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Investigation for Activators of Adipocyte Differentiation in Feed for Beef Cattle

Hiroyuki KAWACHI1, 2�, Shizuka MARUYAMA1�, Yasutomi KAMEI3�, Teruo KAWADA1�and Tohru MATSUI1�
1�Graduate School of Agriculture, Kyoto University,

2�Faculty of Bioscience, Nagahama Institute of Bio-Science and Technology,
3�Medical Research Institute, Tokyo Medical and Dental University

Summary
Beef marbling is an important trait of meat quality, which contributes directly to the value of beef especially in the
Japanese market. The development of beef marbling was closely associated with an increase in the number of adipocytes,
that is, adipocyte differentiation in the skeletal muscle. Peroxisome proliferator-activated receptorγ (PPARγ) is a ligand-
dependent transcription factor that directly activates the expression of adipocyte-specific genes, and is universally ac-
cepted as the master regulator for adipocyte differentiation. Through screening for natural PPARγ activator in feed us-
ing the PPARγ luciferase reporter assay, the ethanol extracts of sake lees, soy sauce lees, vinegar lees, and beer lees, and
soy sauce oil activated PPARγ. Treatment with the ethanol extracts of these lees materials enhanced some markers of
adipocyte differentiation such as glycerol-3-phosphate dehydrogenase activity and triglyceride accumulation in 3T3-L1
cells. These results suggest that these lees materials possess PPARγ activators. Moreover, according to the results of the
sequential fractionation assay, we confirmed that PPARγ-activate factors in soy sauce oil were different from linoleic acid,
originated from soy bean oil.

Trace Nutrients Research 26 : 65�69 (2009)
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Fig. 1 Effect of food processing by-products on activation of PPARγ by luciferase ligand assays.
pM-hPPARγ, p4 x UASg-tk-luc and pRL-CMV were transfected into CV1 cells, and 5 h after transfection, the cells were treated with
various food processing by-products for 24 h. The activity of a vehicle control was set at 100 % and the relative luciferase activities were
presented as fold induction to that of the vehicle control. Troglitazone (1 µM) was the positive control and 0.1 % ethanol was the vehicle
control. The bars represent mean values � SD for 4 well. * p < 0.05 vs. vehicle control.

Fig. 2 Effect of lees materials on differentiation of 3T3-L1 cells.
Two-day postconfluent 3T3-L1 preadipocytes (day 0) were treated with or without lees materials for 10 days. The assays were per-
formed on differentiated adipocytes (day 10). (A) GPDH activity (B) Intracellular triglyceride concentration. The bars represent mean
values � SD for 4 well. *p < 0.05 vs. cultures treated without lees materials.
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Fig. 3 Distribution of the PPARγ activator in soy sauce oil.
50 mg soy sauce oil or 25 mg linoleic acid dissolved in 500 µL hexane was added to a silica Sep-Pak Plus cartridge conditioned with hex-
ane. The cartridge was eluted with 0, 5, 15, 30, 50, 70, and 100 % diethyl ether in hexane successively, and these fractions were further
analyzed by PPARγ ligand assays. The activity of a vehicle control was set at 100 % and the relative luciferase activities were presented
as fold induction to that of the vehicle control. Troglitazone (1 µM) was the positive control and 0.1 % ethanol was the vehicle control.
The bars represent mean values � SD for 4 well. *p < 0.05 vs. vehicle control.
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