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Abstract 

 
 

 
Sixty million (30%) adults in the United States are considered obese.  Obesity (Body 

Mass Index > 30 kg/m²) is an inflammatory disease that has its origin in diet.  Obesity is the 
condition of accumulation of lipids in the adipose tissue and in non-adipose tissues such as the 
liver and muscle (eg. steatosis).  The WHO-coordinated Cardiovascular Diseases and Alimentary 
Comparison Study (CARDIAC), a worldwide epidemiological study, found that those people 
who consumed soy had a significantly reduced risk of obesity than those who did not consume 
soy in their diets. 

The effects of fermented soy, soy, and casein diets on body weight of adipose mass and 
lipid composition of the liver in obese Zucker rats was studied.    Thirty-nine male Zucker fatty 
rats, which are prone to hyperphagia, obesity, and insulin resistance, were randomized and 
placed in four groups, each group being fed a different diet.  The diets were:  1) Casein diet 
(n=9); 2) Soy diet (n=10); 3) Fermented soy diet (n=10); 4) Mixture of soy and fermented soy 
(n=10).  The differences in weight gain, food intake, changes in adipose mass and fat 
accumulation in the liver were examined.  After feeding diets for ten weeks, the rats were 
euthanized and necropsy was performed.  Weights of the removed organs were recorded.  

There were no effects of diets on food intake, body weight or adipose mass.  All three soy 
diet groups had a significantly lower liver weight and liver to body weight ratio compared to the 
casein diet group.  The casein diet group also had a significantly lower percentage of 
polyunsaturated fatty acids in the livers than both the soy and fermented soy diet groups. 
However, the casein diet group had a significantly higher percentage of monounsaturated fatty 
acids in the livers than all three of the soy diet groups.  Both the fermented soy and soy diet 
groups had significantly higher amounts of omega-6 fatty acids in the livers than the casein diet 
group.  Overall, fermented soy and soy diets did have an effect on hepatic lipid metabolism in 
Zucker fatty rats when compared to the casein diet.   
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Introduction 

 

Obesity  

Obesity is increasingly becoming a major health problem for many people, especially in 

the United States.  Sixty million adults in the United States (30%) are considered to obese; 

having a Body Mass Index (BMI) greater than 30 kg/m² (1).  Obesity is considered to be an 

inflammatory disease that has part of its origin in diet (2).  When someone is obese, the 

accumulation of lipids occurs not only in the adipose tissue, but also in non-adipose tissues such 

as the liver and muscles.  This condition, known as steatosis, may lead to impaired insulin 

sensitivity.  Such an impairment may lead to insulin resistance, the condition where peripheral 

tissues can no longer utilize glucose efficiently, causing increased insulin to be secreted from the 

pancreas and accumulate in the blood.  Unfortunately this insulin resistance may progress to type 

2 diabetes mellitus.   

 

Hepatic Steatosis 

 Hepatic steatosis or fatty liver is associated with obesity and weight in humans (3).  In a 

study of humans with hepatic steatosis, a higher ratio of omega-6 to omega-3 polyunsaturated 

fatty acids was found in the livers compared to humans without steatosis.  There was an overall 

decrease in polyunsaturated fatty acids (PUFA) including a decrease in long-chained PUFAs, 

and omega-3 PUFAs compared to the livers of people without steatosis.  Such results seem to 

suggest that in hepatic steatosis not only is the lipid composition of the liver increased, but it is 

also changed compared to livers without steatosis (4).   
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Soy 

 Soy is derived from a soybean plant and has both protein and fat components as well as a 

polysaccharide component (5).  Soybean oil contains significant amounts of ω-3 polyunsaturated 

fatty acids and ω-6 polyunsaturated fatty acids.  When soy oil was analyzed and compared to 

coconut and fish oil, it had less 14:0 and 18:0 fatty acids than both, but more 18:1, 18:2, and 18:3 

fatty acids (6, 7).  In a study of yellow perch given either soy oil, menhaden oil or a combination 

of the two, either with or without conjugated linoleic acid (CLA), it was concluded that the 

dietary lipid source did effect the lipid concentration in the livers (8).   

Soy protein contains differing amounts of some amino acids when compared with both 

casein and whey protein.  In two different studies, soy protein amino acid content was analyzed 

and then compared to either casein or whey protein (9, 10).  When compared with casein, soy 

protein had higher amounts of arginine and lysine as well as a higher arginine to lysine ratio, but 

had lower amounts of glycine and methionine (9).  When compared to whey protein soy protein 

had larger amounts of arginine, glycine and a higher ratio of arginine to lysine, but had smaller 

amounts of lysine and methionine (10).  In both studies the differences in amino acid content of 

the proteins was believed to play a role in health effects from soy (9, 10).  Soy protein, unlike 

casein and whey, also contains isoflavones, which are phytochemicals that could possibly play a 

role in the beneficial health effects seen from consumption of soy (10, 11).  Soy oil however 

does not contain significant amounts of isoflavones (12). 

 

Soy and Obesity 

There has been some recent evidence to suggest that soy may have beneficial effects on 

obesity, insulin resistance, and type 2 diabetes (10, 11, 13, 14, 15, 16).  The WHO-coordinated 
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Cardiovascular Disease and Alimentary Comparison Study (CARDIAC), a worldwide 

epidemiological study, used 24 hour urinary isoflavone excretion as a measure of soy 

consumption.   This study found that those people who consumed soy had a significantly reduced 

risk of obesity than those who did not consume soy in their diets.  Also, soy eaters had a 

significantly lower BMI which was inversely related to the 24 hour urinary isoflavone excretion 

(16). 

Other studies performed with animals have also demonstrated the possible beneficial 

effects of soy consumption on obesity (10, 11, 14).  In one study, dietary obese male Sprague-

Dawley rats and genetically obese mice (yellow KK) initially fed high fat diets for 12 weeks 

were placed on energy restricted diets for 4 weeks.  The energy restricted diets included soy 

protein isolate (SPI), soy protein isolate hydrolysate (SPI-H), and casein (C).  The results 

indicated no difference in food intake among the groups.  The rats fed either the SPI or SPI-H 

diets tended to have a greater reduction in body weight than those in the casein group.  For both 

the rats and the mice body fat in the SPI and SPI-H was lower than in the casein group.  Also, the 

liver weights were less in the SPI-H group compared to the casein group in the dietary obese rats.  

Overall, this study suggests that soy protein may be a better option for weight loss and body fat 

reduction than casein (14). 

In another study isoflavones seem to be a large portion of the components of soy that 

affected body weight and body fat.  Male Zucker diabetic fatty rats were randomly assigned to a 

high isoflavone soy diet, a low isoflavone soy diet, a casein diet, and a casein plus rosiglitazone 

diet.  The rats placed on the high isoflavone soy diet had lower body weights, body fat and liver 

weights than the rats on the casein diet.  Such results suggest a higher isoflavone content in soy 

may be more beneficial on lipid metabolism than a lower content or none at all (11). 
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When soy protein isolate and its hydrolysate were compared with milk whey protein 

isolate (WPI) and its hydrolysate (WPI-H) in genetically obese mice (yellow KK) it was 

suggested that both amino acid and isoflavone content effect lipid metabolism.  The soy protein 

and whey protein had different amino acid contents and isoflavone content, with the whey 

protein having no isoflavones and both soy groups having comparable amounts of isoflavones.  

When the mice were put on energy restricted diets, the SPI mice lost more body weight than both 

of the milk whey protein groups.  Body fat content was lower in the mice on the SPI diet than on 

the WPI diet.  The liver weight was also lower in both the soy protein groups compared to both 

the milk whey protein groups (10).   

 

Stearoyl-CoA Desaturase (SCD) 

 Stearoyl-CoA desaturase (∆9 desaturase) is an endoplasmic reticulum-resident rate-

limiting enzyme that catalyzes the conversion of saturated fatty acids, mostly palmitate and 

stearate, into monounsaturated fatty acids, mostly palmitoleate and oleate respectively, by adding 

a double bond in the cis-∆9 position (17, 18).  The products, also known as palmitoleic and oleic 

acids, are large components of phospholipids, triglycerides, and cholesterol esters and wax esters 

(17, 18, 19, 20, 21, 22, 23).  Changes in components of cell membranes like phospholipids and 

triglycerides may affect membrane fluidity which affects adipocytes as well as diseases like 

Alzheimer’s disease and diabetes (22, 24, 25).     

Stearoyl-CoA desaturase (SCD) seems to have a relationship with hepatic steatosis (23, 

26, 27, 28).  Lipid accumulation and synthesis in the liver is dependent upon the SCD 1 gene in 

mice (23, 26, 27).  When mice, that were deficient in the SCD-1 gene, were fed a high 

carbohydrate diet, there was a decrease in lipid synthesis in the liver compared to the control 
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group (27).  Hepatic steatosis in mice is correlated with an increase in SCD 1 activity.  Such an 

increase in SCD 1 activity also correlated to an increase in oleic acid in livers of mice (28).   

Stearoyl-CoA desaturase may have ties with insulin resistance, diabetes, and obesity (21, 

26, 29, 30, 31).  A deficiency in SCD1 has been shown to result in a decrease in fatty acid 

synthesis and secretion, steatosis, body adiposity and plasma insulin, an increase in fatty acid 

oxidation and insulin sensitivity, energy expenditure, and resistance to diet induced weight gain 

in mice (21, 30, 26 31).    

  In the current study, we investigated the effects of fermented soy and soy diets on 

lipid metabolism in male Zucker fatty rats.  We found that fermented soy and soy diets do not 

affect weight gain, food intake, or adipose accumulation.  However, they did affect liver weight, 

liver fatty acids composition and calculated stearoyl-CoA desaturase index in the liver of the 

Zucker fatty rats when compared to the casein diet.   

 

 

 

Materials and Methods 

 

Animals and Diet 

The animal study took place over a period of 10 weeks.  Forty male Zucker fatty rats, 

purchased from Charles River Laboratories (Wilmington, MA), which are prone to hyperphagia, 

obesity, and insulin resistance, arrived at 5 weeks of age.  They were housed one rat per cage in 

the OSU Vivarium with monitored climate, humidity and light cycles.  They had free access to 

chow for one week.  Their weights were taken at the end of this week.  They were then grouped 
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by body weight to produce four groups with equal average body weights.  Each group was 

randomly assigned to one of four diets:  1) casein (n=9) (one rate was put down at week 10 due 

to eating and intestinal problems) 2) fermented soy (fsoy) (n=10) 3) soy (n=10) 4) fermented soy 

and soy (fsoy/soy) (n=10).  The diets were prepared and analyzed by Ajinomoto Inc. (Tokyo, 

Japan) (Table 1).  Using the data in Table 1, the estimated percentage of carbohydrate, protein, 

and fat was calculated (Table 2). 

 

 

 

Table 1  Diet composition g/kg 

Ingredient     Control Fsoy Soy Fsoy/Soy 

Casein    250 0 0 240.5 

Protein (unknown source) 0 250 231 0 

Carbohydrates   525 498 512 505 

Fat     175 176 176 171.5 

Soy    0 0 40.46 20.2 

Fsoy     0 43.78 0 22 

Isoflavones   0 0.869 1.178 1.024 
Table 1:  Diet Composition (g/kg)   This table displays the amount of casein or soy and/or 
fermented soy used in the soy diets as well as the isoflavone and macronutrient content of 
each diet. 
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Table 2  Macronutrient Percentage in Diets 

  Casein Fsoy Soy Fsoy/Soy 

CHO 55.26% 54.43% 55.71% 55.07% 

PRO 26.32% 27.32% 25.14% 26.23% 

FAT 18.42% 18.25% 19.15% 18.70% 

SFA 3.02% 2.25% 3.87% 3.06% 

USFA 15.40% 16.00% 15.28% 15.64% 

PUFA 10.68% 12.59% 12.43% 12.51% 

MUFA 4.72% 3.41% 2.85% 3.13% 
Table 2:  Macronutrient Percentage in Diets   This table displays the percent of  
macronutrients in each diet.  The fat is broken up into SFA, USFA and the USFA 
are broken up into PUFA and MUFA.  The percentages are based on weight 
(g/kg) in Table 1. 

 

 

Measurements 

The rats were pair fed, adjusting the food amount given to the food intake of the diet 

group with the lowest consumption.  Daily food disappearance was measured for food intake.  At 

the end of each week beginning at week 1 and ending after 10 weeks on the diets, body weights 

of each rat were measured.  Necropsy was performed after ten weeks on the diets.  

Exsanguinations and excisions of tissue, including the liver, preceded the euthanasia. Weights of 

the removed organs were recorded. 
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Analysis 

  Lipid extraction for three of the four diets (0.2 gram sample of each diet) was performed 

according to the Folch et al (32).  The extracted lipid composition was analyzed using gas 

chromatography (GC).  The percentage area for fifteen fatty acids were located on the 

chromatograph and adjusted for only those fifteen.  The percent area for total saturated fatty acid, 

total unsaturated fatty acid, polyunsaturated fatty acids, and monounsaturated fatty acids was 

also calculated using the chosen 15 fatty acids (Table 3).  Using the percentage of total fat in 

each diet from Table 2 and the percentage of saturated, unsaturated, monounsaturated and 

polyunsaturated fat calculated in Table 3, the estimated percentages of saturated fat, unsaturated 

fat, polyunsaturated fat, and monounsaturated fat that made up the percentage of total fat was 

calculated 
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Table 3  % of Fatty Acid Composition of Rat Diets 

Fatty Acid  Casein Fsoy Soy 

16:0 11.93 9.52 11.27 

16:1n7 0.13 0.00 0.10 

16:2n4 0.00 0.00 0.00 

16:3n4 0.04 0.00 0.05 

18:0 4.67 3.29 5.72 

18:1n9 24.44 18.78 25.63 

18:1n7 1.70 1.14 1.48 

18:2n6 56.36 66.51 54.47 

18:4n3 0.18 0.75 0.05 

20:1n9 0.28 0.00 0.24 

20:4n6 0.00 0.00 0.01 

20:4n3 0.05 0.00 0.04 

20:5n3 0.05 0.00 0.02 

22:5n3 0.17 0.00 0.79 

22:6n3 0.00 0.00 0.13 

            

SFA 16.6 12.82 16.99 

USFA 83.4 87.18 83.01 

PUFA 56.85 67.26 55.56 

MUFA 26.55 19.92 27.44 

n3 0.45 0.75 1.03 

n6 56.36 66.51 54.48 

n6:n3 ratio 125.24 88.68 52.89 
Table 3:  % Fatty Acid Composition of Rat Diets    This table displays the results from 
the lipid extraction of three of the four diets used in the study (mean ± standard 
deviation).  The percentages were calculated from the GC results.  It was assumed that 
these 15 fatty acids made up all significant amounts of fatty acids in the liver. 
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Lipid extraction of the livers (0.1-0.2 gram sample of each liver) was also performed 

using the Folch method (32).  Extracted lipids were measured and the composition of the lipids 

analyzed using a GC.  The percent areas from the GC data of fifteen fatty acids were located on 

the chromatograph and adjusted for only those fifteen fatty acids.  They were then averaged for 

each diet group.  The percent areas for total saturated fatty acids, monounsaturated fatty acids, 

polyunsaturated fatty acids, and unsaturated fatty acids of the chosen fifteen fatty acids were 

averaged for each diet group as well.  The ∆9-desaturase index was calculated by dividing the 

percent area of 18:1n9 plus 16:1n7 by 18:0 plus 16:0.  This number was averaged for each diet 

group. 
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Statistics  

Results are expressed as mean ± standard deviation.  Analysis of data was performed by 
one-way analysis of variance using Minitab Software (v14.1).  Statistical significance was set at 

P<0.05 using a Tukey comparison.   

 

 

  Results 

 

There was no difference across all diet groups for weight gain over the entire study.  Each 

diet group of rats gained about the same amount of weight with final body weight over 500g 

(Figure 1).  There was also no difference in food intake across the diet groups (Table 4).  The 

same was true for visceral adipose tissue, each diet group having about the same amount (Table 

5).  Compared to the casein diet group, all three of the soy diet groups had significantly lower 

liver weights.  To adjust for body weight the liver to body weight ratio was calculated with the 

casein diet group having a statistically significantly higher ratio than all of the soy diet groups 

(Table 5).  The total lipid accumulation in the liver was not significantly different across all four 

diet groups (Table 6).   
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Figure 1:  Average Weight Gain of Rats   Diets with Fsoy and Soy did not significantly 
alter body weights in Zucker rats 
 
 
 
 

 
 

 
 
 
 

Table 4   Dietary Intake of Food 
    Casein Fsoy Soy Fsoy/Soy 
Average Daily intake 
(g) 139.1 ± 16.2 146.2 ± 7.6 147.5 ± 13.8 139.8 ± 10.9 

Table 4:  Dietary Intake of Food   There was no difference in food intake among the four diet  
groups   (mean ± standard deviation) 
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Table 5   Average Final Body, Adipose and Liver Weights 

    Casein Fsoy Soy Fsoy/Soy 

Body  (g)  528.1 ± 45.8 529.7 ± 30.7 532.7 ± 35.9 527.4 ± 38.8 

Visceral Adipose (g) 10.8 ± 3.9 12.3 ± 2.5 13.5 ± 2.9 10.5 ± 2.1 

Liver (g)   27.7 ± 3.8 21.9* ± 2.3 22.0* ± 2.8 21.8* ± 3.5 

                            

Liver to Body Weight  53.1 ± 10.4 41.5* ± 7.6 41.7* ± 7.7 41.5* ± 4.8 

Ratio                            
Table 5:  Average Final Body, Adipose, and Tissue Weights   This table displays final average  
weights  (mean ± standard deviation).  There was no difference in final body or visceral adipose 
weight across the diet groups.  The liver weights are significantly lower in all soy groups 
compared to the casein-based group.  The same is true for the liver to body weight ratio   
*significantly lower than casein group  (p<0.05) 
 

 

 

Table 6   Average Total Lipid Accumulation in Livers (mg/g) 

Casein Fsoy Soy Fsoy/Soy 
30.1 ± 19.3 35.1 ± 28.3 25.4 ± 24.3 27.0 ± 18.2 

Table 6:  Average Total Lipid Accumulation In the Livers (mg/g)  This table displays the 
total amount of measured methylated lipids from the sample of livers used in the fatty 
acid extraction (mean ± standard deviation).  There was not difference in the amount 
among the groups 

 

 

Specific fatty composition of the rat livers are shown in Table 7.  The rats fed the casein 

diet tended to have higher amounts of total saturated fatty acids (SFA) in their liver compared to 

all of the other diets though not significant (P = 0.051).  The fsoy diet group seemed to have 

more total unsaturated fatty acids (USFA) in their livers than the casein diet group though not a 

significantly higher amount (P = 0.051).  The casein diet group had a significantly higher amount 

of total monounsaturated fats (MUFA) in their livers when compared to all the other diet groups.  

When compared to the casein diet group, the soy and fsoy diet groups had a significantly higher 
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amount of total polyunsaturated fats (PUFA) in their livers (Figure 2).  There was no difference 

across the diet groups for omega-3 fatty acids and the ratio of omega-6 to omega-3 fatty acids in 

the livers.  However, the casein diet group had a statistically significantly lower amount of 

omega -6 fatty acids in their livers than both the fsoy and fsoy/soy diet groups. 

 

 

 

Table 7  Average % Fatty Acid Composition of Rat Liver 

Fatty Acid   Casein   Fsoy   Soy   Fsoy/Soy 

16:0  31.84 ± 0.03  28.10* ± 0.02  29.11 ± 0.02  28.63 ± 0.02 

16:1n7  5.69 ± 0.02  3.37* ± 0.01  3.56* ± 0.01  3.45* ± 0.01 

16:2n4  1.39 ± 0.00  2.10 ± 0.01  1.86 ± 0.01  1.43 ± 0.01 

16:3n4  0.12 ± 0.00  0.33 ± 0.01  0.12 ± 0.01  0.13 ± 0.01 

18:0  4.84 ± 0.01  5.27 ± 0.02  5.74 ± 0.02  5.38 ± 0.01 

18:1n9  25.46 ± 0.03  21.00 ± 0.03  23.52 ± 0.03  22.69 ± 0.04 

18:1n7  3.00 ± 0.01  2.39 ± 0.01  2.60 ± 0.01  2.46 ± 0.00 

18:2n6  19.14 ± 0.05  25.67 ± 0.04  23.98 ± 0.04  25.48 ± 0.03 

18:4n3  0.07 ± 0.01  0.13 ± 0.01  0.10 ± 0.01  0.14 ± 0.01 

20:1n9  0.31 ± 0.01  0.27** ± 0.01  0.42 ± 0.01  0.34 ± 0.01 

20:4n6  4.55 ± 0.01  6.09 ± 0.01  4.07 ± 0.02  5.21 ± 0.01 

20:4n3  0.09 ± 0.01  0.17† ± 0.01  0.15† ± 0.01  0.16† ± 0.01 

20:5n3  0.30 ± 0.01  0.48 ± 0.01  0.44 ± 0.01  0.55 ± 0.01 

22:5n3  1.13 ± 0.01  1.77 ± 0.01  2.25 ± 0.02  1.51 ± 0.01 

22:6n3  2.08 ± 0.01  2.87 ± 0.01  2.08 ± 0.01  2.42 ± 0.01 

                   

∆9 Desaturase 0.85 ± 0.10  0.73* ± 0.09  0.78 ± 0.09  0.77 ± 0.09 

SFA  36.68 ± 0.04  33.38 ± 0.02  34.86 ± 0.02  34.01 ± 0.02 

USFA  63.32 ± 0.04  66.62 ± 0.02  65.14 ± 0.02  65.99 ± 0.02 

MUFA  34.46 ± 0.04  27.03* ± 0.04  30.10* ± 0.02  28.94* ± 0.04 

PUFA  28.86 ± 0.07  39.60† ± 0.05  35.05† ± 0.03  37.04 ± 0.05 

n3PUFAS  3.66 ± 0.01  5.41 ± 0.01  5.02 ± 0.02  4.78 ± 0.01 

n6PUFA  23.69 ± 0.05  31.75† ± 0.05  28.05 ± 0.03  30.69† ± 0.04 

n6:n3 ratio   6.75 ± 0.97   5.94 ± 0.91   6.13 ± 1.73   6.93 ± 2.23 

                    
Table 7:  Average Percent Composition of Fatty Acids in Rat Livers     

(mean ± standard deviation) 
*significantly lower casein group   (p<0.05) 
†significantly higher than casein group  (p<0.05)  
** significantly lower than soy group  (p<0.05) 
It was assumed that these 15 fatty acids made up all significant amounts of fatty acids in 
the liver. 
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Figure 2:  Average % of PUFAs in Livers fsoy and soy groups had significantly higher 
amounts of PUFAs than casein group   casein group had significantly lower amounts of 
n6 than all three of the soy groups 

 

 

The rats fed the casein diet had a significantly higher amount of 16:0 (palmitic acid) in 

their livers when compared to the rats fed the fsoy diet.  Also, the livers in the casein diet group 

had a significantly higher amount of 16:1n7 (palmitoleic acid) than all the other diet groups.  The 

fsoy/soy diet group seemed to have a higher amount of 18:2n6 (linoleic acid) in the liver than the 

casein diet group, but it was not significant (P = 0.074).  The soy diet group had a significantly 

higher amount of 20:1n9 (gadoleic acid) in their livers compared to the fsoy diet group.  The 

fsoy, soy and fsoy/soy diet groups all had a significantly higher amount of 20:4n3 in their livers 

than the casein diet group.  There was no significant difference across all diet groups for the 

amount of 18:1n9 (oleic acid) in their livers though the casein diet group appeared to have higher 



 18 

amounts than all three of the other diet groups.  There was also no significant difference for the 

amount of 18:0 (stearic acid) in the livers in all four diet groups.  There was no significant 

difference in all the diet groups for the amount of 20:4n6 (arachidonic acid) found in the livers 

even though fsoy appeared to have the largest amount.  For the remaining fatty acids there were 

no differences in their amounts among the diet groups.  The stearoyl-CoA desaturase index was 

significantly higher in livers of the rats in the casein diet group than in the fsoy diet group. 

 

 

Discussion 

The Dietary Guidelines for Americans, 2005 suggest that adults have a total of 20-35% of 

their daily calories from fat and less than 10% from saturated fat (33).  For people with high 

cholesterol the National Cholesterol Education Program (NCEP) recommends the 25-35% of 

daily calories from fat and less than 7% from saturated fats, up to 20% from monounsaturated 

fats, and up to 10% for polyunsaturated fats (34).   

 The diets used in this study were all lower in the total percentage of fat than both 

recommendations (Table 2).  The saturated fatty acid percentage of all four diets was in the 

recommended range for both NCEP and The Dietary Guidelines for America.  The 

polyunsaturated percentage in all four diets was more than the 10% recommended by NCEP.  

The monounsaturated fat percentage was in the recommended range but very low with no diet 

having greater than 5%.   

Soy diets have been shown to have effects on body and organ weight, as well as adipose 

tissue in many animal studies (10, 11, 14).  However in this study, our results show that soy and 

fermented soy diets when compared to the casein diet did not influence weight gain, food intake, 
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adipose tissue accumulation or total lipid accumulation in the liver.  Such results may indicate 

that fermented soy and soy do not have a weight suppressive effect in this particular model of 

Zucker rat in the time frame of this study. 

The soy and fermented soy diets did influence liver weight and liver fatty acid 

composition in Zucker fatty (fa/fa) male rats when compared to the casein-based diet.  However, 

because the total lipid accumulation in the liver was not affected by the three soy diets compared 

to the casein diet, the differences in liver weight may not be due to fatty acid accumulation.  It is 

not clear from this study why the livers were lower in weight for the soy diet groups than the 

casein diet group.    Fermented soy and soy seemed to have had an effect on the specific fatty 

acid accumulation in the liver, still, suggesting there maybe a different effect of soy compared to 

casein on lipid metabolism. 

 As expected the casein diet group had higher calculated stearoyl-CoA desaturase (SCD) 

index than all the other diets groups but significantly higher than fsoy.    It has been 

demonstration that stearoyl-CoA desaturase synthesis can be regulated positively by saturated 

fats and negatively by unsaturated fats (35, 36, 37).    When mice which were on a fat-free diet 

were given polyunsaturated fatty acids as a supplement to the diet, their levels of SCD1 mRNA 

decreased. If monounsaturated and saturated fatty acids were used in place of the 

polyunsaturated fatty acids, there was little if any affect on the levels of SCD1 mRNA.  Such 

results seem to indicate a greater effect on the stearoyl-CoA desaturase1 mRNA by 

polyunsaturated fats as compared to saturated and monounsaturated fats (36).  Such results in 

this study could possibly be influenced, in part, by the composition of the fermented soy diet 

which had almost 2% more polyunsaturated fatty acids than the casein diet (Table 2). 
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 Along with the significantly higher index of SCD, the casein group had a significantly 

higher amount of monounsaturated fatty acids in their livers than all three of the soy groups.  In 

mice, an increase in SCD activity is correlated with an increase in monounsaturated fatty acid 

content in the liver especially 18:1n9 (oleic acid), a product of 18:0 and SCD (28).  Humans with 

hepatic steatosis also have higher amounts of monounsaturated fatty acids in their livers than 

humans who do not have hepatic steatosis (4).  It is believed that monounsaturated fatty acids are 

the main substrate for hepatic triglycerides in mice (23).   

 A possible component of soy that may influence lipid metabolism is the isoflavone 

content.  In a study with soy isoflavones and obese rats, the soy isoflavones had an effect on the 

lipid metabolism and the same rats given the isoflavones had lower liver weights (13).  Banz et al 

(11) found that the isoflavone part of soy did have an influence over lipid metabolism in male 

Zucker diabetic rats because a greater effect was seen in those rats fed a high soy isoflavone diet 

than those fed a low soy isoflavone diet or a casein diet on adipose tissue, body weight, and liver 

weight.   

For this study the fsoy diet group, which had a lower amount of isoflavones than the 

other two soy diet groups, may have had more of an influence on lipid metabolism in the livers 

than the soy diet group when comparing both with the control casein diet group.  Specifically, 

the fsoy diet group was significantly different from the casein diet group in ways soy was not 

significantly different from the casein diet group (16:0, n6PUFA, and calculated ∆9 desaturase 

index) while the soy diet group was significantly different from the casein diet group in the same 

measurements as the fsoy diet group was significantly different from the casein diet group 

(16:1n7,20:4n3, MUFA, PUFA, n6PUFA).  Also, the fsoy and soy diet groups were significantly 

different from one another in one measurement (20:1n9).  This could possible be due to 
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fermented soy’s isoflavone content.  Slavin et al (38) found that fermentation of soy actually 

decreased the content of isoflavones, but increased the urinary isoflavone recovery in young 

healthy adults.  This would suggest that fermenting soy may make the isoflavones more 

available.  Although urinary isoflavones were not measured in this study, the different results of 

the fsoy and soy diet groups on hepatic lipid metabolism, may suggest that fermented soy may 

have had greater effects on hepatic lipid metabolism than the soy diet when compared with the 

casein diet.   

 In conclusion, when Zucker fatty rats were given either a casein diet, a fermented soy 

diet, a soy diet or a combination of fermented soy and soy diet, the fermented soy and soy diets, 

especially the fermented soy diet, affected lipid metabolism in the livers, specifically increasing 

the polyunsaturated fatty acid content and these diets also decreased liver weights of Zucker rats 

when compared to the casein-based diet.  
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