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ABSTRACT: In cattle, it is no exaggeration to say that the 
meat quality is determined by marbling and the fatty acid 
composition. Ruminants synthesize lipids using glucose and   
volatile fatty acids (VFAs) produced by the microorganisms 
in the rumen. So, in this study we investigated the relative 
levels of mRNA genes associated with fatty acid synthesis 
and accumulation, and also assessed TG content and fatty 
acid composition. Bovine intramuscular adipose tissue from 
the musculus longissmus thoracis of Japanese Black cattle 
were treated with various concentrations of acetic acid and 
glucose. The relative mRNA levels of fatty acid synthase 
(FASN) and Stearoyl-CoA Desaturase (SCD), which are 
involved in fatty acid synthesis, significantly increased with 
rising acetic acid concentration, but not with rising glucose 
concentration. TG content increased in acetic acid and 
glucose concentrations. Saturated fatty acid proportions 
were significantly higher in 1.0g/L D-glucose than in 
4.5g/L D-glucose (P<0.05), whereas those of 
monounsaturated fatty acid were significantly higher in 
4.5g/L D-glucose than in 1.0g/L D-glucose (P<0.05). These 
results indicate that acetic acid and glucose is essential for 
fatty acid synthesis and accumulation. 
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acid composition 
 
 

Introduction 
 

Marbling is one of the most important factors in 
assessing meat quality in ruminants. One of the most 
important factors is the fatty acid composition of adipose 
tissue. It is known that high concentrations of 
monounsaturated fatty acids (MUFA) and a lower melting 
point in adipose tissue can improve taste, texture and fat 
quality by decreasing the circulating concentration of low-
density lipoprotein (LDL) cholesterol and thereby also 
preventing arteriosclerosis and coronary heart disease in 
humans (Rudel et al. 1995 ; Yang et al. 1999). The 
mechanism of carbohydrate digestion in ruminants differs 
from that in monogastric animals; in ruminants volatile 
fatty acids (VFAs, including acetic acid, propionic acid, and 
butyric acid) are the main precursors of lipid synthesis. 
Acetic acid and glucose provide respectively 10-25% and  
50-75% of the acetyl units in bovine intramuscular adipose 
tissue (Smith et al. 1984), but the effect of any change in 
acetic acid and glucose concentrations is unclear. A clonal 
bovine intramusculus preadipocyte (BIP) cell line has been 
derived from the intramuscular adipose tissue of the 
musculus longissimus thoracis of Japanese Black cattle 
(Aso et al. 1995). The BIP cells have a fibroblastic 
appearance. This cell line is useful for studying bovine 
adipogenesis because the methods of differentiation 
induction are well established (Nakajima et al. 1998 ; 

Inoue-Murayama et al. 2000). The objectives of this study 
were investigate the effects of acetic acid and glucose on 
bovine intramuscular adipogenesis, by studying BIP cells 
for changes in genes associated with fatty acid synthesis 
and accumulation, and changes in triglyceride (TG) content 
and fatty acid composition.  

 
Materials and Methods 

 
Cell culture and induction of differentiation The 

BIP cells were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM) with 1.0g/L D-glucose, supplemented 
with 10% fetal bovine serum (FBS), 100U/mL penicillin 
and 100µg/mL streptomycin.  They were grown in a 5% 
CO2  humidified incubator at 37℃, seeded at a density of 
2.5×104  cells/cm2  and incubated for 2 days to achieve 
confluence. Adipocyte differentiation was performed by 
adding DMEM differentiation medium with D-
glucose(1.0g/L, 4.5g/L) containing 50ng/mL insulin, 
0.25 µ M dexamethasone, 5mM octanoate, sodium 
acetate(0mM, 10mM, 100mM), 10% FBS, 100U/mL 
penicillin, and 100µg/mL streptomycin to the BIP cells. The 
DMEM differentiation medium was exchanged every other 
day. 

 
RNA extraction and Quantitative Real-Time 

PCR. The BIP cells were harvested 6 days after induction 
of differentiation. Total RNA was extracted with RNA 
extraction kit (𝑅𝑒𝑙𝑖𝑎𝑃𝑟𝑒𝑝𝑇𝑀  𝑅𝑁𝐴 𝐶𝑒𝑙𝑙 𝑀𝑖𝑛𝑖𝑝𝑟𝑒𝑝 𝑆𝑦𝑠𝑡𝑒𝑚) 
according to the manufacturer’s instructions. RNA quantity 
and quality were determined using a Nanodrop ND-100 
spectrophotometer and an Agilent Bioanalyzer. The RNA 
was transcribed into cDNA. Gene primers and probes were 
purchased from SIGMA. Quantitative real-time PCR was 
performed to determine mRNA expression level using the 
Appled Biosystems 7300 Real -Time PCR System. 

 
Triglyceride extraction and determination. The 

BIP cells were harvested 6 days after induction of 
differentiation. TG extraction was performed according to 
Bligh and Dyer method (Iverson et al. 2001). TG content 
was determined using LabAssayTM  Triglyceride kit.  

 
Fatty acid analysis. The BIP cells were harvested 

9 days after induction of differentiation. Lipid separation 
was carried out by thin –layer chromatography (TLC), and 
fatty acid composition was determined by gas 
chromatography. We assessed the level of the major fatty 
acids, myristic acid (C 14:0), myristoleic acid (C 14:1), 
palmitic acid (C 16:0), palmitoleic acid (C 16:1), stearic 
acid (C 18:0), oleic acid (C 18:1), and linolenic acid (C 
18:2). Levels of MUFA and saturated fatty acid (SFA) were 



c 

also determines, as well as the MUFA to SFA ratio to 
assess the desaturation of fatty acid.  

 
Statistical analyses. All statistical analyses were 

performed using SAS. Effects of acetic acid and glucose on 
relative mRNA level were tested by the GLM procedure of 
SAS. Results are represented by mean ± standard deviation. 
Significant differences are declared at p < 0.05. 

  
Results 

 
The expression of mRNA for FASN controlling fatty acid 
synthesis significantly increased with increasing acetic acid 
concentration (P<0.05), but there was no significant effect 
of glucose concentration (P=0.055; Figure 1a,b). The 
expression SCD mRNA was similar to that for FASN (data 
not shown). TG content increased at higher acetic acid and 
glucose concentrations (data not shown). The change in D-
glucose concentration significantly altered the composition 
of major fatty acids. SFA was significantly higher in 1.0g/L 
D-glucose than in 4.5g/L D-glucose; however MUFA was 
significantly higher in 4.5g/L D-glucose than 1.0g/L D-
glucose (Table 1 ; % of each fatty acids  not shown). 

 
Table 1: Fatty acid composition in 1.0g/L D-glucose and 
4.5g/L D-glucose  
 

Fatty acid 
composition 

1.0g/L D-
glucose 

4.5g/L D-
glucose 

SFA (saturated 
fatty acid ) 

92.8±2.68%a 81.0±1.7%b 

MUFA( monouns
aturated fatty 

acid ) 

7.12±2.68%a 17.07±0.91%b 

a,b =  P<0.05; SFA= C 14:0 + C 16:0 + C18:0; MUFA= 
C 14:1 + C 16:1 + C18:1  (% of individual fatty acids not 
shown) 
 
Figure 1.a: Expression level of FASN gene in 0mM, 
10mM and 100mM acetic acid, with 1.0g/L D-glucose. 
 

 
 
 
Figure 1.b: Expression level of FASN gene in 0mM, 
10mM and 100mM acetic acid, with 4.5g/L D-glucose. 

 

 
 
 

 
 

Conclusion 
 

In this study, expression of gene associated with 
fatty acid synthesis increased with acetic acid and glucose 
concentrations, and high glucose concentration promoted 
more MUFA and less SFA. TG content also tended to 
increase with increasing acetic acid and glucose 
concentrations. These results suggest that acetic acid and 
glucose are deeply involved in determining meat quality 
and quantity. 
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