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Abstract
The	catechin	content	in	green	tea	leaves	varies	according	to	cultivation	conditions	such	
as	intensity	of	solar	radiation,	temperature,	and	precipitation,	and	thus,	there	is	ambigu-
ity	about	the	best	harvest	time	for	obtaining	optimal	functional	effects.	In	this	study,	
the	Yabukita	(ordinary)	and	Benifuki	varieties,	which	contain	methylated	catechin,	were	
used	to	determine	the	difference	in	green	tea	catechins	according	to	harvest	times	and	
tea	manufacturing	processes.	Caffeine	determination	was	also	carried	out	to	provide	
information	about	green	tea	intake	for	all	age‐groups	of	children	and	pregnant	women.	
Determining	 the	quantity	of	each	catechin	was	difficult	because	of	degradation,	po-
lymerization,	 and	 isomerization	 that	 had	 occurred	 during	 heat‐drying	 in	 the	 refining	
process.	In	addition,	the	absorption	of	catechin	compounds	was	tested	using	miniature	
swine	because	of	their	functional	and	physiological	similarity	to	humans.	Benifuki	tea	
leaves	contained	epigallocatechin‐3‐(3”‐O‐methyl)	gallate	 (EGCg3”Me)	 instead	of	epi-
gallocatechin‐3‐(4”‐O‐methyl)	gallate	(EGCg4”Me).	However,	EGCg4”Me	was	detected	
during	the	entire	intake	period,	but	EGCg3”Me	was	not	detected	in	the	blood	of	minia-
ture	swine	fed	Benifuki	tea.	It	is	possible	that	the	position	of	the	methyl	group	was	modi-
fied	by	the	pig	metabolism.	Furthermore,	caffeine	from	both	Yabukita	and	Benifuki	tea	
varieties	was	found	to	be	easily	accumulated	in	miniature	swine.	These	results	suggest	
that	nonrefined	September–October	picking	tea	(autumn	and	winter	tea)	of	the	Benifuki	
variety	is	preferable	over	the	Yabukita	variety	for	consumption	by	children	and	pregnant	
women	owing	to	its	lower	caffeine	content	and	higher	content	of	methylated	catechin.

K E Y W O R D S

caffeine,	catechin,	green	tea,	harvest,	miniature	swine

1  | INTRODUC TION

Tea	varieties	 such	 as	 green	 tea,	 black	 tea,	 and	 oolong	 tea	 are	 con-
sumed	 globally,	 and	 green	 tea	 in	 particular	 is	 consumed	 in	 large	

quantities	 in	 Japan.	 Biofunctional	 properties	 of	 green	 tea,	 such	 as	
antioxidant	effects	 (Lambert	&	Yang,	2003;	Yokozawa,	Cho,	Hara,	&	
Kitani,	2000),	antibacterial	action	(Amarowicz,	Pegg,	&	Bautista,	2000;	
Fukai,	Ishigami,	&	Hara,	1991;	Kajiya	et	al.,	2004),	hypotensive	effects	
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(Yokozawa,	 Okura,	 Sakanaka,	 Ishigaki,	 &	 Kim,	 1994),	 blood	 choles-
terol‐reducing	 effects	 (Muramatsu,	 Fukuyo,	 &	 Hara,	 1986;	Murase,	
Nagasawa,	 Suzuki,	 Hase,	 &	 Tokimitsu,	 2002),	 and	 neuroprotective	
effects	 (Jain,	Siddiqi,	&	Weisburger,	2006),	have	been	 reported,	and	
many	of	these	activities	are	dependent	on	catechins,	particularly	epi-
gallocatechin	 gallate	 (EGCg).	 Furthermore,	 methylated	 catechin	 re-
sulting	from	partial	methylation	of	the	gallate	group	of	EGCg	is	highly	
effective	against	chronic	atopic	eczema	or	acute	pollinosis	(Murase	et	
al.,	2002).	However,	 the	catechin	content	 in	green	 tea	 leaves	varies	
according	to	cultivation	conditions	such	as	intensity	of	solar	radiation,	
temperature,	and	precipitation,	and	thus,	there	is	ambiguity	about	the	
best	harvest	time	for	obtaining	optimal	functional	effects.	First	picking	
green	tea	harvested	in	April–May	has	the	maximum	amount	of	taste	
components	 such	 as	 amino	 acids	 (Jain	 et	 al.,	 2006;	Kuroda	&	Hara,	
2004)	and	 is	sold	at	 the	highest	price.	Tea	harvested	 in	June	 is	sec-
ond	picking	tea,	in	July–August	third	picking	tea,	and	in	September–
October	final	picking	tea	(autumn	and	winter	tea).	Refinements	in	tea	
manufacturing	processes	also	influence	the	functional	effects	of	green	
tea.	Nonrefined	tea	contains	leaves,	stem,	and	buds,	and	its	shape	is	
inconsistent.	On	the	other	hand,	refined	tea	is	obtained	after	sieving,	
shaping,	and	drying	by	heating.	Therefore,	the	Yabukita	(ordinary)	and	
Benifuki	 (methylated	 catechin	 (Maeda‐Yamamoto	 et	 al.,	 2009))	vari-
eties	were	used	in	this	study	to	investigate	how	green	tea	catechins	
are	influenced	by	harvest	times	and	tea	manufacturing	processes.	The	
Benifuki	tea	tested	was	derived	from	the	Assam	variety	Benihomare	
and	the	Indian	Darjeeling	variety	Makura	cd86.	Characteristically,	the	
Assam	series	is	deep‐ruby‐colored	with	a	steady,	rather	bitter	flavor,	
but	it	has	a	rich	original	taste.

Caffeine	 has	 been	 reported	 to	 have	 analgesic,	 antipyretic	
(Dascombe	&	Milton,	1972),	and	diuretic	(Stookey,	1999)	effects.	It	has	
also	been	reported	to	have	an	awakening	effect	(LaJambe,	Kamimori,	
Belenky,	&	Balkin,	2005),	with	a	long‐term	risk	of	high	blood	pressure	
(Rodríguez‐Artalejo	&	Lopez‐Garcia,	 2017)	 and	 inhibitory	effects	on	
fetal	development	 in	pregnancy.	Therefore,	we	also	 investigated	the	
effects	of	caffeine	after	 intake	of	green	tea,	as	 it	may	affect	all	age‐
groups,	including	children	and	pregnant	women.

In	Japan,	the	catechins	within	green	tea	leaves	have	attracted	
attention.	Japanese	people	consume	tea	leaves	directly;	for	exam-
ple,	they	drink	water	with	dissolved	tea	leaf	powder	and	sprinkle	
the	powder	on	 ice	cream.	Catechins,	especially	methylated	cate-
chins,	which	are	found	in	Benifuki,	modulate	the	allergic	response	
and	are	implicated	in	hay	fever.	Thus,	it	is	important	to	determine	
whether	the	body	can	properly	absorb	the	components	of	green	
tea.	However,	 it	 is	difficult	 to	assess	 the	corresponding	metabo-
lism.	In	the	present	study,	miniature	(not	micro)	swine	were	used	
as	 a	 model	 to	 investigate	 the	 metabolism	 of	 catechins	 and	 caf-
feine.	In	contrast	to	rats	and	mice	often	used	in	metabolic	studies,	
these	animals	have	a	cardiovascular	system	similar	to	that	 in	hu-
mans	(functional	resemblance).	In	addition,	unlike	monkeys,	which	
feed	on	fruits	and	nuts,	miniature	swine	are	omnivorous	 like	hu-
mans	and	have	similar	digestive	and	circulatory	systems	 (physio-
logical	resemblance).	Because	of	the	ease	of	rearing	management	
and	 genetic	 control,	 they	 are	 widely	 used	 in	 medicine,	 biology,	

immunology,	 pharmacology,	 and	 regenerative	 medicine	 and	 can	
be	used	as	large	laboratory	animals	with	a	relatively	low	cost.	The	
only	 difference	 between	miniature	 swine	 and	 commonly	 known	
edible	pigs	 is	 size,	but	 their	biological	 features	such	as	sex	cycle	
and	life	span	are	almost	the	same.

2  | MATERIAL S AND METHODS

2.1 | Materials

Catechin	((+)‐C),	catechin	gallate	(Cg),	gallocatechin	(GC),	gallocate-
chin	gallate	(GCg),	epicatechin	(EC),	epicatechin	gallate	(ECg),	epigal-
locatechin	 (EGC),	 EGCg,	 EGC‐3‐(3”‐O‐methyl)	 gallate	 (EGCg3”Me),	
and	EGC‐3‐(4”‐O‐methyl)	gallate	(EGCg4”Me)	were	purchased	from	
Funakoshi.	Caffeine	and	methanol	were	purchased	from	Wako	Pure	
Chemical	Industries,	and	acetonitrile	was	purchased	from	Sigma.	All	
other	reagents	were	of	special	or	HPLC	grade.	Green	tea	varieties	
Yabukita	and	Benifuki	harvested	at	the	same	time	were	provided	by	
Kagoshima	Seicha.

2.2 | Tea sample preparation

Nonrefined	and	refined	forms	of	first,	second,	third,	and	final	pick-
ing	tea	were	used	for	analysis.	Tea	infusion	samples	were	prepared	
by	pulverizing	10	mg	of	green	tea	in	a	mill	and	extracting	for	10	min	
each	with	 10	ml	 of	warm	water	 at	 60,	 70,	 and	 80°C.	 Tea	 extract	
samples	were	prepared	by	accurately	weighing	10	mg	of	green	tea	in	
a	conical	flask,	adding	2	ml	of	a	1:1	mixture	of	acetonitrile	and	water,	
incubating	 for	60	min	at	 room	temperature	 (20–25°C)	 in	 the	dark,	
and	 then	 increasing	 the	volume	 to	10	ml	with	distilled	water.	The	
thoroughly	mixed	supernatant	solution	was	used	in	the	experiments.

2.3 | High‐performance liquid chromatography 
(HPLC)

After	 filtration	with	 a	 0.45‐μm	 filter,	 tea	 infusion	 and	 tea	 leaf	 ex-
tract	 samples	 were	 analyzed	 using	 HPLC	 (Extrema,	 Jasco).	 HPLC	
analysis	 conditions	 were	 as	 follows:	 C18	 reverse‐phase	 column	
(TSKgel	ODS‐100Z,	5	μm,	4.6	mm	I.D.	×	150	mm;	Tosoh)	and	guard	
column	(TSKgel	Guardgel	ODS‐100Z,	5	μm,	3.2	mm	I.D.	×	15	mm;	
Tosoh)	 were	 maintained	 at	 30°C,	 and	 detection	 was	 performed	
at	 280	 nm.	 The	mobile	 phase	was	 0.05%	phosphoric	 acid	 (A)	 and	
methanol:acetonitrile	 (3:2)	binary	solution	system	 (B)	with	 the	 fol-
lowing	conditions:	0–8	min	with	B	solution	25%	constant	and	a	gra-
dient	 of	 8–18	min	with	 a	 direct	 increase	 in	B	 solution	up	 to	75%.	
Individual	compounds	were	identified	with	highly	selective	spectral	
data	 in	 combination	 with	 their	 retention	 times	 and	 an	 ultraviolet	
photodiode	array	detector	(UV‐4075	and	MD4010,	Jasco).

2.4 | Administration of tea leaves to miniature swine

Male	 CLAWN	 miniature	 swine	 at	 4	 months	 of	 age	 and	 weighing	
14	 kg	 were	 obtained	 from	 Kagoshima	 Miniature	 Swine	 Research	
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Center	 .	We	 used	 four	 pigs	 in	 each	 experimental	 group	 (Yabukita	
and	Benifuki)	and	repeated	(two‐dose)	studies	to	assess	the	absorp-
tion	 of	 tea	 catechins	 and	 caffeine	 in	miniature	 swine.	 During	 the	
experimental	 period,	 body	weight	 (BW),	 stool	 condition,	 and	 food	
intake	of	these	animals	were	observed	daily.	For	longitudinal	assess-
ment	of	samples,	an	indwelling	central	venous	catheter	was	placed	
into	the	external	jugular	vein	of	each	animal	after	at	least	1	week	of	
acclimatization.

In	 the	 tea	 leaf	 administration	 experiments,	 the	 Yabukita	 and	
Benifuki	 varieties	were	 administered	 via	 diet.	 The	 composition	 of	
the	normal	feed	(Marubeni	Nisshin	Feed	Co.,	Ltd.)	was	≥	15%	crude	
protein,	 ≥2%	 crude	 fat,	 ≤5%	 crude	 fiber,	 ≤7%	 crude	 ash	 content,	
≥0.4%	calcium,	≥0.3%	phosphorus,	and	≥	78%	total	digestible	nutri-
ent	content.	To	prevent	diarrhea	caused	by	a	large	amount	of	green	
tea	leaves	in	the	feed,	2%	tea	leaves	were	mixed	with	the	usual	feed	
(10	g	of	tea	leaves	in	500	g	of	normal	feed).	The	mixing	of	feed	with	
tea	leaves	was	performed	just	before	the	intake	to	minimize	oxida-
tion	of	tea	leaf	catechin.	The	tea	leaf	intake	and	follow‐up	observa-
tion	periods	were	15	and	7	days,	respectively.	Blood	sampling	as	a	
control	was	performed	for	5	days	before	the	intake.	On	the	first	day	
of	tea	leaf	intake,	sampling	of	blood	was	performed	at	1,	3,	and	5	hr	
after	feeding	to	avoid	anemia,	and	subsequent	blood	sampling	was	
performed	2,	3,	4,	5,	8,	and	15	days	 later.	The	residual	quantity	 in	
the	body	was	determined	in	blood	samples	taken	after	1	and	7	days	
of	tea	leaf	intake.	The	collected	blood	was	ultrafiltered	through	an	
Amicon	Ultra	centrifugal	filter	(Merck)	and	analyzed	using	HPLC	for	
catechin	and	caffeine	(n	=	6).

Complete	blood	counts	of	white	blood	cells	(WBC),	hemoglobin	
(Hb),	and	platelets	(Plt);	renal	levels	of	creatinine	(Cre);	liver	function;	
and	levels	of	aspartate	aminotransferase	(AST)	and	alanine	amino-
transferase	(ALT)	were	serially	assessed.

All	the	animal	experiments	were	conducted	in	compliance	with	
the	 protocol	 that	 was	 reviewed	 by	 the	 Institutional	 Animal	 Care	
and	Use	Committee	and	approved	by	 the	President	of	Kagoshima	
University	(Permit	Number:	#MD14117).

2.5 | Statistical analysis

The	 tea	 infusion	 and	 swine	 intervention	 experiments	 were	 repli-
cated	twice	independently.	Significant	differences	among	all	groups	
were	assessed	using	 t	 tests	and	multiple	 tests	 (IBM	SPSS	Medical	
Model	 Statistics	 25,	Advanced	Analytics,	 Inc.).	Data	 are	 shown	as	
means	±	standard	error	of	the	mean	(SEM).	A	probability	of	p < .05 
was	considered	statistically	significant.

3  | RESULTS AND DISCUSSION

3.1 | Determination of green tea infusion 
components

Eight	major	catechins,	two	methylated	catechins,	and	caffeine	were	
quantified	in	the	green	tea	infusion	(Figure	1).	Cis‐type	catechins	(EC,	

EGC,	ECg,	and	EGCg)	and	 trans‐type	catechins	 ((+)‐C,	GC,	Cg,	and	
GCg)	 have	 different	 steric	 configurations	 for	 positions	 2–3	 of	 the	
C	ring.	Methylated	catechins	are	methylated	in	the	gallate	group	of	
EGCg.	For	accurate	estimation	of	tea	infusion	components,	a	calibra-
tion	curve	was	generated	with	the	standards.	The	correlation	coef-
ficients	were	all	found	to	be	R2	>	0.9998,	and	thus,	the	concentration	
could	be	accurately	determined.

Nonrefined	and	refined	tea	were	eluted	at	the	normal	drinking	
temperatures	of	60,	70,	and	80°C,	and	the	components	contained	
in	 the	 respective	 infusions	are	shown	 in	Table	1.	EGCg	was	 found	
to	 be	 the	most	 abundant	 in	Benifuki,	with	GC	 and	 caffeine	 being	
the	 second	 and	 third	 most	 abundant	 components.	 EGCg3”Me	 in	
Benifuki	 increased	 depending	 on	 the	 harvest	 period.	 Some	 stud-
ies	 found	the	highest	concentration	of	EGCg	 in	green	tea	 infusion	
(Dalluge,	Nelson,	Thomas,	&	Sander,	1998;	Khokhar	&	Magnusdottir,	
2002).	Comparison	between	the	cis‐	and	trans‐	forms	showed	that	
only	EGC	<	GC	had	the	trans‐	form	in	higher	levels,	whereas	the	oth-
ers	had	 the	cis‐	 form	 in	 larger	quantity	 ((+)‐C	<	EC,	Cg	<	ECg,	and	
GCg	<	EGCg).	Moreover,	both	tea	varieties	 lacked	EGCg4”Me,	but	
Benifuki	contained	EGCg3”Me.	Furthermore,	as	done	for	Benifuki,	
eight	major	 catechins	 and	 caffeine	 of	 Yabukita	were	 quantified	 in	
the	green	tea	infusion.	The	result	was	very	similar	to	that	of	Benifuki;	
however,	 Yabukita	 did	 not	 contain	methylated	 catechins	 and	 con-
tained	 more	 caffeine.	 The	 results	 suggested	 that	 in	 both	 refined	
Benifuki	and	Yabukita,	the	content	of	each	catechin	is	significantly	
increased	 and	 the	 caffeine	 content	 is	 significantly	 reduced	 com-
pared	with	those	in	the	nonrefined	teas,	indicating	the	importance	
of	the	tea	refining	process.

Table	1	shows	the	comparison	of	tea	infusion	components	ac-
cording	to	harvest	time,	manufacturing	process,	and	elution	tem-
perature.	ECg,	EGCg,	GC,	GCg,	and	caffeine	were	less	abundant	
in	final	picking	tea	as	compared	to	those	in	first,	second,	and	third	
picking	 tea.	 Because	 catechins	 are	 produced	 in	 the	 plant	 body	
after	receiving	sunlight,	their	content	 in	third	picking	tea,	which	
receives	more	 sunlight,	may	 be	 higher	 than	 in	 first	 picking	 tea,	
which	 is	 harvested	 earlier.	 Therefore,	 we	 anticipated	 that	 final	
picking	 tea	would	 contain	 higher	 levels	 of	 catechins	 than	 other	
tea	 samples.	 Contrary	 to	 our	 expectations,	 catechins	were	 less	
abundant	in	final	picking	tea	compared	to	those	in	other	tea	sam-
ples.	We	 speculated	 that	 the	percentage	of	 total	 catechins	was	
higher	in	other	tea	samples	because	final	picking	tea	has,	instead	
of	soft	buds,	old	leaves	and	hard	stems.	Conversely,	a	comparison	
between	the	contents	of	nonrefined	and	refined	tea	showed	that	
ECg	 and	EGCg	of	 the	 third	 and	 final	 picking	 tea	were	 higher	 in	
nonrefined	 tea,	 but	 the	 quantities	 of	 EC,	 (+)‐C,	 and	GC	 in	 non-
refined	 and	 refined	 tea	 were	 similar.	 Thus,	 it	 is	 clear	 that	 the	
rate	 of	 loss	 of	 components	 due	 to	 degradation,	 polymerization,	
and	 isomerization	 is	affected	by	heat‐drying	 in	refining.	 In	addi-
tion,	 EGC,	 ECg,	 EGCg,	 and	EGCg3”Me	 content	 increased	 in	 the	
infusion	 solution	with	 increasing	 elution	 temperature.	 In	 a	 pre-
vious	 study,	 high	 temperature	 promoted	 EGCg3”Me	 extraction	
efficiency	 (Maeda‐Yamamoto	et	 al.,	 2005).	 Thus,	 the	higher	 the	



2772  |     WAKAMATSU eT Al.

infusion	temperature,	 the	higher	 the	catechin	content	 in	 the	 in-
fusion	solution.

3.2 | Determination of tea leaf extract components

In	 tea	 leaf	 extracts,	 eight	major	 catechins,	 two	methylated	 cat-
echins,	 and	 caffeine	 were	 identified	 and	 quantified	 (Table	 2).	
Estimation	of	catechin	and	caffeine	contents	in	Benifuki	leaf	ex-
tracts	showed	that	EGCg	content	is	the	highest,	with	EGCg3”Me,	
caffeine,	 and	 GC	 being	 the	 next	 most	 abundant	 components.	
Comparison	of	cis‐	and	trans‐	forms	in	Benifuki	showed	that	only	
EGC	<	GC	had	a	higher	amount	of	 the	 trans‐	 form,	whereas	 the	

others	had	the	cis‐	form	in	larger	quantities	((+)‐C	<	EC,	Cg	<	ECg,	
and	GCg	<	EGCg).	Furthermore,	consistent	with	the	Benifuki	 in-
fusion,	EGCg4”Me	was	absent	from	leaves	of	both	varieties,	and	
only	EGCg3”Me	was	detected.	 Suzuki	 et	 al.	 (2013)	 also	 showed	
that	 tea	 leaf	 extract	 contains	 EGCg3”Me,	 corroborating	 our	 re-
sults.	Caffeine	content	was	significantly	reduced	 in	final	picking	
Benifuki.

Table	2	shows	the	comparison	of	tea	leaf	extract	components	ac-
cording	to	harvest	time	and	manufacturing	process.	The	ECg,	EGCg,	
GC,	GCg,	and	caffeine	contents	in	Benifuki	were	lower	in	final	pick-
ing	tea	than	those	in	first,	second,	and	third	picking	tea.	Similar	to	the	
tea	infusion	results,	few	differences	were	found	in	the	contents	of	

F I G U R E  1  Structures	of	tea	catechins	and	caffeine
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nonrefined	and	refined	tea	extracts.	GC	was	more	abundant	in	the	
tea	infusion	than	in	tea	leaf	extracts	because	other	catechins	change	
to	GC	by	heating	of	green	tea	leaves,	whereas	ECg,	EGCg,	Cg,	GCg,	
and	EGCg3”Me	were	more	abundant	in	Benifuki	leaf	extracts	than	
in	the	tea	infusion.	Furthermore,	eight	major	catechins	and	caffeine	
were	detected	and	quantified	in	Yabukita	leaf	extracts,	as	had	been	
done	for	Benifuki.	The	result	was	similar	 to	that	of	Benifuki;	how-
ever,	Yabukita	did	not	contain	methylated	catechins	and	contained	
more	caffeine.

3.3 | Absorption of catechins in miniature swine

Because	 miniature	 swine	 are	 omnivorous,	 the	 addition	 of	 green	
tea	 leaves	 did	 not	 change	 their	 feed	 acceptability.	When	 the	 intake	
quantity	 of	 tea	 leaves	was	over	 5%,	 loose	 stool	was	observed	 (data	
not	 shown).	 In	 the	 present	 experiments,	 therefore,	 the	 quantity	 of	

tea	 leaves	 in	the	feed	was	kept	at	2%	to	maintain	normal	stool	con-
dition;	 consequently,	 abnormal	 stool	 excretion	was	not	observed.	 In	
addition,	Figure	2	shows	that	the	animals	had	normal	levels	of	WBC,	
Hb,	Plt,	Cre,	AST,	ALT,	and	BW	during	 the	experimental	period.	The	
mean	values	±	standard	error	(SE)	of	blood	tests	of	normal	4‐month‐old	
CLAWN	miniature	swine	were	as	 follows:	WBC,	129	±	38	×	102/μl;	
Hb,	14.2	±	0.7	g/dl;	Plt,	32.4	±	7.2	×	104/μl;	Cre,	1.0	±	0.7	mg/dl;	AST,	
19.3	±	5.3	U/L;	and	ALT,	37.2	±	7.6	U/L.	Miniature	swine	used	in	this	
study	presented	normal	levels	of	WBC,	Hb,	Plt,	Cre,	and	BW.	AST	and	
ALT	levels	were	within	the	acceptable	error	range	of	individual	differ-
ence.	These	normal	levels	were	constant	through	the	study	period	(pre,	
intake,	and	follow‐up).	Plt	in	the	follow‐up	period	was	at	the	lower	limit	
of	normal	levels	(Figure	2c),	but	the	reason	was	unknown.	No	change	in	
BW	was	observed	during	the	experimental	period	(Figure	2g).

The	 amount	 of	 catechins	 and	 caffeine	 from	 Yabukita	 and	
Benifuki	 tea	 varieties	 contained	 in	miniature	 swine	blood	 serum	

F I G U R E  2  Basic	blood	component	
levels	in	miniature	swine	fed	green	tea	
leaves.	(a)	WBC,	white	blood	cell	counts;	
(b)	Hb,	hemoglobin;	(c)	Plt,	platelets;	
(d)	Cre,	creatinine;	(e)	AST,	aspartate	
aminotransferase;	(f)	ALT,	alanine	
aminotransferase;	g:	BW,	body	weight.	
pre,	average	values	determined	as	
controls	for	5	days	before	tea	leaf	intake;	
intake,	average	values	during	the	period	
(15	days)	of	tea	leaf	intake;	follow‐up,	
average	values	during	the	follow‐up	
period	(7	days)	after	ingestion	of	tea	
leaves.	White	bar:	Yabukita;	Black	bar:	
Benifuki.	Gray	shading	represents	the	
range	of	mean	values	corresponding	to	
normal	4‐month‐old	CLAWN	miniature	
swine. * p	<	.05	versus	Yabukita

×

(b)(a)

(f)(e)

(g)

×

(d)(c)
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is	 shown	 in	 Table	 3.	 Green	 tea	 leaves	 are	 abundant	 in	 ECg	 and	
EGCg,	 but	 these	 compounds	were	 rarely	 detected	 in	 the	 serum	
of	 the	 animals.	 Presumably,	 the	 galloyl	 moiety	 (gallate)	 was	 not	
detected	 because	 it	 is	 hydrolyzed	 during	 digestion.	 EGC,	 EGCg,	
(+)‐C,	GC,	 and	caffeine	were	 significantly	absorbed	at	1	hr	 after	
feeding.	 EC,	ECg,	Cg,	 and	GCg	 from	both	Yabukita	 and	Benifuki	
varieties	 were	 not	 significantly	 absorbed	 by	 miniature	 swine	
(<1	μM).	 (+)‐C	was	absorbed	mostly	on	day	5	of	Benifuki	 tea	 in-
take	but	was	not	detected	after	day	2	of	Yabukita	tea	intake.	EGC	
was	absorbed	mostly	on	days	5	and	15	of	Benifuki	and	Yabukita	
tea	intake,	respectively.	Renouf	et	al.	(2011)	quantified	the	green	
tea	catechins	in	plasma	and	revealed	that	EGC	was	the	most	bio-
available	catechin.	The	absorbance	pattern	of	GC	was	very	similar	
between	Yabukita	and	Benifuki	varieties.	EGCg4”Me	was	detected	
at	 significantly	 high	 levels	 during	 the	 entire	 intake	 period,	 but	
EGCg3”Me	was	not	detected	in	the	blood	of	miniature	swine	fed	
Benifuki	 tea.	 It	 is	possible	 that	 the	position	of	 the	methyl	group	
was	modified	by	the	pig	metabolism.	Furthermore,	caffeine	from	
both	Yabukita	 and	Benifuki	 tea	 varieties	was	 found	 to	 be	 easily	
accumulated	in	miniature	swine.	Kajiya,	Kumazawa,	and	Nakayama	
(2001)	 investigated	the	 interaction	of	tea	catechins	with	 lipid	bi-
layers	 using	 liposome	 systems	 and	 demonstrated	 that	 different	
stereochemical	structures	 influence	the	affinity	 for	 lipid	bilayers	
and	biological	activities.

4  | CONCLUSION

We	studied	the	catechin	composition	of	the	general	green	tea	vari-
eties	Yabukita	and	Benifuki,	including	methylated	catechins.	In	the	
present	study,	we	found	that	the	catechin	and	caffeine	contents	
vary	according	to	the	harvest	period	and	infusion	temperature	in	
the	Benifuki	 variety.	 Interestingly,	 catechin	 contents	were	 influ-
enced	by	harvest	time;	some	catechins	were	more	easily	extracted	
with	increased	temperature.	Accordingly,	the	taste	of	the	tea	infu-
sion	may	be	influenced	by	the	amount	of	catechins.	For	example,	
the	concentration	of	EGC	in	the	nonrefined	first	picking	Benifuki	
tea	infusion	was	the	highest	with	80°C	elution.	The	differences	be-
tween	the	tea	leaf	extracts	of	Benifuki	and	Yabukita	are	as	follows:	
(a)	Yabukita	contains	a	higher	content	of	GC	generated	by	isomeri-
zation;	(b)	Yabukita	does	not	contain	methylated	catechins;	and	(c)	
the	caffeine	content	of	Yabukita	is	high.	Thus,	leaf	extracts	of	non-
refined	final	picking	Benifuki	tea,	which	contains	a	high	amount	of	
EGCg3”Me	and	 low	quantity	of	 caffeine,	 are	 considered	optimal	
for	consumption	by	children	and	pregnant	women.	In	order	to	in-
vestigate	the	absorption	of	catechins	and	caffeine	contained	in	tea	
leaves,	it	is	important	to	evaluate	in	vivo	metabolism	using	models	
with	digestive	and	vascular	functions	similar	to	those	of	humans,	
such	as	miniature	swine.	In	this	metabolic	study,	although	the	tea	
leaves	 contained	 EC,	 it	was	 not	 detected	 in	 the	 blood	 of	minia-
ture	swine	fed	the	same.	ECg	from	Yabukita	was	detected	only	on	
days	4–8	because	a	hydroxyl	group	of	ring	B	of	EGCg	was	removed	
during	metabolism.	The	 transient	detection	of	Cg	and	GCg	 from	

Benifuki	was	due	to	the	isomerization	of	EGCg	during	metabolism.	
On	 the	 other	 hand,	 EGC	 and	 GC	were	 detected	 at	 significantly	
high	levels	after	1	hr	in	animals	fed	both	varieties.	EGCg3”Me	was	
detected	in	tea	infusion	and	leaf	extracts,	whereas	EGCg4”Me	was	
detected	in	the	blood.	This	may	result	from	a	change	in	the	posi-
tion	of	the	methyl	group	during	metabolism,	although	only	a	small	
quantity	of	EGCg4”Me	was	detected	in	the	blood.	Of	the	green	tea	
varieties,	Benifuki	has	a	peculiar	combination	of	odor	and	bitter-
ness,	and	thus,	some	consumers	prefer	other	varieties.	The	results	
of	the	present	study	suggest	that	nonrefined	September–October	
final	picking	tea	(autumn	and	winter	tea)	of	the	Benifuki	variety	is	
preferable	over	the	Yabukita	variety	for	consumption	by	children	
and	pregnant	women,	which	could	lead	to	increased	consumption	
of	the	Benifuki	variety.
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