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The degradation processes of tannin and saponin were studied during 
co-composting of the shell and seed cake of Camellia oleifera Abel. Four 
treatments were designed, with the dry weight of the seed cake 
accounting for 30% (A1), 25% (A2), 20% (A3), and 10% (A4) of the shell 
weight. During the composting, the duration and the highest temperature 
of the thermophilic phase were positively correlated with the addition 
proportion of seed cake. The degradation rates of tannin and saponin 
were positively correlated with the addition proportion of seed cake, but 
the C/N ratio and final tannin content were negatively correlated with it. 
The saponin content ultimately contributed to approximately 2% of the 
final compost mass. The final content of saponin and tannin decreased 

by 68.9 to75.2% and 34.6 to 59.5%. The organic matter and total nutrient 

content (N, P2O5, and K2O) increased with the increasing proportion of 
seed cake. An addition proportion of 30% of Camellia oleifera seed cake 
is recommended to produce homogenous compost. Overall, the addition 
of the seed cake promoted the maturity, fertilizer quality, and safety of 
the co-compost product. 
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INTRODUCTION 
 

Camellia oleifera Abel (C. oleifera) is one of the top four woody edible oil tree 

species in the world and is a major economic crop in southern China (Yao et al. 2012). At 

the end of 2017, the cultivation area of C. oleifera expanded to 4.37 million hectares, 

with annual production of C. oleifera seed, oil, shell, and seed cake reaching 2.4, 0.6, 3.6, 

and 1.8 million tons, respectively, in China. The C. oleifera shell accounts for more than 

60% of the weight of the fresh fruit (Zhang et al. 2015). In addition to lignocellulose that 

accounts for 80% of the composition, the C. oleifera shells also contain saponin and 

tannin (Zhang et al. 2018) that slowly degrade under natural conditions. The C. oleifera 

seed cake is the residue left from the oil extraction, which is mainly composed of crude 

protein, crude fat, crude fiber, saponin, tannin, ash, caffeine, etc. (Deng et al. 2004). 

The contents of tannins and saponin in the C. oleifera shell are approximately 

2.26% and 4.8%, respectively (Zhang et al. 2018), and those in C. oleifera seed cake are 

approximately 1.5% and 15% to 25%, respectively(Ding 2012). Tannins are a class of 

defensive secondary metabolites (Cowan 1999) that are produced during the long-term 

evolution of plants to prevent infection by animal feeding and pathogenic 

microorganisms; the tannins can inhibit microbial growth and biodegradation 

(McSweeney et al. 2001).  
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The tannins in C. oleifera shell and seed cake are highly polymerized natural 

polyphenols that can bind to proteins or enzymes, impede the metabolism of 

microorganisms and inhibit the growth of microorganisms. However, some 

microorganisms are resistant to tannins and can even utilize tannins as the sole carbon 

source (Lekha and Lonsane 1997; Ai et al. 2011). On the other hand, tea saponin is a 

class of pentacyclic triterpenoids with a β-fragrant tree skeleton. They can be considered 

as a derivative of oleanane with a polyhydroquinone pentacyclic ring (Ye 2002). Tea 

saponin is highly toxic for cold-blooded animals (Chen et al. 2006) and can hemolyze red 

blood cells (Sagesaka et al. 1996).  

The safe intake range for warm-blooded animals is 50 to 150 mg/kg per day, and 

the effective concentration for killing Lumbricina is 0.3 mg/mL. Tea saponin can 

function as the antifeedant of Plutella xylostella, and it can also inhibit the growth of 

Fusarium oxysporum at concentrations higher than 0.39 mg/mL (He et al. 2007). Further, 

tea saponin has also been used for the control of various pests, such as Pieris rapae 

larvae and Plutella xylostella (Hao et al. 2010).  

The direct disposal or utilization of the C. oleifera seed cake can cause serious 

environmental pollution. Most of the C. oleifera shell and seed cake is discarded or 

burned at present, causing serious environmental pollution and resource waste (Lei et al. 

2019), making it important to improve the utilization efficiency of C. oleifera waste and 

explore the methods of its utilization. Composting is one of the effective methods to treat 

the C. oleifera shell and seed cake. However, the unstable components of the shell and 

seed, such as cellulose, hemicellulose, and lignin, as well as saponins and tannins that can 

inhibit the growth of microbes and plant growth (Zhang et al. 2018), significantly affect 

their biodegradation during composting. Therefore, studying the degradation and content 

changes of tannin and saponin during the composting of C. oleifera shell and seed cake 

are necessary. In this study, the effects of the addition of C. oleifera seed cake on the 

composting of C. oleifera shell were investigated using the shell as the raw material and 

the seed cake as the microbial inoculant. The physicochemical properties of the compost 

and the degradation of tannin and saponin during the composting were analyzed, aiming 

to provide the scientific foundation for the composting of C. oleifera shell and seed cake.  

 

 

EXPERIMENTAL 
 

Compost Materials and Preparation 
The C. oleifera shells were collected from Zhejiang, Jinhua, Dongfanghong 

Forest Farm (China). The C. oleifera seed cake was provided by Zhejiang, Tiantai, 

Kangneng Tea Oil Co., Ltd. (China). Effective microorganisms (EM) were obtained from 

Henan Nanhua Qianmu Biotechnology Co., Ltd. (Zhengzhou, China), whose main 

components were Bacillus, Lactobacillus, Bifidobacterium, yeast, photosynthetic 

bacteria, acetic acid bacteria, Actinobacillus, and other original species.  

Except for the addition of EM, laboratory-selected tannins-degrading 

microorganism agents (Aspergillus awamori) and saponin-degrading microbial agents 

(Bacillus amyloliquefaciens and Meyerozyma guilliermondii) were added in an amount of 

1%, respectively. The chemical compositions and primary properties of the raw materials 

are shown in Table 1.  

 

 

  



PEER-REVIEWED ARTICLE  bioresources.com 

 

Zhang et al. (2020). “Camellia o. shell composting,” BioResources 15(2), 2721-2734.  2723 

Table 1. Chemical Compositions and Properties of Raw Materials  

Parameters Shell of C. oleifera Seed Cake of C. oleifera Urea 

Organic Matter (%) 83.78 ± 4.25 82.41 ± 3.27 - 

Tannin (%) 2.26 ± 0.12 1.03 ± 0.03 - 

Saponin (%) 4.80 ± 0.90 16.35 ± 2.10 - 

Polysaccharides (%) 2.65 ± 1.10 14.22 ± 1.81 - 

Crude Protein (%) 2.61 ± 0.11 7.62 ± 0.96 - 

Fat (%) ≤1 9±1.4  

Total C (%) 48.64 ± 2.12 47.83 ± 1.92 20.03 ± 

0.12 
Total N (%) 0.42 ± 0.08 1.22 ± 0.02 46.67 ± 

0.06 
C/N 116.21 ± 2.43 39.01 ± 1.50 0.43 ± 0.02 

Total P (%) 0.017 ± 0.001 0.161 ± 0.032 0 

Total K (%) 0.86 ± 0.02 0.93 ± 0.08 0 

GI (%) 58.2 ± 3.4 5.2 ± 1.2 - 

pH 5.80 ± 0.02 5.48 ± 0.05 7.00 ± 0.05 

a All data is expressed on a dry weight basis 

 
Composting Methods 

The C. oleifera shell (particle size ≤ 20 mm) and seed cake (particle size ≤ 2 mm) 

were composted in a COMPOSTER 220eco (73 × 115 × 80 cm, 220L)(Biolan Oy, Eura, 

Finland), an insulated and highly ventilated ecological composting tank in the winter 

season with ambient temperature variation from 0 to 22 °C. Double-layer polyethylene 

and polyurethane materials were used as an insulation layer in the tank, which can 

effectively maintain microbial activity and continuously compost throughout the year. 

The tank was equipped with a thermometer with automatic temperature measurement. 

The air vent was located in the middle and lower part of the composting barrel, which 

was connected to the outside by a pipeline. The pipeline spirally distributed near the inner 

wall of the tank. The outlet of the pipeline was located in the upper part of the 

composting barrel. The knob at the inlet and outlet of the air vent regulated the air flow. 

The bottom side of the composting tank had a leachate discharge pipe.  

Four treatments were designed with different addition proportions of C. oleifera 

seed cake, accounting for 30% (A1), 25% (A2), 20% (A3), and 10% (A4) of the total 

weight (dry weight basis), with three repetitions. The initial C/N ratio of each treatment 

was adjusted to 30 with urea and blended with EM (3% of the dry weight of C. oleifera 

shell). The water content of each treatment was then adjusted to 55% (Bernalet al. 2009). 

No adjustments of these parameters were made thereafter.  

The blends were stirred thoroughly and placed in the composting tanks for aerobic 

fermentation. The ventilation valve of the composting tanks was rotated to the maximum 

ventilation level. All treatments were manually turned every 5 days outside the composter 

with 200 shovels in about 20 minutes each time. The compost temperature and ambient 

temperature were recorded every day at 3:00 pm for 76 days after the first day of 

composting. The 500 g of compost were sampled on days 0, 7, 20, 30, 45, 60, and 90 

using a five-point sampling method from three locations of the fresh compost in the tank 

(the surface, 10-cm depth; core, 50-cm depth; and bottom, 90-cm depth). A portion of 

each sample was stored at -20 °C for seed germination experiments, and the remainder 

was air-dried (Meng et al. 2019). 

file:///C:/Program%20Files%20(x86)/Youdao/Dict/6.3.69.8341/resultui/frame/javascript:void(0);


PEER-REVIEWED ARTICLE  bioresources.com 

 

Zhang et al. (2020). “Camellia o. shell composting,” BioResources 15(2), 2721-2734.  2724 

Measurements of pH and Moisture Content  
A total of 10 g of fresh sample was dispersed in deionized water at the ratio of 

10:1 (v:w), and the suspension was shaken at 200 r/min for 1 h under ambient conditions. 

The pH was determined with a pH-2F pH meter (Inesa Scientific InstrumentCo., 

Ltd.,Shanghai, China). The moisture content was measured via drying at 105 °C for 24 h 

in a drying oven (Zhang et al. 2018). 

 
Total Organic Carbon and Elemental Analysis 

The total organic carbon (TOC) was determined using the potassium dichromate 

oxidation-heating method (Shuang et al. 2016). The total nitrogen (TN) was determined 

using the regular Kjeldahl method (Bremner 1996); total phosphorus (TP) and total 

potassium (TK) were determined by spectrophotometry (TU-1810, Beijing Persee 

General Instrument Co., Ltd. Beijing, China) and flame photometry (FP640，Shanghai 

Precision Instruments Co., Ltd. Shanghai, China) after H2SO4-H2O2 digestion, 

respectively (Tiquia et al. 1997). The contents of organic matter were calculated 

according to Eq. 1.  

 Organic matter (%) = TOC (%) × 1.724    (1) 

 
Measurement of Tannin and Saponin Contents 

The tannin content (Ct) was analyzed with spectrophotometry after extraction with 

a water mixture as per NY/T 1600 (2008). The saponin content (Cs) was determined 

according to published methods (Arivalagan et al. 2013). Degradation rate of tannin and 

saponin during composting were calculated according to Eqs. 2a and 2b, 

Degradation rate of tannin (%) = 
[𝐶t(%) × 𝐷𝑊 (𝑘𝑔)]intial−[𝐶t(%) × 𝐷𝑊 (𝑘𝑔)]𝑥

[𝐶𝑡(%)×𝐷𝑊(𝑘𝑔)]intial
 (2a) 

Degradation rate of saponin (%) = 
[𝐶s(%) × 𝐷𝑊 (𝑘𝑔)]intial−[𝐶s (%) × 𝐷𝑊 (𝑘𝑔)]x

[𝐶s(%) × 𝐷𝑊 (𝑘𝑔)]intial

 (2b) 

wherethe DW is dry weight (kg) of the treatment (A1/A2/A3/A4) and x is the day of 

sample collection.  

 

Seed Germination Index (GI) 
The seed germination index (GI) assay was undertaken using seeds of Brassica 

chinensis var.chinensis. The 20 g of fresh sample was added to 200 mL of distilled water, 

thoroughly shaken for 1 h, leached at 30 °C for 24 h, and then filtered. A total of 6 mL of 

the filtrate were added to a 9-cm culture dish covered with a filter paper. Twenty good 

quality seeds were seeded in the culture dish and incubated in a 20.0 ± 1.0 °C incubator. 

The seed germination rate was measured after 24 h. Each treatment was repeated three 

times, with distilled water used as the control. The GI was calculated according to Eq. 3:   

𝐺𝐼(%) =
Germination rate in compost extract (%) × Root length (cm)

Germination rate in distilled water (%) × Root length (cm)
  (3) 

Statistical Analysis 
Pearson’s correlation analysis was completed using the SPSS 20.0 software (IBM 

Co., Armonk, NY, USA), and the figures were drawn on ORIGIN 8.0 computer program. 

(OriginLab, Northampton, USA). The results presented in this study were the mean 

values ± standard deviations. Bivariable square Pearson’s correlation analysis was 

applied to disclose the relationship between the proportion of seed cake, degradation 
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rate/initial content/final content of tannin and saponin, initial crude protein content, and 

the initial polysaccharides content. Significance was assumed if the p < 0.05. 

 
 
RESULTS AND DISCUSSIONS 
 
Compost Temperature 

Temperature is one of the important compost maturity indexes. It is closely 

related to the properties of raw material, microbial activity, composting cycle, and 

compost maturity (Bustamante et al. 2008; Gu et al. 2015). In general, composting 

undergoes four phases: the mesophilic phase, the thermophilic phase (> 50 °C), the 

cooling phase, and the maturing phase. Temperatures over 55 °C kill pathogenic 

microorganisms, eggs, and weed seeds, producing harmless composts. However, 

microbial activities drop rapidly at temperatures above 63 °C (Bernal et al. 2009). The 

temperatures of all compost piles during composting were much higher than the ambient 

temperature (Fig. 1), indicating that the ambient temperature had no obvious effects on 

the composting. The initial temperatures for the four treatments were all 10 ± 0.8 °C (Fig. 

1).  
 

 
Fig. 1. Temperature profiles of the compost during composting 
 

The temperature reached over 50 °C on day 2 (A1) or day 3 (the other treatments). 

The durations of the thermophilic phase were 24, 20, 17, and 17 days for A1, A2, A3, and 

A4, respectively, which reached record high temperatures of 71.5 °C, 66 °C, 63 °C, and 

62 °C, respectively. The days with temperatures higher than 55 °C were 20, 18, 10, and 3, 

and the longest duration of temperatures above 55 °C were 11 days, 7 days, 6 days, and 3 

days for A1, A2, A3, and A4, respectively. These observations suggested that the higher 

contents of seed cake in the compost caused faster temperature increase, a longer 

thermophilic phase, and higher maximum temperatures. As shown in Table 1, the seed 

cake contained much more polysaccharides and crude protein than the shell. The contents 

of polysaccharides and crude protein in the four treatments were in the order of A1 > A2 

> A3 > A4. Polysaccharides and proteins are nutrients that are easily used by 

microorganisms during composting. Their degradation usually occurs during the 
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mesophilic phase and in the early period of thermophilic phase (Zhang et al. 2016). Fatty 

acids are also nutrients that microorganisms can easily use (Dignacet al. 2005).Seed cake 

of C. oleifera, although pressed to remove oil, still contains a high fat content (Table 1) 

and it is an effective source of fatty acids. Therefore, the duration of the thermophilic 

phase and the highest temperature were probably affected by the contents of 

polysaccharides, crude protein, and fatty acids in C. oleifera shell and seed cake. 
 

The pH Results 
The pH is one of the important factors affecting the growth and reproduction of 

microorganisms. The optimum pH for the growth of most microorganisms is 6.5 to 7.5. 

The pH values of treatments A1, A2, A3, and A4, respectively, increased from the initial 

values of 5.82, 5.98, 6.04, and 6.06 to 7.86, 7.73, 7.92, and 7.74 at day 30. They slightly 

decreased to 7.65, 7.60, 7.22, and 7.06 at day 60; and they remained stable thereafter 

(Fig. 2). Because of the acidic ingredients in the shell and seed cake of C. oleifera (Table 

1), and/or the production of organic acids in the anaerobic fermentation of the raw 

materials due to poor air permeability during stacking (Said-Pullicino et al. 2007), the 

initial pH values of the composts were acidic. With the development of composting, 

organic acids were degraded or volatilized, and the free ammonia compounds were 

released by protein degradation, resulting in alkaline pH values (Kalamdhad and Kazmi 

2009). With the increase in temperature, the ammonia compounds were continuously 

volatilized. During the maturing phase of composting, some unstable compounds are 

gradually decomposed or converted into complex cyclic compounds, such as a humus-

like substance, which moves the composting to maturity, and the stacking pH value 

consequently becomes stable (Bernal et al. 2009).  

 

 
Fig. 2. Changes in pH value during composting 

 
Tannin and Saponin  

The tannin contents of the four treatments had a similar trend of decreasing 

linearly with the composting time (Fig. 3). At the end of the experiment, the tannin 

contents of the four treatments were in the order of A1 < A2 < A3 < A4, with the values 

of 0.761%, 0.997%, 1.183%, and 1.406%, respectively (Table 1).   
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Table 2. Pearson’s Correlation Analysis among Proportion of Seed Cake, Tannin, and Saponin DuringComposting Process (*p < 
0.05; **p < 0.01) 

 Proportion 
of Seed 
Cake 

Degradation 
Rate of 
Tannin 

Degradation 
Rate of 
Saponin 

Initial 
Tannin 
Content 

Initial 
Saponin 
Content 

Final 
Tannin 
Content 

Final 
Saponin 
Content 

Initial 
Crude 
Protein 
Content 

Initial 
Polysaccharides 

Content 

Proportion of 
Seed Cake 

1 0.988* 0.965* -0.999** 0.998** -0.995** 0.899 0.999** 0.998** 

Degradation 
Rate of 
Tannin 

 1 0.974* -0.987* 0.987* -0.998** 0.827 0.978* 0.978* 

Degradation 
Rate of 
Saponin 

  1 -0.977* 0.977* -0.979* 0.769 0.961* 0.961* 

Initial Tannin 
Content 

   1 -1.000** 0.996** -0.883 -0.998** -0.998** 

Initial 
Saponin 
Content 

    1 -0.996** 0.882 0.998** 0.997** 

Final Tannin 
Content 

     1 -0.852 -0.989* -0.989* 

Final 
Saponin 
Content 

      1 .913 0.913 

Initial Crude 
Protein 
Content 

       1 1.000** 

Initial 
Polysacchari
des Content 

        1 
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Fig. 3. Changes in tannin content during composting 
 

The corresponding degradation percentages were 59.5%, 49.2%, 41.9%, and 

34.6% (Fig. 4). As the proportion of the seed cake increased in the four treatments, the 

final tannin content decreased and the tannin degradation rate increased, both of which 

were affected significantly (r = 0.012, P < 0.05, r = 0.005, P < 0.01, respectively) by the 

proportion of the seed cake, which might be attributed to the combination of protein and 

tannin (Table 2). Table 2 shows that there was a significant positive correlation between 

the initial protein content and tannin degradation rate (r = 0.978, P < 0.05). Protein is an 

important nutrient for microorganisms to provide heat for the compost to enter the 

thermophilic phase (Bernal et al. 2009). Tannin can combine with protein to form an 

insoluble complex, which affects the degradation ability of microorganisms and the 

degradability of protein in the compost (Ruan et al. 2006).  

 

 
Fig. 4. Degradation rates of tannin and saponin during composting 
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At the beginning of this experiment, the crude protein contents of the four 

treatments were in the order of A1 > A2 > A3 > A4, and their tannin contents were A4 > 

A3 > A2 > A1 (Table 1). It could be seen that the tannin-protein binding ratio was the 

highest in A4, and the protein available by microorganisms was the least. Therefore, the 

treatments with higher tannin contents had a longer initial phase and a shorter 

thermophilic phase. In addition, polysaccharide content was also significantly correlated 

with the final content and degradation rate of tannins (r = -0.989, P < 0.05, and r = 0.978, 

P < 0.05). Because polysaccharide was one of the main nutrients of microorganisms, high 

polysaccharide content increased microbial activity and thus accelerated the degradation 

of tannins. 

Figure 5 shows the changes in the saponin contents in the four experimental 

groups with composting time. The initial saponin contents followed the order of A1 > A2 

> A3 > A4 and exhibited the decreasing trends with the composting time. The saponin 

degradation rate increased with the increase in seed cake content. The final degradation 

percentages of the groups A1, A2, A3, and A4 were 75.2%, 73.9%, 70.6%, and 68.9%, 

respectively (Fig. 4). The saponin degradation rate and proportion of seed cake of the 

four treatments showed negative correlations (r = 0.965, P < 0.05). The final saponin 

contents in the compost products were all approximately 1.81 to 2.07%, and there was no 

significant correlation to the initial proportion of C. oleifera seed cake (Table 2). After 

repeated experiments, the saponin content of the final compost product was always 

maintained at about 2%. Based on this, the authors speculate thatthe concentration was 

too low, such thatmicroorganisms could not make use of it when the saponin content in 

the compost was reduced to about 2%. It is difficult for microorganisms capable of 

degrading serotonin to take saponin in the heap or to choose other richer organic matter 

as the decomposition target, so that the final saponin concentration of each group was 

maintained at the same low concentration level, that is, the saponin under this condition 

limit concentration of biodegradability(Li et al. 2006). This concentration may be used as 

a criterion for judging the completion of saponin biodegradation. 

 

 
Fig. 5. Changes in saponin content during composting 
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Chemical Composition 
Table 3 lists the chemical properties of the final compost product of each group at 

the 90th days. The moisture contents in the compost products of all four groups were less 

than 30%. The organic matter contents were greater than 50% and the pH was between 

7.06 and 7.61. The GI values of the four treatments were all above 85%, which meant 

that the final compost products were safe for the growth of plants.  

According to NY525 (2012), the total nutrient contents were calculated as the 

sum of the content of N, P2O5, and K2O on a dry weight basis (Table 3). The total 

nutrient contents (N, P2O5, and K2O) are important components to promote plant growth 

and an important standard for judging quality of compost products, which of the four 

treatments were less than 5% and increased with increased addition proportion of seed 

cake. Therefore, the final compost products could be mixed with fertilizer (phosphate 

fertilizer, potassium fertilizer, and urea, etc.) if applied as fertilizer or amendment. The 

total nutrients represented an increase of 2.67, 2.06, 2.03, and 1.95 times as much as the 

initial total nutrient contents of A1, A2, A3, and A4, respectively, for part of carbon and 

nitrogen was consumed and converted into carbon dioxide, ammonia, or assimilated by 

organisms (Bernal et al. 1998; Paré, et al. 1998).  

Compost maturity takes place at C/N < 20, and the higher the degree of maturity 

is, the closer the C/N ratio is to 10 (the C/N ratio of humus) (Golueke 1981). The C/N 

ratios of the compost products of A1, A2, A3, and A4 were 18.52, 19.71, 21.55, and 

25.52, respectively. The product of A1 met the standard of compost maturity most 

closely.  

 
Table. 3. Chemical Properties of the Composts a 

Initial Chemical Properties of the Compost 
Parameters A1 A2 A3 A4  

Moisture (%) 55.0 ± 1.0 55.0 ± 1.0 55.0 ± 1.0 55.0 ± 1.0  

Organic Matter (%) 83.4 ± 1.8 83.5 ± 2.1 83.5 ± 1.1 83.7 ± 1.7  

Total N (%) 0.62 ± 0.03 0.58 ± 0.02 0.55 ± 0.01 0.49 ± 0.04  

Total P2O5 (%) 0.12 ± 0.01 0.11 ± 0.02 0.09 ± 0.01 0.07 ± 0.01  

Total K2O (%) 1.05 ± 0.04 1.05 ± 0.07 1.04 ± 0.01 1.03 ± 0.03  

Total Nutrients (%) 1.79 ± 0.03 1.73 ± 0.02 1.69 ± 0.01 1.59 ± 0.01  

pH 5.82 ± 0.03 5.89 ± 0.05 6.04 ± 0.04 6.06 ± 0.01  

C/N Ratio 30 30 30 30  

GI (%) 15.0 ± 2.3 12.1 ± 3.6 67.1 ± 1.7 86.3 ± 2.3  

The Final Chemical Properties of the Compost China Organic 
Fertilizerb Parameters A1 A2 A3 A4 

Moisture (%) 26.5 ± 1.1 25.8 ± 0.9 25.3 ± 1.2 25.1 ± 0.4 ≤ 30 

Organic Matter (%) 51.36 ± 2.1 52.13 ± 1.8 50.72 ± 2.2 50.44 ± 1.9 ≥ 45 

Total N (%) 2.51 ± 0.06 1.64 ± 0.04 1.84 ± 0.05 1.46 ± 0.05 - 

Total P2O5(%) 0.34 ± 0.04 0.25 ± 0.03 0.17 ± 0.02 0.12 ± 0.03 - 

Total K2O (%) 1.95 ± 0.05 1.68 ± 0.06 1.43 ± 0.04 1.52 ± 0.04 - 

Total Nutrients (%) 4.79 ± 0.12 3.57 ± 0.07 3.44 ± 0.09 3.10 ± 0.03 ≥ 5 

pH 7.23 ± 0.04 7.61 ± 0.05 7.22 ± 0.03 7.06 ± 0.07 5.5 to 8.5 

C/N Ratio 18.52 ± 1.02 19.71 ± 2.11 21.55 ± 1.20 25.52 ± 0.09 - 

GI (%) 124.0 ± 2.5 137.5 ± 4.3 158.7 ± 2.6 122.3 ± 2.2 ≥ 85 
a Except for moisture, all data are expressed on a dry weight basis; b According to Chinese 
standard for organic fertilizer NY 525 (2012) 
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Table 3 shows that after composting, the content of organic matter decreased in 

all four treatments, which was probably due to the degradation of most of the 

hemicellulose and some of the cellulose and lignin. Total N, P2O5, K2O, and total 

nutrients increased, which was due to the initial addition of urea used to regulate the C/N 

ratio, and the dry weight loss of compost products was up to 30%. These results indicated 

that the nutrient content was positively correlated with the initial seed cake content and 

negatively with the C/N ratio of the final compost products (Table 3). The higher the 

included proportion of seed cake content was, the higher degree the compost maturity 

according to C/N ratio. The compost products met the criteria of the Chinese Standard of 

Organic Fertilizer NY 525 (2012), but the total nutrients was less than 5%, which does 

not meet the standard.It can be mixed with other single-element fertilizers (such as 

nitrogen fertilizer, potassium fertilizer, phosphate fertilizer, etc.) according to the needs 

of the land and crops to reduce the use of chemical synthetic fertilizers, improve land 

fertility, and prevent land salinization. 

 

 

CONCLUSIONS 
 

1. The high temperature duration and highest temperature during the co-composting of 

Camellia oleifera shell and seed cake were mainly affected by the addition of seed 

cake because of its polysaccharides and crude protein.  

2. The addition proportion of seed cake was negatively correlated with the tannin 

content in the final compost product, and positively correlated with the degradation 

rate of tannin and saponin. All the saponin content in the final compost was 1.81 to 

2.07%. After 90 days of composting, the tannin degradation percentages of A1, A2, 

A3, and A4 were 59.5%, 49.2%, 41.9%, and 34.6% respectively, and the saponin 

degradation percentages were 75.2%, 73.9%, 70.6%, and 68.9%, respectively.  

3. The addition proportion of seed cake was negatively correlated with the C/N ratio in 

the final compost product. The compost products met the criteria of the Chinese 

Standard of Organic Fertilizer NY 525 (2012) except total nutrients. An addition 

proportion of 30% of Camellia oleifera seed cake is recommended to produce 

homogenous compost in the study. 
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