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ABSTRACT 
 
The purpose of this study was to determine trypsin inhibitor (TI) activity in sweetpotato and soy 
flour diets and their effects on the growth and lipid metabolism of hamsters. Male Golden Syrian 
hamsters were fed different types of dietary protein containing casein, soyprotein, transgenic 
sweetpotato plus soy flour (TSPF+SF), nontransgenic sweetpotato (NTSPF) plus soy flour 
(NTSPF+SF), transgenic sweetpotato (TSPF) and nontransgenic sweetpotato flour for 28 days. 
The TI activity was highest in TSPF+SF (19.30 TIU/mg) and NTSPF+SF (17.20 TIU/mg) diets 
that induced growth retardation in animals, lowest in TSPF (5.80 TIU/mg) and NTSPF (5.50 
TIU/mg) diets, which did not affect the growth of the animals, and negligible in casein (<1.00 
TIU/mg) and soyprotein (2.00 TIU/mg) diets. Plasma total cholesterol (TC), high density 
lipoprotein-cholesterol (HDL-C), low density lipoprotein-cholesterol (LDL-C) and triglyceride 
(TG) concentrations were significantly higher in hamsters fed the casein diet compared to those 
fed the soy protein, TSPF+SF, NTSPF+SF, TSPF and NTSPF diets.  A positive correlation was 
observed between plasma TC concentrations of hamsters and dietary methionine, lysine, leucine 
content and methionine/glycine ratios. Liver TC and TG concentrations of hamsters fed casein 
were significantly higher than those of all other diet groups. The supplementation of sweetpotato 
flour with soy flour increased both protein and TI activity in the diets and the lipid metabolism of 
hamsters were unaffected by TI activity. 
 
 
INTRODUCTION 
 
According to Wilson et al. (1998), sweetpotato and soybean were selected among the other 
potential crops, by the National Aeronautics and Space Administration’s (NASA) Advanced Life 
Support (ALS) Program to meet the nutritional requirements of astronauts during long-term 
space missions without re-supply from earth. Ravindran et al. (1995) and Picha (1985) 
mentioned that despite being regarded as a low-protein food, sweetpotato was selected due to a 
number of favorable features such as adaptability to diverse environments, provision of   
carbohydrate for energy and a very good source of beta-carotene and ascorbic acid.  
 
Zarkadas et al. (1993), Slavin (1991) and Wilson et al. (1998b) reported that soybean is a major 
source of vegetable protein for humans; it provides 50% protein as soy flour and 90% protein as 
isolated soy protein and this could meet the protein requirement of the astronauts since the 
husbandry and slaughter of animals in a space environment would be difficult. Many researchers 
have also summarized the potential health benefits of soy protein. Researchers such as Anderson 
et al. (1995), Potter et al. (1993), Messina (1995) and Hayakawa et al. (1998) have shown that 
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soybean may directly inhibit bone resorption, and has a role in the prevention and treatment of 
heart disease, kidney disease and cancer.  
 
However, both of these crops contain some anti-nutrients known as trypsin inhibitors (Lin & 
Chen, 1980; Belitz & Weder, 1990).  Studies of Khayambashi and Lyman (1966) and Booth et 
al. (1960) show that trypsin inhibitors (TI) could adversely affect the metabolism of methionine, 
threonine and valine by inhibiting proteolysis resulting in growth-retardation in growing animals.  
Rackis (1986) mention that although the heat treatment during food processing inactivates the TI 
activity, most commercially heated soy flours retain 5 to 20% of the original TI activity.   
 
Although Bressani et al. (1984) have suggested that sweetpotato protein requires large amounts 
of supple-mentation with bean flour to maintain normal animal weight, studies on the effects of 
sweetpotato and soybean flour complementary protein on growth and lipid metabolism are 
relatively rare.  Therefore, the objectives of this study were to (1) quantify TI activity in 
sweetpotato and soy flour diets and (2) investigate the effects of these complementary proteins 
when offered as the major source of protein on the growth performance and lipid metabolism of 
hamsters.  
 
 
MATERIALS AND METHODS 
 
Sweetpotato and soy flour 
 
For this study, a new transgenic asp-1 sweetpotato of genotype PI318846 –3 and parent 
nontransgenic sweetpotato were used. The transgenic asp-1 sweetpotato showed a 67% increase 
of total protein over nontransgenic sweetpotato.  Both of these sweetpotatoes were grown at the 
Tuskegee University George Washington Carver Agricultural Experiment Station, Tuskegee, 
Alabama. The harvested roots were cured at 30o to 35oC for 7 days with a relative humidity of 
90 to 95% and stored at 13oC.  The tubers were washed, peeled, sliced and freeze dried. The 
dried chips were ground into powder to make sweetpotato flour by using a power driven grinder 
and stored refrigerated in plastic bags for later preparation of diets.  Defatted soy flour used to 
supplement sweetpotato flour was supplied by Research Diets Inc., New Brunswick, NJ, USA.   
 
Experimental diet preparation 
 
The experimental diets, as shown in Table 1, were prepared according to the formula 
recommended by the AIN-76 (1977) guidelines. In this 28-day study, six experimental dietary 
treatments were fed to six groups of hamsters, (five animals per treatment group).  In two of the 
diets, transgenic asp-1 sweetpotato flour (TSPF) and parent nontransgenic sweetpotato flour 
(NTSPF) were supplemented with soy flour (SF) at a ratio of 60 : 40 suggested by Ameny et al. 
(1993) to improve the quality and quantity of dietary protein.  In the two other diets, TSPF and 
NTSPF were used as the sole source of protein.  The two control diets included casein and soy 
protein as the source of protein.  The diets were mixed and pelleted by Research Diets Inc., New 
Brunswick, NJ, USA. 
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Table 1.  Hamster diet formulations* from sweetpotatoes supplemented with soy flour (g/Kg) 
 
Ingredients Control Soy protein TSPF+SF NTSPF+SF TSPF NTSPF 
       
Casein 200 - - - - - 
Soy protein - 200 - - - - 
1TSPF - - 543 - 905 - 
2NTSPF - - - 543 - 905 
3SF - - 362 362 - - 
Sucrose 500 500 - - - - 
Corn starch 150 150 - - - - 
Fiber 50 50 - - - - 
Corn oil 50 50 50 50 50 50 
Mineral mix 35 35 35 35 35 35 
Vitamin mix 10 10 10 10 10 10 
 
* Diets were formulated according to AIN-76  1 TSPF – Transgenic sweetpotato flour 
2 NTSPF – Nontransgenic sweetpotato flour  3 SF –  Soy flour 
 
 
The diets were analyzed for proximate composition as shown in Table 2.  The total protein 
content, amino acid profiles and kilocalories of the diets were determined by Woodson-Tenent 
Laboratories, Inc., Memphis, TN, USA.  The TI activity (Table 2) in the diets was determined by 
Ralston Analytical Laboratories, St. Louis, MO, USA.  The amount of crude fats, moisture and 
ash were quantified according to AOAC procedures (1990).  All the diets were iso-caloric, low 
in fat, cholesterol free and similar in all respects, except for the source and the amount of protein.  
The essential amino acid compositions of the diets are shown in Table 3. 
 
Experimental animals 
 
The animal protocol was approved and maintained in accordance with the guidelines of the 
Tuskegee University Animal Care and Uses Committee (TUACUC).  Sixty newly weaned, 21–
28 day old male Golden Syrian hamsters with mean body weights of 57.49 g were obtained from 
Harlan Sprague Dawley (Indianapolis, IN, USA). The hamsters were housed individually in 
stainless-steel wire bottomed cages at 21o to 22oC on a 12-hour light/dark cycle and relative 
humidity of 50–55%.  There was a complete air exchange every ten min. After a three-day period 
of adaptation, the animals were weighed and randomly assigned to one of six experimental 
groups. Each hamster was fed an experimental diet and water ad libitum.  Food consumption was 
measured everyday and body weight gain was obtained twice a week.  The evaluation of protein 
quality was measured by protein efficiency ratio (PER), which was calculated by dividing weight 
gain by protein intake.  At the end of the experiment, the animals were fasted for 24 hours before 
sample collection of plasma and liver. 
 
Sample collection 
 
Fasting blood samples were collected by cardiac puncture while hamsters were anesthesized with 
a combination of Sodium Pentothal ® IP and Metophane ® via inhalation.  The samples were 
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centrifuged at 5000 rpm for ten mins in heparinized vacutainer tubes to separate the plasma, 
which was stored at – 70oC for further analysis.  Excised liver samples were soaked with 
absorbent paper, weighed and stored in plastic vials at – 70oC for lipid analysis. 
 
Table 2.  Proximate composition of the hamster diets 

 
Components Casein Soy protein TSPF+SF 3 NTSPF+SF 1TSPF 2NTSPF 
       
Protein (%) 24.00 18.00 20.00 19.00 6.00 5.00 
Fat (%) 5.00 5.00 7.00 7.00 8.00 8.00 
Carbohydrate (%) 63.00 68.00 58.00 58.00 71.00 73.00 
Moisture (%) 4.45 5.20 8.56 9.17 8.93 8.97 
Trypsin inhibitor       
(TIU/mg) <1.00 2.00 19.30 17.20 5.80 5.50 
Ash (%) 3.00 3.30 6.14 6.11 5.17 4.75 
Kcal/g 4.20 4.20 3.70 3.80 3.80 4.10 
 
1TSPF – Transgenic sweetpotato flour   3SF – Soy flour 
2NTSPF – Nontransgenic sweetpotato flour 
 
 
Table 3.  Essential amino acids composition of the hamster diets 
 

Casein Soy protein TSPF 1+SF 3 NTSPF 2 +SF TSPF NTSPF EAA* 

g/100g 
       
Tryptophan 0.35 0.17 0.32 0.32 0.12 0.11 
Threonine 0.97 0.66 0.82 0.81 0.26 0.24 
Valine 1.44 0.79 0.96 0.93 0.31 0.29 
Methionin 0.80 0.49 0.29 0.28 0.10 0.10 
Isoleucine 1.11 0.77 0.84 0.84 0.22 0.20 
Leucine 2.04 1.33 1.40 1.42 0.34 0.32 
Phenylalanine 1.11 0.86 0.95 0.94 0.28 0.26 
Histidine 0.70 0.50 0.52 0.53 0.19 0.21 
Lysine 1.75 1.05 1.13 1.15 0.27 0.26 
Met/Gly ratio 1.95 0.69 0.36 0.34 0.42 0.45 
 
* Essential amino acids  1 TSPF – Transgenic sweetpotato flour   
2 NTSPF – Nontransgenic sweetpotato flour  3 SF – Soy flour 
 
 
Table 4.  The effects of dietary protein on the growth of hamsters* 
 
Diets Food intake 

(g/28 days) 
Weight gain 
(g/28 days) 

Food efficiency 
ratio (FER) 

Protein efficiency 
ratio (PER) 

Corrected 
PER5 

      
Soy protein 173.90±1.70a 42.50±1.67a 0.24±0.0a 1.35±0.04a 3.72±0.05a 
TSPF 2+ SF 3 167.70±1.60a 2.90±2.36d 0.02±0.0c 0.09±0.07c 0.25±0.05c 
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NTSPF 4+ SF 171.30±1.80a 5.28±1.84d 0.03±0.0c 0.17±0.06c 0.47±0.05c 
TSPF 176.50±2.00a 14.02±2.05c 0.08±0.0b 1.35±0.017a 3.71±0.05a 
NTSPF 173.30±1.40a 8.94±1.61c 0.05±0.0b 0.94±0.15b 2.57± 0.05b 
 
Values in a column not sharing the same superscript 1  TSPF – Transgenic sweetpotato flour  
letters are significantly different (P<0.05) 2 NTSPF – Nontransgenic sweetpotato flour 
1 Data  expressed as mean ± S. E. 3  SF –  Soy flour 

 
 
Plasma lipoprotein analysis 
 
Plasma total cholesterol (TC), high density lipoprotein-cholesterol (HDL-C), low density 
lipoprotein-cholesterol (LDL-C), and triglycerides (TG) concentrations were determined by 
enzymatic assays using Sigma kits provided by Sigma Chemical Company, St. Louis, MO, USA 
(Sigma kits 352 for TC, 352-4 for HDL-C, 353 for LDL-C and 336 for TG ). 
 
Liver lipoprotein analysis 
 
Liver lipids were extracted by using a solution of chloroform/methanol (2:1 by volume) 
according to the method of Carlson & Goldfarb et al. (1977) with the following modifications.  
One g of tissue was homogenized with 20 ml of extracting solution (chloroform/methanol) and 
left overnight at room temperature (20 23oC).  After filtering with filter paper, 4 ml of 0.28% 
NaCl solution was added to the mixture and centrifuged at 6000 rpm for ten mins at 4oC.  The 
upper phase containing non-lipid substances was removed and 5 ml of 0.02 M NaCl solution was 
added and centrifuged for a second time.  The top aqueous layer was aspirated and 5 ml of 0.36 
M CaCl/MeOH (1:1) was added to the bottom organic layer.  The mixture was centrifuged at the 
same rate as before.  The upper layer was removed and lower phase (lipid extract) was analyzed 
enzymatically by using Sigma kits (purchased from Sigma Chemical Company, St. Louis, MO, 
USA) for liver TC and TG. 
 
Statistical analysis 
 
To determine the effects of different diets on the body weight and lipid metabolism of the 
hamsters, data from different diet groups were statistically analyzed by the ANOVA procedure. 
When significant effects related to diets occurred with ANOVA, Duncan’s New Multiple Range 
Test was used for comparison.  The effects of dietary treatments were considered significant at 
P<0.05. 
 
 
RESULTS 
  
The essential amino acids composition of the diets 
 
The nutritional quality of any protein is related to its amino acid composition, digestibility and 
the ability to supply the required amount of essential amino acids (EAA). The EAA 
compositions of the soy protein diet (Table 3) met the EAA requirement of humans (WHO, 
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1985).  The EAA composition of TSPF and NTSPF was low in comparison to the soy protein 
diet and deficient in tryptophan and methionine.  The amount of tryptophan, threonine, valine, 
leucine, phenylalanine and lysine were 9.09, 8.33, 6.9, 6.25, 7.69, 3.87.69, 3.85% higher 
respectively in TSPF than in NTSPF.  
 
Food consumption and body weight gain 
 
The total amount of food intake, body weight gain, food efficiency ratio (FER) and PER values 
are shown in Table 4.  No statistically significant differences were observed in the amount of 
food intake; however, body weight gain varied significantly (34.92, 42.50, 2.90, 5.28, 14.02 and 
8.94 for casein, soy protein, TSPF+SF, NTSPF+SF, TSPF and NTSPF respectively).  The food 
efficiency ratio (FER) of casein, soy protein, TSPF+SF, NTSPF+SF, TSPF and NTSPF diets 
were 0.22, 0.24, 0.02, 0.03, 0.08 and 0.05 respectively.  The FER of casein and soy protein diets 
were significantly higher over all other diets.  The PER of casein, soy protein, TSPF+SF, 
NTSPF+SF, TSPF and NTSPF diets were 0.91, 1.35, 0.09, 0.17, 1.35 and 0.94 respectively.   
 
Plasma and liver lipid concentrations 
 
The effects of feeding different diets on plasma lipid levels in hamsters are presented in Table 5.  
The group of hamsters fed the casein diet exhibited hypercholesterolemia and had a TC level of 
298 mg/dl which was significantly higher (P<0.05) than other diet groups. The plasma TC 
concentrations of hamsters fed the soy protein diet was 172 mg/dl, a 73% reduction compared to 
the casein diet.  Hamsters fed the TSPF+SF, NTSPF+SF, TSPF and NTSPF diet had 
significantly lower plasma TC concentrations of 118, 115, 101 and 106 mg/dl respectively.  
Similar effects were also observed in the LDL lipoprotein fraction.  Plasma LDL-C 
concentrations in hamsters fed the casein diet showed a 79% increase compared to the soy 
protein diet, which contributed to the development of hypercholesterolemia in hamsters. The 
LDL-C concentration of hamsters fed the soy protein diet was significantly higher than those of 
the sweetpotato diets. No significant differences were observed in the plasma HDL-C 
concentrations of hamsters who consumed either casein or soy protein diet; however, these 
values (55 and 51 mg/dl respectively) were significantly higher than those on the sweetpotato 
diets.  There were no significant differences observed in plasma TC, LDL-C and HDL-C 
concentrations of hamsters fed either TSPF+SF, NTSPF+SF, TSPF or NTSPF diets even though 
there was a variation in TI activity in these diets.  Plasma TG concentration of hamsters which 
consumed the casein diet was significantly higher (P<0.05) in comparison to soy protein and 
other sweetpotato diets.  The present findings are consistent with those of Roy & Schneeman 
(1981) who also reported that TI activity in the diet had no effect on cholesterol levels in mice.  
 
The effects of different dietary protein on liver lipid contents are presented in Table 7.   Liver TC 
content of hamsters fed the casein diet was significantly (P<0.05) higher than those of soy 
protein, TSPF+SF, NTSPF+SF, TSPF and NTSPF diets.  Hamsters fed TSPF+SF and 
NTSPF+SF diets had significantly higher levels of TC in comparison to soy protein, TSPF and 
NTSPF diets.  The TG content of the liver of hamsters fed the casein diet was significantly 
higher (P<0.05) than those of all other diet groups, however, there were no significant 
differences in liver TG content of hamsters fed either soy protein or sweetpotato diets.    Liver 
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TC of hamsters which consumed the soy protein diet was significantly lower compared to other 
diets. 
 
 
DISCUSSION 
 
The EAA composition of sweetpotatoes was increased when supplemented with soy flour.  The 
two supplemented diets (TSPF+SF and NTSPF+SF) were equivalent to the soy protein diet in 
regard to both protein content and essential amino acid profiles.  All of the EAA content of the 
casein diet (control) was higher than suggested requirements by FAO/WHO (1990).  
 
There was no significant difference in food consumption by hamsters in any of the six diet 
groups.  On the average, each hamster consumed more than 6 g of food daily except for the 
casein diet group, which was 5.7 g daily.  Similar results were also observed by Potter et al. 
(1996) and Balmir et al. (1996) who reported that weaning hamsters consumed 6 to 7.5 gm of 
food daily that contained isolated soy protein.   Hamsters fed the soy protein diets showed the 
highest weight gain, which was significantly different (P<0.05) from the other diet groups.  The 
casein diet also contributed to more weight gain than all of the sweetpotato diets.  The TI activity 
in these diets were <1 TIU/mg (casein) and 2.0 TIU/mg (soy protein) which apparently did not 
affect the growth of the hamsters perhaps because of a lower TI activity.  Hamsters fed TSPF+SF 
and NTSPF+SF diets showed growth retardation, whereas with TSPF and NTSPF diets they 
gained moderate weight.  Due to the lower protein content in these diets (TSPF and NTSPF), the 
growth of the hamsters was evidently lower than those fed casein or the soy protein diets, 
although the caloric value was similar in all of the diets.  The hamsters that received TSPF and 
NTSPF diets showed no significant differences (P>0.05) in their total body weight gain; 
however, with the TSPF diet, hamsters weighed more than those on the NTSPF diet.  These 
results suggest that the TI activity present in the TSPF (5.80 TIU/mg) and NTSPF (5.50 TIU/mg) 
diets (Table 2) did not interfere in the weight gain process of hamsters.  In contrast, the higher 
the quantity and quality of the transgenic sweetpotato protein, the greater the weight gain  
compared to non-transgenic sweetpotato protein. 
 
In this experiment, the TSPF+SF and NTSPF+SF diet contained 19–20% protein (Table 2) and 
the amino acid profile of the diets showed (Table 3) that the EAA composition of the diets was 
similar to the soy protein diet. However the animals on these diets gained significantly less 
weight in comparison to the other diets  This was possibly due to the high amount of TI activity 
present in both TSPF+SF (19.3 TIU/mg) and NTSPF+SF (17.2 TIU/mg) diets, mostly 
contributed by the soy flour.  Folsch et al. (1974) and Melmed and Bouchier (1969) reported that 
trypsin inhibitory substances induce pancreatic enlargement through stimulation of 
cholecystokinin release.  The enlarged pancreas tends to secrete an enhanced amount of 
pancreatic enzymes resulting in the loss of endogenous protein through the pancreas.  On the 
other hand, indigestion of dietary protein due to trypsin inhibitor activity makes it unavailable for 
absorption resulting in growth retardation of growing animals.  Flo et al. (1997) found the 
similar results also observed 53.9% TI activity in jojoba meal; the rats showed growth 
retardation at the end of the experiment. 
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The TSPF+SF and NTSPF+SF diets showed significantly lower FERs compared to the TSPF and 
NTSPF diets.  Hayakawa et al. (1998) found that FER of casein, soya milk and fermented soya 
milk were 0.23, 0.28 and 0.23 respectively and there were no significant differences between the 
casein and soya milk diets. These results are consistent with those of the present study.  The PER 
of soy protein and TSPF diets were significantly higher than all other diets.  The PER value of 
TSPF diet (1.35) demonstrated that transgenic sweetpotato protein quality was equivalent to soy 
protein.  Neves et al., (1980) showed that the PER of casein and soy protein was 2.5 and 1.81 
respectively, when rats were used as experimental animals.  However, Sarwar et al. (1985) 
mention that rats have a different amino acid requirement than humans; in particular, the 
methionine requirement for rats is thought to be 50 % higher.  Therefore, it is obvious that the 
PER value depends on the type of animals used in experimentation and their metabolic pattern.  
The corrected PER of all the diets was determined according to corresponding casein data. This 
showed that TSPF and soy protein had the same corrected PER value (3.7) that was significantly 
higher than the PER from other diets. 
 
The EAA profile of the diets (Table 3) showed that the casein diet contained a higher amount of 
all EAAs over plant protein diets.  Kurowska and Carroll (1990) report that the EAA 
compositions of casein are responsible for raising serum total and LDL-C concentrations.  
Further studies by Morita et al. (1997) and Kritchevsky et al. (1982) show that lysine and 
methionine are the most hypercholestrolemic of the amino acids.  In the present study, there were 
highly significant correlations were observed between plasma TC concentrations and dietary 
methionine concentrations (Table 6).  Significant correlations were also observed between  
ketogenic amino acids (lysine and leucine) and plasma TC concentrations.  Similar results were 
also found by Morita et al. (1997) who reported that cholesterol-free casein diets produced 
hyper-cholesterolemia in rats and that there is a positive correlation between plasma TC 
concentration and methionine content of the diets.  Methionine is not a ketogenic amino acid; 
however, its relationship with hypercholesterolemia is well explained by Khosla et al. (1991) and 
Chao et al. (1982) who made the important discovery that dietary methionine down-regulates 
hepatic LDL-receptors and precedes an increase in plasma TC. 
 
In the present study, direct effects on lipid metabolism of hamsters have also been noted when 
soy protein diets were fed.  The observed reduction in the TC was associated with the lowering 
of LDL-C concentrations.  Terpstra et al. (1991) concluded that the ß-lipoprotein component 
(LDL and VLDL) was responsible for the reduction of TC in hamsters fed cholesterol free 
semipurified diets. In studies with soy protein, Kim et al. (1980), Tanaka et al. (1984) and Potter 
(1995) have reported significant increases in bile acid excretion which in turn increases hepatic 
cholesterol synthesis to provide bile acid and LDL-receptor activity.  As a result, cholesterol is 
removed from the plasma via the LDL-receptors and thereby reduces plasma TC. The 
sweetpotato diets (TSPF+SF, NTSPF+SF, TSPF and NTSPF) also lowered plasma TC and LDL-
C in hamsters.  Morita et al. (1997) observed that the total steroid excretion (bile 
acids+cholesterol+coprostanol) by rats fed potato protein was significantly higher than on soy 
protein and casein diets.  They also found significant negative correlations between serum 
cholesterol concentrations and fecal steroid excretions.  Since several researchers (Huff and 
Carroll, 1980; Nagata et al. 1982; Jackson et al. 1993; Hayakawa et al. 1998) have suggested 
that increased fecal steroid excretion is the primary mediator of the hypo-cholesterolemic effects. 
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The findings of Morita et al. (1997) support the present study that hamsters maintained lowered 
TC with sweetpotato diets. 
 
There were significant differences in plasma HDL-C concentrations of hamsters fed either casein 
or soy protein diets from all other supplemented and non-supplemented sweetpotato diets.  Potter 
et al. (1996) found similar results.  The higher values of the HDL/LDL-C ratio for sweetpotato 
diets (TSPF and NTSPF) relative to the casein diet demonstrated that the reduction in plasma TC 
was due to the reduction in plasma LDL-C.  A high plasma TC/HDL-C ratio (5.4) was found in 
hamsters fed the casein diet in comparison to the other plant protein diets, the ratio range of 
which was 2.81 to 3.52 (Table 5).  The quality of soy protein and sweetpotato protein was 
responsible for the reduced liver TC in hamsters since the amount of corn oil added to each test 
diet was identical and the diets were cholesterol free.  Hayakawa et al. (1998) obtained similar 
results showing that the liver TC in hamsters fed soya milk and fermented soya milk were 
significantly lower than that of casein when the diet was cholesterol free.  They also reported that 
the addition of 0.35% cholesterol to the same diet raised the liver TC 3 to five-fold. 
 
Table 5.  Effects of dietary protein on plasma lipid levels in hamsters 
 

5TC 6TG 7HDL-C 8LDL-C HDL/LDL TC/HDL 

    ratio ratio 

Diets 

mg/dl 
       
Casein 1298.20±26.35a 332.00±51.90a 55.20+6.51a 174.20±16.66a 0.32 5.40 
Soy protein 172.20±14.12c 115.00±10.48b 51.40±4.57a 97.80±11.39b 0.53 3.35 
2TSPF+SF3 118.60±17.33b 104.00±24.25b 33.60±3.86b 64.20±11.13c 0.52 3.53 
NTSPF+SF 115.60±10.18b 81.00±8.86b 34.20±3.13b 65.20±8.08c 0.52 3.38 
TSPF 101.60±5.95b 69.00±4.30b 34.80±1.56b 53.00±4.44c 0.66 2.92 
NTSPF4 106.80±10.67b 89.00±18.05b 38.00±3.04b 51.00±6.07c 0.75 2.81 

 
Values in a column not sharing the same superscript   4 NTSPF – Nontransgenic  sweetpotato 
flour letters are significantly different (P<0.05)   5 TC – Total cholesterol 
1 Data expressed as mean ± S. E.    6 TG – Triglycerides 
2 TSPF – Transgenic sweetpotato flour    7 HDL -– High-density lipoprotein 
3 SF – Soy flour       8 LDL -–Low-density lipoprotein 
 
 
Table 6. Linear regression analysis among various factors influencing plasma cholesterol 

concentrations 
 
Independent variable (X) Dependent variable (Y) Correlation coefficient 
   
Methionine conc.* in diet Plasma cholesterol 0.895 
Lysine conc. in diet Plasma cholesterol 0.721 
Leucine conc. in diet Plasma cholesterol 0.692 
Methionine/glycine ratio Plasma cholesterol 0.854 
 
*Conc. – concentration 
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CONCLUSION 
 
Data from the present study suggests that dietary protein sources influences blood lipid 
parameters in hamsters. Significantly increased TC, TG and LDL-C in plasma and liver was 
found in hamsters on the casein diet more than in hamsters fed the other diets.  Selected dietary 
EAA significantly correlated to plasma concentrations of TC.  The low protein diets (5 to 6%) 
did affect the growth of the hamsters but not lipid metabolism in hamsters when the energy 
intake was not restricted.  Sweetpotato flour contained the least amounts of TI activity compared 
to soy flour.  When sweetpotato flour was supplemented with soy flour, TI activity increased 3- 
to 4- fold; these supplemented diets promoted growth retardation in hamster. However, they did 
not affect the lipid metabolism of hamsters. The current research indicates that casein is less 
atherogenic than soy and that TI activity in soy flour and sweetpotato flour induces growth 
retardation.  Therefore, it is recommended that when dietary menus are prepared for astronauts, 
sweetpotato flour could be supplemented with isolated soy protein but not with soy flour unless 
TI activity is inactivated. 
 
Table 7.  Effects of dietary protein on liver lipid levels in hamsters 
 
Diets Liver total cholesterol Liver triglycerides 
 mg/g 
   
Casein 190.20± 2.87a 123.00± 11.35a 
Soy protein 59.80±3.00c 59.00±3.56b 
TSPF+SF3 71.00±2.82b 59.40±2.80b 
NTSPF+SF 67.40±1.77b 56.20±2.47b 
TSPF2 60.40±1.91c 50.80±2.05b 
NTSPF4 56.40±3.18c 56.60±3.31b 
 
Values in a column not sharing the same superscript  2 TSPF – Transgenic sweetpotato flour 
letters are significantly different (P<0.05) 3 SF – Soy flour 
1 Data are expressed as mean ± S. E. 4 NTSPF – Nontransgenic sweetpotato flour 
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