malonyl-CoA that adds the two carbons to each cycle of 
the fatty acid synthesis. Acetate was preferred as a sub-
strate for fat synthesis in subcutaneous adipocyte, while 
it was still possible that acetate was used for fat syn-
thesis in intramuscular adipocyte. Acetyl CoA, which 
activated from acetate, was used as one precursor in 
fatty acid synthesis (Hong et al., 2005). Rutkowski et al. 
(2015) concluded that acetate still promoted cells hyper-
plasia, even in the differentiation stages. Based on that 
experiment, it has been concluded here that maximal 
differentiation was not attained in differentiated bovine 
SVC because acetate was also used up supporting cell 
proliferation.

The primary activity of adipocytes was to store 
triglycerides in periods of energy excess, and to mobi-
lize this energy during times of deprivation (Ntambi & 
Young-Cheul, 2000). Consequently, the sizes of adipo-
cytes were increased by triglyceride deposition (Rosen 
& MacDougald, 2006). Propionate was converted into 
glucose by gluconeogenesis in the liver. This glucose 
could be used for ATP production, and then stored as 
glycogen or incorporated into triglycerides (Zivkovic et 
al., 2007). Furthermore, propionate was thought to have 
been used for lipogenesis in muscle and adipose tissue 
(McDonald, 2002).
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About 90% of propionate is converted into glucose 
in the liver. Then, the glucose is accessible in the blood. 
Insulin plays an important role in adipocyte metabolism 
regulation by stimulating the GLUT-4 expression, which 
in turn mediates glucose uptake in adipose tissue. 
Glucose was seen as an important source of ATP in the 
adipocytes, and was used for triglyceride synthesis 
(Frayn & Humphreys, 2011). Besides that, GLUT-4 also 
led to adipocyte hyperplasia via enhanced fatty acid 
esterification (Herman et al., 2012).

CONCLUSION

Acetate is preferred to highly produce in the 
proliferation stage, which is the growing stage of beef 
cattle, because it effectively promotes pre-adipocyte 
determination from mesenchymal stem cells through in-
creasing the expression of Zfp423 and Pref-1. Propionate 
is preferred to be highly produced in the differentiation 
stage, which is the fattening stage of beef cattle, because 
it significantly enhances pre-adipocyte differentiation 
into mature adipocytes through increasing lipid ac-
cumulation of adipocytes, triglycerides contents, and 
the expression of adipogenic-related marker. Further re-
search on the ratio of acetate and propionate in the diet 
of living animals must be done to increase the validity of 
this experiment.
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