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INTRODUCTION

The annual output of agricultural wastes in Taiwan 
is more than 5 million MT (Council of Agriculture Annual 
Report, 2011), including seven major categories: cereal 
waste, special crop waste, vegetable and fruit waste, food 
factory waste, mushroom culture medium waste, live-
stock and cultivation waste, as well as garden and street 
tree (Yang, 1992).  The corn cob is classified as cereal 
waste; its annual output is about 200,000 MT (Yang et 
al., 2003).  It contains 41% cellulose, 36% hemicellulose, 
3% cutin and 0.6% lignin (Lu, 1993), and is used mainly 
as fuel, compost cultivation medium and for seedling–rais-
ing.  The bagasse pith belongs to special crop waste.  The 
Council of Agriculture (COA) Annual Report indicated 
that the production of sugarcane was 548,455 MT in 2011.  
The production of bagasse pith is 23% of cane stalk, about 

126,145 MT.  Its principal constituents include 20% lignin, 
46% cellulose, 24.5% hemicellulose, 2.4% ash and 2% 
crude protein (Yang et al., 2003); at present, 60% is used 
as fuel for the boilers of sugar mills (Chou, 1998).  In addi-
tion, according to 2008 COA Annual Report, the mush-
room production of Taiwan is 4,233 MT, including 3,887 
MT of space bag mushroom and 346 MT of wood–based 
mushroom.  The weight of the stalk is 50% of an entire 
mushroom, its annual production is about 1,945 MT.  Its 
principal constituents include 20.3% crude protein, 3.4% 
crude fat, 8.9% coarse fiber, 52.9% nitrogen free extract 
and 4.2% ash (Tung et al., 1961).  It is mostly used as raw 
material in food processing. 

The activated carbon (AC) is a type of porous car-
bonaceous matter (Hsieh, 1998).  At present, the common 
raw materials (precursor) for preparing AC are fibrous 
materials, such as coconut shell, peanut shell, rice hull, 
hardcore, coffee bean, bagasse, and cotton seed hull.  
Commercial AC is mostly wood, coconut shell and coal 
(Wigmans, 1989).  The AC has a very special pore struc-
ture, usually represented by pore volume and pore size 
(Lu, 1994).  Based on the distribution of pores in different 
diameters, pore structure and high specific surface area, 
the specific surface area of AC is usually 500 to 1,500 m2/g 
(Huang, 2002).  It is more applicable to adsorbing organic 
pollutants for its high specific surface area (Wu and 
Tseng, 2000).  The precursor for preparing an AC is high 
carbon material.  Most agricultural wastes contain high 
content of cellulose; if the agricultural wastes can be pre-
pared into AC efficiently, the value of waste is increased.  
On the other hand, the “Resource Recovery Four–in–
One Program” and the policy of “Full Waste Classification 
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and Zero Waste Group Action Plan” promoted by the 
Environmental Protection Administration (EPA) in 
Taiwan would be fulfilled.  

The three agricultural wastes may be made into func-
tional AC, for example, for diet (e.g. placed in salt, pep-
per or flavoring jars to keep them dry and prevent deli-
quescence and foreign flavor; the AC can be mixed with 
various foods; it can remove in vivo toxins with defeca-
tion) or as treatment process (e.g. purifying drinking or 
medical water, indoor and outdoor or in–car aromatics; 
conserving medical drugs), the feasibility of AC as func-
tional environmentally friendly material is studied herein.  
The prepared AC according to Item 2, Article 3 of Health 
Food Control Act and the health food safety assessment 
method specified in W.S.S.Z.  No. 88037803 announce-
ment of Ministry of Health and Welfare (1999) in Taiwan, 
referring to the “Good Laboratory Practice for Nonclinical 
Laboratory Studies” announced by the Ministry of Health 
and Welfare on June 29, 1998, was investigated.  However, 
the Ames test should be carried out before the biological 
safety assessment (Ames, 1975); when it is confirmed 
without mutagenicity, and applied to mammalian in vivo 
testing.  The mammalian test contains an acute toxicity 
test and subacute toxicity test.  The preliminary experi-
ment on mammals is conducted before the acute toxicity 
test and subacute toxicity test, to avoid inappropriate dos-
age resulting in unnecessary sacrifices.  The feeding dose 
for acute and subacute toxicity tests was 5–10 times the 
maximum dose level for subacute toxicity test (1 g/kg/
day) specified by the Ministry of Health and Welfare 
(Ministry of Health and Welfare, 1998); meanwhile, the 
maximum dose level of AC as antidote (1 g/kg) in the pre-
vention and response manual (Emergency Response 
Information Center, 2006) written by the Emergency 
Response Information Center was referred to, and this 
test was carried out referring to the dose.  

To sum up, this study used three agricultural wastes 
to prepare AC, and assessed its characteristics and safety 
for organisms.  The prepared AC with better porosity and 
adsorptivity was used for cytotoxicity and mutagenicity, 
as well as rodent safety tests.  The purpose was to evalu-
ate the safety of agricultural waste AC for organisms, in 
order to discuss the feasibility of adding it in various foods 
as diet, or using it as functional environmentally friendly 
material in the treatment processes.

MATERIALS AND METHODS

Specimen preparations and characteristics
Precursor

Corn cob: sweet corn (Z. mays L.var.rugosa Bonaf) 
was bought from a farmer in the market.  The cob was 
prepared and cut to about 3×3×2.5 cm.  Mushroom stalk: 
Lentinus edodes (Berk) stalk, in size of about 
1×1×3 cm, provided by Zhushan Pu Yuan Art Studio.  
Bagasse pith: the squeezed sugarcane (Saccharum offic-
inarum) bagasse was used, bought from a specific 
farmer in the market; the size was about 1.5×0.5×2 cm.  
Three precursors were dried in oven at 105˚C for future 
use.

Salmonella typhimurium (S. typhimurium)
The test strains were included TA98 and TA100, 

bought from Bioresource Collection and Research Center, 
Food Industry Research and Development Institute in 
Taiwan. 
Rat liver mixture (S9)

Some substances lack toxicity in nature, but when 
they are activated by the enzymes in a human or animal 
body, and carcinogenic substances are formed.  Some 
toxicants are metabolized to derivants without carcino-
genicity.  These are drug–metabolizing enzymes active 
in detoxifying extraneous materials in vivo.  Various tis-
sues of animals have these enzymes, and the highest con-
tent is in the liver.  S9 is the rat liver cell extract; this 
enzyme is added to simulate the intravital metabolism of 
organisms. 
Sprague–Dawley rat (SD rat)

They were bought from National Laboratory Animal 
Center, incorporated foundation National Applied 
Research Laboratories in Taiwan, there were 20 4–5 
week old male and female SD rat for acute animal test-
ing, and there were 40 4–5 week old male and female SD 
rat for subacute animal testing. 

Measurement of basic properties of precursor
Water content: the prepared precursor was taken at 

random, placed in an oven at 105˚C, dried to constant 
weight, and the water content was calculated.  Specific 
gravity: the precursor was taken at random, placed in an 
oven at 105˚C, dried to constant weight, and the absolute 
dry volume was measured to calculate the specific gravity.  
Ash content: the ash content is measured in accordance 
with CNS 67176.  The weight of content was measured 
repeatedly till the error was less than 0.1 mg. 

Preparation and iodine value of AC
The corn cob, mushroom stalk and bagasse pith were 

put in the closed container of super–high temperature 
vacuum carbonization activation equipment (Chi–How 
Heating Co., Ltd.).  One dose was about 40 g.  The nitro-
gen was added in at Stage I to make the container oxy-
gen free.  The heating rate was 10˚C/min, and the carboni-
zation temperature was 700, 750, 800, 850, 900 and 950˚C.  
The activation of Stage II began when the desired tem-
perature was reached.  The temperature was 700, 750, 
800, 850, 900 and 950˚C.  The imported gas was carbon 
dioxide, and the activation time was 90 min.  At Stage III, 
the materials were cooled by nitrogen to normal temper-
ature and taken out.  The aforesaid preparation condi-
tions refer to (Chang et al., 2001; Juang et al., 2002).  The 
equation for AC yield (Y) is Y (%) = bone dry weight of 
AC/absolute dry weight of test material×100. 

The iodine value is tested as per JIS K 1474 (1991).  
The AC particle size was 40 to 60 mesh.  The equation of 
iodine adsorption quantity is I = (10–K×f)×12.69×5/M; 
(I: iodine adsorption quantity (mg/g); K: volume of sodium 
thiosulfate solution for titration (ml); f: ratio of 0.1N 
sodium thiosulfate solution to O.1N iodine solution; M: 
absolute dry weight of sample). 
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Ames test
Cytotoxicity

1, 2.5, 5.0, 7.5 and 10.0 mg corn cob (activation tem-
perature 850˚C), bagasse pith AC (850˚C) and mushroom 
stalk AC (800˚C) were put in the test tube, mixed with 
0.7 mL phosphate buffer saline and 0.1 mL S. typhimu-
rium TA98 and TA100, and cultured overnight in nutri-
ent broth.  If there was additional S9, the aforesaid addi-
tion level was changed to 0.2 mL phosphate buffer saline, 
0.1 mL S. typhimurium TA98 and TA100, and cultured 
overnight in nutrient broth and 0.5 mL S9 or zero S9.  
Afterwards, the test tube was pre–cultured at 37˚C for 
20 min, the dilute mixed liquor was taken out, and then 
1 mL diluent was put in the plate, mixed with nutrient 
agar and shaken up.  When the mixture solidified, the 
plate was placed in the incubator at 37˚C for 48 h.  The 
colony count was calculated; if the bacterial count of test 
group (with 0.5 mL S9 or without S9) is larger than the 
bacterial count of control group by 80%, there is no tox-
icity (Ames, 1975). 

Mutagenicity
The mutagenicity is analyzed by using the method 

proposed by Maron and Amest (1983), and the dose range 
is selected according to the maximum dose level (5 mg/
plate) specified by the Ministry of Health and Welfare 
(1999).  The test dose selected for this mutagenicity test 
(±S9) was 1–10.0 mg/plate.  1, 2.5, 5.0, 7.5 and 10.0 mg 
corn cob, bagasse pith and mushroom stalk AC and 0.1 
mL phosphate buffer and 0.1 mL S. typhimurium TA98 
and TA100 cultured overnight in nutrient broth were put 
in the test tube, mixed with 0.6 mL phosphate buffer 
saline, and cultured at 37˚C for 20 min.  Afterwards, the 
mixture was mixed with 2 mL 45˚C Molten Top Agar 
(including 0.05 mM L–histidine, 0.05 Mm Biotin and 
0.09 M NaCl) uniformly; the Nutrient Agar was poured 
into the plate.  When the mixture solidified, the plate 
was put in the incubator at 37˚C for 48 h, and then the 
colony count was calculated.  In addition, the phosphate 
buffer saline only was a pair of blank groups (Control).  
If the colony count of the TA98 and TA100 test group is 
larger than the control group by more than two times, 
the specimen has mutagenicity (Maron and Amest, 1983). 

Biological safety assessment
Feeding and management

According to general experimental animal feeding 
and management, the ambient temperature of feeding is 
23±2˚C, the relative humidity is 40–60%, lighting and 
darkness last 12 h each, and adequate feedstuff and water 
are provided.  The animals were raised in Macrolon Cages 
with stainless steel cover.  The bedding was Northern 
White Maple (Bedding Company).  The feedstuff was 
Fwusow brand.  The animals were raised for 5–7 days 
before test.  The test material was given at a fixed time 
every day during the test period.  The dose depended on 
the weight.  The feed was delivered via stomach tube from 
the mouth. 
Acute animal test

There were a control group and a test group; each 

group had 20 SD rat, male and female were half and half.  
The test group takes the maximum feeding dose (5 g/kg) 
of the preliminary test as its dose, and the control group 
was fed with only physiological saline solution.  The 
result is the dose reference for subacute toxicity test. 
Subacute animal test

The SD rat was divided into four groups at random.  
Each group had 20 rats, male and female were half and 
half; there were 80 rats in all.  The dose was 5–10 times 
of maximum dose level (1 g/kg/day) for the subacute tox-
icity test as specified by the Ministry of Health and 
Welfare in Taiwan.  According to the results of the pre-
liminary test and acute animal test, the maximum dose 
level for this test was 5 g/kg/day.  The four groups were 
physiological saline solution (control group), low dose 
group (0.5 g/kg/day), moderate dose group (1 g/kg/day) 
and high dose group (5 g/kg/day).  The corn cob AC was 
fed through feeding tube for 28 days.  When the test 
period ends, the feeding was stopped for 24 hours on the 
27th Day, then the rats were stupefied with ether, and the 
blood was taken from the vena portae hepatica for clini-
cal pathology analysis.
Feed conversion rate

The dose was given according to the weight of the 
tested animal; the weight, food and water consumption 
were recorded at least once per week to calculate the feed 
conversion rate. 
Organ observation and weighing

All the organs of the experimental animal were 
weighed, and their relative weight to the body weight was 
calculated; equation: relative weight percentage of organs 
(%)= organ weight (g)/body weight (g)×100; then the 
tissues were made into specimens and covered, and the 
pathological tissues were observed. 
Urinalysis

The chemical examination of urine used Japanese 
AMES ten–item urine test paper.  The items include: 
urine color, specific gravity (Sp.Gr.), hydrogen ion con-
centration (pH),occult blood (O.B), nitrite, ketones, glu-
cose and so on. 
Blood examination

The blood was collected in the anticoagulant test tube 
containing heparin (Lithium Heparin Plasma tube, Becton, 
Dickinson and Company, NJ, USA); the white blood cell 
(WBC) count, red blood cell (RBC) count, hemoglobin 
(HGB) and hematocrit (HCT) were measured by full 
automatic hemocytometer (SYSMEX K1000). 
Blood serum biochemical analysis

The blood was collected in the test tube without 
anticoagulant; when the blood was agglutinated, the 
blood serum was separated centrifugally, the alanine 
aminotransferase (ALT) and aspartate aminotransferase 
(AST) were measured by blood serum biochemical auto-
analyzer (CIBA–CORNING). 

Statistical analysis
The test results of the feed conversion rate of SD rats, 

relative weight of organs, blood serum analysis, urinaly-
sis, and blood analysis were represented by average val-
ues (standard deviation).  The control group and test 
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group are compared by Duncan’s analysis.  If the ρ 
value is smaller than 0.05, meaning significant difference 
between test group and control group, it is represented 
by different letters. 

RESULTS AND DISCUSSION

Basic properties of precursor
In terms of basic properties of the precursors, the 

range of water content was 10 to 11%.  The mushroom 
stalk had the maximum specific gravity of 0.34, and the 
bagasse pith had the minimum, 0.13.  The ash content of 
three precursors was 2.4 to 3.2%, the mushroom stalk had 
the maximum ash content, and the corn cob had the 
minimum content.  Generally, higher ash content in AC 
represents worse purity, such as the ash content in tem-
perate tree species is lower than 0.5%; in partial tropical 
tree species it is 1 to 4% (Wang and Ting, 1984).  In terms 
of principal constituents of three precursors, according 
to some studies, the principal constituents of corn cob 
include 41% cellulose, 36% hemicellulose and 0.6% lignin 
(Lu, 1993); the sugarcane bagasse contains 20% lignin, 
46% cellulose and 24.5% hemicellulose (Hsia, 1972); and 
the mushroom stalk contains 52.9% nitrogen free extract 
and 20.3% crude protein (Tung et al., 1961).

Yield and iodine value of AC
The yield and iodine value of AC at different tem-

peratures are shown in Table 1.  The yield of corn cob 
was 11.9 to 26.6%; that of bagasse pith was 1.7 to 28.4%; 
and that of mushroom stalk was 7.5 to 23.9%.  The yield 
decreases as the activation temperature increases because 
of the increase of the volatile matter, tar dissipation and 
gasification of carbon in raw material (Teng and Hus, 
1999).  The AC yield is also related to the carbonization 
temperature at Stage I of AC preparation; the yield 
decreases as the carbonization temperature increases 
(Abe et al., 1996).  The yield of three precursors was at 
its maximum at activation temperature of 700˚C.  The 
yield decreased as the activation temperature increased.  
This is related to the gasification capacity of carbon and 
the gasification capacity increases with the activation 

temperature (Chang et al., 1998 and 2003; Tseng et al., 
2007; Wu et al., 2010; Huang et al., 2010; Peng et al., 
2010).

The iodine values in the same table indicated that the 
corn cob AC had the maximum iodine value of 891 mg/g 
at 850˚C in the range of 700 to 950˚C; the bagasse pith 
AC prepared at 850˚C had the maximum iodine value of 
1020 mg/g; the mushroom stalk AC prepared at 800˚C 
had the maximum iodine value of 685 mg/g.  The iodine 
value of general commercial AC is 600 to 1000 mg/g (Wu 
and Tseng, 1999), and the diameter of iodine molecules 
is 0.56 nm; the iodine adsorption capacity of AC can be 
regarded as the capability of adsorbing nonpolar small 
molecules (Hsieh and Teng, 1999); it is the index of 
adsorbing micropores of AC.  The physical activation has 
pore–drilling and expansion effects at 800˚C, producing 
multiple micropores (Lua and Guo, 2000; Yun et al., 
2001).  However, when the activation temperature is 
increased to 900˚C, the CO2 reacts excessively, so that 
the expansion effect is greater than the pore–drilling 
effect into the precursors, and the mesopores and macro-
pores are the majority in the AC (Chen, 2003).  The 
iodine value of corn cob AC at activation temperature of 
700 to 850˚C was 891, 592 and 402 mg/g.  As the activa-
tion temperature increased, the pore–drilling effect and 
expansion effectoccurred simultaneously.  The iodine 
value was 891, 796 and 664 mg/g, when the activation 
temperature was 850 to 950˚C.  Therefore, the physical 
activation has pore–drilling and expansion effects at 
800˚C, producing multiple micropores (Lua and Guo, 
2000; Yun et al., 2001).  Moreover, when the activation 
temperature increases, as the expansion effect is greater 
than pore–drilling effect, the multiple mesopores or 
macropores are produced (Walker and Almagro, 1995; 
Hung–Pin Chen, 2003), so that the iodine value decreases.  
There was no apparent difference in the iodine value of 
bagasse pith AC at activation temperatures of 750 and 
800˚C.  The iodine value is 1020, 943 and 871 mg/g, when 
the temperature was 850 to 950˚C.  The iodine value 
decreased as the activation temperature increased due 
to the expansion effect.  The mushroom stalk AC had 
maximum iodine value at activation temperature of 

Table 1.  Yield and Iodine value of corn cob, bagasse pith and mushroom stalk activated carbons at different activated 
temperature

Activated
temperature

(˚C)

Yield (%) Iodine value (mg/g)

CCAC1) BPAC MSAC CCAC BPAC MSAC

700 26.6 (0.5)2) 28.4 (0.4) 23.9 (1.2) 224 ( 7)   494 (13)  288 (15)

750 25.6 (1.8) 27.8 (0.3) 22.4 (0.9) 402 ( 8)   939 (13) 378 ( 9)

800 24.3 (1.7) 27.1 (0.5) 18.8 (0.4) 592 ( 7)   946 (16) 685 ( 8)

850 22.2 (1.2) 17.8 (0.4) 17.8 (0.5) 891 (16) 1020 (23) 347 ( 7)

900 18.3 (0.3) 16.3 (0.5)    8.3 (0.2) 796 (14)   943 (18) 250 ( 8)

950 11.9 (2.3)    1.7 (0.3)    7.5 (0.5) 664 (18)   871 (15) 220 ( 7)

1) �CCAC: corn cob activated carbon; BPAC: bagasse pith activated carbon; MSAC: mushroom stalk activated 
carbon.

2) Values given are average values of three estimations and standard deviation.
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800˚C.  During this temperature period, it can be said that 
the pore–drilling effect and expansion effect are reached 
to the balance situation.  

According to the aforesaid results of yield and iodine 
value of AC, the corn cob AC at activation temperature 
of 850˚C, 850˚C bagasse pith AC and 800˚C mushroom 
stalk AC were selected as the specimens for the follow-
ing Ames test, cytotoxicity and mutagenicity.  

Ames test
Cytotoxicity of AC

The cytotoxicity test results of the AC for the TA98 
and TA100 strains are shown in Table 2.  The residual 
bacteria rates of the AC with S9 and without S9 were 
higher than 80%.  Waleh et al. (1982) indicated that the 
number of residual bacteria of S. typhimurium must be 
over 80% of the control group to determine that the sam-
ple has no cytotoxicity for S. typhimurium.  If the 

Table 2.  Cytotoxicity of corn cob, bagasse pith and mushroom stalk activated carbons toward S. typhimurium TA98, TA100 with or with-
out S9 mixture

S9
Amount

(mg/
plate)

CCAC1) BPAC MSAC

TA98
Survival 

(%)2) TA100
Survival 

(%)
TA98

Survival 
(%)

TA100
Survival 

(%)
TA98

Survival 
(%)

TA100
Survival 

(%)

Without

0.0 2413 ( 31)3) 100 2346 ( 75) 100 2413 ( 31) 100 2346 ( 75) 100 2413 ( 31) 100 2346 ( 75) 100

1.0 2273 ( 91)  94 2517 ( 49) 107 2482 ( 35) 103 2312 (100)  99 2401 ( 15) 100 2232 ( 24)  95

2.5 2339 ( 31)  97 2435 ( 57) 104 2566 ( 59) 106 2496 ( 87) 106 2331 ( 62)  97 2343 (112) 100

5.0 2683 ( 38) 111 2487 (103) 106 2464 ( 55) 102 2618 (101) 112 2607 ( 40) 108 2687 ( 75) 115

7.5 2628 ( 23) 109 2163 ( 20) 92 2422 ( 60) 100 2491 ( 49) 106 2830 ( 63) 117 2407 (127) 103

10.0 2890 ( 66) 120 2353 ( 30) 100 2511 ( 50) 104 2585 ( 95) 110 2261 ( 95)  94 2435 (110) 104

With

0.0 2547( 119) 100 2274 ( 37) 100 2547( 119) 100 2274 ( 37) 100 2547 (119) 100 2274 ( 37) 100

1.0 2508 (114)  98 2318 (187) 102 2705( 110) 106 2138 (214)  94 2510 ( 93)  99 2543 ( 70) 119

2.5 2567 (102) 101 2739 (128) 120 2704( 169) 106 2857 (179) 126 2520 (187)  99 2190 (158)  96

5.0 2552 (103) 100 2683 (100) 118 2908 ( 90) 114 2715 ( 67) 119 2614 (112) 103 2998 (179) 132

7.5 2621 (196) 103 2678 ( 17) 118 2896 ( 56) 114 2366 (109) 104 2621 (130) 103 2245 ( 72)  99

10.0 2635 (196) 103 2435 (165) 107 2875 (152) 113 2531 (112) 111 2479 (162)  97 2584 (122) 114

1) �CCAC: corn cob activated carbon; BPAC: bagasse pith activated carbon; MSAC: mushroom stalk activated carbon.
2) Value in the residual bacteria rates (survival, %) is the percentage relative to control (100%).
3) Values given are average values of three estimations and standard deviation.

Table 3.  Mutagenicity of corn cob, bagasse pith and mushroom stalk activated carbons toward S. typhimurium TA98, TA100 with or with-
out S9  mixture

S9
Amount

(mg/
plate)

CCAC1) BPAC MSAC

TA98 MR2) TA100 MR TA98 MR TA100 MR TA98 MR TA100 MR

Without

0.0   32 ( 2 )3) 1.00 228 ( 6 ) 1.00 24 ( 2 ) 1.00 214 ( 5 ) 1.00 32 ( 2 ) 1.00 200 ( 4 ) 1.00

1.0 38 ( 3 ) 1.19 209 ( 6 ) 0.92 29 ( 2 ) 1.21 189 ( 5 ) 0.88 34 ( 2 ) 1.06 209 ( 2 ) 1.05

2.5 40 ( 2 ) 1.25 200 ( 5 ) 0.88 25 ( 2 ) 1.04 190 ( 6 ) 0.89 30 ( 2 ) 0.93 211 ( 2 ) 1.06

5.0 37 ( 3 ) 1.16 193 ( 4 ) 0.85 28 ( 2 ) 1.17 182 ( 2 ) 0.85 37 ( 2 ) 1.16 186 ( 3 ) 0.93

7.5 37 ( 2 ) 1.19 201 ( 4 ) 0.88 23 ( 2 ) 0.96 195 ( 3 ) 0.91 35 ( 1 ) 1.09 181 ( 4 ) 0.91

10.0 36 ( 2 ) 1.13 215 ( 7 ) 0.94 24 ( 2 ) 1.00 209 ( 4 ) 0.98 37 ( 2 ) 1.16 222 ( 5 ) 1.11

With

0.0 22 ( 1 ) 1.00 149 ( 2 ) 1.00 22 ( 1 ) 1.00 148 ( 3 ) 1.00 25 ( 1 ) 1.00 156 ( 4 ) 1.00

1.0 24 ( 1 ) 1.09 171 ( 3 ) 1.15 24 ( 0 ) 1.09 152 ( 1 ) 1.03 27 ( 1 ) 1.08 154 ( 2 ) 0.99

2.5 22 ( 1 ) 1.00 166 ( 1 ) 1.11 25 ( 1 ) 1.14 145 ( 3 ) 0.98 24 ( 2 ) 0.96 157 ( 4 ) 1.01

5.0 23 ( 1 ) 1.05 152 ( 1 ) 1.02 23 ( 1 ) 1.05 163 ( 2 ) 1.10 22 ( 2 ) 0.88 145 ( 3 ) 0.93

7.5 24 ( 2 ) 1.09 150 ( 2 ) 1.01 24 ( 1 ) 1.09 144 ( 1 ) 0.97 27 ( 2 ) 1.08 145 ( 2 ) 0.93

10.0 23 ( 1 ) 1.05 153 ( 5 ) 1.03 25 ( 2 ) 1.14 146 ( 3 ) 0.99 23 ( 1 ) 0.92 148 ( 1 ) 0.95

1) CCAC: corn cob activated carbon; BPAC: bagasse pith activated carbon; MSAC: mushroom stalk activated carbon.
2) MR (Mutagenicity ratio) = induced revertants per plate/spontaneous revertants per plate.
3) Values given are average values of three estimations and standard deviation.
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number of residual bacteria of test group is smaller than 
80% of control group, the test material has a cytotoxicity 
effect on the strain.  The results are shown in Table 2: 
the AC, with or without S9 metabolic activation in the 
concentration range (1–10 mg/plate), did not reduce the 
number of residual bacteria of TA98 and TA100.  
Therefore, the AC have no cytotoxicity for the test strains 
in the addition range of 1–10 mg/plate, and the dose for 
mutagenicity test can be selected according to this range.
Mutagenicity of AC

Table 3 shows the mutagenicity test results of corn 
cob AC, bagasse pith AC and mushroom stalk AC for 
TA98 and TA100.  The corn cob AC, bagasse pith AC and 
mushroom stalk AC, with or without S9, in the test range 
(1–10 mg/plate), did not have exceeded spontaneous 
revertants by more than two times for S. typhimurium 
TA98 and TA100.  In other words, the mutagenicity ratio 
(MR) is smaller than 2.  According to the standard pro-
posed by Ames et al. (1975), if the number of spontane-
ous revertants induced by the specimen is larger than the 
spontaneous revertants of control group by more than 
two times, the specimen has mutagenicity.  Therefore, the 
AC have no mutagenicity for TA98 and TA100 strains, 
and they can be preliminarily regarded as safe and envi-
ronmentally–friendly materials.  However, in order to con-
form to the safe biomaterials specified in Category II of 
health food of the Ministry of Health and Welfare in 
Taiwan (1999), this study uses the corn cob AC pre-
pared at activation temperature of 850˚C as the speci-
men for in vivo test, to further assess biological safety.

Biological safety assessment
The preliminary test was carried out first in order to 

avoid unnecessary sacrifice of animals.  The corn cob AC 
prepared at activation temperature of 850˚C was fed at 
doses of 0.05, 0.1, 0.5, 1.0 and 5.0 g/kg; the clinical con-
ditions, energy, body weight, food and water consump-
tion of the tested animals were observed in a preliminary 
test.  The results showed there was no adverse effect on 
the fed animals after 7 days, matching the result of the 
National Laboratory Animal Center (1993).  The acute 
and subacute animal tests for animal body and the path-
ological observation on organs and tissues, urine test, 
blood analysis and blood serum biochemical analysis were 
carried out to evaluate the effects of corn cob AC pre-

pared at activation temperature of 850˚C on the in vivo 
organ functions, cell formation and metabolism of SD rat. 
Acute toxicity

The average weight, average food consumption and 
average drinking water consumption of the male and 
female SD rat fed with corn cob AC at 5 g/kg during the 
beginning day to the 14th day were similar to the results 
of control group (0 g/kg).  Therefore, the corn cob AC 
had no adverse effect on the body weight, food intake and 
water intake of SD rat of test group (results not shown 
in table).  The effect of corn cob AC at 5 g/kg on the feed 
conversion rate of SD rat is shown in Table 4.  There was 
no obvious difference between the feed conversion rate 
of the test group of male SD rat on the 1st and 7th day and 
the male SD rat of the control group according to 
Duncan’s analysis; and there was no obvious difference 
between the female SD rat of test group and the female 
SD rat of control group on the day of 1st, 7th and 14th.  
There was obvious difference between the male SD rat 
of test group and control group on the 14th, but there was 
no significant difference between female SD rat of test 
group and control group on the 14th day; therefore, it is 
inferred that the corn cob AC had no effect on test groups 
of SD rat. 
Subacute toxicity

According to the effects of different doses of corn 
cob AC on the body weight, feed consumption and drink-
ing water consumption of SD rat (results not shown in 
table), there was no difference between control group 
and test group of male SD rat (1 and 0.5 g/kg/day) in body 
weight, food intake and water intake on the 1st to 28th 
day, and there was no significant difference between the 
two groups and female rat fed with different doses of 
AC.  The effect of feeding different doses of corn cob AC 
on the feed conversion rate of SD rat is shown in Table 5.  
There was no significant difference between the various 
groups of male SD rat on the 26th day according to 
Duncan’s analysis.  There was a difference among female 
SD rat fed at 5.0, 1.0 and 0.5 g/kg on the 26th day, but 
there was no significant difference to the control group.  
Therefore, the feeding different doses of corn cob AD 
had no adverse effect on the feed conversion rate of SD 
rat. 
Observation of organs

The effect of feeding different doses of corn cob AC 

Table 4.  Feeding corn cob activated carbon with 5 g kg–1 toward the average feed conversion rate of SD 
rat in acute toxicity test

Sex Treatment
Average feed conversion rate1)

the 1st day     the 7th day    the 14th day

Male
Blank  0.37 (0.20)a2) 0.40 (0.04)a 0.37 (0.02)b

(5 g/kg) 0.17 (0.07)a 0.38 (0.40)a 0.32 (0.00)a

Female
Blank 0.17 (0.14)a 0.31 (0.05)a 0.25 (0.04)a

(5 g/kg) 0.56 (0.20)a 0.27 (0.07)a 0.28 (0.05)a

1) �Average feed conversion efficiency: (g weight gain) / (g feed consumed).
2) Average values (standard deviation) within a transverse with the different superscripts are 
significantly different (ρ<0.05).
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in the subacute test on the relative weight percentage of 
organs of SD rat is shown in Table 6.  There was no sig-
nificant difference between the test groups and control 
groups of SD rat according to Duncan’s analysis.  The 
weight percentages of organs of various groups were 
described as follows: the weight percentage of Heart of 
male SD rat (0–5.0 g/kg) was 0.30–0.37%; that of Liver 
was 2.86–3.09%; that of Spleen was 0.17–0.20%; that of 
Kidney was 0.71–0.80%; that of Testes was 0.76–0.83%.  
The weight percentage of Heart of female SD rat 
(0–5.0 g/kg) was 0.32–0.36%; that of Liver was 2.92–
3.05%; that of Spleen was 0.18–0.21%; that of Kidney 
was 0.71–0.76%; that of Ovary was 0.04–0.08%.  
According to the aforesaid results of male SD rat and 
female SD rat, the weights and percentages of various 
organs of SD rat were similar.  Therefore, the dose of 
0.5–5.0 g/kg had no toxicity in regard to the rat’s organs.

The pathologic tissue slice items of the maximum 
dose level group (5 g/kg) and control group of male SD 
rat included heart, liver, kidney, spleen, duodenum, and 
testes (male) / ovary (female) results (Fig. 1).  The myo-
cardial cells of test and control groups of SD rat had no 
rupture, and the central karyon and RBC were not broken 
(Fig. 1. A, ×400).  The pattern was similar to the normal 
cardiac atlas of Histology and Cytobiology written by 
Abraham and Laura (2006).  The hepatocytes at the liver 
and gall triad were not injured, and the blood cells in the 
vein were complete without hemolysis (Fig. 1. B, ×400) 
and there were no fat and inflammatory reactions in the 
liver.  The glomeruli showed that the podocytes and 
mesangial cells were complete without injury.  It is indi-
cated that the AC does not cause pathological change in 
the kidney (Fig. 1. C, ×400).  The splenic red pulp and 
white pulp were similar to the control group, and there 

Table 5.  Feeding corn cob activated carbon in different doses toward the average feed conversion  rate of SD rat in sub-
acute toxicity test

Sex Time
Dose (g/kg/day)

0 0.5 1.0 5.0

Male

3  0.36 (0.12)a1)  0.25 (0.04)a  0.29 (0.10)a  0.32 (0.08)a

10  0.37 (0.01)a  0.35 (0.02)a  0.36 (0.03)a  0.36 (0.02)a

17  0.30 (0.01)a  0.32 (0.03)a  0.30 (0.03)a  0.29 (0.01)a

24  0.23 (0.03)ab  0.23 (0.01)ab  0.27 (0.01)a  0.21 (0.04)bc

26  0.30 (0.03)a  0.34 (0.06)a  0.24 (0.06)a  0.36 (0.09)a

Female

3  0.14 (0.08)bc  0.24 (0.03)ab  0.25 (0.05)ab  0.29 (0.08)a

10  0.28 (0.02)a  0.24 (0.08)a  0.25 (0.04)a  0.27 (0.02)a

17  0.23 (0.04)ab  0.20 (0.03)bc  0.24 (0.04)ab  0.27 (0.00)a

24  0.15 (0.07)a  0.18 (0.03)a  0.15 (0.02)a  0.17 (0.02)a

26  0.22 (0.09)ab  0.31 (0.11)a  0.37 (0.13)a  0.06 (0.11)bc

1) �Average values (standard deviation) within a transverse with the different superscripts are significantly different 
(ρ<0.05).

Table 6.  Feeding corn cob activated carbon in different doses toward the percentage of relative organ weight1) of SD rat 
in subacute toxicity test

Sex Organ
Dose (g/kg/day)

0 0.5 1.0 5.0

Male

Heart 0.30 (0.02)b2) 0.30 (0.03)b 0.31 (0.02)b 0.37 (0.03)a

Liver 2.92 (0.15)b  3.06 (0.22)ab 3.09 (0.36)a 2.86 (0.16)b

Spleen 0.17 (0.00)a 0.19 (0.03)a 0.18 (0.03)a 0.20 (0.04)a

Kidney 0.74 (0.03)a 0.71 (0.06)a 0.75 (0.07)a 0.80 (0.14)a

Testes 0.76 (0.12)a 0.77 (0.03)a 0.77 (0.04)a 0.83 (0.11)a

Female

Heart 0.33 (0.03)a 0.32 (0.03)a 0.33 (0.01)a 0.36 (0.03)a

Liver 3.05 (0.52)a 2.98 (0.28)a 2.97 (0.14)a 2.92 (0.33)a

Spleen 0.20 (0.06)a 0.19 (0.03)a 0.18 (0.03)a 0.21 (0.02)a

Kidney 0.75 (0.11)a 0.76 (0.04)a 0.71 (0.07)a 0.76 (0.06)a

Ovary 0.04 (0.02)b  0.05 (0.01)ab  0.06 (0.02)ab 0.08 (0.03)a

1) �The percents (%) of relative weights of rat’s organ equal to weights of organ divided by body weights then multiplied 
100.

2) �Average values (standard deviation) within a transverse with the different superscripts are significantly different 
(ρ<0.05).
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was no leukocytosis (Fig. 1. D, ×400).  There was no 
adverse effect on the spleen of the test group fed with 
corn cob AC.  Abraham and Laura (2006) indicated that 
the red pulp in the spleen was blood filter, and it was 
able to remove old and disabled RBCs and microorgan-
isms from circulating blood, and it stores blood cells.  The 
white pulp was for immunoreaction.  This part contains 
the central artery, periarteriolar lymphoid sheaths, gen-

eration center and coronal area formed of antigen pre-
senting cells of B–cell; the red pulp was an intercon-
nected reticular sinus lienis.  The spleen beam contains 
plasma cell, macrophage and corpuscle which were sup-
ported by reticulocyte and reticular fiber in substrate.  
There was no exfoliation at the finger–like villi of duode-
num, and the muscle was complete (Fig. 1. E, ×4).  In 
addition, the nucleoli of early spermatid (Fig. 1. Fa, 
×400), spermatocyte, spermospore and late spermatid 
(Fig. 1. Fb, ×400)were complete, and the late spermatid 
flagella were not ruptured.  In terms of the ovarian mature 
follicle of female SD rat (Fig. 1. G, ×400), the tissue 
observation results of test group and control group were 
similar.  According to the aforesaid results, feeding AC 
had no adverse effect on the organ functions of SD rat. 
Urinalysis

The urinalysis of SD rat fed with different doses of 
corn cob AC is shown in Table 7.  The urine color of test 
group and control group was yellow; the specific gravity 
was 1; the O.B, glucose and bilirubin of test group and 
control group presented negative reactions.  The urine 
pH of the test and control groups was 6.5–8.0.  The test 
group of male SD rat at 1.0 and 5.0 g/kg had a little 
amount of ketones; the control group and others of SD 
rat had a little albuminuria.  The ketones were not a nor-
mal urine constituent; it represented defects in the car-
bohydrate metabolism; the ketonuria was caused by dia-
betes (Shen, 2002).  The SD rat of test group at dose of 
1.0 and 5.0 g/kg presented slight reaction (±), although 
there was no positive reaction, as there was no glucose; 
it was inferred that feeding AC did not cause urine 
ketones of SD rat.  The test and control groups presented 
urinary protein.  According to Table 7, the control group 
of male SD rat and 1.0 g/kg test group present slight reac-
tion (±) (the same as female; not shown in table); there 
was no true positive and negative significance.  The test 
group of male SD rat at 0.5 and 5.0 g/kg presented a +, a 
+ value was 0.3 mg/mL.  It is in normal range, like the 
result of the National Laboratory Animal Center (1993).
Blood analysis

The blood analysis results of male SD rat fed with dif-
ferent doses of corn cob AC are shown in Table 8.  There 
was no difference between the values of test groups of 
SD rat with different feeding doses and control groups.  
The WBC count of male SD rat was 8517–10033/uL, RBC 
count was 720–737 104/uL, HGB was 15–16 g/dL, HCT 

Fig. 1.	 Observations on pathological tissue of rat by daily gavages 
for 850˚C corn cob activated carbon in the subacute toxici-
ty tests.

Table 7.  Feeding corn cob activated carbon in different doses toward the urinalysis of SD male rat in subacute toxicity test

Dose
(g/kg/day)

Urine Color Sp.Gr.1) pH 2) O.B3)

(mg/dL)
Nitrite

(mg/dL)
Ketones
(mg/dL)

Glucose
(g/dL)

Protein
(mg/dL)

Bilirubin
(mg/dL)

   0.0 Y 4) 1.0 (0.0)5) 7.5 (0.0) – – –6) – ± –

  0.5 Y 1.0 (0.0) 8.0 (0.0) – – – – +7) –

  1.0 Y 1.0 (0.0) 6.5 (0.0) – – ± – ± –

  5.0 Y 1.0 (0.0) 7.8 (0.0) – – ± – + –

1) �Sp.Gr.: specific gravity; 2) pH: hydragen ion concentration; 3) O.B: occult blood; 4) Y: yellow color; 5) Value (standard deviation); 
6) negative: –; 7) positive: +
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was 46–48%, mean corpuscular volume (MCV) was 64–65 
fL, mean corpuscular hemoglobin (MCH) is 20–22 pg, 
mean corpuscular hemoglobin concentration (MCHC) was 
31–34 g/dL, platelet (PLT) is 95–98 104 uL–1 and 
Lymphocyte percent (Lymph) was 85–90% (female has 
the same trend; not shown in table).  According to the 

hematological normal values of SD rat indicated by the 
National Laboratory Animal Breeding and Research 
Center (1993), WBC count is 6000–13000/uL, RBC count 
is 700–1000 104/uL, HGB is 11–17 g/dL, HCT is 35–53%, 
MCV is 53–73 fL, MCH is 5–10 pg, MCHC is 29–34 g/dL, 
PLT is 50–130 104/uL and Lymph is 65–85%.  Compared 

Table 8.  Feeding corn cob activated carbon in different doses toward the blood analysis of SD male rat in sub-
acute toxicity test

Items1)

Dose (g/kg/day)

0.0 0.5 1.0 5.0

WBC (μL)  10033 (5129)a2)  9600 (1837)
a

 8517 (2895)
a

 11250 (4084)
a

RBC (104/μL)      728 (14)a    737 (28)a    720 (30)a      735 (54)a

HGB (g/dL)        16 ( 1)a      16 ( 0)a      15 ( 3)a        16 ( 1)a

HCT (%)        46 ( 3)a      48 ( 2)a      47 ( 2)a        48 ( 4)a

MCV (fL)        64 ( 3)a      65 ( 1)a            65 ( 4)a        65 ( 2)a

MCH (pg)        22 ( 1)a      22 ( 0)a      20 ( 3)a        22 ( 1)a

MCHC (g/dL)        34 ( 1)a      34 ( 0)a      31 ( 6)a        34 ( 1)a

PLT (104/μL)        98 (11)a      95 ( 9)a      95 (14)a        95 ( 1)a

Lymph (%)        89 ( 2)a      90 ( 2)a      85 ( 3)a        88 ( 3)a

1) �WBC count: white blood cell count; RBC count: red blood cell count; HGB: hemoglobin; HCT: hematocrit; 
MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular 
hemoglobin concentration; PLT: platelet; Lymph: lymphocyte percent.

2) �Average values (standard deviation) within a transverse with the different superscripts are significantly 
different (ρ<0.05).

Table 9.  Feeding corn cob activated carbon in different doses toward blood serum biochemical  analysis of SD 
male rat in subacute toxicity test

Items1)

Dose (g/kg/day)

0.0 0.5 1.0 5.0

ALB (g/dL)      5 ( 0 )a2)      5 ( 0 )
a

     4 ( 0 )
a

     4 ( 0 )
a

ALP (u/L)  456 (27)a  429 (100)a  389 (75)a  447 (105)a

ALT (u/L)    44 ( 2 )a    43 ( 3 )a    46 ( 7 )a    48 ( 8 )a

AST (u/L)  151 (25)a  161 (40)a  162 (53)a  152 (17)a

BUN (mg/dL)    27 ( 1 )a    28 ( 2 )a    27 ( 3 )a    28 ( 2 )a

CRE (mg/dL)      1 ( 0 )a      1 ( 1 )a      1 ( 0 )a      1 ( 0 )a

γ–GTP (u/L)      0 ( 0 )a      0 ( 0 )a      0 ( 0 )a      0 ( 0 )a

GLO (mg/dL)      2 ( 0 )a      2 ( 0 )a      2 ( 0 )a      2 ( 0 )a

GLU (mg/dL)  105 ( 4 )a  120 (65)a    98 (46)a  106 (23)a

T–PRO (mg/dL)      7 ( 0 )a      7 ( 0 )a      7 ( 0 )a      7 ( 0 )a

A/G      2 ( 0 )a      2 ( 0 )a      2 ( 0 )a      2 ( 0 )a

Na (mmol/L)  148 ( 2 )a  149 ( 1 )a  149 ( 1 )a  149 ( 1 )a

K (mmol/L)      6 ( 1 )a      7 ( 1 )a      8 ( 2 )a      8 ( 1 )a

Cl (mmol/L)    99 ( 2 )a    99 ( 2 )a    99 ( 3 )a    98 ( 2 )a

Ca (mg/dL)    11 ( 0 )a    10 ( 1 )a      9 ( 4 )a      9 ( 2 )a

P (mg/dL)    22 ( 1 )a    22 ( 1 )a    22 ( 3 )a    24 ( 2 )a

1) �ALB: albumin; ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate aminotransferase; 
BUN: blood urea nitrogen; CRE: creatinine; γ–GTP: γ–glutamyltransferase; GLO: globulin; GLU: glucose; 
T–PRO: total protein; A/G: albumin/globulin ratio; Na: sodium; K: potassium; Cl: chloride; Ca: calcium; P: 
phosphorus.

2) �Average values (standard deviation) within a transverse with the different superscripts are significantly 
different (ρ<0.05).
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with the values specified by the National Laboratory 
Animal Center, only the MCH of test groups and control 
groups of SD rat was higher than the latter one.  
However, Tsang's Veterinary Hematology of Chau–Loong 
Tsang indicates that the MCH vary with MCHC (Tsang, 
1994), and its clinical interpretation is less meaningful 
than MCV and MCHC.  There was no significant differ-
ence between the test groups and control groups in 
MCH.  It is inferred that feeding different doses of AC has 
no effect on the bone marrow function of tested animals. 
Blood serum biochemical analysis

The biochemical effect of different doses of corn cob 
AC on the blood serum of male SD rat is shown in Table 
9.  The results of various groups showed no significant 
difference in statistical analysis (the same as results of 
female SD rat; not shown in table).  According to the 
blood serum biochemical reference data of SD rat of the 
National Laboratory Animal Breeding and Research 
Center (1993) and previous studies (Shen, 2006; Tsai et 
al., 2005): albumin (ALB): 3.8–4.8 g/dL; alkaline phos-
phatase (ALP): 66–200 u/L; ALT: 21–26 u/L; AST: 
90–130 u/L; blood urea nitrogen (BUN): 15–21 mg/dL; 
creatinine (CRE): 0.3–0.6 mg/dL; γ–glutamyltransferase 
(γ–GTP): 40 u/L; globulin (GLO): 1.8–3.0 mg/dL; glucose 
(GLU): 50–135 mg/dL; total protein (T–PRO): 7.1–7.9 mg/
dL; Albumin/globulin ratio (A/G): 1.6–2.1; sodium (Na): 
137–143 mmol/L; potassium (K): 5.7–5.9 mmol/L; chlo-
ride (Cl): 100–103 mmol/L; calcium (Ca): 10.3–12.2 mg/
dL; phosphorus (P): 6.5–9.2 mg/dL.  Compared with the 
aforesaid literatures, the ALP, ALT, AST and BUN of the 
control group and test groups of SD rats were in the 
range of the National Laboratory Animal Center (1993).  
The increase in the ALP resulted from the animal age 
(younger has higher value in usual) or hepatic disease 
(Jian, 1983).  The ALT and AST are important indexes 
of hepatic necrosis examination; heart disease, injury 
and tumor shall be identified before examination (Shen, 
2002).  The BUN is higher than the standard resulted 
from nephritis, urinary tract obstruction, and congestive 
cardiac failure.  It is one of the indicators for judging kid-
ney function as CRE and blood electrolyte (Jian, 1983).  
The AST and ALT were too high in different experimen-
tal animals, but there was no significant difference com-
pared with the control group.  Therefore, if it resulted 
from feeding AC, the control group was in the range of 
the literatures, so it did not result from feeding AC.  The 
BUN and P in various tests were higher than the results 
of the National Laboratory Animal Center (1993), but 
there was no significant difference, and the control group 
also had this phenomenon in tests.  Therefore, it was not 
caused by AC directly. 

CONCLUSION

The yield range of the three agricultural wastes as the 
precursors to prepare AC was 1.7–28.4%.  The bagasse 
pith AC had the best iodine value, about 1020 mg/g.  
According to the results of yield and iodine value, the 
corn cob AC at activation temperature of 850˚C, 850˚C 
bagasse pith AC and 800˚C mushroom stalk AC were 

used as the specimens for the cytotoxicity and mutagenic-
ity tests.  As for the performance of the AC, the number 
of residual bacteria was higher than 80% of the control 
group, meaning there was no cytotoxicity.  The AC did 
not have exceeded spontaneous revertants by more than 
two times for S. typhimurium TA98 and TA100, so the 
AC had no mutagenicity.  The specimen for the in vivo 
test was corn cob AC at activation temperature of 850˚C.  
According to the acute toxicity and subacute results, 
none of experimental animals died in the breeding period; 
the LD50 was higher than 5.0 g/kg.  The feed consump-
tion of control group and test group in the test period 
was less than that recorded in the animal breeding man-
ual of the National Laboratory Animal Breeding and 
Research Center, but the feed consumption of control 
group also decreased.  It is indicated that the decrease in 
food consumption does not result from feeding AC.  In 
urine, blood and serum analyses, there was no significant 
difference between the control group and test group in 
organ weight and organ weight percentage according to 
Duncan’s ANOVA.  In terms of tissue pathology observa-
tion, there was no organopathy or inflammation in maxi-
mum dose level group.  The aforesaid results showed that 
the tested specimens had no systematic poison for experi-
mental animals, and the atoxic dose was higher than 
5.0 g/kg.  According to the test concentration of 5.0 g/kg 
of corn cob AC (average adult body weight is 70 kg, 350 g 
each time per day) and ADI (Acceptable Daily Intake), 
the daily adult (average weight 70 kg) intake is 3.5 g, this 
is safe within the ADI range.  This result is the safe dose 
of commercially functional AC, and it can increase the 
added value of agricultural wastes in application. 
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