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Abstract-Hanwoo species are known to be a Korean native cattle seen as important multi-functional animals(Milk, meat, 
manure etc.,). However, Hanwoo manures are receiving more attention due to the nutrient rich (i.e., high nitrogen, carbon and 
other elements)contents. However, to improve the quality and eradicate the phytotoxicity of manure, present work involved 
the composting of Hanwoo manure through the composting process. In the final compost product, C:N ratio was notably 
reduced up to 13 and seed germination index was recorded as 90% and 94 % in sesame and radish respectively. The 
composted manures were matured and it was confirmed through the based on phytotoxicity analysis 
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I. INTRODUCTION 
 
Hanwoo species are known to be a Korea native cattle 
have raised in the Korean Peninsula since 2,000 BC 
and these are crossbred species between Bos 
indicus from India and Bos primigenius from 
Europe[1]. Korea has a Hanwoo population of about 
three million in 2011, which are raised primarily for 
draught and occasionally for sacrificial rites[2]. Apart 
from the above requirements, Hanwoo manures are 
receiving more attention due to the high nutrient rich 
contents. However, improving of storage options and 
reducing the material volume for  easy transportation 
and spread on fields, the composting process is a better 
option for managing animal manure in recent years 
for livestock producers.  
 
Moreover,  improper management of the storage 
systems, the manure releases phytotoxic compounds 
(e.g. Organic acids) that inhibit plant growth [3]. In 
this case, determining the phytotoxicity is particularly 
important due to the potential application of this 
manure to agricultural soil. Cho et al.[4] and 
Baumgartenet al. [5] suggested that the phytotoxicity 
is defined as a delay or inhibition of seed germination 
and root elongation or any adverse effect on plant 
growth caused by phytotoxins.  
Yamamoto et al. [6] also suggested the composting 
process is an effective and economic approach for its 
easy operation with low cost. Therefore, the aim of the 
present study was to investigate the Hanwoo manure 
mixed with sawdust for the conversion of non 
phytotoxic and nutrient rich manure through 
composting process and the crops were selected such 
as sesame (Sesamum indicum L.), and  radish 
(Raphanus sativus) for phytotoxic studies. 

II. MATERIALS AND METHODS 
 

A. Raw materials 
Hanwoo manure was collected from livestock 
farms,South Korea. To avoid to change the 
characteristics of manure, the collected manure was 
stored in constant, controlled temperature room (4°C) 
until the start of the study. Sawdust was collected from 
a sawmill, South Korea. The physical and chemical 
characteristics of the manure samples and saw dust 
were analyzed using standard methods[7] and 
summarized in Table 1. To adjust the C/N of Hanwoo 
manure, sawdust was used in the initial raw mixtures. 

B. Feedstock preparation and experimental design 
 
A composting experiment was conducted using the 
initial raw mixtures of  Hanwoo manure and sawdust. 
The initial compost mixtures were maintained in 
moisture content 65%, with the aim of maintaining 
aerobic conditions during the process. The 
composting was conducted in triplicate using similar 
sizes of pilot compost reactors with the eighty kg of 
feedstock (initial feed mixtures) was prepared with 
Hanwoo manure: Sawdust in the ratio of 2:1. The 
treatment mixtures were composted for 54 days in 
80-L pilot-scale stainless steel cylindrical composter, 
measuring in  1m high and 0.4m inner diameter, and 
the forced aeration rate has fixed at 0.1 L/min/Kg 
feedstock biomass.  The temperature profile was 
monitored at the center of the compost reactor between 
the hours of 10.00 am to 12.00 am during the 
experimental period, using an electronic temperature 
indicator. 
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C. Physico-Chemical and phytotoxicty analyses 
 The pH and Electrical Conductivity (EC) were 
determined using a double distilled water suspension 
of the sample mixtures in the ratio of 1:10 (w/v) using 
a pH meter (Thermo scientific, Orion 4 Star) and 
conductivity meter (Yellow Springs Instrument, model 
3100). Total nitrogen and total carbon(TC) were 
determined using a Vario Macro CHNS Element 
Analyzer. The phytotoxicity analysis was used to 
assess the toxicity and the maturity of the composted 
manure through seed germination using the filter 
paper method.  
 
The filter paper was wetted with the extracts of final 
composted Hanwoo manure (FCHM), prepared with 
double distilled water (water to solid ratio of 10:1). 
The phytotoxicity was evaluated according in the 
terms of germination index (GI), using two crops: 
sesame (Sesamum indicum L.), and  radish (Raphanus 
sativus) and these are certified seeds purchased from 
garden material stores and germination level above 
95 % were obtained through pre-examination study, 
demonstrating the viability of the seeds. Ten seeds of 
each crop species were placed in the wetted(6 ml of the 
extracts of the manure samples /double distilled water 
as a control) Whatman paper No. 1 filter discs were 
placed in a 15 mm x 100 mm sterilized petri dish and 
incubated for 5 days in the dark condition. GI were 
calculated from the percentage of seed germination 
and percentage of root elongation as per the formulas 
below[4], 
RSG (%) =  
Number of seeds germinated in the sample extract x 
100 
   Number of seeds germinated in the control 
RRE (%) = Mean root elongation in the sample extract 
x 100 
   Mean root elongation in the control 
GI (%) = (% Seed germination) x (% Root elongation)  
                       100  

D. Statistical analysis 
The data reported in the present study are the means 

of three replicates (n = 3) and statistically analyzed for 
the calculation of standard errors (S. E.).  
 
III. RESULTS AND DISCUSSION 
 
The objective of the present investigation was to 
evaluate the maturity of Hanwoo manure mixtures 
through forced-aeration composting process. The  
initial Hanwoo manure/ sawdust mixtures were 
modified through this process and it confirmed 
through physico-chemical and phytotoxicity analysis. 
 

E. Characterization of Hanwoo manure and 
sawdust mixtures 

The physico-chemical composition (%) of hanwoo 

manure was analysed using different  parameters was 
followed( Table 1). The cattle manure pH was reported 
by different authors in the range of 6.7-7.5 [7],  and 
these natures of manure might show an immediate 
effect on acidic soils to improve the pH. In our study, 
the hanwoo manure pH and EC (µs/cm) were 
recorded, 7.4±0.5  and 850±52 respectively.  
 
Total nitrogen(%) was observed  above 2 % in the two 
regions manure, however, C:N ratio was recorded as 
below 15%  and it may be due to high carbon content. 
Won et al.[9] also reported the nitrogen are available 
in the range of  0.3 %-1.8% in the Hanwoo manure.  
 
Table 1. Characterization of initial mixtures. 

Parameters  Hanwoo 
manure 

Sawdust 

pH 7.4±0.5 5.68±0.34 

EC(µs/cm) 850±51 294±17 

TN(%) 2.9±0.1 0.129±0.007 

TC(%) 43±3 50.27±3.5 

C:N ratio 14.8±0.8 44.52±2.6 
Note: The data represent the mean ± standard 
deviation of three replicates 
Several researchers have suggested the C:N ratio 30 
-35 is ideal for composting process and at the same 
time, manure C:N ratio was recorded as 14.8. In this 
regards, sawdust was used as a bulking agent for 
increasing C:N ratio as well as improve the 
composting process. In addition, the presence of heavy 
metals in the manure was in the acceptable range and 
the results are not provided in the table. 

 
B. Changes of physico-chemical characteristics 
during composting 

 
The composting process slightly increases the pH 

from 7.2 to 9.1 in  final composted manure while  
EC(µs/cm) was in contrast in reducing at the end of 
the composting process. Bazrafshan et al.[10] 
explained the alkaline pH is an important parameter to 
evaluate compost maturity and stability. On the other 
hand, acidic pH affects the microbial respiration and 
the degradation rate of the composting process. 
Moreover,neutral and slightly alkaline composted 
manure is favorable for the growth of most 
commercial crops.Hanwoo manure pH results were 
positively correlated in above aspects. The C:N ratio of 
the composted manure was reduced from 32 to 13 at 
the end of in-vessel composting process. 
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These changes may have been due to mineralization of 
organic matter, in the relative concentration of 
organic C and total N( Fig. 2a,b,c). This results were 
coincided with observations of  Ravindran et al.[11] 
during the composting process. Kaur et al.[12] also 
reported that C/N ratio decreased due to a maximum 
loss of carbon accompanied by an increase in nitrogen 
content. Many researchers have suggested that the  

 
C:N ratios equals to or less than 20 the final product, 
to be indicative of a mature compost product[13,14]. 
 
The temperature was increased up to 61˚C in 
Hanwoomanure on the 3rd day and gradually 
decreased thereafter, reaching ambient temperature 
levels at 35 days. Kumar et al. [15] suggested that the 
temperature above 55 ˚C during the composting 
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process possibly elimination of pathogens and leads to 
maximum  sanitation (Figure 3). 
C.  Phytotoxic analysis 

Determining the phytotoxicity of composted 
manure is very important due to the potential 
application of this manure to agricultural soil. In this 
study, composted product were analysed and the 
results had revealed no harmful effect on the seed 
germination of carrot and cabbage crops. Won mo et 
al.[4] suggested the delay or inhibition of seed 
germination  caused by phytotoxins in immature 
compost. However, hanwoo manure extract seed 
germination index was recorded as 90% and 94 % in 
sesame and radish respectively. Tiquia et al.[16] also 
suggested and proved that the above 80% germination 
index leads to the disappearance of the phytotoxicity 
of the compost manure. 
 
CONCLUSION 
 
The in-vessel composting process results revealed that 
the hanwoo manure was completely mature and it was 
confirmed by physico-chemical parameters (pH, EC, 
C:N ratio) and phytotoxic analysis process at the end 
of 35 days. However, further studies need to be 
conducted based on the effect of effective 
microorganisms  for the production of high nutrient 
quality organic fertilizers that are useful for all crops. 
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