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Fig. 1 Body weight curves of F344 rats fed diet containing  

Bengel-clea or Bengel-flake for 13 weeks 
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Fig. 2 Body weight curves of F344 rats fed diet containing  

sumecton or knipia for 8 weeks
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Treatment Control 
9%,+%$:8$%"! 9%,+%$:2$";%!

?(?5&@! ?('&@! <&@! A&@! ?(?5&@! ?('&@! <&@! A&@!

No. of animals 10 10 10 10 10 10 10 10 10 

Body weight (g) 319  ± 18.8  326  ± 20.8  329  ± 12.2  333  ± 11.6  333  ± 10.1  333  ± 15.3  332  ± 11.7  329  ± 11.5  329  ± 10.4  

  Absolute 

Brain (g) 2.00  ± 0.04  1.99  ± 0.06  1.98  ± 0.05  1.98  ± 0.03  2.01  ± 0.05  1.99  ± 0.03  2.00  ± 0.04  2.00  ± 0.03  1.97  ± 0.07  

Thymus (g) 0.21  ± 0.05  0.22  ± 0.02  0.22  ± 0.03  0.22  ± 0.02  0.22  ± 0.04  0.22  ± 0.03  0.23  ± 0.02  0.21  ± 0.02  0.20  ± 0.01  

Lungs (g) 0.96  ± 0.11  0.94  ± 0.14  0.95  ± 0.09  0.99  ± 0.09  1.02  ± 0.07  0.93  ± 0.07  0.97  ± 0.10  0.97  ± 0.10  1.04  ± 0.10  

Heart (g) 0.93  ± 0.07  0.94  ± 0.08  0.95  ± 0.03  0.95  ± 0.06  0.94  ± 0.04  0.96  ± 0.03  0.95  ± 0.05  0.96  ± 0.04  0.96  ± 0.06  

Spleen (g) 0.60  ± 0.04  0.63  ± 0.05  0.62  ± 0.04  0.65  ± 0.08  B! 0.64  ± 0.04  0.65  ± 0.03  0.63  ± 0.03  0.63  ± 0.04  0.64  ± 0.02  

Liver (g) 7.71  ± 0.47  7.80  ± 0.41  7.86  ± 0.39  7.96  ± 0.44  7.90  ± 0.32  8.07  ± 0.50  7.96  ± 0.36  7.88  ± 0.43  8.09  ± 0.31  

Adrenals (g) 0.04  ± 0.00  0.04  ± 0.00  0.04  ± 0.00  0.04  ± 0.01  0.04  ± 0.01  0.04  ± 0.00  0.04  ± 0.01  0.04  ± 0.00  0.04  ± 0.00  

Kidneys (g) 1.90  ± 0.13  1.90  ± 0.11  1.91  ± 0.05  1.93  ± 0.09  2.02  ± 0.15  1.95  ± 0.10  1.98  ± 0.08  2.02  ± 0.10  B! 1.98  ± 0.06  

Gnads (g) 3.12  ± 0.14  3.03  ± 0.16  3.09  ± 0.12  3.11  ± 0.14  3.15  ± 0.09  3.07  ± 0.12  3.08  ± 0.08  3.12  ± 0.12  3.07  ± 0.10  

  Relative  

Brain (g%) 0.63  ± 0.03  0.61  ± 0.03  0.61  ± 0.03  0.60  ± 0.02  0.60  ± 0.02  0.60  ± 0.03  0.60  ± 0.03  0.61  ± 0.02  0.60  ± 0.02  

Thymus (g%) 0.07  ± 0.01  0.07  ± 0.01  0.07  ± 0.01  0.07  ± 0.01  0.07  ± 0.01  0.06  ± 0.01  0.07  ± 0.01  0.06  ± 0.00  0.06  ± 0.00  

Lungs (g%) 0.30  ± 0.04  0.29  ± 0.04  0.29  ± 0.02  0.30  ± 0.03  0.31  ± 0.02  0.28  ± 0.01  0.29  ± 0.03  0.30  ± 0.03  0.32  ± 0.04  

Heart (g%) 0.29  ± 0.01  0.29  ± 0.01  0.29  ± 0.01  0.28  ± 0.02  0.28  ± 0.01  0.29  ± 0.01  0.29  ± 0.02  0.29  ± 0.01  0.29  ± 0.02  

Spleen (g%) 0.19  ± 0.01  0.19  ± 0.01  0.19  ± 0.01  0.20  ± 0.03  0.19  ± 0.01  0.19  ± 0.01  0.19  ± 0.01  0.19  ± 0.01  0.19  ± 0.01  

Liver (g%) 2.42  ± 0.08  2.39  ± 0.05  2.39  ± 0.07  2.39  ± 0.08  2.37  ± 0.04  2.42  ± 0.07  2.40  ± 0.06  2.40  ± 0.11  2.46  ± 0.04  

Adrenals (g%) 0.01  ± 0.00  0.01  ± 0.00  0.01  ± 0.00  0.01  ± 0.00  0.01  ± 0.00  0.01  ± 0.00  0.01  ± 0.00  0.01  ± 0.00  0.01  ± 0.00  

Kidneys (g%) 0.60  ± 0.02  0.58  ± 0.02  0.58  ± 0.01  0.58  ± 0.01  0.61  ± 0.04  0.59  ± 0.02  0.60  ± 0.02  0.62  ± 0.03  0.60  ± 0.03  

Gnads (g%) 0.98  ± 0.04  0.93  ± 0.04  0.94  ± 0.06  0.93  ± 0.03  0.95  ± 0.04  0.92  ± 0.04  0.93  ± 0.04  0.95  ± 0.05  0.93  ± 0.04  

Each value represents the mean ± SD.C!

*, **: Significantly different from control v.s. administered group at p < 0.05 and p < 0.01, respectively 

!"#$%&'(&)*+",&-%.+/0&12&3'44&*"05&2%6&6.%0&71,0".,.,+&8%,+%$97$%"&1*&8%,+%$92$":%&&21*&;'&-%%:5&<&2%="$%>!

Treatment Control 

8%,+%$97$%"! 8%,+%$92$":%!

?(?4&@! ?(A&@! ;&@! B&@! ?(?4&@! ?(A&@! ;&@! B&@!

No. of animals 10 10 10 10 10 10 10 10 10 

Body weight (g) 178.1  ± 4.0  176.9  ± 5.1  180.6  ± 7.3  177.4  ± 10.5  181.5  ± 5.3  177.7  ± 4.7  177.1  ± 5.5  176.8  ± 8.1  177.2  ± 7.2  

  Absolute 

Brain (g) 1.81  ± 0.03  1.81  ± 0.04  1.81  ± 0.05  1.78  ± 0.05  1.80  ± 0.04  1.81  ± 0.05  1.81  ± 0.04  1.82  ± 0.04  1.78  ± 0.08  

Thymus (g) 0.17  ± 0.01  0.17  ± 0.01  0.16  ± 0.02  0.17  ± 0.02  0.17  ± 0.03  0.17  ± 0.02  0.16  ± 0.03  0.17  ± 0.02  0.16  ± 0.02  

Lungs (g) 0.69  ± 0.05  0.66  ± 0.06  0.69  ± 0.07  0.68  ± 0.10  0.71  ± 0.07  0.66  ± 0.04  0.71  ± 0.07  0.68  ± 0.05  0.67  ± 0.08  

Heart (g) 0.57  ± 0.03  0.56  ± 0.04  0.59  ± 0.03  0.58  ± 0.04  0.60  ± 0.04  0.58  ± 0.04  0.58  ± 0.04  0.58  ± 0.05  0.58  ± 0.03  

Spleen (g) 0.39  ± 0.02  0.38  ± 0.02  0.40  ± 0.02  0.39  ± 0.03  0.41  ± 0.03  0.40  ± 0.02  0.39  ± 0.02  0.39  ± 0.03  0.39  ± 0.02  

Liver (g) 3.96  ± 0.21  3.86  ± 0.18  4.00  ± 0.16  3.97  ± 0.23  4.04  ± 0.23  3.93  ± 0.20  3.91  ± 0.08  3.94  ± 0.26  3.94  ± 0.20  

Adrenals (g) 0.04  ± 0.01  0.04  ± 0.00  0.04  ± 0.00  0.05  ± 0.01  0.04  ± 0.00  0.04  ± 0.00  0.04  ± 0.00  0.04  ± 0.00  0.04  ± 0.00  

Kidneys (g) 1.16  ± 0.06  1.15  ± 0.05  1.15  ± 0.04  1.15  ± 0.08  1.14  ± 0.05  1.11  ± 0.07  1.13  ± 0.06  1.13  ± 0.07  1.13  ± 0.07  

Gnads (g) 0.05  ± 0.01  0.06  ± 0.02  0.06  ± 0.01  0.05  ± 0.01  0.05  ± 0.01  0.06  ± 0.00  0.05  ± 0.00  0.05  ± 0.01  0.05  ± 0.00  

  Relative  

Brain (g%) 1.02  ± 0.03  1.02  ± 0.03  1.00  ± 0.05  1.00  ± 0.05  0.99  ± 0.04  1.02  ± 0.03  1.02  ± 0.02  1.03  ± 0.03  1.01  ± 0.05  

Thymus (g%) 0.10  ± 0.01  0.09  ± 0.01  0.09  ± 0.01  0.10  ± 0.01  0.09  ± 0.01  0.10  ± 0.01  0.09  ± 0.01  0.10  ± 0.01  0.09  ± 0.01  

Lungs (g%) 0.39  ± 0.03  0.38  ± 0.03  0.39  ± 0.05  0.38  ± 0.04  0.39  ± 0.03  0.37  ± 0.02  0.40  ± 0.03  0.39  ± 0.03  0.38  ± 0.04  

Heart (g%) 0.32  ± 0.02  0.32  ± 0.02  0.33  ± 0.02  0.32  ± 0.01  0.33  ± 0.02  0.33  ± 0.02  0.33  ± 0.02  0.33  ± 0.02  0.33  ± 0.01  

Spleen (g%) 0.22  ± 0.01  0.22  ± 0.01  0.22  ± 0.01  0.22  ± 0.01  0.22  ± 0.02  0.23  ± 0.01  0.22  ± 0.01  0.22  ± 0.01  0.22  ± 0.01  

Liver (g%) 2.22  ± 0.10  2.18  ± 0.11  2.22  ± 0.08  2.24  ± 0.08  2.23  ± 0.14  2.21  ± 0.06  2.21  ± 0.08  2.22  ± 0.08  2.22  ± 0.08  

Adrenals (g%) 0.02  ± 0.00  0.02  ± 0.00  0.02  ± 0.00  0.03  ± 0.00  0.02  ± 0.00  0.02  ± 0.00  0.02  ± 0.00  0.02  ± 0.00  0.02  ± 0.00  

Kidneys (g%) 0.65  ± 0.03  0.65  ± 0.03  0.64  ± 0.03  0.65  ± 0.02  0.63  ± 0.04  0.62  ± 0.03  0.64  ± 0.03  0.64  ± 0.02  0.64  ± 0.03  

Gnads (g%) 0.03  ± 0.01  0.03  ± 0.01  0.03  ± 0.00  0.03  ± 0.00  0.03  ± 0.00  0.03  ± 0.00  0.03  ± 0.00  0.03  ± 0.01  0.03  ± 0.00  

Each value represents the mean ± SD. 

*, **: Significantly different from control v.s. administered group at p < 0.05 and p < 0.01, respectively 
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Table 4. Hematology date of male F344 rats fed diet containing Bengel-clea or Bengel-flake for 13 weeks 

Treatment Control 
Bengel-clea  Bengel-flake  

0.04% 0.20% 1% 5% 0.04% 0.20% 1% 5% 

No. of animals 10 10 10 10 10 10 10 10 10 

!!WBC (x102/µl) 41  ± 11  49  ± 9  45  ± 8  45  ± 8  59  ± 11** 49  ± 11  44  ± 7  49  ± 5  53  ± 11* 

!!RBC (x104/µl) 956  ± 63  955  ± 56  928  ± 35  908  ± 104  933  ± 72  972  ± 48  973  ± 36  970  ± 45  939  ± 69  

!!HGB (g/dL) 16.2  ± 0.9  16.4  ± 0.7  16.1  ± 0.3  15.6  ± 1.9  16.3  ± 1.6  16.5  ± 0.5  16.6  ± 0.6  17.0  ± 0.4  16.5  ± 1.1  

!!HCT (%) 51.0  ± 2.9  50.7  ± 2.7  49.3  ± 1.8  48.3  ± 5.5  49.8  ± 3.7  51.5  ± 2.1  51.3  ± 1.9  51.4  ± 2.4  49.9  ± 3.3  

!!MCV (fL) 53.4  ± 0.7  53.1  ± 0.4  53.1  ± 0.6  53.1  ± 0.7  53.5  ± 0.5  53.0  ± 0.6  52.8  ± 0.6  53.0  ± 0.4  53.1  ± 0.6  

!!MCH (pg) 17.0  ± 0.6  17.2  ± 0.4  17.3  ± 0.4  17.2  ± 0.3  17.5  ± 0.5  17.0  ± 0.5  17.0  ± 0.5  17.6  ± 0.6* 17.6  ± 0.3* 

!!MCHC (g/dL) 31.8  ± 0.7  32.4  ± 0.7  32.6  ± 0.8  32.3  ± 0.9  32.7  ± 1.0  32.2  ± 0.7  32.3  ± 0.7  33.2  ± 1.0** 33.1  ± 0.5** 

!!PLT (x104/µl) 68.1  ± 17.1  75.3  ± 10.6  78.0  ± 4.8  73.0  ± 9.4  73.2  ± 10.6  76.5  ± 6.0  77.6  ± 3.3  81.9  ± 5.8** 80.5  ± 8.1* 

Differential counts (%) 

!!Band form 

neutrophils 
0.2  ± 0.3  0.2  ± 0.3  0.1  ± 0.2  0.1  ± 0.2  0.2  ± 0.3  0.1  ± 0.2  0.3  ± 0.4  0.2  ± 0.3  0.1  ± 0.2  

!!Segmented 

neutrophils 
24.9  ± 6.4  24.5  ± 3.1  28.4  ± 7.4  25.2  ± 5.0  25.8  ± 6.5  27.2  ± 6.3  26.5  ± 7.1  27.3  ± 5.7  25.4  ± 2.7  

!!Eosinophils 1.0  ± 0.8  1.6  ± 1.2  1.4  ± 0.8  1.4  ± 0.7  0.9  ± 0.6  1.3  ± 0.8  1.3  ± 0.8  1.0  ± 1.0  1.1  ± 0.8  

!!Basophils 0 0 0 0 0 0 0 0 0 

!!Lymphocytes 73.5  ± 5.8  73.6  ± 2.8  69.6  ± 7.4  73.0  ± 5.1  72.5  ± 6.4  70.9  ± 6.5  71.3  ± 7.2  71.4  ± 5.4  73.2  ± 3.3  

!!Monocytes 0.5  ± 0.7  0.2  ± 0.3  0.6  ± 0.6  0.4  ± 0.5  0.6  ± 0.6  0.6  ± 0.8  0.6  ± 0.8  0.3  ± 0.4  0.3  ± 0.5  

!!Reticulocytes 0 0 0 0 0 0 0.1  ± 0.3  0 0.1  ± 0.3  

Each value represents the mean ± SD. 

", **: Significantly different from the control at p < 0.05 and p < 0.01, respectively 
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Table 6. Biochemical changes of male F344 rats fed diet containig Bengel-clea or Bengel-flake for 13 weeks!!

Treatment Control 
Bengel-clea !! Bengel-flake  

0.04% 0.20% 1% 5% 0.04% 0.20% 1% 5% 

No. of animals 10 10 10 10 10 10 10 10 10 

TP g/dL 6.7  ± 0.2  6.6  ± 0.2  6.6  ± 0.2  6.6  ± 0.2  6.5  ± 0.1  6.6  ± 0.2  6.6  ± 0.1  6.5  ± 0.3  6.6  ± 0.3  

Alb g/dL 1.9  ± 0.1  1.9  ± 0.2  1.9  ± 0.1  1.8  ± 0.2  1.9  ± 0.1  2.0  ± 0.1  2.0  ± 0.1  2.0  ± 0.2  2.0  ± 0.1  

A/G 4.4  ± 0.1  4.3  ± 0.1  4.3  ± 0.1  4.3  ± 0.2  4.3  ± 0.1  4.3  ± 0.1  4.4  ± 0.1  4.3  ± 0.1  4.3  ± 0.2  

Bil mg/dL 0.04  ± 0.01  0.04  ± 0.01  0.04  ± 0.01  0.04  ± 0.01  0.04  ± 0.01  0.04  ± 0.01  0.04  ± 0.01  0.04  ± 0.01  0.04  ± 0.00  

Gluco

se mg/dL 
170  ± 8  163  ± 18  162  ± 11  167  ± 17  169  ± 31  168  ± 17  158  ± 14  156  ± 27  164  ± 11  

TG mg/dL 135  ± 30  123  ± 24  124  ± 28  120  ± 25  96  ± 15 * 121  ± 28  114  ± 23  111  ± 50  139  ± 25  

T-Cho mg/dL 68  ± 6  67  ± 4  70  ± 4  67  ± 4  66  ± 4  66  ± 6  68  ± 4  65  ± 5  66  ± 4  

BUN mg/dL 24  ± 3  22  ± 2  21  ± 2 * 22  ± 2  22  ± 2  23  ± 2  22  ± 2  22  ± 3  24  ± 3  

Cre mg/dL 0.30  ± 0.02  0.31  ± 0.03  0.29  ± 0.01  0.31  ± 0.01  0.29  ± 0.02  0.31  ± 0.01  0.31  ± 0.02  0.30  ± 0.04  0.30  ± 0.03  

Na mEQ/L 145  ± 1  145  ± 0  145  ± 1  145  ± 1  144  ± 1  145  ± 1  145  ± 1  144  ± 1  144  ± 1 * 

Cl mEQ/L 105  ± 1  105  ± 1  104  ± 1  105  ± 1  104  ± 1  104  ± 1  104  ± 1  104  ± 1  104  ± 2 * 

K mEQ/L 4.5  ± 0.1  4.6  ± 0.2  4.5  ± 0.1  4.5  ± 0.1  4.6  ± 0.2  4.5  ± 0.1  4.5  ± 0.2  4.6  ± 0.3  4.6  ± 0.2  

Ca mg/dL 10.2  ± 0.2  10.2  ± 0.2  10.1  ± 0.2  10.3  ± 0.2  10.0  ± 0.2 * 10.2  ± 0.1  10.3  ± 0.1  10.2  ± 0.3  10.1  ± 0.2  

IP mg/dL 5.4  ± 0.8  5.5  ± 0.6  5.4  ± 0.4  5.6  ± 0.1  5.8  ± 0.3  5.5  ± 0.3  5.3  ± 0.6  5.3  ± 0.6  5.3  ± 0.5  

AST IU/L 82  ± 16  85  ± 10  82  ± 11  79  ± 12  78  ± 12  82  ± 6  88  ± 20  82  ± 14  84  ± 19  

ALT IU/L 58  ± 13  59  ± 8  57  ± 11  55  ± 6  52  ± 7  57  ± 4  62  ± 12  54  ± 8  53  ± 10  

ALP IU/L 418  ± 36  414  ± 31  405  ± 42  420  ± 24  398  ± 19  421  ± 16  411  ± 21  403  ± 32  440  ± 33  

!GTP IU/L "3 "3 "3 "3 "3 "3 "3 "3 "3 

Each value represents the mean ± SD. 

* : Significantly different from control v.s. administered group at p < 0.05 

Table 7. Biochemical changes of female F344 rats fed diet containig Bengel-clea or Bengel-flake for 13 weeks!!!

Treatment Control 
Bengel-clea !! Bengel-flake  

0.04% 0.20% 1% 5% 0.04% 0.20% 1% 5% 

No. of animals 10 10 10 10 10 10 10 10 10 

TP g/dL 6.5  ± 0.2  6.5  ± 0.2  6.4  ± 0.2  6.5  ± 0.2  6.5  ± 0.4  6.4  ± 0.2  6.5  ± 0.3  6.4  ± 0.2  6.5  ± 0.2  

Alb g/dL 2.3  ± 0.2  2.3  ± 0.2  2.4  ± 0.2  2.3  ± 0.2  2.2  ± 0.1  2.4  ± 0.2  2.3  ± 0.1  2.4  ± 0.1  2.3  ± 0.2  

A/G 4.5  ± 0.2  4.5  ± 0.2  4.5  ± 0.1  4.5  ± 0.1  4.5  ± 0.3  4.5  ± 0.1  4.5  ± 0.2  4.5  ± 0.1  4.5  ± 0.2  

Bil 
mg/dL 

0.03  ± 0.03  0.05  ± 0.01*  0.04  ± 0.01  0.05  ± 0.01 * 0.05  ± 
0.01 

** 
0.05  ± 0.01  0.05  ± 0.01 * 0.05  ± 0.01 * 0.05  ± 0.00 * 

Glucose mg/dL 138  ± 11  126  ± 14  124  ± 22  129  ± 19  126  ± 18  134  ± 11  126  ± 14  136  ± 10  137  ± 15  

TG mg/dL 62  ± 29  64  ± 28  57  ± 22  50  ± 25  57  ± 34  62  ± 23  76  ± 39  66  ± 34  74  ± 23  

T-Cho mg/dL 90  ± 9  92  ± 6  91  ± 5  87  ± 5  86  ± 8  88  ± 5  87  ± 11  94  ± 10  93  ± 7  

BUN mg/dL 23  ± 4  22  ± 2  21  ± 3  21  ± 3  22  ± 2  22  ± 2  22  ± 2  22  ± 1  22  ± 3  

Cre mg/dL 0.32  ± 0.02  0.31  ± 0.03  0.31  ± 0.02  0.32  ± 0.02  0.31  ± 0.02  0.31  ± 0.01  0.32  ± 0.02  0.33  ± 0.02  0.33  ± 0.03  

Na mEQ/L 144  ± 1  145  ± 1  144  ± 1  145  ± 1  145  ± 1  144  ± 1  145  ± 1  144  ± 1  144  ± 0  

Cl mEQ/L 107  ± 1  106  ± 1  106  ± 1  107  ± 1  106  ± 1  106  ± 1  106  ± 1  106  ± 1  106  ± 1  

K mEQ/L 4.2  ± 0.2  4.1  ± 0.2  4.3  ± 0.1  4.2  ± 0.1  4.4  ± 0.5  4.2  ± 0.2  4.2  ± 0.3  4.1  ± 0.2  4.2  ± 0.2  

Ca mg/dL 9.9  ± 0.2  10.0  ± 0.3  9.9  ± 0.1  9.9  ± 0.2  10.1  ± 0.3  10.0  ± 0.1  10.0  ± 0.1  10.1  ± 0.3  10.0  ± 0.3  

IP mg/dL 4.6  ± 0.5  4.9  ± 1.0  4.8  ± 0.9  4.8  ± 1.0  5.2  ± 1.1  4.9  ± 0.5  4.3  ± 0.9  4.2  ± 0.7  4.6  ± 0.7  

AST IU/L 70  ± 7  74  ± 12  69  ± 6  68  ± 5  74  ± 19  68  ± 6  69  ± 5  67  ± 4  68  ± 2  

ALT IU/L 43  ± 7  40  ± 4  38  ± 6  35  ± 6 * 39  ± 6  41  ± 6  40  ± 5  37  ± 2  43  ± 10  

ALP IU/L 276  ± 43  269  ± 41  253  ± 40  275  ± 35  248  ± 24  273  ± 39  260  ± 49  278  ± 41  267  ± 32  

!GTP 
IU/L 

"3 "3 "3 "3 "3 
"

3 
"3 "3 "3 

Each value represents the mean ± SD. 

*, **: Significantly different from control v.s. administered group at p < 0.05 and p < 

0.01, respectively 
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