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ABSTRACT  

  
We obtained honey from the blooming flowers of tea plants (Camellia sinensis L.) pollinated by 

honeybees (Apis mellifera L.). Functional amino acids, theanine, which is a unique ingredient to tea, 

was determined using reversed-phase chromatography. We also determined the main ingredients: 

caffeine and catechins. The obtained honey contained theanine, which shows that it was derived from 

tea flowers. The theanine concentration of the nectar of the tea flowers exceeded that of the honey. 

Caffeine was detected (but no catechins) in both the honey and the nectar of the tea flowers. Our 

results refute the previously held view that tea nectar is toxic to honeybees. Our new finding reveals 

that it is possible to obtain honey from the nectar of tea flowers. The obtained honey and the nectar of 

tea flowers contained a very rare amino acid, theanine, indicating that the honey was derived from tea 

flowers. Furthermore, the nectar of tea flower contained the best caffeine concentration that activated 

the brain function of honeybees to produce the honey.   
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1. INTRODUCTION  

  
Green tea (Camellia sinensis L.) leaves provide beneficial effects for human health, and the functions 

of the main components of their leaves have been widely studied [1]. Recently several physiological 

functions (e.g. antioxidant, antimicrobial, immunomodulatory and antitumor activities) of tea flowers 

have been reported [2-5], and the flowers have received attention as a natural healthy material for food 

and cosmetics. The health-promoting effects of green tea are mainly attributed to its polyphenol content 

[6], particularly flavanols and flavonols, which represent 30% of fresh leaf dry weight [7]. It is not well 

known that the fragrant tea flowers have sweet nectar. The tea nectar may be attractive to honeybees. 

One study of bee pollen collected from the flowers of tea plants suggests that honeybees like the pollen 

of tea (Camellia sinensis L.) [8]. However, the honey from tea flowers has not been studied, even 

though in autumn, many tea fields are filled with blooming flowers in almost all the tea production areas 

around the world. The most utilized part of the tea plant is the leaves. Thus, less attention has been 

paid to tea flowers. Since the application of asexual propagation to tea plants, tea flowers have become 

a “waste resource”, competing with tea leaves for water and nutrients. To promote the yield and quality 

of tea leaves, some chemicals, such as ethephon and α-naphthalene acetic acid, have been used to 

suppress tea plant blossoming [9], Sharma et al. reported that tea nectar exhibited toxicity to 

honeybees (Apis mellifera L.) [10]. Healthy broods and larvae were fed the nectar of tea flowers in the 

laboratory and were killed. Sharma’s report discouraged beekeepers from harvesting the honey of tea 
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flowers whose nectar might have been toxic to physiologically immature broods and larvae, even 

though they could eat the nectar by themselves. Some other workers also reported toxic nature of the 

Camellia sinensis nectar [11,12,13].   
  

It remains unclear whether tea nectar is toxic to honeybees. In this study, we took actual tea honey 

from the flowers to investigate whether the honeybees collected tea nectar to produce honey. To  
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determine whether the honey was derived from tea flowers, theanine (γ-ethylamide-L-glutamic acid), 

which is a specific amino acid of tea plants [14-17]. Furthermore, we investigated the concentration of 

catechin and caffeine, which are the main ingredients in tea plants. We also analyzed the theanine, the 

catechin, and the caffeine of the tea nectar to compare them with the obtained honey.   
  

2. MATERIALS AND METHODS   

  

2.1 Beekeeping  

  

We used honeybees (Apis mellifera L.) to obtain honey from tea flowers according to Japan’s 

beekeeping association’s manual [18]. The honey was collected from September to November 2013 

around tea fields. Samples were obtained from individual beehive cells with pipettes.   
  

2.2 Plant Materials  

   
Tea plants (Camellia sinensis L.) were cultured in hydroponics to obtain the nectar of tea flowers in 

quality and quantity [19]. The plants were cultured in a nutrient solution under controlled condition for 

several months until the tea flowers bloomed [20]. The nectar of the tea flowers was carefully collected 

with pipettes at the bottom of pistil just after blooming and kept at 4°C until it was used.  
  

2.3 Analytical Reversed-phase High-performance Liquid Chromatography (HPLC)  

  

We determined the theanine, catechin, and caffeine content of the honey or nectar using an Agilent 

1100 HPLC system (Agilent Technologies, Palo Alto, Calif.) that was equipped with a C18 column (4.6 

i.d. x 150 mm, 5 μm, Tokyo Chemical Industry Co. Ltd., Tokyo, Japan) [20]. The HPLC column was 

maintained at 30°C in an oven. The mobile phase for the detection was 0.1 M NaH2PO4 

buffer/acetonitrile (87:13) at a flow rate of 1.0 ml/min.  
  

Each peak was identified by comparing the UV-Vis spectral characteristics and retention times with 

those from commercial standards supplied by Wako Pure Chemicals Industry, Ltd., Japan.  
  

2.4 Statistical Analysis  

  

Data are expressed as mean ± standard deviation. Analyses were performed using Student’s t-test 

(Microsoft Excel Version 14.5.2) for comparison between honey and nectar.  
  

3. RESULTS AND DISCUSSION  

  

We collected actual honey from tea flowers that contained theanine, which is a very rare amino acid 

and ingredient of green tea that has only been found in several camellia species and one mushroom, 
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Xerocomus badius [21,22]. Bees normally continue flying in a 3 km area to collect flower nectar, 

although during this experiment, there were no plants with theanine in the vast area around the 

beehives. Theanine was detected from the honey collected in our experiment, and the nectar of the 

flowers also included theanine, indicating that it was actually derived from the tea flowers. Honeybees, 

especially, Apis mellifera L., tend to collect the nectar of a single species of flower, such as acacia and 

lotus. We placed beehives in the middle of a vast expanse of a tea field, so the honeybees could collect 

the nectar of tea flowers. Recently, Wright et al. [23] reported that caffeine appears to have a secondary 

advantage that attracts honeybees and enhances their long-term memory [24], which suggests that 

honeybees learn to seek the nectar of flowers that possess caffeine. They also argued that 0.1 mM 

(0.019 mg/mL) of caffeine activated the brains of honeybees, supporting the data of Table 1 where the 

tea nectar included about 0.02 mg/mL of caffeine. Such definite evidence suggests that honeybees 

collect nectar from tea plants. Caffeine tastes bitter to mammals and is toxic and repellent to pollinators 

at high doses; however, tea nectar, which includes a low dose of caffeine, attracts honeybees to it. 

Even though Sharma et al. demonstrated the toxicity of tea nectar, they failed to experimentally show 

that it affected adult honeybees; it only affected the broods and larvae. In addition, their nectar was 

derived from pollen collected by adult honeybees [10]. The tea nectar obtained in this study did not 

include catechins (Table 1), but the pollen included catechins (0.5 mg/g) and caffeine (0.345 mg/g) [25], 

where the LD50 values for a rat (oral) are 2 g/kg and 192 mg/kg, respectively [26]. Catechins and caffeine 

in tea pollen are probably nontoxic for mammals. However, their LD50 values in honeybees are unclear 

because no data exists for them. Catechins and/or the  
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caffeine of the pollen may affect honeybees, especially broods, larvae, and immature bees, even 

though the tea nectar did not include catechins. Recent reports suggest that such agricultural chemicals 

as pesticides, herbicides, and fungicide pollute pollen and nectar and kill honeybees [2732]. In this 

study, after obtaining honey from tea flowers, we conclude that the nectar of tea flowers is attractive to 

honeybee, but not toxic. Our new finding, which presents significant information on the relationship of 

honeybees (Apis mellifera L.) and tea flowers, might activate tea and beekeeping industry, leading to 

develop the production of honey from tea nectar. Moreover, the honey from tea flower might be a novel 

honey with additional function.   
  

Table 1. Concentration of main ingredients of the tea nectar and the obtained honey  
  

 
  

4. CONCLUSION  

  

In this study, we showed honeybees produced honey from flowers of tea plants. The obtained honey 

and the nectar of tea flowers contained a very rare amino acid, theanine, indicating that the honey was 

derived from tea flowers. Furthermore, the nectar of tea flower contained the best caffeine 

concentration that activated the brain function of honeybees to produce the honey.  
  

COMPETING INTERESTS  
  

Authors have declared that no competing interests exist.  
  

  



 

  
6  
  

REFERENCES  

  
1. Eto H, Tomita I, Shinmura J, Isemura M, Hara M, Yokogoshi H, Yamamoto M, Editors. Health 

science of tea (Cha no Kinou); 2013. No-Bun-Kyo, Tokyo (in Japanese).  
2. Yoshikawa M, Morikawa T, Yamamoto K, Kato Y, Nagatomo A, Matsuda H. Floratheasaponins 

A–C, acylated oleanane-type triterpene oligoglycosides with anti-hyperlipidemic activities from 

flowers of the tea plant (Camellia sinensis). J. Nat. Prod. 2005;68:1360–1365.  
3. Xu R, Ye H, Suna Y, Tu Y, Zeng X. Preparation, preliminary characterization, antioxidant, 

hepatoprotective and antitumor activities of polysaccharides from the flower of tea plant 

(Camellia sinensis). Food Chem Toxicol. 2012;50:2473-2480.  
4. Matsuda H, Nakamura S, Morikawa T, Muraoka O, Yoshikawa M. New biofunctional effects of 

the flower buds of Camellia sinensis and its bioactive acylated oleanane-type triterpene 

oligoglycosides. J. Natural Med. 2016;70:689–701.  
5. Chen Y, Zhou Y, Zeng L, Dong F, Tu Y, Yang Z. Occurrence of functional molecules in the flowers 

of tea (Camellia sinensis) plants: Evidence for a second resource. Molecules. 2018;23:790.  
6. Naghma K, Hasan M. Tea polyphenols for health promotion. Life Sciences. 2007;81:519-533.  
7. McKay DL, Blumberg JB. The role of tea in human health: An update. J Am Coll Nutr. 2002;21: 

1-13.  
8. Lin H, Chang SY, Chen SH, Lin S. The study of bee-collected pollen load in Nantou, Taiwan. 

Taiwania. 1993;38:117-133.  
9. Lin YS, Wu SS, Lin JK. Determination of tea polyphenols and caffeine in tea flowers (Camellia 

sinensis) and their hydroxyl radical scavenging and nitric oxide suppressing effects. J. Agric. 

Food Chem. 2003;51:975–978.  
10. Sharma OP, Raj D, Garg R. Toxicity of nectar of tea (Camellia Thea L.) to honeybee. J. Apicultural 

Res. 1986;25:106-108.  
11. Atkins EL. Injury to honey bees by poisoning from the hive and the honey bee. Eds Dadant & 

Sons, Inc. Hamilton, IL, USA: Dadant & Sons, Inc. 1975;665-696.  
12. Maurizio A. How bees make honey from honey: A comprehensive survey. Ed. E. Crane. London: 

Heinemann in cooperation with International Bee Research Association. 1975;96-97.  
13. Majak W, Neufeld R, Corner J. Toxicity of Astragalus miser v. serotinus to the honeybee. J. Apic. 

Res. 1980;19:196-199.  
Advances and Trends in Agricultural Sciences Vol. 1 

Honeybees (Apis mellifera) Produce Honey from Flowers of Tea Plants (Camellia sinensis) 

14. Juneja LR, Chu DC, Okubo T, Nagato Y, Yokogoshi H. L-theanine—a unique amino acid of green 

tea and its relaxation effect in humans. Trends in Food Sci. & Tech. 1999;10:199-204.  
15. Kimura K, Ozeki M, Juneja LR, Ohira H. L-Theanine reduces psychological and physiological 

stress responses. Biol. Psychol. 2007;74:39–45.  
16. Unno K, Fujitani K, Takamori N, Takabayashi F, Maeda K, Miyazaki H, Tanida N, Iguchi K, Shimoi 

K, Hoshino M. Theanine intake improves the shortened lifespan, cognitive dysfunction and 

behavioural depression that are induced by chronic psychosocial stress in mice. Free Radic. Res. 

2011;45:966–974.  
17. Vuong QV, Bowyer MC, Roach PD. L-Theanine: Properties, synthesis and isolation from tea. J. 

Sci. Food Agric. 2011;91:1931–1939.  
18. Japanese Society for Honeybees. A mannual for apiculture. Japanese Council for Beekeeping, 

Tokyo, Japan; 2011.  
19. Saito K, Ikeda M. The function of roots of tea plant (Camellia sinensis) cultured by a novel form 

of hydroponics and soil acidification. Am. J. Plant Sci. 2012;3:646-648.  
20. Saito K, Furue K, Kametani K, Ikeda M. Roots of hydroponically grown tea (Camellia sinensis) 

plants as a surce of a unique amino acid, theanine. Am. J. Exp.Agr. 2014;4:125-129.  
21. Casimir J, Jadot J, Renard M. Separation and characterization of N- ethyl-g-glutamine in 

Xerocomus badius (Boletus ladius). Biochim. Biophys. Acta. 1960;39:462–468.  
22. Wei-Wei D, Shinjiro O, Hiroshi A. Distribution and biosynthesis of theanine in Theaceae plants. 

Plant Phys. Biochem. 2010;47:70-72.  



 

  
7  
  

23. Wright GA, Baker DD, Palmer M, Stabler JD, Mustard JA, Power EF, Borland AM, Stevenson PC. 

Caffeine in floral nectar enhances a Pollinator's Memory of Reward. Science. 2013;339: 1202-

1204.  
24. Chittka L, Peng F. Cafffeine boosts bees’memories. Science. 2013;339:1157-1159.  
25. Ueno J, Konishi S, Ishikawa F. Caffeine and catechins in tea pollens. Japanese J. Palynol.  

1985;31:39-43.  
26. SAFTY DATA SHEET [Internet]. Cayman Chemical Company. [Cited 2019 May 25]  

Available:https://www.caymanchem.com/msdss/70935m.pdf  
27. Balayiannis G, Balayiannis P. Bee honey as an environmental bioindicator of pesticides’ 

occurrence in six agricultural areas of Greece. Arch Environ Contam Toxicol. 2008;55:462–470.  
28. Spivak M, Mader E, Vaughan M, et al. The plight of the bees. Environ. Sci. Technol. 2011;45:34-

38.  
29. Blacquière T, Smagghe G, van Gestel CA, Mommaerts V. Neonicotinoids in bees: A review on 

concentrations, side-effects and risk assessment. Ecotoxicol. 2012;21:973–992.  
30. Zhelyazkova I. Honeybees – bioindicators for environmental quality. Bulgarian J. Agricul. Sci. 

2012;18:435-442.  
31. Rundlof M, Andersson GKS, Bommarco R, Fries I, Hederstrom V, Herbertsson L, Jonsson O, 

Klatt BK, Pedersen TR, Yourstone J, Smith HG. Seed coating with a neonicotinoid insecticide 

negatively affects wild bees. Nature. 2015;521:77-80.  
32. Hesselbach H, Scheiner R. The novel pesticide flupyradifurone (Sivanto) affects honeybee motor 

abilities. Ecotoxicol. 2019;28:354–366.  
  

  
Biography of author(s)  
  

  
  
Dr. Kieko Saito  
Institute for Environmental Sciences, University of Shizuoka, Yada, Shizuoka 422-8526, Japan and Faculty of Social Environment, 
Tokoha University, Yayoi, Shizuoka 422-8581, Japan  



 

 

Honeybees (Apis mellifera) Produce Honey from Flowers of Tea Plants (Camellia sinensis) 

She is the Assistant Professor of School of Food and Nutritional Sciences, University of Shizuoka, Shizuoka, Japan. She received 
her master degree from Graduate School of Agriculture, Nihon University in 1990. After working at RIKEN (Saitama, Japan) and 
Gerontology Research Center, NIH (USA) as a research associate, she started her career at the University of Shizuoka in 1996. 
She has Been at present position since 2008. In 2008, she received her PhD degree based on the thesis of Oxidative stress and 
Aging in 1991 from Nihon University. Her specialization is in Functional Food and Environmental Science. She joined Tea Science 
Center of University of Shizuoka in 2014 to assist research related with the tea industry. Her current research interests center on 
the physiological function of fermented tea and honey from tea flower (Camellia sinensis).  
  

  

  
  
Dr. Yoriyuki Nakamura  
Tea Science Center, University of Shizuoka, Yada, Shizuoka 422-8526, Japan  

  
He is the project professor and director of Tea Science Center, University of Shizuoka, Shizuoka, Japan since 2013. He graduated 
from Graduate School of Agriculture, Iwate University in March 1979 and joined the Shizuoka prefectural government in April. 
Worked at Shizuoka Tea Research Center and Shizuoka Research Institute of Agriculture & Forestry for 36 years. During this 
period, he obtained his PhD from Gifu University in 2006 and became the director of Shizuoka Tea Research Center in 2008. His 
specialization is in tea propagation and breeding. Given the Japanese Society of Tea Science and Technology Award in 1991 and 
The Society of Tea Science of Japan Award in 2013. He is also an international expert commissioner to evaluate tea quality.  
________________________________________________________________________________

_  
© Copyright 2019 The Author(s), Licensee  Book Publisher International, This is an Open Access article distributed under the 

terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original work is properly cited.  
  
DISCLAIMER  
This chapter is an extended version of the article published by the same authors in the following journal with CC BY license.  American 

Journal of Experimental Agriculture, 10(4): 1-4, 2016.  
  
Reviewers’ Information  
(1) Ronaldo De Carvalho Augusto, Oswaldo Cruz Institute, Fiocruz, Brazil.  
(2) Bozena Denisow, University of Life Sciences in Lublin, Poland.  
(3) Adalberto Alves Pereira Filho, Universidade Federal de Minas Gerais, Brazil.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	2.3.4_Part1
	2.3.4_Part2
	2.3.4_Part3

