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Elect of Dietary Carbohydrate Source on the Modulation of
Lipid Metabolism by Soy Protein

Yoko TAKAHASHI"

National Food Research Institute (NFRI),
National Agriculture and Food Research Organization (NARO), Ibaraki 305-8642

ABSTRACT

Dietary soy protein is known to have hypolipidemic properties. The carbohydrate
source in the diet also affects lipid metabolism; compared with starches, sugars
tend to increase hepatic lipogenesis and serum triacylglycerol concentration. To
investigate the possibility of the interaction between protein and carbohydrate
sources in lipid metabolism, the interference of dietary carbohydrate on the
hypolipidemic elect caused by soy protein was compared with those of corn starch
and sucrose in rats. Animals were fed one of four diets containing casein-corn
starch, casein-sucrose, soy protein-corn starch, or soy protein-sucrose for three
weeks. Serum and hepatic triacylglycerol levels were significantly lowered in rats
fed soy protein compared to those fed casein when the carbohydrate source was
corn starch, whereas soy protein increased these parameters in the presence of
sucrose. The activity of enzymes involved in fatty acid synthesis was increased by
sucrose diets compared with corn starch diets. However, soy protein significantly
decreased the activity regardless of carbohydrate source. However, the activity of
enzymes involved in fatty acid oxidation was not alected by dietary factors. The
MRNA expression of hepatic enzymes concerned with triacylglycerol uptake and
synthesis was decreased in response to sucrose, but the reduction was attenuated
when the protein source was soy protein. Therefore, the increased serum and
hepatic triacylglycerol concentrations caused by the simultaneous ingestion of
soy protein and sucrose may be attributed, in part, to the alteration of hepatic
triacylglycerol metabolism rather than to fatty acid metabolism in liver. Soy Protein
Research, Japan 14, 27-31, 2011.
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Table 1. Composition of the experimental diets

Groups
Protein CAS SPI
Carbohydrate STA SUC STA SUC
(9/kg diet)

Casein 200 200 - -
Soy protein - - 200 200
Cornstarch 579.5 — 579.5 -
Sucrose - 5795 - 5795
Palm oil 150 150 150 150
Cellulose 20 20 20 20
Mineral mix
(AIN-93G) 35 35 35 35
Vitamin mix
(AIN-93) 10 10 10 10
L-Cystine 3 3 3 3
Chorine bitartrate 25 25 25 25

Energy (kJ/kg diet) 17513 18313 17597 18397

CAS, casein; SPI, soy protein isolate; STA, corn
starch; SUC, sucrose.
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Table 2. Efect of soy protein in combination with dillerent carbohydrate sources on growth parameters and

tissue weights

Groups Two-way ANOVA
Protein CAS SPI P C PxC
Carbohydrate STA SUC STA SUC p-value
Food consumption (g/day) 220+ 06 226+ 11 201+05 218+ 06 0.056 0116 0.445
Body weight ()
Initial 168+ 3 168+ 3 167+ 2 168+ 2 0810 0.993 0934
Final 368+ 7 373+ 12 336+ 8 359+ 8 0015 0129 0293
Tissue weight (g/100 g body weight)
Epididymal white adipose tissue 130+ 015 1.67+ 014 114+ 010 137+ 0.09 0.066 0.019 0.563
Perirenal white adipose tissue 196+ 0.13 256+ 020 154+ 0.15 238+ 0.10 0.047 <0.001 0412
Liver 440+ 0.07 5.02+ 020 4.22+ 010 4.80+ 0.15 0.167 <0001 0.897

P, protein; C, carbohydrate; P x C, interaction of protein and carbohydrate. For other abbreviations, see Table 1.

Values are expressed as mean + SE (n=7-8).

Table 3. Effect of soy protein in combination with different carbohydrate sources on serum triacylglycerol,
glucose, insulin, and hepatic triacylglycerol concentrations

Groups Two-way ANOVA
Protein CAS SPI P C PxC
Carbohydrate STA SUC STA SUC p-value

Serum concentrations (mmol/L)

Triacylglycerol 324+ 042 390+ 0.38 2.85+ 047 583+ 05 0.097 <0.001 0015

Glucose 8.89+ 0.34 865+ 0.26 8.02+ 040 9.89+ 0.63 0.678 0.069 0.022
Hepatic triacylglycerol (4 mol/g) 232+ 36 355+ 24 314+ 21 610+ 59 <0.001 <0001 0.039
Serum insulin (pmol/L) 184+ 041 288+ 023 156+ 022 223+ 040 0.183 0.017 0.587
For abbreviations, see Table 1 and 2. Values are expressed as mean + SE (n=7-8).
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Table 4. Eect of soy protein in combination with dillere
involved in hepatic lipid metabolism

nt carbohydrate sources on the activity of enzymes

Groups Two-way ANOVA
Protein CAS SPI P C PxC
Carbohydrate STA SUC STA SUC p-value
Enzyme activity (nmol/min per mg protein)
Fatty acid synthase 108+ 18 246+ 18 488+ 051 126+ 13 <0.001 <0.001 0.049
ATP-citrate lyase 386+ 36 859+ 91 262+ 14 36.2+ 35 <0.001 <0.001 0.001
Glucose-6-phosphate 457+ 38 111+ 17 203+ 12 247+ 24 <0.001 <0.001 0.001

dehydrogenase

For abbreviations, see Table 1 and 2. Values are expressed as mean + SE (n=7-8).

Table 5. Effect of soy protein in combination with different carbohydrate sources on mRNA expression of

proteins involved in hepatic lipid metabolism

Groups Two-way ANOVA
Protein CAS SPI P C PxC
Carbohydrate STA SucC STA SucC p-value

Enzyme mRNA level (%)
Hepatic lipase 100+ 4 753+ 45 851+ 39 786+ 29 0.141 <0.001 0025
LDL receptor 100+ 6 783+ 37 952+ 20 905+ 34 0.363 0.003 0.044
VLDL receptor 100+ 5 651+ 69 102+ 5 912+ 36 0.008 <0.001 0.026
DGAT1 100+ 5 731+ 44 102+ 4 86.8+ 2.1 0060 <0.001 0.143
DGAT?2 100+ 6 825+ 6.6 120+ 6 113+ 3 <0.001 0.038 0.356
Apolipoprotein B 100+ 6 674+ 31 958+ 36 817+ 33 0221 <0.001 0.030

LDL, low density lipoprotein; VLDL, very low dens

ity lipoprotein; DGAT, Acyl-CoA: diacylglycerol

acyltransferase. For other abbreviations, see Table 1 and 2. Values are expressed as mean £ SE (n=7-8).
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Table 6. EDect of soy protein in combination with dillerent carbohydrate sources on the activity of enzymes
involved in hepatic glucolysis

Groups Two-way ANOVA
Protein CAS SPI P C PxC
Carbohydrate STA SUC STA SUC p-value
Enzyme activity (nmol/min per mg protein)
Glucokinase 294+ 76 429+ 24 319+ 061 11.2+ 45 <0001 0.028 0.552
Pyruvate kinase 209+ 11 246 7 196+ 13 243+ 11 0467 0.001 0.664

For abbreviations, see Table 1 and 2. Values are expressed as mean + SE (n=7-8).
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