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Abstract 
The purpose of this study is determining the in vitro true digestibility values and nutritional content for tea (Camelia Sinensis) factory waste 
(TFW) produced by organic and conventional methods. Fresh tea plants and the TFW are collected from tea factories in the Blacksea Region of 
Turkey on the seasons of tea production which are the beginning and end of May (1st season), July (2nd season) and August (3rd season). In this 
study the nutrient composition of TFW, digestible organic material and metabolic energy values were determined in 3rd, 6th, 12th, 24th, 48th, 72nd 

and 96th hours by in vitro gas production technique. The nutrient values of TFW varied with seasons and periods. Values found are: dry matter 
(DM) 92-95%, ash values 3.56-4.59%, neutral detergant fiber (NDF) 51.10- 57.23%, acid detergant fiber (ADF) 40.93 – 49.27%, digestible 
organic material (DOM) 25.47 – 44.79% and metabolic energy (ME) 4.65 – 8.79 MJ/kgDM. DOM and ME values were found highest at the 3rd

season followed by the 2nd season and 1st season (P<0.05). There is no statistical significant difference between TFW produced by organic and 
conventional methods for DOM and ME (P>0.05). It was concluded that, after the determination of the percentage of tannin and polyphenol 
contents in TFW; the 3rd season TFW can be added to ruminant rations which have high feed efficiency. 
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INTRODUCTION 
In the field of animal feeding, the provision of quality 

roughage is an important element in terms of economy, animal 
health and yield. In recent years, tea plant products have been 
used in alternative forage research. Tea (Camellia sinensis), 
that belongs to theaceae family, was discovered in 2700 BC 
(FAO, 2015) and it is the most consumed beverage in the 
world. The flavonoids it contains are flavone, flavanone, 
isoflavone, flavonole, flavanole and antacyanins. These 
substances are often evaluated for their antioxidant, 
anticancerogenic and antiatherosclerotic properties (Balentine 
et al., 1997). Tea plant can be considered as a good alternative 
ruminant feed with its content of carbohydrate 56.68–59.84 g 
/ 100 g, and protein 19.31–19.86 g / 100 g in its unprocessed 
natural state. However, it is defined as highly antinutritional 
due to its high phenolic and tannic acid values (Alasalvar et al., 
2013). 

During tea production, the remainder of the fresh tea is 
considered to be tea factory waste (TFW). This waste product 
is rich in leaf clippings and plant stem content. Each 100 kg of 
tea plants consists of 2 kg of waste. These wastes, which 
cannot be used effectively by factories, also have the potential 
to cause environmental pollution. There are reports indicating 
that this product, which may be harmful in waste form, can be 
used in the caffeine industry (Konwar, 1988), pig and poultry 
feeds (Chutia, 1983; Uuganbayar, 2006; Ko and Yang, 2008), 
fish feeds, fertilizer (Aşık and Kütük, 2012) and beverage 
industry (Chowdhury, 2016). The avail- ability of TFW for 
pellet production (Bilgin et al. 2016) may facilitate its use in 
animal feeding. When the studies on the use of all forms of tea 
in animal nutrition are examined, it is seen that the remaining 
pulp after beverage production is used more than TFW 
(Nasehi et al. 2017). Goats can benefit from high tannin 
containing plants (Ahmed et al., 2015) due to their proline 
synthesis capabilities (Narjisse et al. 1995). Imik et al. (1999) 
reported that the performance of goats was 

negatively affected when fed with conventional TFW 
supplemented ration containing 13.62% HP and 7.89% tannins. 
However, in another study of the same researchers (Imik et al. 
2002), it was reported that, the performance data were not 
adversely affected in Akkaraman lambs fed with ration con- 
taining 10% TFW. Begovic et al. (1978) reported that, goats 
could tolerate tannin at 8-10% with tannase enzyme activity; 
while this rate becomes 3-5% in cattle and 1% in poultry. Kaya 
et al (2014) reported that 5.7% tannin containing TFW enhanced 
the antioxidant efficiency in poultry without any negative effect 
on performance when added to ration at 2-4% level. Zahedifar et 
al. (2019) reported that the growth performance of animals 
consuming 40 g / kg TFW instead of alfalfa was similar to other 
groups. Baruah (1997) reported that, adding 20% wheat bran 
and 15% decaffeinated TFW to ration instead of 35% wheat bran 
did not adversely affect the performance and health in dairy 
cows. Kondo et al. (2004) showed that TFW added to silage 
reduces serum cholesterol levels in dairy cows. In some studies 
(Ko et al. 2008; Hos- sain et al. 2012; Ahmed et al. 2015), TFW 
has been reported to have a positive effect on concanavanalin A 
and lipopoly- saccharide which proliferate T and B cells. 

It seems that, the studies with TFW in animal nutrition have 
contradictory results. The aim of this study was to investigate 
the in vitro digestibility values of TFWs which have high 
storage cost and cause environmental pollution during the 
production process of conventional and organic tea. 

MATERIAL and METHODS 
Feed Material 
Fresh tea and TFW (organic and conventional) were 

obtained from tea factories in the Black Sea Region of Turkey 
during the production seasons. The research groups consisted 
of materials taken in May ( 1st season ), July  ( 2nd season ) and
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August (3rd season) and in 2 periods as the beginning and end 
of each month. The rumen content required for in vitro 
digestibility determination was obtained from cattle fed ad-
libitum mixed feed and straw in Samsun Florya Integrated 
Meat Facilities’ Abattoir. Rumen content was taken 
immediately after slaughtering and brought to Ondokuz Mayis 
University Faculty of Veterinary Medicine Ruminant Feed 
Evaluation and Training Unit with 39 oC thermos containing 
CO2. Dry matter (DM), crude ash (CA), crude protein (CP) 
and ether extract (EE) analyzes of tea and TFW samples were 
performed with the methods reported in AOAC (2006). Crude 
protein (CP) was determined with the Kjeldahl method. Fat 
content was determined with ether extraction in the Soxhlet 
extraction system (Extraction system B-811, Switzerland). 
The neutral detergent fiber (NDF), acid detergent fiber (ADF) 
and acid detergent lignin (ADL) levels of each feed were 
determined with the ANKOM 200 Fiber Analyzer by using 
methods of Van Soest et al. (1991). For in vitro digestibility 
detection, the gas production method which was reported in 
Menke and Steingass (1988) was used. Organic matter 
digestibility (OMD) values were calculated by using 24-hour 
gas production (GP), CP and CA values. 

Metabolic energy gas production (MEGP) values were 
calculated according to the formula reported in Menke and 
Steingass (1988). 

 

All chemical analyzes were performed in Ondokuz Mayıs 
University Faculty of Veterinary Medicine Department of 
Animal Nutrition and Nutritional Diseases Laboratories 

Statistical Analysis 
In this study, TFW nutrient contents and gas production 

values produced from two different types of tea (conventional 
and organic), and observational values for digestible organic 
matter (DOM) and metabolic energy (ME) data are summarized 
as arithmetic mean and standard error of mean. In order to 
determine the seasonal and periodic differences of two types of 
TFW, a statistical model was used in which 3 different seasons 
and tea waste origin were evaluated. In order to evaluate the 
periodic differences, the model was an alyzed according to the 
least squares method in factorial order. The Duncan multiple 
comparison test was used in cases where the differences 
between the averages were found to be significant in the 
investigated factors. SPSSv21 (2007) statistical package 
program was used to summarize and analyze the observation 
values obtained through the study. 
 
RESULTS and DISCUSSION 

The values of DM%, CA%, NDF%, ADF%, CP%, EE%, 
OM% and ME (MJ/kg DM) contents of tea and TFW samples 
were determined by chemical analyzes and respectively given 
in Table 1 and Table 2. 

Table 1. Nutrients (%), cell wall elements (%) and metabolic energy (MJ/kg DM) values of conventional (C) and organic 
(O) tea () according to production season (S). 
S  DM CA NDF ADF ME CP EE OM 

1 C* 89,86±0,50 5,21±0,26 33,89±2,53 29,20±3,25 10,15±0,54 16,88±1,54 1,40±0,25 84,65±0,24 
 O* 89,48±0,23 5,30±0,31 31,01±0,01 24,75±0,72 10,89±0,12 18,56±0,29 1,38±0,42 84,18±0,08 

2 C* 91,22±0,07 4,91±0,00 38,55±0,81 34,73±0,23 9,23±0,04 16,65±1,95 1,16±0,18 86,31±0,07 
 O* 90,75±0,27 5,38±0,00 36,89±1,83 32,37±1,24 9,62±0,21 16,03±1,15 1,39±0,16 85,36±0,27 

3 C* 91,67±0,30 5,12±0,05 38,77±1,13 34,00±0,90 9,35±0,15 17,79±0,61 1,69±0,25 86,55±0,35 
 O* 90,64±0,22 5,85±0,04 33,21±3,40 30,82±3,94 9,87±0,65 15,46±1,09 1,55±0,45 84,79±0,18 
*P>0,05 
DM: Dry matter, CA: Crude ash, CP: Crude protein, EE: Ether extract, OM: Organic matter, NDF: Neutral detergent fiber, ADF: Acid 
detergent fiber, ME: Metabolic energy. 

 
Table 2. Nutrients (%), cell wall elements (%) and metabolic energy (MJ/kg DM) values of conventional (C) and organic (O) 
tea factory waste () according to production season (S). 

 
 
 
 
 
 
 
 
 

 
 

*P>0,05 
DM: Dry matter, CA: Crude ash, CP: Crude protein, EE: Ether extract, OM: Organic matter, NDF: Neutral detergent fiber, ADF: Acid 
detergent fiber, ME: Metabolic energy. 

 
In vitro digestibility values (gas volume ml/h, DOM% and ME Mj/kg DM) of TFW materials are given in Table 3. 

S  DM CA NDF ADF ME CP EE OM 

1 C* 94.11±1.51 3,56±0,25 57,21±2,96 48,85±2,59 6,89±0,43 8,03±1,92 0,28±0,03 90,55±1,7
  O* 92,69±0,09 4,01±0,35 51,10±1,61 45,38±2,78 7,46±0,46 7,21±2,29 0,65±0,05 88,67±0,4

4 
2 C* 95,80±,14 4,21±0,15 52,52±2,59 47,98±0,56 7,03±0,09 12,67±0,04 0,30±0,19 91,59±0,3

  O* 95,93±0,26 3,92±0,04 57,23±2,33 49,27±1,09 6,82±0,18 10,20±0,24 0,76±0,27 92,00±0,3
0 

3 C* 93,42±0,63 4,69±0,09 47,76±2,83 40,93±2,92 8,20±0,48 14,07±1,23 1,07±0,11 88,65±0,4
  O* 93,79±0,35 4,27±0,06 49,34±6,64 43,16±6,54 7,83±1,09 10,97±1,07 0,89±0,23 89,29±0,6

3  
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Table 3. Period (PE) and production type (T), in vitro gas volume (ml), digestible organic matter (DOM, %) and metabolic 
energy (ME, Mj/kg DM) values () of conventional (C) and organic (O) tea factory wastes (n=3) in different hours (h) according 
to production season (S), 
  3h 6h 12h 24h 48h 72h 96h DOM ME 

S ** 1 31,63±3,69a 38,25±3,65c 51,01±3,59c 70,66±3,86c 77,60±4,90c 72,55±7,47c 73,72±7,20a 25,47±2,64c 4,65±0,12c 

2 31,09±10,73a 55,79±10,75b 89,55±11,01b 132,65±12,17b 166,20±12,79b 167,14±13,12b 168,33±13,27b 32,03±1,96b 6,70±0,32b 

3 37,44±1,19a 77,36±2,76a 137,70±4,65a 205,97±4,76a 236,32±12,93a 240,83±15,86a 242,59±16,39a 44,79±2,81a 8,79±0,18a 

PE* 1 29,79±2,51a 51,42±3,74b 84,57±7,42b 129,58±11,98b 147,40±14,18b 147,03±15,12b 148,53±15,35b 32,29±1,07a 6,49±0,34a 

2 38,09±7,52a 66,60±9,04a 108,36±13,34a 157,33±18,33a 185,78±22,47a 187,16±24,73a 188,42±24,71a 37,56±4,18a 7,26±0,57a 

T 
 
NS 

C 37,15±7,06a 61,90±8,25a 99,87±11,08a 147,38±16,83a 173,15±20,64a 173,69±22,56a 175,77±22,57a 35,35±3,37a 7,02±0,51a 

O 30,19±2,72a 54,95±4,93a 91,16±9,55a 137,31±13,83a 157,03±16,63a 157,35±17,91a 158,09±18,21a 34,06±2,35a 6,67±0,41a 

NS: Not significant statistically; *,a,b: P<0.05; **,a,b,c: P<0.01 significant statistically 
a,b,c: There is no statistical difference between the sample means with the same letter on the basis of columns (P>0.05). 

 
In our study, in vitro gas production amounts of both 

conventional and organic TFW wastes increased in direct 
proportion with the incubation time. Both conventional and 
organic tea and TFW had mathematical differences in 
nutritional values in all seasons, but these differences were 
statistically insignificant (P>0.05). It was observed that the 
NDF and ADF values of TFW produced by conventional 
methods decreased (P>0.05) as the season progressed, while 
CP, EE and ME values increased (P>0.05). It was determined 
that, the NDF and ADF values of TFW, produced by organic 
method, had the highest value in the second season. At the 
same season, CP, EE and ME values of organic TFW were 
similar to conventional TFW’s. Produced gas volume (ml), 
DOM (%) and ME (MJ / kg KM) values were the highest in 
the third season and the difference was statistically significant 
(P<0.05). The gas volumes for all seasons were higher in the 
second period products (P<0.05). The difference between the 
periods was not significant in terms of DOM and ME 
(P>0.05). It was determined that tea cultivation methods 
(conventional-organic) did not make a statistically significant 
difference (P<0.05) on gas volumes, DOM and ME values. 

In our study, although they were not practically used in 
animal nutrition, the nutrient contents of the fresh tea leaves 
were determined to make a comment on the nutrient contents 
of TFW. Sarıca et al. (2008) reported that CP, CA and EE 
values of the fresh tea leaves were between 15-19%, 5% and 
2-3%, respectively. Nas et al. (1991) reported that CA values 
in fresh tea ranged between 3.31-5.65% according to 
cultivation periods. In our study, the nutrient values of fresh 
tea leaves are consistent with these findings. In the study of 
Imik et al. (2002), the values of DM, CP, EE, CA of TFWs 
were reported respectively as 93.02%, 14.38%, 1.06% and 
4.38%. When these values are compared with the results of our 
study, it is seen that CP and EE values are similar to those of 
conventional TFW group in the 3rd season. In the same study, 
it was reported that the addition of 10% TFW to ruminant diets 
did not affect health and yield performance. Angga et al. 
(2018) reported that DM, OM, and CP values of Sumatra 
TFWs were 93.59%, 88.08%, and 19.63% respectively, and 
they reported that after decreasing the tannin amount, the CP 
value was not adversely affected and could be used in broiler 
rations. These results are in agreement with DM and OM 
values in our study and CP values were higher in Sumatra 
TFW. Fazaeli et al. (2000) reported that such differences may 
occur depending on the variety of tea. Nasehi et al. (2017), in 
their study with green and black TFW, the values of DM, CP, 
CA, OM, EE, NDF, ADF and ME in black TFW were 92.72%, 
15.66%, 5.75%, 94.24%, 1.16%, 38.47%, 25.87% and 7.7 
Mj/kg DM respetively. In a similar study, Imik and Şeker 
(1999) found that TFW had 94.67% OM, 5.33% CA, 13.62% 
CP, 1.21%EE, 59.68% NDF and 48.98% ADF. Among the 
studies 

 
conducted with TFW, it is seen that Imik and Şeker (1999)’s 
study is the most consistent study with the results of our 
research. It is evaluated that, this harmony was observed 
because the samples were taken and processed from the same 
geographical region in a similar period and with similar 
techniques. Konwar et al. (1985), reported that CP, EE and CA 
values of TFWs were determined as 19.8%, 1.37% and 7.58%, 
respectively. Zahedifar et al. (2019) found that DM and NDF 
values of waste products were 94% and 47.6%, respectively. 
Ramdani et al. (2013) determined the CA value as 6.14%. In a 
study of Ahmed et al. (2015) reported that DM, CP, EE and CA 
values of green TFW were 80.88%, 20.1%, %2.1, and 4.88% 
respectively. In Ahmed et al (2015)’s study, live weight gain 
and feed consumption in goats, consuming diets formed by 
adding TFW at 0%, 0.5%, 1% and 2% respectively in the basal 
diet, showed a linear increase in proportion to the amount of 
waste (P<0.05) and feed efficiency rate was not significantly 
affected. It was observed that, the blood serum glucose and total 
cholesterol levels decreased significantly (P<0.05) with 
increasing TFW ratio. It was emphasized that, TFW increased 
feed consumption and live weight gain in goats due to the 
evaluable CP level varying between 22-35%. As reported by 
Tan et al. (2001) the increase in live weight and feed 
consumption are linked to the efficacy of tea catechins that 
support the development of intestinal and ruminal 
microorganism growth. Great differences of nutrients and 
metabolic energy values of TFW in different studies are 
attributed to differences of tea species, geographical region, 
harvest season and tea processing techniques (Fazaeli et al. 
2000). Landau et al. (2000) reported that stem and leaf fraction 
ratios in tea wastes affect nutrient values, flavors, and 
nutritional contents and digestibility. Because of the use of 
different tea processing techniques; (Çaykur, Rotervan, 
Orthodox and crushing-tearing-curling) nutrients, minerals and 
ash values have been reported (Nas et al. 1991) to be affected 
by different degrees and durations of heat and pressure 
applications. 

The CP values of the samples show a mathematical increase 
according to the progress of the production season. Consistent 
with this increase, the amount of the gas production was higher 
in latter seasons. The in vitro gas production depends on 
fermentation of carbohydrates and proteins found in feeds, 
volatile fatty acids (Getachew et al. 1998; Getachew et al. 2004) 
and microbial activity. The quantity and quality of protein have 
a great importance in this activity (Cone and Van Gelder, 1999; 
Blummel et al. 2003). Norton et al. (1994) reported that, feeds 
should contain 10% of CP at least for the maintenance of rumen 
microbial activities. The reports of Parissi et al. (2005) and 
Kamalak et al. (2005) which explain that there is a positive 
correlation between CP level and gas production   level, are 
consistent   with our    research.   In  the  calculation  of   DOM



N. Özyılmaz and B. Genç/ IJVAR, 2 (2): 32-36, 2019 35 
 

 
and ME values, 24 hour gas production value, CP and EE 
values are used. It can be concluded that, depending on the 
season and the period, increase in CP values affect the DOM 
and ME values. Feedstuffs, which are rich in ADF and NDF, 
have lower gas production values (Canbolat et al. 2013). In 
our study, although the ADF and NDF values did not show 
statistical significance, they showed a mathematical decrease 
depending on the season (P>0.05). It can be thought that, the 
decrease in ADF and NDF values has a supportive effect on the 
increase in gas production, DOM and ME values depending 
on the season. As a matter of fact, the increase in cell wall 
elements and the decrease in microbial activity are also 
remarkable in another research (Karabulut et al. 2007). In tea 
production, N and tannin compounds may differ due to soil 
quality differences, constantly changing tannin, phenol and 
nitrogen load and uncontrolled fertilization (Nas et al. 1991; 
Seyis et al. 2018). Thus, the nutrient profile of tea plants 
changes according to each production season. In our study, the 
occurrence of periodical differences in gas production DOM 
and ME values during each production season may be the 
results of these reasons. Kondo et al. (2014) reported that, the 
gas production value of the 24th hour was 29.9 ml in their 
study with extracted tea waste. In our study, the values 
measured at this hour were higher in all groups. The 
differences may be attributed to the decrease in the amount of 
digestible nutrients in the wastes after tea extraction and lower 
fermentation in the gas production system. In a study (Nasehi 
et al. 2017) performed with TFW, it was found that, in vitro 
gas production increased significantly (P<0.05) when TFW 
was treated with polyethylene glycol. They explained the in- 
crease in values by increasing the utilization of polyethylene 
glycol by rumen microorganisms from nutrients. Hernandez et 
al. (2015) attributed this effect to the more efficient use of the 
substrate by rumen microorganisms and complexation of 
tannins with polyethylene. A similar finding and explanation 
can be seen in a study of Bakhshizadeh and Taghizadeh 
(2013). In contrast, with these results, Zahedifar et al. (2019) 
reported that polyethylene glycol did not significantly affect 
the digestibility of organic matter (P>0.05). The fact that, 
usage of different feed evaluation system devices in in vitro 
gas production technique (Cone and Van Gelder, 1999) is also 
effective in producing different results in researches. 

It is seen that, the nutrient content and metabolic energy 
values of tea factory wastes may have differences depending 
on the geographical region, species, cultivation methods and 
processing methods. It was concluded that, the tea factory 
wastes are richer in nutrients than quality cereal straw. It is 
considered that, the factory wastes of the tea harvested in 
August (3rd season) are better in terms of DOM and ME, and 
can be added at appropriate level to the ruminant rations after 
determining the tannin and polyphenol contents. 
 

ACKNOWLEDGEMENTS 
This research was supported by Ondokuz Mayis Univer- 

sity Scientific Research Projects Unit (BAP) under Project 
number PYO.VET.1904.18.010. This article was produced 
from the first author’s master thesis. 
 

CONFLICT of INTEREST 
The authors are declared that there is no conflict of 

interest. 
 

REFERENCES 
Ahmed ST, Lee JW, Mun HS, Yang CJ. 2015. Effects  of 

supplementation with gren tea by-products ongrowth 
performance, meat quality, blood metabolites and immune cell 
proliferation in goats. J Anim Physiol Anim Nutr, 99, 1127–
1137.

      Alasalvar C, Pelvan E, Ozdemir KS, Kocadağlı T,   Mogol 
BA, Paslı AA, Ozcan N, Ozçelik B, Gökmen V. 2013. 
Compositional, nutritional, and functional characteristics of 
instant teas produced from low- and high-quality black teas. 
JAgric Food Chem, 31, 7529-36. 

Angga WA,  Rizal Y,  Mahata ME, Ahadiya Y,   Mayerni 
R. 2018. Potential of waste tea leaves (Camellia sinensis ) in 
West Sumatra to be processed into poultry feed. Pak. J. Nutr, 17, 
287-293. 

AOAC. 2006. Official Methods of Analysis, 18th edn. 
Association of Official Analytical Chemists, Inc.,Arlington, 
VA. 

Aşık BB, Kütük C. 2012. Çay atığı kompostunun çim 
alanların oluşturulmasında kullanım olanağı. Uludağ 
Üniversitesi Ziraat Fakültesi Dergisi, 26, 47-57. 

Bakhshizadeh S, Taghizadeh A. 2013. The effect of 
polyethylene glycol (PEG 6000) supplementation on in vitro 
kinetics of red grape pomace. Int. J. Agric, 3, 523-528. 

Balentine DA, Wiseman SA, Bouwens LC. 1997. The 
chemistry of tea flavonoids. Crit Rev Food Sci Nutr, 37, 693- 
704. 

Baruah DK, Sarker AB, Bora NN. 1997. Performance of 
Jersey grade cows in operation flood areas of Assam. Indian 
Veterinary Journal, 74, 947-950. 

Begovic S, Dusic E, Sacirbegovic A, Tafro A. 1978. 
Examination of variation of tannase activity in ruminal content 
and mucosa of goats on oak leaf and during intra ruminal 
administration of 3 to 10% tanninc acid. Veterinaria (Sarajevo), 
27: 445-457. 

Bilgin S, Koçer A, Yılmaz H, Acar M, Dok M. 2016. Çay 
Fabrikası Atıklarınının Peletlenmesi ve Pelet Fiziksel 
Özelliklerinin Belirlenmesi. Journal of Agricultural Faculty of 
Gaziosmanpasa University, 70-80. 

Blummel M, Karsli A, Russell JR. 2003. Influence of diet 
on growth yields of Rumen Microorganisms in vitro and in 
vivo: influence on growth yield of variable carbon fluxes to 
fermentation products. Br. J. Nutr, 90, 625–634. 

Canbolat Ö, Kara H, Filya İ. 2013. Bazı Baklagil Kaba 
Yemlerinin İn-vitro Gaz Üretimi Metabolik Enerji, Organik 
Madde Sindirimi ve Mikrobiyal Protein Üretimlerinin 
Karşılaştırılması. U. Ü. Ziraat Fakültesi Dergisi, 27, 71-81. 

Chutia S, Saikia A, Konwar BK, Baruah KK. 1983. Water 
treated tea factory waste and pig production. National 
Symposium on feeding systems for maximising livestock 
production, 49, 1–9. 

Chowdhury A, Sarkar S, Chowdhury A, Bardhan S, Mandal 
P, Chowdhury M. 2016. Tea waste management: A Case Study 
from West Bengal, India. Indian Journal of Science and 
Technology, Vol 9(42). 

Cone JW, Van Gelder AH. 1999. Influence of protein 
fermantation on gas production profiles. Anim. Feed Sci. 
Technol, 76, 251-256. 

FAO. 2015. World tea production and trade current and 
future development. Rome, 2015 pp.1-17. 

Fazaeli H, Nik-Khah A, Mirhadi SA (2000): Determination 
of chemical composition and gross energy of feed resources in 
Gilan province of Iran. Anim. Sci. J, 46: 100-105. Getachew G, 
Blummel M, Makar HPS, Becker K. 1998. 

In vitro gas measuring techniques for assessment of 
nutritional quality of feeds: a review. Animal Feed Science 
Technology, 72, 261-281. 

Getachew G, De Peters EJ, Robinson PH. 2004. In vitro gas 
production provides effectivemethod for assessing ruminant 
feeds. California Agriculture, 58, 54-58. 

Hernandez SR, Perez JO, Elghandour MMMY, Salazar 
MC, Morales BA, Diaz LMC, Salem AZM, Soto MAC. 2015. 
Effect of polyethylene glycol on in vitro gas production of some 
nonleguminous forage trees in tropical region of the South of 
Mexico. Agrofor Syst, 89, 735-742. 

 
 
 
 



36 N. Özyılmaz and B. Genç/ IJVAR, 2 (2): 32-36, 2019 

 

Hossain ME, Ko SY, Yang CJ. 2012. Dietary 
supplementation ofgreen tea by-products on growth  
performance, meat quality, blood parametersand immunity in 
finishing pigs. Journal of Medicinal Plants Research, 6,2458–
2467. 

İmik H, Şeker E. 1999. Farklı tanen kaynaklarının tiftik 
keçilerinde yem tüketimi, canlı ağırlık artışı, tiftik verimi ve 
kalitesi üzerine etkisi. Lalahan Hay Arş Ens Derg, 39, 85- 100. 

İmik H, Tuncer ŞD, Aylanç A, Aytaç M, Erdoğan İ. 2002. 
Erdoğan İ. Akkaraman kuzu rasyonlarına farklı Oranlarda 
katılan çay atıklarının bazı verim özelliklerine etkileri. Ankara 
Uni. Vet Fak Dergi, 49, 51-57. 

Kamalak A, Canbolat O, Gurbuz Y, Erol AE, Ozay O. 
2005. Effect of maturity stage on chemical composition, in 
vitro and ın situ dry matter degradation of tumbleweed hay 
(Gundelia Tournefortii L.). Small Ruminant Research, 58, 
149–156. 

Karabulut A, Canbolat O, Kalkan H, Gurbuzol F, Sucu E, 
Filya I. 2007. Comparison of İn-vitro gas production, 
metabolizable energy, organic matter digestibility and 
microbi- al protein production of some legume hays. Asian-
Aust. J. Anim. Sci.F, 20, 517-522. 

Kaya H, Gül M, Çelebi Ş, Kaya A, Apaydın B, Macit M. 
2014. The Effects of Black Tea Factory Waste 
Supplementation into Laying Hen Diets on Performance, Egg 
Quality, Yolk Peroxidation, and Blood Parameters. Kafkas 
Univ Vet Fak Derg, 20, 375-382. 

Ko SY, Yang CJ (2008): Effect of green tea probiotics on 
the growth performance, meat quality and immune response in 
finishing pigs. The Asian-Australian Journal of Animal 
Science, 21, 1339–47. 

Ko SY, Bae, IH, Yee ST, Lee SS, Uuganbayar D, Oh JI, 
Yang CJ. 2008. Comparison of the effect of greentea by product 
and green tea probioticson the growth performance, meat 
quality, and immune response of finishing pigs. Asian-
Australasian Journal of Animal Science, 21, 1486–1494. 

Kondo M, Hirano Y, Kita K, Jayanegara A, Yokota HO. 
2014. Fermentation Characteristics Tannin Contents and In 
vitro Ruminal Degradation of Green Tea and Black Tea By 
products Ensiled at Different Temperatures. Asian-Australas J 
Anim Sci, 27, 937-45. 

Kondo M, Nakano M, Kaneko A, Agata H, Hazumi K, 
Yokota H. 2004. Ensiled green tea waste as partial 
replacement for soybean meal and alfalfa hay in lactating 
cows. Asian-Australasian Journal of Animal Science, 17, 960–
966. 

Konwar BK. 1988. Potentiality and viability of agro 
industrial by products in N.E. Region Paper presented at 
Annual Workshop, Guwahati, 1–9. 

Konwar BK, Medhi AK, Ahmed HF, Saikia A, Das PC. 
1985. Effect of feeding Factory Tea Waste in starter chicks. 
Indian J. Poult. Sci, 20, 122 

Landau S, Silanikov N, Nitsan Z, Barkai D, Baram H, 
Provenza FD, Perevolotsky A. 2000. Short term changes in 
eating patterns explain the effects of condensed tannins on 

feed intakein heifers. Appl. Anim. Behav. Sci, 69, 199-213. 
Menke KH, Steingass H. 1988. Estimation of the energetic 

feed value obtained from chemical analysis and in vitro gas 
production using rumen fluid. Animal Science and 
Development,28:7-55. 

Narjisse H, Elhonsali MA, Olsen JD. 1995. Effects of oak 
(Quercus ilex) tanninson digestion and nitrogen balance in 
sheep and goats. Small Ruminant Research, 18, 201–206.  

Nas S, Gökalp HY, Öksüz M. 1991. Değişik yörelerde 
üretilen farklı sürgün dönemi yaş çay ve bu çayların farklı 
fabrikasyonu sonucu elde edilen siyah çayın total kül, suda 
çözünen ve çözünmeyen  kül  içerikleri. Gıda Teknolojisi 
Derneği, 16, 241-247. 

Nasehi M, Torbatinejad N, Rezaie M, Ghoorchi T. 2017. 
Effect of polyethylene glycol addition On nutritivevalue of 
green and black tea co-products in ruminant nutrition. Asian J. 
Anim. Vet. Adv, 12, 254-260. 

Norton BW. 1994. Forage tree legumes in tropical 
agriculture. 177-191. In Gutteridge RC and Shelton HM (Ed), 
The nutritive value of tree legumes, UK. CAB. 

Parissi ZM, Papachristou TG, Nastis AS. 2005. Effect of 
drying method on estimated nutritiv value of browse species 
using an in vitro gas production technique. Animal Feed Science 
and Technology, 123, 119-128. 

Ramdani D, Chaudhry AS, Seal CJ. 2013 Chemical 
composition, plant secondary metabolites and minerals of green 
and black teas and the effect of different tea-to-water ratios 
during their extraction on the composition of their spent leaves 
as potential additives for ruminants. J. Agric. Food Chem, 61, 
4961-4967. 

Sarıca S, Karatas Ü, Diktas M. 2008. Çay (Camellia 
sinensis); İçerigi, metabolizma ve saglık üzerine etkileri, 
antioksidan aktivitesi ve etlik piliç karma yemlerinde kul- 
lanımı GOÜ. Ziraat Fakültesi Dergisi, 25, 79-85. 

Seyis F, Yurteri E, Ozcan A, Savsatlı Y. 2018. Organic tea 
production and tea breeding in Turkey: Challenges and 
Possibilities, 4, 60-69. 

SPSS (2007): Statistical  packages  for  social science. 
Version 21, SPSS In., Illionsa, USA. 

Tan CY, Zhong RZ, Tan ZL, Han XF, Tang SX, Xiao WJ, Sun 
ZH, Wang M. 2011. Dietary inclusion of tea catechins changes 
fatty acid composition of muscle of goats. Lipids, 46, 239–247. 

Uuganbayar D, Shin IS, Yang CJ. 2006. Comparative 
performance of hens fed diets containing Korean, Japanese and 
Chinese green tea. The Asian–Australian Journal of Animal 
Science, 19, 1190–6. 

Van Soest PJ, Robertson JD, Lewis BA. 1991. Meyhods 
fordietary fiber, neutral detergent fiber and non-starch 
polysaccharides in relation to animal nutrition. J. Dairy Sci, 74, 
3583-3597. 

Zahedifar M, Fazaeli H, Safaei AR, Alavi SM. 2019. 
Chemical composition and in vitro and in vivo digestibility of 
tea waste in sheep. Iranian Journal of Applied Animal Science, 
9, 87-93.

 


	Determination of Nutrient Content and In Vitro Digestibility Values of Organic and Con- ventional Tea (Camellia sinensis) Factory Wastes
	INTRODUCTION
	MATERIAL and METHODS
	Feed Material
	Statistical Analysis

	RESULTS and DISCUSSION
	*P>0,05
	*P>0,05
	ACKNOWLEDGEMENTS
	CONFLICT of INTEREST


	REFERENCES



