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Abstract

A green tea descriptive sensory lexicon was develbgexhighly trained panel, which
identified, defined, and referenced 31 flavor attribufegreen tea. Thettributeswere
categorgieendoagasiparagus, beany,spin8ch greenbearns, spr o
andgreenherb i klr owni® (ashy/ sooty, brown spice, burn
ffruity/fl or al 6 (frui ty, f 1l or al nmopuetrhffueneyl , candtoatisrtursi,n gaen
et c hibasigtd st €éis 0 ( oandbittea),lahd othaw &tebttes (almond, animalic, grain,
musty/new leather, mint, seaweed, and stiike).

Using the green tea lexicatieflavor differenceghatexist among a wide range of green
teas (n=138) produced in various countriese detemined Roastprocessed teas were mostly
responsibldor brownrelated flavors and steaprocessed teas were mostly respondinie
greenrelated flavors.

Aroma analyses of green tea showed thatoncentration of volatile compounds were
much lower tlanstatedn theliterature.

Brown, brownrelated attributes, bitterness, and astringde@me stronger and green
and greerrelated attributes become weaker as the brewing time lengthened (1, 2, 5, and 20 min)
and the water temperature increased (8093%°C).

The flavor characteristics of rogstocessed, steam processed, or reesstimprocessed
Korean green teas differed only in their characterizing green flavors.

The flavor and aromaf green teas changédter sequentidbrewings. Green teas iteaf
form can be brewed four times: the first two brews providing strditegarr and aroma
characteristicsvhereas the third and fourth brews will provide miltlavor and aroma
characteristics

The flavorand aromahange in green teas that are stareer two years were observed
at 3, 6, 12, 18, and 24 months after their original packaging daregen tehange minimally
during the first year of storage aadly slightly more during the first two years of storage.

Consumer stuésand descriptig evaluatioswere conducted to understand what green

tea flavor characteri st iTwavedgreerftéasanplesaverd) S consu



evaluated byhreeconsumer groups from Korea, Thailand, and the United States. The current
research suggestsat familiarity plays a role in tea acceptance. However, various flavor profiles

may be acceptable to consumers ah® familiar with other flavors of green tea.
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Abstract

A green tea descriptive sensory lexicon was develbgexhighly trained panel, which
identified, defined, and referenced 31 flavor attribufegreen tea. Thettributeswere
categorgieendoabadiparagus, beany, Brussels spro!
and greenherb i kg )ownfdo ( w bréwy $pge lmutnt/scorched, nutty, and tobacco),
Afruity/fl or al 6 (frui ty, f | or al mopuetrhffueneyl ,oandtoatlsrtursi,n gaenr
et c hibasigta st éis 0 ( oandbitten),lahd other &tebutes (almond, animalic, grain,
must/new leather, mint, seaweed, and stik®).

Using the green tea lexicotie flavor differenceghatexist among a wide range of green
teas (n=138) produced in various countriese determinedRoastprocessed teas were mostly
responsibldor brownrelated flavors and steaprocessed teas were mostly responditnie
greenrelated flavors.

Aroma analyses of green tea showed thatoncentration of volatile compounds were
much lower tharstatedn theliterature.

Brown, brownrelated attributedyitterness, and astringgynbeame stronger and green
and greerrelated attributes become weaker as the brewing time lengthened (1, 2, 5, and 20 min)
and the water temperature increased (50, 70, 95°C).

The flavor characteristics of rogstocessed, steaprocessed, or roasteamprocessed
Korean green teas differed only in their characterizing green flavors.

The flavor and aromaf green teas changdter sequentidbrewings. Green teas in leaf
form can be brewed four times: the first two brews progditnongeflavor and aroma
characteristicsvhereas the third and fourth brews will provide miltlavor and aroma
characteristics

The flavorand aroma&hange in green teas that are stored over two years were observed
at 3, 6, 12, 18, and 24 monthseaitheir original packaging dateGreen teahangs minimally

during the first year of storage aadly slightly more during the first two years of storage.



Consumer stuésand descriptive evaluatismvere conducted to understand what green
teaflavorc har act eri sti cs i nf |TwavegreentéhSamplesnwerel mer s 6 |
evaluated byhreeconsumer groups from Korea, Thailand, and the United States. The current
research suggests that familiarity plays a role in tea acceptance. Howeves flaviouprofiles

may be acceptable to consumers \ah® familiar with other flavors of green tea.
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CHAPTER 1 - Literatu re Review

Green Tea

Tea is a beverage brewrdm the leaves of alant camellia sinensisvhich originated
in Asia. There are three major forms of tgmeen tea, oolong tea, and black t&aeyall
originatefrom the same plant baire processed diffently (Rinzler2001).

There are 2 major tea tree specaasnellia sinensisar. sinensi@andcamellia sinensis
var. assamica Camellia sinesis var. sinensgalso known a€hina tea.lt is relatively resistant
to cold and therefore is grown in moderaveather regions like China, Japan, southern Korea,
the former Soviet Union, Turkey, Iran, and northern Indihis varietyproduces small amounts
of tea because they grow slovdgdhavesmaller leaves. On the other hacaimellia sinensis
var. assanta, known as assam tea, is fasfeowing and has larger leaves, resulting in higher
yields. This variety is less resistant to cold and the tea is not as delicately flaveredress
One variety maype better than the other for particular kewf tea (Segall996). Generally,
camellia sinensivar. sinensiss used for green tea production (Taylor 2003).

Green tea is processed with fresh leatles process starts with roasting or steaming to
disablepolyphenol oxidase activityarticularlycathechms, to prevent oxidatiofOwuer2003).
Theleavesaredriedand processeidhmediatelyafter harvestingo thatno fermentation occurs
Green tedeavesoftenremaingreenwith asubtleflavor after the process (Macraad others
1993 Rinzler2001).

Among green teas, different processing methods, harvest times, tearistes and

regiors produce different flavordung2004).

Health benefits of green tea
Green teas consideredo beafunctional food. To prove green teébealth benefits,
intensiveresearch rabeen conducted on green téanking green teacreased plasma total
antioxidant activity in humaErbaand other2005),showedpotential for maintaining normal
body weightand supporting healthy glucose lev@lgeber2004),presentedrticarcinogenic
effects (Friedmanand other2007),hadanticacinogenic actioa (Hara2001) showed arnnverse

relationshipwith all-cause mortality and cardiovasaudisease mortality (Kuriyama and others
1



2006), andhad a likelyadvantageoummfluenceon breast cancer (Kumand other2009).
These positive research results drive green tea consumptimalnS. (Ong 2005) anthe U K.
(Nutraingredients.cor20(®).

Geographical differences of green tea

Most green tesareproduced in AsiaMore than 3@ountries grow teaamong thenare
China, India, Burma, Thailand, Laos, Vietnam, Japan, Indonesia, Sri Lanka, Turkey, Iran,
Taiwan, Bangladesh, Malaysia, Malawi, the former Soviet Union, south Rasdidrgentiia.
India is the largest tea producer falled byChina,Kenya and Sri Lanka.ln 1998, 644,900 tons
of green tea ereproducedylobally and 641,200answeregrown in Asia specifically inChina,
Indonesia, VietnamgndIndia. Of that amount126,500 onsof green teavereexported from
Asia. Theexporting countries included China (111,700 t), India (3000 t), Indonesia (3500 t),
Japan (600 t), Sri Lanka (500 t), Taiwan (4Q@&ihd Vietnam (6,800 t) (Tayl@003).
According tothe Food and Agricultur®rganizatiorof the United Nations (FAQOQL), the
actual produtton of green tea in 2000 was 500,000¢onChina, 90,000 tain Japan, 38,000
tonsin Vietnam, 38,000dnsin Indonesiaaddng up to 681,000 tosworldwide. FAO projected
thatgreen tea productionould increase to 900,000 teby 2010.

Green teas from different countries

Green teafrom different countiesmay have different appearance, aroarajflavor
characteristicsEven though green tea originatedChina, introduing it to other parts of world
contributed to the differeces. Even within China itselffamous Chinese green teas differ from
region to region within the country because Chinala&gecountry. According to Ukers (1935),
Chinese green tea could be divided by district; roughly into Country greens, Hoaattbws
Pingsueysthesmaller principal districts are Anhwei, Chekiang, Kiangsi, Fukien, Kwangtung,
and Hunan.Manufacturing stylegurther divide green teas ingunpowder, imperial, young
hyson, hyson, hyson skin, twankay, and di.in tradetheregionandthe manufacturing style
are used as the name of the green téash kind of green tda also divided by gradeThe
earlier teas are the better gradé€sinpowder uses young to medium leavesdifito balls.
Imperial uses older leaves aisdnace much likegunpowder except lias dooser roll Young
hyson is made with young to medium leaves and looks like twisted thirgestn uses older



leaves. Twankay and hyson skin are lower quality grees (Bi&ers1935). In China, parfiring
is the mos common initial processingOn the other hand, Japanese greenasamostly
steanedinitially (Xu and Cher2002). In Japansenchaaccounts for approximately 75% thie
green tea production followed twancha(about 14%) (Har2001). Banchais alower grade
version ofsencha Other Japanese green teas inclGgekurqg KabusechaTencha, Matcha,
Hojicha, KamairichaandTamaryokuchaUnlike other Japanese green td&smairichaand

Hojicha are parired(roased).

Green tea consumption
Many people dnk tea for cultural reasons, while others drink it for its desirable sensory
properties or its probable health benefii®as are popular around the world with claimed
benefits to slimming, beauty, and relaxation. Specific health claims in variousiesymbmote
green tea for respiratory health, reducing cholesterol, and balancing blood pressure (Mintel
2005a).

North America

Segal (1996) reported that abodf® of thetea consumed in the U.S. was black,
followed by 4% green, 1% oolong, and 1% flavard&®kefore World War I, green tea accounted
for about 40% of th&).S. market. However, World War Il made importing green tea from
China and Japampossible so theU.S. had no choice bt importblack tea from British
controlled India. When World War Il was over, almost 99% of Americadrank black teaThe
U.S. tea sales in retail volume approached 34,000 tons in 2@@dr{Bnitor.con2005),
although most of that tea was black or some type of fermented t@ay $tbres now carry green
tea productsgreen tea is available to purchaselioe and a number dfookshave been
publishedon green teaall of which may reflect increased consumption or denfandreen tea
in the US. marketas well as other western countrids addition, many readto-drink iced teas
have been formulated using green tea as a base (M00GBb). Recently, the number of green
tea products or products containing green tea in retail food stores has increased tremendously in
many parts of the world. Starbucks launched gtearirappuccinos and helped transform green
teainto a mainstream trend (O2905);they now serve several drinks that use green taa as
ingredient In 2005 atelephone survey conducted tbe American Institute for Cancer

Research (ICR005)reportal that8.3%of respondentdrank green tea beverages 5 or more
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times a week, 5.6% drarskich beverage®4 times a week, 8.2% dragkeen tea productmce
or twice a week, 8.4% answered they drirdmonce or twice a month, and 67.9% answered

they rarelyor never drank green tea beverages.

Asia

Green tea is popular in Japam.a cohort study (Kuriyamand other2006) toexamine
therelationship between green tea consumption and mortkléytocardiovascular disease,
cancer, and all causes in Jap#® 530 Japanese adults between 40 to 79 years old with no
history of stroke, coronary heart disease, or cancer were recr@tedn tea consumption was
dividedinto five different frequencies; never, occasidpabne to twocups a daythree to four
cups a day, anfive or morecupsa day. Theresearchers combined never and occadipivab
the less thaonecup a day because only 7% of the respondents said they navegdeen tea
and 19% said they drank green tea occasion&fy40,530 participats, 10,702 (26.4%)
answered they drank less thamecup of green tea a day (Never drank green tea and
occasionallydrank green teaombined), 8,803 (21.7%) answered they draméto two cups of
green tea a day, 8,839 (21.8%) answered they dhae&to four cups of green tea a day, and
12,186 (30.1%) answered they drank more fhancups of green tea a day.Japanthetypical
cup volume is 100nL.

Tea consumption has beentherisein Korea Parkand otherg1996) conducted a
survey in 1994 téearn consumer attitudes about green tdevendifferent cities in Korea. A
total of 1184 consumers responded to the surieyo hundred eleven (17.8%) consumers
answered that t hey dormumérswhd said théy drgnk greentese e a a't
asked their frequency of consumptiddf these consumers, 48.8%swered they drank green
tea once a week, 31.6% answeied to thredimes a week, 13.6% answered once a day, and
6.1% drank green tea more tham times a day.The survey indicatethat among respondents,
58.2% of consumers preferred green tea to oolong tea and black tea. Per capita tea consumption
increased from 10 grams in 1990 to 80 grams in 2003 (Tea Experiment SGQiOn
Euromonitor (2006) reported that Korean consumerseptetally produced tea over Chinese
imports because Chinese teas violated Korean food standards.

In Thailand,cold drinks are preferrdaecause afhehot climate. Green tea is the fastest
growing nonralcoholic drink in Thailand. The green tea marketgfrom USD 650,000 in 2001
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to USD 150 million in 2004BeverageDaily.con2006) Nookabkaevand otherg2006) noted
that jiaogulan, green tea, and mulberryweee the main herbal teas consumed among Thai

consumers for healthenefis.

Europe

In anepideniology study conducted by Mennand otherg2007) in France, 954 men
and 1639 women were askaouttheir greerteaconsumption.Only 6% (58 out of 954) men
and 12.1% (198 out of 1639) of women answered that they drank more thar. 15@reen tea
perday.

In the United Kingdom, green tea products consumption increased by 87% from 2000 to
2003. In 2003, 1,150 tons of green t@areconsumed.The positive health benefitsiay be
driving consumptiorof green tegNutraingredients.cori005).

How green ta is evaluated
Ukers (1935) described tea evaluation using expert gofgeas. He suggested that tea
tasters needed training but had to hé&vedelicate palate and an exquisite sense of €mell.

Judge shouldevaluate green tea dnree aspects: appaace, twist, and odor of the dry tea; the

color, brightness, and smell of the infused leaf; and the color, thickness, strength, pungency, and

flavor of the infused teaTea expertshould be able tevaluate individual teas as well as know

how differentteas would blend.

Owuor (2003) stated that judging tea quality and tasting is subjective and rather elusive.

Tea tasting has been used over centuries to evaluate tea quality; it is fast and affordable, which

was neessaryor the tea tradeAlso tea tasng allows many samples to be evaluated quickly.

When tasting, tea is sucked rather than sipped, so that

Aithe | iquor is drawn to the back of the

olfactory nerve in the nose. The liquor is then swished backwadiforwards and

brought into contact with the tongue, palate, and other areas of the mouth where sensory

receptors are located. Using this skillful, if somewhat noisy, technique, the taster can
feel, taste, and smell the liquor virtually simultaneoasig is thus able to determine its

bri skness, strengt h, body, and flavor. o

The author stated thattiss a subj ecti ve met hod and may

health, personal preferences, and prejudices.
5
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The sensory characteristics of greerate

According to Uker8book, All About Teg1935), greenteapossesé a c | ear ,
yelloworgreenislgol den col or, Dbri ght an dforhyosng ealyu s
picked leafandfia dul | , | i f el ess, di@rakreen tearbadedraam olds h
or low-grade leaf.However, the author stated that it was difficult to describe words used for
tasting teas.Theterms that he listed were brisk, full, rich, thick, insipid, grassy, fishy, smoky,
flavor, harsh, metallic aali pucker toasty, malty, brassy, point, bodyrength pungency, bite
and cream down.

Recently Ellis (2002) usec rangeof words to explaingreen tedlavor in her book
which was intended for theublic. Wordsweresweet fragrant malty, strong, dll-bodied, spicy,
fragrantly fruity, fresh, herbaceous, smoothly fragrant, deep, astringent,-taassy, smoky,

savory strength, bitter, and refreshing.

Processing Affecting Flavor of Green Tea
Many steps are requirddr processing green ted/henfresh tea leaves are harvested,
theleaves areisuallyspread outfollowed by afixing process of either roasting or steaming.
Next is rolling to shapthegreen tedeaf, followed by drying (Xu and Che2002). Dependng
onthemanufacturer, roasting steaming and drying are repeated (JR0§4). Each step
contributes to the flavor dhefinal product. Laying fresh leavesutfor 1-3 hours helpreduce

grasslike odor ancevaporatevater in the leaves (Xu and Chen 200R) the leaves, enzymes

reman active; they are polyphenol oxidase, catalase, peroxidase, and ascorbic acid oxidase.

During fixing, enzymes are deactivated (Ch&08§2). At the same timghe cholorophyll
content decreases because of high temperaturihapti changes (Xiad963). During
processing, tea polyphenols go through oxidation, hydrolysis, polymerization
transformation (Xu and Chen 200Froteins hydrolyze into free amino acids due to high
temperature and moisture, resultinganincreased amino acid content iregn tea.Soluble
carbohydrates increase during processing, espedialiggroasing. Starch is hydrolyzed and
becomesoluble sugarsMore than 600 volatile compountave beemdentifiedin green tea
most of them produced during processing becankeadfewof the volatile compoundsome
from fresh leaves (Xu and Ch2002).

gr ee |
t o t
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Volatile compoundsontributing to green tea flavor

Volatile compounds in green teave beerstudied extensively using gas
chromatographynass spectrometry (GKRS) to understashthe differencesn thecomposition
of green teasMore than 600 volatile compoundave beemdentifiedin green tea (Xu and Chen
2002). Yamanishiand otherg1973),Nguyenand Yamanish{1975, Takeiand otherg1976),
Yamanishi (1978), and Kawakama Yamanishi (1981, 1983) studied aroma of various green
teas includingHojicha (roasted green tedfabusechakKamairichg spring green te&gencha
BachMaotea (Viethamese green tea), Viethamese green teapagjingtea (Chinese green
tea).

In Hojicha(roasted green tea), researchers identified 66 volatile compafnalsich21
were pyrazines (Yamanishnd otherd 973). Pyrazines are major components of redfiavor.
In addition to pyrazines, furans and pyrroles were detected at higher catioesthan in
senchaYamanishil978).

Kabusechas a green tea made from tea leaves griovthe shade Alphaionone,b-
ionone, 2,6,8rimethylcyclohex2-en-1-one, 4(2,6,6trimethyl1,2-epoxycyclohexybBe-buten2-
one, anctis-2-pentenol were dominant volatile compounds in Kabusecha (Kawakami and
Yamanishil981).

Kamairichawascharacterizeavith 62 volatile compounds @wvakami and Yamanishi
1983). Indole, nerolidol, benzyl alcohol, ejasmone, methyl palmitate, cadinol, hexanoic acid,
b-ionone, linalool, and ci8-hexenol werghe most abundant.

Spring green tea from Japan had aroma compounds of linalool, octar®heignyt
hexanoatel}erpineol,b-sesquiphellandrene, linalool oxides, calamenene, geranylacetate,
benzylalcoholp-ionone, cigasmone, 5&poxyb-ionone, nerolidol, dihydroactinidiolide, and
indole (Takeiand otherd 976). According to Yamanishi (I8), Senchas the most popular tea
in Japan because of its brisknesgygesng thatcis-3-hexe1-ol, hexanoatetrans-2-hexenoate,
and dimethyisulfide contributed to the brisknesk anotherstudy (Kawakami and Yamanishi,
1981),Senchahad 40 identied peaks and linalool, linalool oxide (trans, pyranoid), nerolfdol,
ionone, and 42,6,6trimethyl1,2-epoxycyclohexyb3-buter2-onehad thehighest
concentratioa

In Bachhmaoteg which is thehighestquality green tea produced in Vietnaimalool, cis,
translinalool oxides 3,7-dimethyt1,5, 7octatriene3-ol, 2,5 (or 2,6}dimethylpyrazine and 1
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ethyl2-formylpyrrole were thenajor volatile compounddNguyenand Yamanishi975. In
another studyYamanish (1978) found similar ressflor Bachhmaoteg mostvolatile
compoundsn this casevere pyrazines and pyrragroducediuringpanfiring (Yamanishi
1978).

There were 76 compounds identifiedLiongjing (Chinese green tea) teiany of the
volatile compounds were pyrazines, linalool oxides, carboxylic acids, lactones, geraniol, 2
phenylethanol, and iononeesarchers suggested that these compounds contributed to the pan
fired, floral, and sweet aroma (Kawakami and YamariSg3).

More recently, Choi (1991) identified 41 peaks from Korean commercial green teas.
Sampleghat had beesteanedwere characterizedith linalool, nerolidol, cigasmone, 2,66
trimethyl2-hydroxycyclohexanone, and indol&reen teathat had beerased hadmostly the
following volatile compounddinalool, geraniol, benzylalcohol, phenylethanol, and phenol.
Choi (1995) evaluatetthevolatile compounds of green tea picked in August and identified 32
peaks. Themajor aroma compounds werpeénten3-ol, trans, trans2,4-heptadienal, linalook-
ionone, and nerolidol.

Kumazawa and Masudd002 used GEMS andgaschromatographplfactometry (GG
0O) and found 54 peaks frotwo panfired green teas (Japandsamairi-chaand Chinese
Longingtea) and a steamed green tea from J&pancha.A total of 49 peaks were identified.
Some of these compoundsuldbe perceived agnimaltlike, burnt buttery, caramelike,
cucumbetlike, earthy/musty, fattyfloral, fruity, grapelike, green, haylike, honeylike, meaty,
metallic, mushroomlike, nutty, orangelike, phenolic,popcornlike, potatalike, roasty, spicy,
sweet, and vanilkike charactestics.

Verrastroand otherg2006) reported that bitterness is highly correlated with phenol
concentration in green tea (r=0.991, p=0.008).

Recently, Liangand otherg2008)found 18 volatile compounds 23 Chinese green teas
thatrelated with consumeriking. The 18compounds were-uwaleraldehyde, taproaldehyde,
1-penten3-ol, ethyl caproate,-fhethyl heptenone, linalool oxide 1, linalool oxide I, linalool,
phenyl aldehyde, terpineol, benzyl acetate, citral, citronellol, nerol, geraniol, gebaniabne,

and benzoic acid.



Non-volatile compounds contributing to green tea flavor
According to Yaminishi (1990), thaostdesirable tea iabundantn variouscomponerd
like catechincaffeing and amino acidsTea flavor is more affected by interactsamongthe

components, rather thameparticular group.

Catechins

Catechirs area type of polyphenol found ithetea planitself. It is aflavonoid,with a
Cs-Cs-Cg structure (Har2001). There aresightdifferent types of catechins: catechin,
epicatechin, gallocatechin, epigallocatechin, epicatechin gallate, catechin gallate,
epigallocatechin gallate, and gallocatechin gallate (Wemgother2000). According to
Yamanishi (1990), catechin content@amelliaSinensis var. Sinengs around 10%.
Nakagawa (1970b) studied taste characteristics of different types of catechins and ntkeasured
threshold of each kind(+)-Catechin, {)-Epicatechin, and-)-Epigallocatechin were bitter with
sweet aftertasteith threshold of 51.05mg/100mL KO, 45.53ng/100mL HO, and
35.19mg/100mL KO, respectively.(-)Epicatechin gallate and){Epigallocatechin gallate were
bitter and astringent with 18.12mg/100mk@and 20.15mg/100mL @ as threshold
respectively.In brewed tea, there are approximately 0.57%)eEpicathechin, 2.15% of)
Epigallocatechin, 0.61% of)¢Epicatechin gallate, 2.03% of{Epigallocatechin gallate
(Yamanishi 1990).

Tannin
Tannin has a strong astringent or pungent taste (L1/&&5). Tea has high tannin
content.ltcongealspr@i ns on the top of the mucous membr .

makes the tissues contract (Rin2601).

Caffeine

Caffeine is the stimulant in green tea (Ukers 193Egffeine possesses a bitter taated
thedetection threshold is 3 ppm in water, ahis 0.0003%.It is importantin tea flavor and
briskness (Yaminishii990). The caffeine concentration of brewed sdeom JapanGyokuro
andSenchawere 45 mg/100mL and 2029.9mg/100ml.respectivelywhich converts to
0.045% and 0.0208.0299%). Three grams of tea leaves were brewed with 180 mL of boiling
water for 2 minutes for this test (Nakaga¥@v0a). Hicks and otherg1996) evaluatethe
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caffeinethat wageleased frona Lipton bagof green tea and Korean green tea leaves. Boiling
water was ged andhe samples were brewed for 5 minutddrewed tea fronthe Lipton bag

green tea had 44.5mg/1wL (0.025%) caffeine and brewed tea from Korean green tea leaves
had 56.1mg/17mL (0.032%) caffeineln this study, 2.3g of tea was used for preparati

Another reference (Rinzler, 2001) reported green tea contained 24mg/100mL (in original
document, 36 mg/150mlicaffeinewhen brewed 5 minutes. Japanese green tea contained less
caffeine: 14 mg/100mL (in original document, 21 mg/150 mL); it was brd@aresl minutes.

Both green teswereloose. The aithorstated that tea brewed from loose leavekrhare

caffeine than tea brewed from tea bags or made from instant tea.

Amino acids
The amino acidsgn green tea ara major factoin its quality (Choi20032), with about 20

different amino acidsontributing to the overall contenTheanine accounts for more than 60%
of the amino acidgheanineglutamic acid, asparagines, arginine, and serine account for about
90% of total amino acids (Kirh996). Amino acids are mainly responsible for brothy taste
(Nakagawdal975). Syuand other2008) found theanine;aminobutyric acid, serine,
threonine, glycin, alanine, valine, tryptophan, phenylalanine, isoleucine, leucine, and tyrosine
from green teas from China amdiwan. Theanineagainwas the most abundamangng from
1307.86 to 3029.98¢/g in green tea leaves and from 686 to 8@ in powdered green tea,
while other amino acids ranged from 2.42 to 254.¢/g. L-theanine is an amino acid found
exclusivelyin green tealts effect on taste includesnami, sweet, and bitter (Narukaaad
2008). When tea leaves were exposed to sun, theanine changes to catébkmefore, green
teas made with tea leaves harvested later in the seasole$sthieanine buimore catechins
(Choi2002).

Sugars

Sugars are responsible for sweetness of green tea (Nakagad)a

Descriptive Sensory Studies, Consumer Studies, and Instrumental Studies on

Flavor of Green Teas
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Descriptive sensory studies on flavor of green teas

A number of sensory terminologies have been used forizeny researcheisave
studied geen tedlavor usingdescriptivesensory methodsndhaveprovided some sensory
terminology(Yamanishil977;Yaminishi1990;Parkand otherd 996; Parkand otherd 998
Parkand otherd999. These authors also included terms related to the appearance (e.g., color
of dried green tea leaveshape of tea leaves, acdlor of infused green tea), flavdrésh floral,
sweet floral, citrus, sweet fruity, fresh green, swessinous, roasted, dimethyl sulfitike,
green, burned, acidic, fermented, oily, earthp]dy, seaweed, dried leaf, nutty, juice of
motherwort, acrid), fundamental tastes (bitter, sweet, aftertaste, umami), and mouthfeel
properties (astringent, biting/pgent).

Togariand otherg1995)usal 16 sensory terms developed by Yamanishi (1977) to
evaluate green, oolong, and black t&aer flavor characteristitermswerefresh floral, sweet
floral, citrus, sweet fruity, fresh green, sweet, resinous, roaditedthyl sulfidelike, green,
burned, acidic, fermented, oily, eartland moldy. However theauthorsdid not present
references to help explaihe attributes.

Choand otherg2005) compared 10 readg-drink tea products in cans, using 17
attributesfloral, lemon, roasted tea, roasted rice tea (artificial), sweet odor, green tea, oolong
tea, black tea, boiled milk, arrowroot/rooty, sour taste, sweet taste, chestnut shell, oily, burnt leaf,
bitter taste, and astringencierhaps because the produetged in this study were processed
canned products, the attributes included somewhat generic names of tea such as green tea,
oolong tea, and black tea to describe tea products. Chaefetemnices were usgut the
intensities of the references were goten.

All of the earlier studies included a limited number of samples that magmpr@senthe

extensive variety of green teas.

Studies on green tea brewing methods

Many factorgnfluence thebrewingof green tea: watdp tea ratio, water, water
temperature, brewing length, brewing equipment, use of water bath while brewingaelier
researclon green tea brewing methods variadheir approacho brewingand what they wanted
to learn. In instrumental studies on brewing methods (aed otherd989; Kwonand others

1990; Jan@nd other2006),authors recognized that sensory evaluatairgreen tea ere
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important.Recently, Leeand other2008)studied methaslof preparinggreen teavith two
watertemperature(60 and 80C) and six brewingimes(0.5, 1.5, 2.5, 3.5, 4.5, and 5.5 minutes).
Theauthorssuggested that theptimal brewingmethodwas60°C for 3 minutes or 8 for 1
minute based on justboutright evaluatios from consumersDescriptive sensory analysis was
used to determine thesetwo brewing methods wosddfor discriminating green tea samples.
Theflavors of otherpreparatiormethods wer@ot studied

Taste is importartb consumers who buy functional foéat the health benefg Thus, if
theliterature suggests that difnt brewing methods magsultin differentflavorsfor green
teg thenhow brewing methods changgeen tea flavois also important. ivious researchas

rarely studiedhis.

Studies on multiple brews of green tea

Some literaturshowscontradi¢gionsin the conclusions abobtewing green tea multiple
times. Schapiraand othes (1982) recommendeasingfreshtealeaves oltea bagor more tea,
instead of usinglreadybrewed tea leaves arusedea bag.Theauthors also stated thdispent
leaveshave nothing more to offer you than a little color and a little bitterddascontrast, in
Asia, high quality green temaybe brewed multiple times and many pricy products suggest
brewingmultiple times intheir infusion directionsKim (1996) statedhat green tea could be
brewed up tdhreetimes. Astill and otherg2001) stated thahefirst brew is discarded and the
second anducceedindprews are consumed in the Far East.

MostresearcherBave onlystudiedthefirst brew of green teaOnly limited numbes of
scientific researchers haused tea brewed more than once in their sty@igsn and Kim2006;
Hicks and otherd996. As yet,any changes in the flavor of green tea when braweltiple

times aranot known.

Consumer studies on flavor @freen teas
Parkand otherg1998) compared green teas from Korea, Japan, China, and Vietnam in
their chemical components as well as sensory quality using Korean judges. They concluded that,
although Japanesgyokurogreen tea is high quality tea, itdidn s ui t Kor eansd pal
Koreans also preferred tea made from-figet green tea over steamed green tea.
Parkand otherg2004) conducted a liking test of a Korean canned green tea product with

US 294 consumers from New York, Atlanta, Chicago, and $amcisco. Although most bthe
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US consumers liked the flavor of green tea (14.6% answered excellent, 43.5% answered good,
and 34.4% answered moderate), positive answers for flavor liking and overall liking were
generally lower than answers to other quesisuch as liking the package, package design, etc.
Also, consumers commented that the green tea should be sweeter and/or the flavor and aroma
should be improvedBased on these results, researchers recommended modifying the flavor of
green tea to bedt suit US consumers.

Choand otherg2005) tested commercial canned tea products: 5 green, 2 oolong, and 3
black teas. They found that black teas were generally preferred when no information was

provided at the time of tasting.

Instrumental studies onlavor of green teas

Volatile fractions of various green teas have more than 50 active aroma compounds,
including ones that could yield nutty, popcédike, metallic, floral, meaty, fruity, potato, green,
cucumbeilike, and haylike characteristics (Kumazanand Masud2002). Wangand others
(2000) found that epigallocatechin gallate and epigallocatechin appeared to play the key role in
changes in sensory qualities of a processed green tea beverage. Age and processing had clear
effects on volatile flavorampounds in those teas containing the youngest leaves and certain
processing parameters generally having the highest amounts of catechins and amino acids, which
could result in off flavors (Kinugasand otherd997). In Vietnamese green tea, linalool: cis
and trandinalool oxides; 3,7imethy}t1,5, 7octatriene3-ol; 2,5 (or 2,6)dimethylpyrazine; and
1-ethyl2-formylpyrrole were the predominant components but anethole and dimethoxybenzene,
which can give licoricdike flavor, were also found\[guyenandYamanishil975) Gas
chromatography mass spectrometry (@GS) incorporates both the qualitative identificateind
the quantitative measurementabiaractecomponents in complex mixturefternal standasi

help inobtairing accurate quantification (Hi61997).

Studies on green tea brewing methods

Leeand otherg1989) studied how brewingethodschanged green tea constituents and
learned that tannin, free sugar, and total nitrogen in greendemseds water temperature and
brewing time increasedKwon and other¢1990) studiedhe caffeine content of coffee, black
tea,and green tea where these were prepared using different brtewasg5, 10, 15, 20

minutes) and water temperatsfd0, 60, 80, 100C). Theseauthorsfoundthatcaffeinecontert
13



in green tea increasedticeablyat higherwater temperatuse Caffeinecontentincreagd as
brewing lengthincreasedbuttheincrementwas minimal Brewingtime may havehada
minimal effect because it was studied whlewater temperature set @@®C. Jangand others
(2006) studied brewing methsatdiffering water temperature (60, 70, 80, 90, XDPand
brewingtimes(0.5, 2.5, 4.5, 6.5, and 8.5 minute3hese athors foundsoluble solig,
phenolics, and flavonogdncreasedn brewedgreen e€a wherthewatertemperatureand brewing

lengthincreased

Studies on multiple brews of green tea

Hicks and otherg1996)measuredhe concentrationsf caffeine, theobromine, and
theophyllinefrom threerepeated brews dbur different types of tealn their studytwo samples
were green teaOne was Lipton green tea in tea bags and the other was Korean green tea in
loose form. About 2.3g ofeachsample was brewed in 1A7L of boiling water for 5 minutes.
The brewed tea bag or leaves were bretmadmore timeausingthe same brewing conditien
The caffeineand theobromineeleased in each brew of tea decreased as they were brewed
repeatedly.The decrease iraffeine content from Brew 1 to Brewwzasvery sharp.

Byun and Kim (2006) evaluatede amount of ascorbic acid and chlorophyll in infused
tea when different water temperatsi(60, 70, 80C) and brewindimes(first brew, second
brew) were usedinding thatthe chlorophyll content differed due to brewing water temperature.
Japanese green tehadtwo to thregimes higher chlorophyll contesithan Korean teasOn the
other hand, Korean green teas had higher ascorbic acid content than Jegzanese

Studies on effect of green tea storage

Horita (1987) reported changestivevolatile compouds of green tea during storage.
All 14 compounds increased with storageurteercompounds were-fienten3-ol, 1-pentanol,
(2)-2-pentenl-ol, 6-methyt5-hepten2-one or thexanol, (Z)3-hexenl-ol, (E,Z)2,4
heptadienal or linalool oxide or (E)ranoid (E,E)2,4-heptadienal, -bctanol, 2,6,&rimethyl2-
hydroxycyclohexanond-cyclocitral, -ionone, or geranylacetonfejonone, 5,6epoxy-b-

ionone, and dihydroactinidiolide.

Studies on effect of green tea processing
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Kawakami and Yamanishi (1983) compatemhgjingandKamairi Cha Longjing is a
Chinese green tea and Kamairi Gha Japanese on8oth were roastedHowever,Longjing
had higher peak area % for all roasting process related compounds such as pyrazines (2,5
dimethylpyrazine, anethyl5-ethylpyrazine, trimethylpyrazine, and Zjimethyl3-
ethylpyrazine), pyrrolesl{ethyl2-formylpyrrole, ethyl-2-acetylpyrrole, and-acetylpyrrole),
andionone related compounds (2&Bnethyl2-OH-cyclohexanone)-cyclocitral, 2,6,6
trimethylcyclohex2-1,4-dione,b-ionone, cisasmone, 5,&poxyb-ionone, teaspirone, and
dihydroactinidiolide).

Yamanishiand otherg1989) compared green tethatwere processed differentlyfwo
lower grade green teaBanchaandHojicha, anda roastedanchawere comparedOnly area
percentage was provided aHdjichawas markedly higher in percentage area for furans
(furfuryl alcohol, furfural, 2acetylfuran, and-Bnethylfurfural) and pyrroles {(acetylpyrrole, 2

formylpyrrole, 1-ethyl2-formylpyrrole, and a pyrrole derivative).

Relating sensory analysis studies, consumer studies, or instrumental studies

Togariand otherg1995) evaluated green tea using sensory terms and volatile compounds
composition. Stepwise multiple linearegression analysis, principal component regressia
partial least squares were used to ralaesensory data tthe chromatographic data.

Recently, Liangand other2008)exploral the relationship between green tea preference

data and chemical cguositions and volatile compoundBreference was measured ussing
peopleto judgedry tea appearance, aroma, liquor color, taste, and infuse@heathors
developedhregressive formula and suggested that this could be used to siayaifating

green tea.

Conclusions
Some publications have studied the sensory characteristics and volatile compound
composition of green tedrom differentcountiesof origin, tea tree varigts, harvesting timg
processing methods, and brewing methddany reseashers whdavestudiedthearoma
characteristics of green tea stated the need for sensory evalultene were somefforts to
use sensory evaluation to understtdreflavor of green teaHowever, researchers used

subjective terms, did not define tesmrecisely, used small numbers of green tea sangpids,
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oftenused inappropriate meth®dA well defined, referenced sensory lexicon for the category of
green teavould be useful imeliably evaluaing flavor characteristics of green tealso,

minimal to no research has been conducted on flavor chahgetomultiple brewing times,
different brewing methodslifferentprocessing methods, amdriousstorageiimes Moreover,

no research has been darewhat flavor characteristics drive consunggilsing of green tea.
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CHAPTER 2 - A Lexicon for Flavor Descriptive Analysisof Green

Tea

A lexicon for describing green tea was developsitig descriptie analysis methodsA
highly trained, descriptive sensory panel identified, defined, and referehded@ attributes
for green teaOnehundredandthirty eightgreen teasamples fron® countries: China, India,
Japan, Kenya, Korea, Sri Lanka, Taiwd@anzania, and Vietham were selected to represent a
wide range of green tea Attributes could be categarie d @0 (aparagus, beany,
Brusselssprout, celery, parsley, spinach, green beans, greedikexiyi Bowno (ashy/sooty,
brown spice, burnstorched, nutty, tobaccd),F r u i t Yfruify,lflaral/@etfuiny, citrus
fermented),0 Muthfeeb (astringent, toottetching),i B a saistes (siveetaromatics bitter) and
other attributegalmond, animalic, grain, mushgéwleather, mint, seaweesitrav-like). Some
attributes such as green, brown, bitter, astringent, and toothetching were found in most samples,
but many attributes were found in only a few samp(&seen tea processofepd industry,
researchers, and consumers will benefit from #msgcbnwith precise definitions and references

that reliably differentiate and characterize the sensory attributes of green teas.

Introduction

The fastest growing beverage category in the United States (US) in the next few years is
expectedto bethatofe | | ness or Afunctional 0O beverages
drinkable nutrition and health benefits (Mill2005). Mintel (2004) expects functional beverage
sales will grow from $10 billion in 2004 to $12.8 billion in 2009 and Sloan (2005) repostd th
premium and exotic teas are expected to grow from $6.8 to $10 billion by Z846.are
popular around the world with claimed benefits such as slimming, beauty, aistresdi
Specific health claims in various countries promote respiratory headtincing cholesterol, and
balancing blood pressure (Mintel 2005a). Many people drink tea for the place it holds in their

culture, while others drink it for its desirable sensory properties or its probable health benefits.
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Greentea is one of the threeajor forms of tea (green, black, and oolongpr greertea
leavesareprocessed and dried immediately after harvesting so that no fermentation occurs and
the tea leabftenremainsreasonably green (Rinzl8001; Macra@and otherd 993). Different
green tea existbecause of different processing metsddhrvest timsof tea leaves, tea tree
speciesCamellia sinensigar. sinensis or var. assamicafjdregion(Jung2004)

US tea sales in retail volume approached 34,000 tons in 200dn{&nitor.com2005),
although most of that tea was the black or fermented tymydtores now carry green tea
products, green tea is available to purchasknenand a number of differefookshave been
published related to green tedl of which may reflect incrased consumption or demaiua
green tea inthe USmarketas well as other western countrids addition, a large number of
readyto-drink iced teas have been formulated using green tea as a base 20l0e). In
recent years, the number of greengeaducts or green tea containing products in retail food
stores has increased tremendously in many parts of the world. However, while there have been
increasing sales volume of green tea, the US palate, in particular, appears quite variable in its
resporse to the flavor and acceptance of green tea.

The flavor of green tea has been studied using both chemical and sensory methods.
Volatile fractions of various green teas showed more than 50 aroma active compounds including
ones that could yield nuttyppcornlike, metallic, floral, meaty, fruity, potato, green, cucumber
like, and haylike characteristics (Kumazawa and Mas@082). Wangnd otherg2000) found
that epigallocatechin gallate and epigallocatechin appeared to play the key role in tles cdfiang
sensory qualities of a processed green tea beverage. Age and processing had clear effects on
volatile flavor compounds with those teas containing the youngest leaves and certain processing
parameters generally having the highest amounts of catexdnemino acids, that could result
in off-flavors (Kinugasand otherd 997). In Vietnamese green tea, linalool; cis and trans
linalool oxides; 3,#imethy}t1,5,#octatriene3-ol; 2,5 (or 2,6)dimethylpyrazine; and-gthylk2-
formylpyrrole were the predoinant components, but anethole and dimethoxybenzene, which
can give licoricdike flavor also were found\guyenand Yamanishi975)

A number of sensory terms habeen used for ted&llis (2002) usec variety ofterms to
describe green tdkavor in her bookintended for the public. Terms includexveet fragrant
malty, strong, fulbodied, spicy, fragrantly fruity, fresh, herbaceous, smoothly fragrant, deep,
astringent, grasstasting, smoky, savory strength, bitter, and refreshivig precise definitions
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or references were provided. Other publications, intended for a scientific audience (Yamanishi
1977; Parkand otherd.996; Parkand otherd 998; Parkandothers1999) also have provided

some sensory terminology-hose authors included terms related to appearance (e.g. color of
dried green tea leaveshape of tea leaves, aocdlor of infused green tea), flavdrésh floral,

sweet floral, citrus, sweet fity, fresh green, sweet, resinous, roasted, dimethyl sulkde

green, burned, acidic, fermented, oily, earthp]dy, seaweed, dried leaf, nutty, juice of

motherwort, acrid), fundamental tastes (bitter, sweet, aftertaste, umami), and mouthfeel
propertes (astringent, biting/pungentfogariand otherg1995) usedhel6 sensory terms

developed by Yamanishi (1977) to evaluate and differentiate among green, oolong, and black
teg but did not provide references to help with understanding of the attrikCibesand others

(2005) used descriptive analysis to compare 10 canned tea products using 17 different attributes,
including floral, lemon, roasted tea, roasted rice tea (artificial), sweet odor, green tea, oolong tea,
black tea, boiled milk, arrowroot/rbg sour taste, sweet taste, chestnut shell, oily, burnt leaf,

bitter taste, and astringencierhaps because the products tested were processed canned
products, the list included somewhat generic names of tea such as green tea, oolong tea, and
black teao describe tea products. Characeferences were usghlut intensities of the

references were not given. All of the studies found were conducted on a limited number of
samples that may not represent a broad range of green teas.

A sensory lexicon forte category of green tea can help in identifying the characteristics
common to major varieties of green tea, can provide more useful sensory data to track
experimental modifications, can be better compared to instrumental measures of sensory
properties sut as flavor compounds, and may help identify flavor characteristics that appeal to
particular subsets of the global marketplace, e.g. US versus Asian consumers. At present, no
such lexicon appears to exist. A lexicon needs to cover the wide rangerofegreailable in
the category, provide terms that are appropriately defined, have references to assist in describing
the flavor notes and anchor attribute intensities consistently, and demonstrate their reliability in
distinguishing the flavor propertiegross the category of samples.

Precisely defined and referenced lexicon can be reproduced at different places or at
different timegDrake and Civille2003). A number of such lexicons have been developed: e.g.,
Prell and Sawyer (1988), Johnsamd othes (1987), and Chambers and Robel (1993) for fish;
Johnson and Civille (1986) for warmeser flavor in meat; Lyon (1987) for chicken flavor;
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Heisserer and Chambers (1993), Drakd otherg2001), and Retiveaand otherg2005) for
natural cheese§mithand otherg1994)for off-odors in raw graind.otongand otherg2000)
for wheat sourdough bread Day MNodtherg2@04) and Chambeesd otherg2006)
for soymilk, and Varaubol and other2004) and Bott and Chambers (2006) for beany
chemicals.

The purpose of this studyasto developa lexiconfor describing greetea,including a

definition and referenclr each attribute.

Materials and Methods

Tea Samples

Onehundredandthirty eightgreen teagleaf form)wereusedto represent a wide mge
of various tea species, courtof origin, manufacturing methods and pri ces. A Wh i
very earliest and tiniest leaves of the larger green tea category, recently has been suggested by
some people to be a separate tea category, but is iddlutiee green tea category for this
research.This large number of teas was used to ensure the lexicon would include the widest
range of flavor characteristics that may be present in the category of green teas, a tenet proposed
by Drake and Civille (2003 Samples were purchased or donated by companies and were
obtained either by mail or personal delivery from China, India, Japan, Kenya, Korea, Sri Lanka,
Taiwan, Tanzania, and Vietnarithose countries and regions within those countries represent
most d the major tea growing areas that produce green tea for commercial sale. The largest
number of samples in this study came from China, Japan, and Korea. Samples included a range
of | eaf fAageo from the first piac&liingd offwlvietreg/o
to older leaf teas picked at the end of the season (approximatetyodiths older). Teas also
represented different production methods including steaming and roasting, hand processing and
machine processing, and crushing, rollingtyang leaves together into bunches. Tea samples
included Afresho samples (brewed within sever
samples (aged up to 2 years after picking and processing). Specific age and processing details
were not availablér approximately half the samples tested, but general information was
gathered from most manufacturers to ensure a range was preséait.prices for the samples

ranged from approximately $2 per 100g (older leaves, machine processed, large
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growers/maunfacturers) to over $400 per 100g'¢icking, organic, wild plants, hand processed,
small highmountain growers)All tea leaf samplewere stored at°€ for less than 2 months

beforeevaluation

Tea Preparation

Green tea samples warmovedrom the efrigerator at least one hour bef@rewing
and all owed to reach room t eonpreofgeetentedeaves For
wasmeasurednd set aside for brewinddrewing was done in a small white porcelain teapot,
approximately 350nL in volume, representative of those typically used for preparation of tea in
many Asian countriesReverse osmosis, deionized, carbon filtered water was heatetto 70
and small amounts were poured irtte teapot and eaderving cup to warm the containers
After pouingoutt h e fi w avatanfrom ghdeapotthe6g of green tea was placesside the
pot followed by300mL of the70°C water The geen tea was brewed for 2 minutes and while it
was brewedthe pot waswirled 10 times.The geen tea wapoured into a bowl through
porcelainstrainer anépproximately 45 mL of brewed tea wasured intceach prevarmed
white porcelairteacup. These processes are typical of green tea preparation in homes and
restaurants in Asia, where the largest amaodfigreen tea is consumed. The water temperature
used in this study represents a common temperature recommended for brewing green tea.
Boiling water, typically used for brewing black or oolongs teas, is not recommended and

typically is not used for gredpas.

Panelists
A six-membetrhighly trained panel from the Sensory AnalySmnterat Kansas State
University participated in this studylhe panelists had completed 120 hours of general training
and hada minimum of 1200 hours of general sensory tesiirtluding beverages, vegetables,

and other food products with descriptors similar to those that might be found in tea.

Serving Procedure
Samples were served coded witdigit random codes in a random order, in part dictated
by the availability of thesamples. The order was controlled to ensure that panelists did not see
all samples for a particular country, a specific age, or other specific variable close to each other

in the design.Onesample waservedat atime. The same sample was preparednat@a
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minutes later to provide a second, warm sample for the panelists to examine. Panelists generally
tasted in 12 hr sessions, although some were only 1 hr in length. Development of the lexicon
with references took a total of 60 hours.

Panelistsate carots andmozzarella cheese (Kr8fNatural Lowmoisture parskim
Mozzarella cheese, Kraft Foods North America, Inc. Glenview, IL, Ui8Agduce builelp of
any flavors from one sample to the next. After eating those products, pamstidtensaltetbp
crackerqUnsalted tops premium saltine crackers, Nabisco, East Hanover, NJ ad&feverse
osmosis, deionized, carbdiftered wateras a final rinse before the next green tea sample.

Development of Definitions and References

The panel was instructélat a lexicon for green tea needdo be developed and some
attributes may be universal to all green teas and some attributes may be unique toomhg or a
few green teas.fe panel was asked to bespecificas possible ifdentifying attributes
General procedures for developing definitions and references were adapted from the flavor
profile method (Caul 195 Keanel992.

Panelists were not told anything about the teas, (e.g. country of origin, type of tea leaf,
and method of processing) they weranking inorder toreduce anyossible biass The
panelists evaluated each green tea individuallyfiastdnade notesnthe descriptors present.
After all the panelists were done, the panel leader led a conversateachagreenenton the
descrptors present in the green tea sam@ace the panel came to an agreement on the
descriptors, they started to defithe flavor note more preciselnésuggesteference foreach
of the descriptorsAs much as possibleapelists attempted tasereferences products thatvere
representativandexhibited a specific attributes suggested by Piggott (199 85pecific
attention was given to references because they can be used to overcome communication
difficulties (Barcenasind otherd 999), are helpfuln lowering judge variability, allow
calibration of the panel in the use of intensity scale (Stampd®9®3i), and help reduce the time
needed to train a panel (Rainky86).

Results and Discussion
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Lexicon
Generallythe sensory characteristics of greem @ee comprised of the shape of tea
leaves, color of tea leaves, color of brewed tea, aroma, and flavor2004p The flavor

lexicon developed in this research is shown in Taldle

Green/Brown Flavors

For this study, color of the brewed tea was netedreenyellow, brown, ankbr red.
Color was noted only to aid in determining if certain flavor characteristics were associated with
specific colors. Correlation analysis shows that color helped only in determining whether green
tea had fAgweenfol avomMmbecharacteristics since gr
correlation with green (0.795), and brown (0.74) flavor respectivéglow color was not
correlated with any particular flavor attribute.

Table 2.1 Definition of Attributes for Green Tea Evaluation

Attributes Definition Reference

Green Sharp, slightly pungent Fresh pasley water = 9.0 (flavor)
aromatics associated with gree| 25 gram of fresh parsley, rinse, chop, a
plant/vegetable matter, such ag add 300 ml of water. Let it sit for 15
asparagus, Brussels sprouts, | minutes. Filter and serve liquid part.
celery, green beans, parsley,

spinach, etc.

Asparagus The slightly brown, slightly Asparagus war = 6.5 (flavor)

earthy aromatics associated wij Weigh 40 g of fresh asparagus, wash,
cooked green asparagus. dice, add 300 ml of water, cover,
microwave for 3 minutes on higtserve

liquid part.

Beany The brown, somewhat musty | Kroger Small Green Lima Beans = 5.0
earthy aromatics associated wij (flavor)
cooked legumes such as Measure juice out of can. Dilute: take 1

garbanzo beans and libaans. | part of lima beans juice, and mix with 4
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part of water.

Brussels Sprout;

The somewhat sharp, slightly
sour, pungent aromatics
associated with cooked cabbag
Brussels sprouts, and

cauliflower.

Brussels sprout water = 6.5 (flavor)
Weigh 20g, wash, dice, add 3060 of
water, cover, microwave for 3 minutes.

Filter and serve liquid part.

Celery

The slightly sweet, green,
brown, slightly bitter aromatics
associated wi cooked dried

celery leaves.

McCormick Celery Flakes water = 6.5
(flavor)

Weigh 1.5g, add 30l of water, cover,
microwave for 3 minutes on higtkilter

and serve liquid part.

Green Beans

A viney, green, slightly brown,
woody aromatics associated wi

processed green beans.

Del Monte Cut Green Beans (No Sodiut
= 5.5 (flavor)

Measure juice out of carDilute: take 1
part of green beans juice; mix with 4 pa

of water.

Green HerHike

The aromatics associated with
dry green herbs such as bay

leaves, lhyme, basil.

Mixture of McCormick bay leaves,
McCormick ground thyme, and
McCormick basil = 6.0 (aroma)

Mix 0.5 g of each herbGrind using
mortar and pestleAdd 100 ml of water.
Mix well. Put 5ml of herb water in a
medium size snifterAdd 200ml water.

Cover.

Parsley

The clean fresh green, bitter,
pungent aromatics associated

with cooked parsley.

Parsley water = 5.5 (flavor)
Weigh 15g, rinse, chop, put in 300 ml ol
water, cover, and microwave for 3

minutes on high Filter and serve liquid

part.
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Spinach

The brown, green, slightly
musty, earthy aromatics
associated with fresh spinach.

Spinach water = 6.0 (flavor)
Weigh 359 of spinach, rinse, chopdd
300 ml of water, cover, microwave for 3

minutes on high.

Brown A sharp, caramel, almost burnt| Sethness AP100 Caramel color =%7.0
aramatic. (aroma)

4 drops on a cotton ball in a medium
snifter, cover.

Ashy/Sooty The light smokey/ashy aroma | Camel Filters (Turkish and Domestic
associated with burning tobacc( Blend) Cigarette soked filter = 7.0
such as cigarette smoke. (aroma)

Place 0.02 gram of smoked filter in a
medium snifter.Add 100 ml of water.
Cover.

Brown Spice Aromatics associated with a Spice blend = 9.0 (aroma)
range of brown spices such as| Place ¥ teaspoon of Ma@nick Allspice,
cinnamon, nutmeg, allspice Y, teaspoon of Cinnamon, and ¥ teasf

of Nutmeg in medium snifter.

Burnt/Scorched | The somewhat sharp, acrid not FMV Wheat Puffs Cereal = 7.0 (flavor)
associated with burned or
scorched
vegetables or grains

Nutty Nutty characteristicare: sweet, | Diamond® Shelled Walnut = 6.5 (flavor)
oily, light brown, slightly musty | Grind for 1 minute on high using blende
and/or buttery, earthy, woody,
astringent, bitter, etc.

Examples: nuts, wheat germ.
Tobacco The brown, slightly sweet, Camel Filter cigarettes (Turkish and

slightly pungent aromatic

Domestic Blend) = 7.0 (aroma)
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associated with cured tobacco

Break cigarette and place 0.2 gram of

tobacco in a medium snifteCover.

Almond Aromatics associated with California grown shelled almond = 7.5
almonds that may be slightly | (flavor)
chary-pit like. McCormick Almond Extract = 5.0

(flavor)

Place 100 ml of water in medium snifter
Add 1 mL of imitation almond extract.
Cover.

Animalic A combination of aromatics 1-Phenyi2-thiourea (aroma): Eastman
associated with farm animals | Organic Chemicals-Phenyi2-thioures in
and live animal habitation. Fisher Scientific Propylene Glycol

(character reference)

5,000 ppm (0.5 g in 100 g propylene
glycol). Dip perfume strip (3 mm) in the
solution and plee in 20 ml test tube and
cap.

Citrus The aromatics associated with | McCormick Lemon Grass = 4.5 (aroma
commonly known citrus fruits | Weigh 0.1 g of McCormick Lemon Gras|
such as lemons, limes, orangeg Place in a mediuranifter. Add 100 ml of
could also contain a peely note| room temperature wateCover.

Fermented The yeasty notes that are Private Selection Burgandy Cooking

associated with fermented fruits
or grains that may be sweet,
sour, slightly brown, and

overripe.

Wine = 7.0 (aroma)
Dilute 1 pat wine with 1 part water.
Serve 1 tablespoon in a 1 ounce cup,

covered.

Floral/Perfumy

The somewhat sweet aromatics
generally associated with fruit

and flowers.

Geraniol Pure = 8.0 (aroma)
Put 1 drop geraniol in 200 ml distilled

water in large size sndr. Cover.
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Fruity

A sweet, floral, aromatic blend,
reminiscent of variety of ripe

fruits such as apricots, peaches

Blackberry WONF 3RA654 (Character
reference)
Place one drop of chemical on a cotton

ball in a medium size snifteiCover.

Grain

An oveill grain impression that
may or may not be accompanie

by specific grain identities.

FMV Wheat Puffs Cereal = 6.0 (flavor)

Medicinal

Aroma characteristics of
antiseptielike products such as

Bandaid, alcohol and iodine.

Bandaid adhesive Bandage = 6drgma)
Place a bandage in a medium snifter,

cover.

Mint

Aromatics associated with fresk
mint; somewhat reminiscent of
toothpaste.

The sweet, green, earthy,
pungent, sharp, mentholic
aromatics associated with mint

oils.

Fresh crushed mint leaf = 7.0 (aroma
Weigh 0.1 g of mint leave<Crush. Place

in a medium snifter, cover.

Musty- New
Leather

New leather (like new shoes or

purses)

2-6-Dimethylcyclohexanol (Character
reference): ppb (0.5% w/w:0.5 g in
1009 propylene glycol)

Place 1 drop of the chenailcon a cotton

ball in a medium snifterCover.

Seaweed

The aromatics associated with
shellfish, fresh fish and ocean

vegetation.

Pacific Foods Dried Sea Weed (Brown
seaweed) = 6.5 (aroma)

Weigh 1 g, add 300 ml of water; let it sit
for 10 minutes.
Jin Han International Dried Laver (Greel
= 8.0 (aroma)
Weigh 1 g, add 300 ml of water; let it sit
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for 5 minutes.

StrawLike The dry, slightly dusty aromatic Walgreen Finest Natural Lecithin 1200n
with the absence of green; (Charater reference)
associated dry grain stems. Break 1 lecithin softgel and place in
medium size snifter, cover.
Bitter A basic taste factor of which 0.02% Caffeine Solution = 3.5
caffeine in water is typical. 0.035% Caffeine Solution = 5.0
0.05% Caffeine Solution = 6.5
0.06% Caffeineésolution = 8.5
Astringent The drying, puckering sensatiol 0.03% Alum Solution = 1.5
on the tongue and other mouth| 0.050% Alum Solution = 2.5
surfaces. 0.10% Alum Solution = 5.0
0.15% Alum Solution = 7.5
Toothetch A chemical feeling factor 0.1% Alum Solution= 4.0
perceived as drying/dragging | Diluted Welch's Grape Juice =6.0
when the tongue is rubbed ove| 1:1 with deionized water
the back of the tooth surface. | 0.2% Alum Solution= 9.0
Sweet Aromatics associated with the | Fischer Scientific Vanillin = 5.5 (aroma)
Aromatics impression of sweet bgtances | Place 0.5 gram of Fischer Scientific

such as fruit or flowers.

Vanillin in 250ml water in large snifter.

Cover.

% Intensity,0 to 15point scale, G none, 15 extreme. Intensities of references arebased on

a universal scale and may be relevant only to green tea evaluation.

Expected colors were green, yellow, and perhaps brdwmglor (2003) stated that when

green tea is infused, the color of s#uld begreenish, pale primrose, or lemygellow color

without any trace of red or brovandChenand other2002)identified chlorophyll A(green)

and B(yellow-green) as thenain contributing factors to the green tea colBed should be

foundin black teaand he few tea sampldbathadared cola often got comments from
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paneliss thatthe flavor of those green tea samples alase to black tea than green teAll the
samples that showed any reddish color were purchased over the internet armd&lededs
green tea.Red color did not correta with any particular flavor attribute and no attribute was
found only in green teas with a reddish color.

The tmrerom fiwhi ch has been used mogeneialdous!| y i n
describegheteasamples The panemore precisely definedéh var i ous fAgreeno noi
samples and found specific vegetable references for each note. Consequently, in the early stages
of lexicon development, mamegetable references were served to &pgropriate references.

Early on, mnelists sometingedisagreed othe precise meaning oértain flavor attributein the

lexicon development process. For example, some pamelisthravehought a sample was

spinachlike, while others thought it was parskiike. As lexicon development continudtiey

came toagreenenton the precise meaning of the terms. For tea, green was broken down to

various plardike flavor attributes: asparagus, beany, Brussels sprouts, celery, green beans, green
herbl i ke, parsl ey, and spi na c lwerespifabheparsiaysgteeno f t e n
beans, and asparaguSther green attributes, green hdike, celery, beany, and Brussels

sprouts, were found ia fewer than 8 green teamplesAsparagus was omeference that

clearly was noted in some tea samplésvals themost commoh y u s e dattribujetoe e n 0
describe samples that were expected to be higher in quality based on age, processing, or cost.

The term Abrownd al so was separated into s
burnt/scorched, nutty, artdbacco. Ashy/sooty and tobacco were found in more than 25% of the

green tea samples while brown spice and nutty were fouadewer than 8amples.

All Other Flavors

Fruity/Floralrelatedattributes were also fountloral/perfumy,fruity, citrus, and
fermented. Fruity was found in about 17% of samples, floral/perfumy and citrus were found in
less than 10% of samples, and fermented was found in only one sample.

A strawlike attribute was found in more than 30% of green tea samples tested. This
attribute, which may be associated with dry plant materials, may be the result of processing
variations. About 30% of the green tea samples also had seaweed characteristic, varying in
intensity from threshold to moderat8eaweed was mentioned by other red®s(Jung2004;

Kim 1996 as green laver aroma which often identified as dimethyl sulfidéhis study,
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seaweed was used to desctitearomatics associated with shellfish, fresh fish and ocean
vegetation.Other flavorattributes such as almond, amilia, grain, medicinal, mint, and
musty/newleather were found in fewer than 12 green tea samples. However when those
attributes were found, the intensity always was above threshold and was obvious to panelists,
which indicates the importance of thoseihtites to specific samples.

Bitter and astringent were found for almost all of the green tea samples s€hagd.

(2002) and Cheand other¢2002)indicated thatatechin themain polyphenol in tea) he
primarycompound responsibfer the bitter ard astringenflavor notes.However, affeine and
saponinalsocontribute to bitterness of green tdgpicatechin(a catechin derivativegnd
epigallocatechirfa catechin derivativegontribute to strong bitter and astringeraayd are the
primary compounsl for off-notes found in sheltable heaprocessed green tea beverages
(Wangand other2000) These two kinds of gallate and gallic atatidto be present in higher
amounts as thieaves become larger (i.e. older) with lgigking times.

More than 63% of green tea samples exhibited toothetch, although the intensity often was
slight. Twenty percent of green tea samples had an overall sweetness. Previous researchers
(Choi 2002 suggest that sweetness in green tea comes from amiscaaciccarbolgrates
Amino acidsare presenin green tedeaves aR-4% of dry weight,while thecontent of
carbohydratesfuctose glucose, sucrose) in green teaves can b&-5% dry weight (Cheand
others2002).

Wangand otherg2002) classifid volatiles foundn green tea into categories such as
green odor, floral aroma, roasted and nutty aromé]afbr (stale flavor, photanduced flavor,
retort smell, smokypurnt odor). Many of those categories are similar to the categories found in
this research. Howewv, df-flavor is hard to defineand measure because of the wideging
flavor of greertea. Offflavor also is not a particularly helpful attribute because it is not clear
what specific flavor defect needs to be correctadus, df-flavor was not defied in this

research.

Attribute References
In this research, &5-point numerical scale with haffoint increments was used with O
meaningh Mnedto 15 meaningi EtremelyStrongo Since green tea does not ha&trong

flavor compared to general food prets in the U.S., references were scored on a product
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specific scaleo differentiate green tea samptas subtle flavor characteristics (Tal24).
MuRbz and Civille(1998)indicated thaproduct specific scaling enablsample difference®
become larger compared to the universal scaling since product specific alalvgyisesa
wider range of scaleHowever,productsoutside the categoigannotbe comparedsing this
method. Thus, the intensity references for this study assume that only green tea is being

evaluated. Intensities may need to be adjusted Hgneen tea samples are measured.

Principal Component Analysis

To determine if the indidual flavor attributes could be combined into a smaller set of
flavor components, principal component analysigas conducted. Fe first twelve principal
componentgor this study on green tea flavioad Eigenvalues greater than 1 and explained 66 %
of the variation Eachincluded at least two attributesth factor loading greater than 0.25
(Table2.2). In order to explain 99% of the variability in the study,@®cipal components
wererequired. Six characteristic attributgBrussels sprout, almdpnfermented, beany,
animalic, and celeryyerepresent in only onto threesamplesand thus, may not be needed
when testing a more focused set of samples. When those attributes were removed from the PCA,
the variabilityexplainedncreasedrom 66% to70.8%. However further elimination of
attributes reduced variability explaindshtongand otherg2000)suggested that tHessin
variability caused byeducing the number of attributes indightlkat attributes cannot be
reduced to smaller numbers wheedetailed analysis of the flavor is necessary

Table 2.2 Rotated Principal Component Analysisof 33 Attributes of Green Tea Flavor
Scoredon 138 Green Teas

Principal Attributes
Component
1 Ashy/sooty (), brown { ), mustyhew leather (), medicinal (), green(+),
tobacco ), spinach(+), seaweed+), parsley(+), asparaguét)
2 Toothetch(+), astringen{+), bitter(+), almond(+), parsley(+), green(+)
3 Overall sweeti(), fruity (1), tobaccoi(), green(+), almond (), spinach(+),
floral/perfumy { ), brown(+), seaweed+), ferment ()
4 Burnt/scorchedi), grain { ), brown {)
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5 Citrus (), brown spicesi(), floral/perfumy (), tobaccq+)

6 Mint (i), nutty §)

7 Parsley (), Brussels sprout |, metallic(+), ssaweed+), asparaguét)

8 Strawlike (1), spinach(+), floral/perfumy ()

9 Beany (), green beans |

10 Green herbi(), brown spicei(), medicinal ()

11 Celery {), ferment(+), seaweed+), asparagus §, almond ()

12 Animalic (i), asparagus |
A+0 = positive |l oading on the principal compo
flfld = negative | oading on the principal compon

Conclusion

A lexiconof 31flavor descriptive attributes asdeveloped, defined, and referenced for
green tea.Green teacan be described using thig séobjectively determined sensory attributes
instead of being judged subjectively tpyality alone Using the lexicon from this study,
researchersan moreaccuratelydescribe sensory green tea flavor and aftertaste and relate it to

other sensory, physal, or chemical information.
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CHAPTER 3 - A Comparison of Green Teasfrom around the World

The objective of this study was determinewvhatflavor differences exist among a wide
range of green teas (n=138) produced in various countd@e=en teacan be groped based on
thar flavor profiles. The country of originappeas to have a songinfluenceon the flavor of
green tegrobably becaussgmilar processing methodsewidely used within eacparticular
countryand flavor is dependent, in part, on proaagsIn this study we found thaibast
processetieaswere mostly responsibler brownrelated flavors and steaprocessedeaswere
responsibldor greenrelated flavors.Theprices of thegreen teadid notdifferentiatethe flavors
of thesamples.Often highly priced green teas were grouped with-foiged green teasom the
same manufacturer aountry oforigin according to their flavor attribute®ifferences irthetea
plant varieties or cultivars seem to affdetflavorsin green tea Howeer, such information
wasnot known for manyf the green tesin thisresearchand more study wilbe needed to

determine the differencekie tovarieties or cultivars.

Introduction

The flavor of green tea may differ due to the differences in tea pleaties, regions of
origin, climates, harvesting seasons, processing metAndxther factoréXu andChen2002).
However,only limited data on the flavors of green tea were foand that informatiomvas
mostly discussetbr Korean teagChoand other2005;0H Leeand other2008;SM Leeand
others2008; Leeand other2009). Recently a lexicon for green tea flawsasdevelopedLee
andChambers 200#hatcan be used to test a wide range of green teas in ordeipto
researchers, processors, gresmretailers, beverage industrialjgtisd consumersetter
understand the flavors of various green teas.

There are 2 major tea plant varieti€amellia Sinensi®. Kuntzevar. Sinensiandvar.
AssamicgKim 1996) Thesinensisvarietyproduces smalmounts of tea because fhlants
grow slowly and have smaller leave®n the other handiar. Assamicaalso known as Assam
tea, is fastegrowing and has larger leaves, resulting in a higher Yigkers1935; Choi2002)

It has beesuggested thatnevariety may be better than the other for particular kinds of tea
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(Segall996 Choi2002 and hesinensisvarietycommonlyused for green tea production
(Taylor 2003). However, ountries that produce thfssamicavariety havealso started
producing greetea because the demand for green tea has increased markedly in recent years

Green teas from different countries may have different appearamoens, or flavor
characteristic§Choi 2002) Variations caused by the origif the teamay be inclusive fotea
plant varieties, climate, processing methods, age, and other isdeesly, environmental
effects, such as temperature, sunlight, and rain will vary from country to country and within a
country. Also, processingethod vary from country to count. For example, in China, pan
firing is the most common initial processing method, while Japanese greeisuedgare
steamed (XandChen2002). Chinese green tksvesthat are roasprocessed tend to be curly
whereas Japanegeeentealeavestha are steanprocessed tend to be thin and straight (Kim
1996). Even within China itself, green teas differ from region to region bedeaseare
processed using slightly different meth@d&ers1935)

The pocessingnethods that various manufacturerspémg contribute to the flavor of the
final product. The methods thahanufacturers generallyse areoasting, steaming or bath
Multiple processing (e.g. repeating the roasting process) is also commor2Qd4ngDuring
roasting or steamingnzymesn fresh leavesuch as polyphenol oxidaaedperoxidase are
deactivatedflaraand otherd 995). At the same time, the chlorophyll content decreases because
of the high temperature and pH changes &4dChen2002. During processing, tea
polyphenols gahrough oxidation, hydrolysis, polymerization, and transformationaxdChen
2002). Theproteins hydrolyze into free amino acids due to the high temperature and moisture,
resulting inanincreased amino acid content in green t8aluble carbohydratesso increase
during processing, especially during roastigjarch is hydrolyzed and becomes soluble sugar.
All of these changesccurduring processingndmay affecttheflavor of green tea

The harvesting seasons of tea leaves affect the flavoregfigtea because the amount of

nutrients differs according to the age of tea lea¥as. exampletheanine is a major amino acid
ingreenteaandd au s es mu c bmamif sweet)and Hitter aadtdafukawaand
others2008). When tea leaves aexposed to the sun, theanine changes to catechins, which are
polyphenolsidara2001). Catechins are responsible for-78% of the bitterness and
astringency in teaGhenand other2002. Green teas made with tea leaves harvested later in
the season havess theanine but more catechins and, therefore, haveastoreggency and
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bittemess(Choi2002). Thus, green teas made with leaves harvested early in the season may
have umami and sweet taste whereas green teas made with leaves harvested lagasiorthe s
will be more bitter and astringent.
The price of green tea often is used as an indication of the g{kddityori and others
2005)and green teas produced with earharvested tea leaves generally are more expensive
than green teas made with leavervested later in the seasdtigh quality green teas are
associated with higher amino acid content, leaves that have been harvested earlier in the season,
handprocessedising traditional methodsvild tea plants, or organically grown tea leavébe
first harvesting happens during April and early May and green tea made in this season has the
best quality and, therefore, the highest price tag (Ba@4).
The objective of this study was to evaluate a large group of green tea samples, focusing
on breved leaf green tea to understand the sensory differences that exist among a wide range of
green tea samples that vary in coig®tof origin, prices, varietieand cultivarsand

manufacturing methods
Materials and Methods

Tea Samples

One hundredhirty-eight teas, representirgf least nineountries of origin, different
manufacturing methogdand a wide range of prices were used in this stdde green tea
samples came from 9 different countries: China 46), India (n= 6), Japan (i 40), Kenya
(n=3), Korea (n= 31), Sri Lanka (= 4), Taiwan (n= 4), Tanzania (= 1), Vietham (r= 1),
and 2 samplesf unknown origin. Differenprocessig methods included steaming, roasting,
baking, hand processing, machine processing, crushing, rolling, ayidfplgaves together into
bunches.The price for the samples ranged from approximately USD 2/100 g to more than USD
400/100 g.

Tea Preparation
Porcelain tea pots (approximately 350 mL in volume), tea bowls, strainers, and tea cups,
all used in the lexican developmen{LeeandChambers 2007Wwere used.The International
Organization for Standaizhtion (ISO31031980) recommended using white porcelain tea wares

to maintain reliable resultReverse osmosis, deionized, carbon filtered water was used for
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brewing. The samples were preparegfollowing the brewing method used in Lee and
Chambers (2007)Six grams of each green tea sample were brewed in 300 0 Ofvater for

2 min. The tea pot was swirled 10 times clockwise while brewMihen the breing process

was finished, the green tea was poured through the porcelain strainer into the porcelain bowl.

Approximately 45 mL of tea was poured into eachywaemed tea cup.

Panelists
Six highly trained descriptive panelists from the Sensory AnalysiteCat Kansas State
University (Manhattan, KS, USA) participated in the stullach panelist had completed 120
hours of general training and had a minimum of 1000 hours of general sensory fEséng.
panel participated in developing the green tea texi{t.eeandChamber007), thus they were

already familiar with it.

Serving Procedure

Green tea samples were served witti@t random codes and one sample was presented
at a time. The same green tea sample was prepared and served again 10 min fufs¢r the
sample was served to provide enough tea for the panelists to evdlbatserving order was
randomized as much as possible but was partly influenced by the availability of the samples.
Generally, testing sessions w&@ min long, although somessions were 60 or 120 min long.
Usually4 samples were tested in a sessidmsalted crackers (Nabisco, East Hanover, NJ,
USA) and reverse osmosis, deionized, cattilbered water were provided for palate cleansing.
Unsalted crackeris the most effetive cleanser for perceived reduction of astringency carryover
(Rossand other2007). The primary concern in carryoves for bitterness and astringency.

Sample Evaluation
The green tea lexicon developed by Lee and Chambers (2007) was used in the current
study. A modified flavor profile method (Caul957; Keand 992 Rétiveauand other2005
LeeandChambers 2007; HongsoongnamdChambers 2008; Thompsand other2009 was
used. Thepanelists evaluated each green tea sample independently and rnesdemiine
descriptors that wer e pr eAteralltoftre paheligsdimshedd e s cr i
their evaluations, the panel leader led a conversation to arrive at a consensus on the intensity of

each attribute of the profiled 0-15 pointscale was used with 0.5 increments, where 0 equals
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none and 15 equals extreme intensify. reduce any potential biases, the panelists had no
information on the green tea samples they were evaluating nor did they kngpetifec

objectives of this study

Statistical Analyses

The rumber oftimes anattributewasdetected irthe 138 green tea samplessrecorded
to show how common each attribute washewide varietyof teas that are currently available
throughinternational tradeln addition, data fsm the green tesamplesvassubjected t@
principal components analysis, conducted using PROC PRINCORRS® (version 8.2, SAS
Institute Inc., Cary, NC, USA)Then, cluster analyses were conducted usitiger the raw
scores or therincipal componeinscores to determine if the green tea samples cparbidored
into groupsbased on their flavor characteristidgarious clustering methods were used,
including Centroid (central distance measures) and Wards (minimum variance method), using
the CLUSTER procedure, and #heans clustering, usilge FASTCLUS procedure of SAS
Hierarchical tree diagrams and the cubic clustering criterion were plotted to help decide the

numberf clusters.
Results and Discussion

Flavor Attributes Describing Green Teas

The number of attributeand the times they weresed to describe thE38 green teas
shown in Table 1In the current study, 31 attributes were used to desttrébteas Bitterness
was detectedh all of theteas. Brown, astringent, and green attribs were present in more than
75% ofthe tead. Some attributes, such dsany, Brusselsprouts, celery, green hetitxe,
brown spice, nutty, almond, animalic, citrus, fermented, floral/perfumy, grain, medicinal, and
mint, werepresenin less than 10%fdhe te&, often providing unique, characterizing flavars
thosetess.

Most oftheteas in the current study were from China, Japan, and Kdrkas the
occurrence ofeas from these countries of origamenoted separately (Tab81). In the Chines
green tea samples, 28 attributes were used, excluding beany, Bspssats and almond.A
total of 22 attributes were used to describe the Japanese green tealy @0dattributes were

needed to evaluate the Korean green tea samplestea sampk from India andther
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subcontinents needed 19 attributes #redyreen tea samples from Africa used 16 attributes
based on the tea samples included in the current sfitllys, ®me attributes in the green tea

lexicon can be excluded when testing a feclset of green tea as Lee and Chambers (2007)

suggest.
Table 3.1 A Sample Table
Entire _ India and Africa
Attributes World China Japan orea subcontinenf  subset
Sample subset subset subset subset
Green 109 34 38 29 5 3
Asparagus 21 6 6 9 - -
Beany 2 - - 2 - -
Brussels sprost 1 - 1 - - -
Celery 4 1 2 1 - -
Green beans 24 2 11 11 - -
Green herbike 9 4 3 - 1 1
Parsley 37 6 16 10 1 3
Spinach 58 12 25 20 - 1
Brown 127 43 32 31 11 4
Ashy/sooty 35 24 4 5 1 -
Brown spice 5 4 - - 1 -
Burnt/scorched 27 6 7 10 1 1
Nutty 4 2 - - 1 1
Tobacco 41 25 2 6 4 -
Almond 1 - - - 1 -
Animalic 2 1 - 1 - -
Citrus 5 2 - - 2 1
Fermented 1 1 - - - -
Floral/perfumy 11 3 - - 8 -
Fruity 23 9 1 - 1
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Entire . India and Africa
Attributes World China Japan orea subcontinent  subset
Sample subset subset subset subset
Grain 7 1 3 2 - 1
Medicinal 7 4 - - 1 -
Mint 5 2 2 1 - -
Musty/new 12 8 2 - 1
leather -
Seaweed 42 10 21 11 - -
Strawlike 44 9 9 17 5 2
Bitter 138 45 40 32 11 4
Astringent 123 36 36 32 10 4
Toothetch 90 20 33 21 8 4
Sweet aromatics 29 14 2 2 8 1
Total 138 45 40 32 11 4

Cluster Analyses

Cluster analyses were conducted to group the green tea samples based on their flavor
profiles using various clustering method&hen the ravscores (profile datayere used,
Centroid and Wards methods produced 21 and 22 duséspectively When the scores data
from PCA wasused for cluster analysis, Centroid and Wards methesiiltedn 1 and 16
clusters, respectivelyWiththeex cept i on of t hee dteePCAsmiesldatapet hod 0
green tea samples assigned togsaups were compared and we found that assignments were
similar across clustering methods and when different types of data werelaseltain
additional confirmation thahoseclusters exigd K-means clustering was conducted and 16
and 22 were usddr the number of clustersThesamples in various clusters alsere similar to
other findings. It is evident that green tea samples can be divided into smaller groups based on
their flavor profiles. Because the results of several clustering methods smilar, only the
results of the Wards cluster analysis are preegkin the current manuscript. Tomgins,

processing methods, pridearvesting seasons awdriety or cultivarof the green teas each
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cluster were examined to determine if the @rgsg was logical. Also, the mean scores were

calculated for each cluster in all of the results (T&88eand3.5).

Clustering with Principal Component Scores
Wards clustering analysis with PC scores divided the green tea samples into 16 grou&Z Table
and3.3) and the sizes of clusters varigdalf of the groups had 16 moregreen teas in each
cluster and the other half had less than 10 green teas in each dilisséclusters included
green teas from more than 2 countries except the clustéremly a few samples (Tabg2).
For example, Cluster 1 included Chinese green teas almost exclusively with a few téasgan
while Cluster 7 was comprised of teas from 5 different countries an#étriown. This suggests
that some flavoprofiles maybe origin specific.

Cluster 1 included green teas that have higher brown 8alvan green flavorsMost of
the samples in Cluster 1 were from China and only a few were from KGteaese teas
generallyareroastprocessed (Kim 1996) and Cluster 1 ud#d 1L ongjing(Choi 2002) and 3
Huangshanmaofeng(Jung 2004)which are famous roaprocessed Chinese greenstea
ThreeKorean teas also were rogsbcesse@dnd were found in this clusteThe gices of green
teas in this cluster ranged from US[Y8/100g to USD 28.90/100g. Harvesting season
information for the Chinese samples was not available but the Korean samtpisscluster
were harvested in mid May or latémdicatingthey hada more mature leaf

On the other hand, Cluster 2 was cherazed by higher green flavgiscluding spinach
and low brown flavors Seaweed notdn this cluster were the highest of any of the clusters, but
were still in the low rangeThere were 9 Japanese, 3 Korean, and 2 Chinese green teas in
Cluster 2. All theJapanese samplesthis clustemwere steanprocessedJapanese green tea
samples include®yokuro(n = 2), Kabusecha (n = 1) andTencha(n = 1). Gyokurois the
highest quality green tea in Japan and tea plants areke@¥% darkessandshade fo about2
weeks befor¢hey areharveseéd Kabusechais good quality green tea atitetea plantshat are
used to make @realsokept under 580% darkness anghade for 22 weeks Tenchais used to
makeMatcha a powdered green tea for ceremesn Even though all of the Korean green teas
this cluster(n = 3) were roasprocessed, green flavors were higher than brown flaperhiaps

indicating minimal processing or roasting at low hdatormation on processing methdos
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Table 3.2 Origin Of Green Teas in 16 Clusters Obtained From Wards Clustering Analysis Using Principal Component Scores

Cluster Number China India Japan | Kenya | Korea S Taiwan Tanzan Vietnam unknow
of teas Lanka a 0

1 14 11 3

2 14 2 9 3

3 15 9 1 2 2 1
4 7 1 5 1

5 10 2 5 3

6 16 2 6 8

7 12 2 5 1 5 1 1
8 10 3 6 I

9 18 2 3 1 10 5

10 6 4 1 1

11 5 1 3 1

12 4 3 1

13 3 2 1

14 2 2

15 1 1

16 1 1

Total 138 46 6 40 3 31 4 4 1 1 2
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the Chinese teas in this cluster was not available, but marketing inforroatio& website
wherethey werepurchasedlescribed them agelicate, subtle, smooth or refreshswgggesting
minimal processing temperatureShe prices for theteas in Cluster 2 ranged from USD
5.75/100g to USD 83.25/100g. Thecesof 5 samples wreat leastUSD 40/100gincluding
Gyokurqg Kabusecha andTenchafrom Japanall of whicharegenerallyrather &pensive (Hara
2001). In Japan, about 858bgreen tea plants are Yabukita cultivar (Hara 20Mdferestingly,
all three Korean samples were from one tea famdeju Island, with alsouses the Yabukita
cultivar.

The samples inlgster 3can be noteda 61 ow fl avoréd green teas
attributes, including bitternessgrein the low intensig range. The origirsincluded China
(n=9), Korea (r= 2), Japan (= 1), Sri Lanka (= 2), andone of theunknownsamplegn = 1).
Fourof thesampes were white tean unofficial subcategory that includesss made using the
early harvest of bughnd 12 leaves (Harat al 1995) White teds described akavng a
delicateflavor (Ellis 2002. The pices for white teas variezlbstantially witl2 samples being
priced around USD 560/100g and the other 2 being priced around USIN/100g. The other
teas were priced between USD 4.01/100g and USD 25.45/T00geof the samples were
rolled tightly or multiple tea leaves were tied during procegsirhich may have prevented
releasing flavor constituents efficiently.

Cluster 4 had a moderate intensity of overall green with green betiresragjorgreen
characteistic. Brown flavors were low.Of the 7 teasn this cluster5 wereJapanese greeeds
from the same manufactureAnd 4 samples wemtherSenchar Gyokurg which were all
steamprocessed The Chinese green tea sample in this cluster wasloakedandmade with
early spring leavesThe Korean sample was stequmocessed. Steam pocessing, and
apparently the ovebaking, do not introduce brown roasted notes that occur in other processing
methods.Thepricesof tea samples in clusterrdnged from USD 2.93/100g to USD
66.07/100g

Cluster 5 had green flavor qualities accompaniéh parsley and spinach notes and
mild, brownflavors A total of 10 green tea samples wareluded in cluster 5 and they were
from Japan (& 5), Korea (= 3), and China (= 2). Thefive Japanese sampliesthis cluster
were allSenchawhich is stem-processeca nd t hree of them were ter me

referring to leaves harvested early in the sea3ovo of the3 Korean green tea samples were
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roastprocessetby hand using tea leaves harvested eithépril and May The prices of green
teas in Cluster 5 ranged between USD 7.14/100g and USD 77.05/100mo3heostly team
this price rangeverethe two Korean green teas that were hpratessed.

Green teas i€luster 6 had asparagus and spinadh@agrimarygreen flavos. Half of
the samples were from Korea and the other half were mostly from Japd#) \nth acouple
from China (n= 2). Most of the Korean samples were rgastcessed The Japanese green tea
samples in this cluster were mos8gnchabut processinghformationfor Chinese samplesas
not available from the retaileSix of the 8 Korean samples in this cluster were all highly priced,
guality teas and the prices ranged from around USD 50/100g to ovel ®AIM0g. Tea leaves
used for tiese 6 Korean samples warekedduring theearlieststage othe season. The prices
for the Japanese samplasiged from USD1.50/100g to USD 33.93/100g and édtine
samples were madssing leaves harvesteldiringthe first flush. The two Chinese green tea
samples in this cluer were priceét USD 30/100gvhichwasin the highstrangeof prices for
Chinese samplas this study Both were made using leaves harvestedng theearliestpart of
the seasonAsparagus, a green flavor found in this cluster, is often notedigsiive of
premium green tea and is a desiesditribute among connoisseurs.

Cluster 7 is characterized by almost no green flavors, low brown flavorigvaniut
obvious,floral/perfumy andruity notes. This cluster included teas from India, Srinka,
Vietnam, and Kenya where manufacturers have recently started to make green tea using leaves
from theAssamicavariety. Of the2 Chinese samples in this cluster, one was made using tea
leaves pickedh late March or early April and another wasde inJapanese stylgéencha The
pricesranged from USD 3.50/100g to USD 25.45/100g. One exceptishite tea from India,
was priced at USD 50/100d-he Assamicavarietymay be the reason féloral/perfumy and
fruity notes, which was found at apprecialdels only in this cluster and a unique sample from
China (cluster 16)

Cluster 8 had a higher intensity of green flatbian brownand wasscoredhigher in
bitterness thateas inmany other clustersMost of the samplefsom Japarwere steam
processedbut one sample from Japan was rgasicessedanda fewfrom China wereoast
processed Themain characteristics for this clust@erehigher bitterness regardlesstbé
processing method used. Green iadhis clustemwere priced betweedSD 4.90100g and
USD 32.75/100g.
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Cluster 9 was the largesiuster containing.8 green teasThe teas in this cluster ta
"delicate” flavors characterized byw levels of all attributes includingreen, spinach, brown,
burnt/scorched, and stralike flavors However, the brown notes had scores in the-rardje of
brown flavor for all samplesMost of the teas in this group were roasted, which increases the
brown flavor of the teasMost ofthe Korean samples were rogstocessedoften by hand Of
the10Korean green teas, moserepriced well above USD 40/100g, includisgveral that
werepriced around USD 100/100d wo handprocessed green teatich usedthe leaves
picked at the earliest seaserreamong the highest priced samples in the stadstng more
thanUSD 200/100g. Ironicallytwo similar teas werklojichafrom Japan, whiclareroasted
Bancha and theywerebothamong the lowegiricedsampledetween USD 2.69/100g to USD
3.99/100g Not surprisingly several Chinese samples were pari®fgtoup becausmost
Chinese green teas are repsicessed (Kim, 1996)TheKenyanteavasi f i r ed used a t er m
for roastprocessg. It is possible that the burnt/scorched notes and dikaflavors in these
teas are produced Iblye handroastedprocessing that can result in delicately flavored, high
quality teas, but also can result in less controlled processing.

The daracterizing flavor notes for Cluster 10 included brown, ashy/santy,
musty/new leathemotesat low intensiesand bitternessta moderatentensity Most of these
samples were from Chirendther pricesranged from USD 3.83/100g to USD 12.93/100¢e
higher level of bitterness in these samples would suggest that older leaves were used to produce
lower quality teas that mayhappeal to a wide range of consumers.

Cluster 11 had both green beans and parsley notes contributing to its green flavor and
burnt/scorched for browftavors with thegreen flavorgredominant These were from Japan
(n=3), China (= 1), and Korea (= 1). The green tea samples in this cluster varied in their
processingnethods One Japanese sample v&a@scha which is a low grade green tea for
everyday consumption (Uket935). Another Japanese green tea was processed using twigs and
stems from thdirst harvest. The Korean green tea was roggbcessetby hand using tea leaves
harvested in early May. HE ea samples were generally priced between USD 3.12/10080o
10.72100g for all the samples. The Korean sample was an exception and wdsaptik&D
48.16/100g. It appears thhe maincriteriafor this clusterarethe common flavor
characteristics of green beans and parsleytt@dlusteiis not explained bither the

processing method or price.
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The geen teas in Cluster 12 had moderatanmn flavors with ashy/sootgndtobacco
notes. Twaof theChinese green tea samples weokl asd g 9 @ w diteas Suchteas are
classified as roagirocessed and made into round balls (Ukers 1935; &tatatherd 995).

One Chinese sample and theitmdsample do not have informatiahouttheir processing
methods, but they must have been processed simitheway gunpowder green teare
processethecause albf the samples hawbe sameshy/sooty and tobacecmtes which wereat
the highest intesities among@ll of the clusters. Thedescriptionon the retaileés website for the
gunpowder green tea includé&imokineséwhich may be similar to ashy/sooty and tobacco
notes in the current study. The tea samples were priced around USD 8.00/100g.

Cluster 13contained teas thatad very low green flavors but moderate brown flavors,
accompanietby ashy/sootyandmedicinal notes.The medicinalnotes hadthe highesintensites
amongall teas inthe otherclusters There were 2 samples from China af@unpowder tea
from Taiwan in this groupMedicinalflavorswerefound in allof the teas in this groupThe
intensities are at lovevels butare stillobvious. The samples were priced between USD
3.75/100g to USD 11.15/100g. Other than the lowepsaggesting lower quality, they do not
share noticeable charaagticsin origin orprocessingnethods Information on the harvest
season was not available. They may Hasenolder sampls, but it is not clear what
charactestics induced thenediciral flavor.

There were 2 green teas in Clustetbshwith moderate brown, burnt/scorched, and
grain notes.They were bothHojicha, which is a roasted green tea using low gfadechafrom
Japan.In comparison tolte Hojicha samples irCluster 9 theteas in Cluster 1had a higher
intensity of a graiflike flavor. The grainlike flavor may have been induced during processing.
Even though there were only a féses with grainlike flavor in this study, mosif thesamples
that hada grainlike flavor were roasprocessed. The pricesldbjichain this cluster were USD
4.49/100gandUSD 8.93/100g.

Clustes 15and 16 contained only oneaeach. Both were Chinesess, one of which
had a level of astringency that was higher than the hatternes (Cluster 15) and the other
(Cluster 16) had a floral/perfumy character unlike any other gree tesaprices for these teas
were USD 6.75/100g and USD 11.15/10@spectively. It is hard to speculatereason why

the Chinese green tea@uster 15had higher astringendfian bitterness. iWas generically
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Table 3.3 Mean Scoresof 16 Clusters Obtainedfrom Wards Clustering Analysis Using Principal Component Scores.

Cluster 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Number of teas 14 14 15 7 10 16 12 10 18 6 5 4 3 2 1 1

Green 129 | 461 | 1.23 | 557 | 445 | 397 | 046 | 3.80 | 169 | 1.33 | 510 | 0.13 | 0.83 | 0.50 | 2.00 | 0.00
Asparagus 0.14 | 0.00 | 0.03 | 0.00 | 0.25 | 2.66 | 0.00 | 0.00 | 0.08 | 0.00 | 0.00 | 0O.00 | 0.00 | O.00 | 0.00 | 0.00
Beany 0.14 | 0.00 | 0.00 | 0.00 | O.00 | 0.00 | 0.00 | 000 | O.08 | 0O.00 | 0.00 | O.00 | 0.00 | O.00 | 0.00 | 0.00
Brusselssprouts 0.00 | 0.00 | 0.00 | 0.00 | 0.20 | 0.00 | 0.00 | 0.00 | O.00 | O.00 | 0.00 | O.00 | 0.00 | O.00 | 0.00 | 0.00
Celery 0.00 | 0.00 | 0.17 | 0.00 | 0.00 | 0.06 | 0.00 | 0.00 | O.00 | O.00 | 0.00 | O.00 | 0.00 | O.00 | 0.00 | 0.00
Green beans 0.25| 0.14 | 0.10 | 3.07 | 000 | 0.31 | 0.00 | 0.15| 0.22 | 0.00 | 3.70 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Green herHike 0.11 | 0.04 | 0.23 | 0.00 | 0.00 | 0.00 | 0.00 | 090 | 0.00 | O.00 | 0.00 | O.00 | O.67 | 0.00 | 0.00 | 0.00
Parsley 021 | 043 | 023 | 0.21 | 265 | 025 | 0.13 | 150 | 019 | 042 | 240 | 0.00 | 0.00 | 0.00 | 1.00 | 0.00
Spinach 043 | 275 | 0.13 | 343 | 270 | 197 | 0.00 | 0.15| 097 | 0.25 | 0.00 | 0.00 | 0.00 | 0O.00 | 0.00 | 0.00
Brown 282 | 114 | 153 | 100 | 110 | 122 | 3.88 | 1.20 | 264 | 3.83 | 1.90 | 550 | 550 | 7.00 | 4.00 | 1.00
Ashy/sooty 264 | 036 | 0.27 | 0.00 | 0.10 | 0.00 | 0.00 | 065 | 0.31 | 1.67 | 0.00 | 425 | 3.50 | 0.00 | 4.00 | 0.00
Brown spice 0.00 | 0.00 | 0.27 | 0.00 | 0.00 | 0.00 | 0.17 | 0.20 | 0.00 | 0.00 | 0.00 | 0.00 | 0.50 | 0.00 | 0.00 | 0.00
Burnt/scorched 0.11| 021 | 000 | 0.0O0O | 045 | 0.75| 0.13 | 0.00 | 1.14 | 000 | 1.40 | 0.00 | 0.00 | 6.25 | 1.50 | 0.00
Nutty 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | O.00 | O.67 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Tobacco 157 | 014 | 090 | 036 | 0.15| 0.00 | 1.08 | 0.00 | 0.72 | 0.75 | 0.00 | 3.50 | 0.00 | 1.50 | 0.00 | 0.00
Almond 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.29 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Animalic 0.04 | 0.00 | 0.00 | 0.00 | 0.00 | 0.03 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Citrus 0.00 | 0.07 | 0.30 | 0.00 | 0.00 | O.00 | 0O.42 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Fermented 0.00 | 0.00 | 0.13 | 0.00 | 0.00 | O.00 | 0.00 | O.00 | 0.00 | O.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Flord/perfumy 0.00 | 0.00 | 0.10 | 0.00 | 0.00 | O.00 | 1.00 | 025 | 0.11 | 0.00 | 0.00 | 0O.00 | 0.00 | 0.00 | 0.00 | 8.00
Fruity 0.00 | 0.00 | 0.67 | 0.00 | 0.10 | 0.00 | 208 | 0.35 | 0.06 | 042 | 0.00 | 0.63 | 0.00 | 0.00 | 0.00 | 2.00
Grain 0.18 | 0.00 | 0.00 | 0.00 | O.00 | 0.00 | 0.38 | 0.00 | 0.22 | 0.00 | 0.00 | 0O.00 | 0.00 | 5.00 | 0.00 | 0.00
Medicinal 0.14 | 0.00 | 0.10 | 0.00 | 0.00 | 0.00 | 0.00 | 000 | 0.11 | O.00 | 0.00 | 1.13 | 467 | 0.00 | 0.00 | 0.00
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Mint 0.00 | 0.00 | 0.23 | 0.00 | 0.10 | 0.00 | 0.22 | 0.00 | O.00 | O.00 | 0.00 | O.00 | 0.00 | O.00 | 0.00 | 0.00
Musty/new leather | 0.11 | 0.00 | 0.00 | 0.14 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 292 | 0.00 | 0.63 | 1.17 | 1.25 | 0.50 | 0.00
Seaweed 0.14 | 3.07 | 0.10 | 1.36 | 0.25 | 0.72 | 0.00 | 1.70 | 042 | 0.25 | 0.30 | 0.00 | 0.50 | 0.00 | 0.00 | 0.00
Strawlike 046 | 0.36 | 0.27 | 0.OO | 080 | 056 | 0.96 | 0.15 | 1.75 | 0.33 | 0.00 | 0.75 | 0.00 | 0.00 | 1.50 | 0.00
Bitter 525 | 550 | 360 | 6.00 | 575 | 556 | 567 | 6.10 | 550 | 6.17 | 5.60 | 588 | 567 | 575 | 2.00 | 3.00
Astringent 125| 154 | 060 | 157 | 230 | 159 | 229 | 190 | 156 | 1.83 | 1.40 | 200 | 0.83 | 2.00 | 550 | 0.00
Toothetch 054 | 079 | 020 | 100 | 1.35| 097 | 167 | 1.25 | 081 | 1.25 | 0.80 | 1.00 | 0.00 | 1.25 | 2.00 | 0.00
Sweet Aromatics 0.07 | 0.07 | 0.yO | 0.00 | 0.00 | 0.00 | 1.29 | 0.00 | 0.25 | 0.00 | 0.30 | 1.38 | 0.00 | 0.00 | 1.00 | 2.00
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labeled as Chinese green tea. The only noticeable difference fhr@uather samples was that

the tea leaves were chopped into small piecepartthpshe larger surface area is reldto the
extracedconstituents having astringencyhe sample in Cluster 16 was a white tea from the
assamicavariety and a floral/perfumy note may have been induced during the withering period
because Harand otherg1995) indicated that the leavies white teamay become fragrant after
withering. It also is possible that the sample was mixed with a floral essential oil, although it
was not labeled as having added flavor. If the sample in Cluster 16 actually has a naturally
higher level of floral/prfumy, this could form the basis of teas that might provide a desirable

consumer characteristic without mixing with other teas of flavorings.

Clustering with Raw Profile Data

Wards cluster analysis with rgwofile dataprovided 22clusters of green teasjth more
individual clusters.Only 6 clusters had 10 or more tea samples in the clusters and 16 clusters
had less than 10 samples in each clugtade upmostlyof 1 (4 clusters) or 2 (7 clusters)
samplegTable3.4).

ClusterA had the most sample$23 green teaand was similar to the flavor
characteristics of Cluster(humbered clusters as clusters using PCA scoledpct, his cluster
was composed of samples from Clusters 2 {1), 2 (n=2), 3 (h=5), 4 (n=1), and 8(n = 2).

ClusterB had very similar flavor characteristics that Cluster 2 because Clusias B
composed of 10 green tethst were included in Cluster 2

The flavors of Cluster C were somewhat santio Clusters 4 and Cluster.1Both
Cluster 4 and 11 had moderate inities for green flavor which are higher than other clusters,
but different characterizing green attributes, either spinach or parsley. Cluster C was composed
of 6 samples from Cluster 4 and 3 teas fiQluster 11.

ClusterD resembles Cluster 9 for flaw characteristics becau$2 green teasvere from
Cluster 9 and 2 green teas were frGhaster 11.

ClusterE holds similar flavor characteristics to ClusterThis cluster is composed of
green tea samples from Cluster 5=(h), Cluster 6 (= 14), ard Cluster® (n=4).

ClusterF was similar to Cluster 5 for the flavor characteristicsvaasl composed dhe
green teafrom Clusters 1 (& 1), 2 (n=2), 5 (h=8), and 8 (r=5).
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Table 3.4 Origin of Green Teas in 22 Clusters Obtainedfrom Wards Clustering Analysis Using Raw Profile Data

Cluster I\(I):T:;ir China India Japan Kenya Korea | SrilLanka| Taiwan | Tanzania| Vietham | Unknown
A 23 20 1 1 1

B 10 7 3

C 9 8 1

D 14 1 3 1 7 2

E 19 4 5 10

F 17 2 10 1 4

G 7 6 1

H 10 3 4 2 1
I 4 1 2 1

J 2 1 1
K 3 3

L 2 2

M 2 1 1

N 2 1 1

0] 4 2 1 1

P 2 2

Q 2 1 1

R 2 1 1

S 1 1

T 1 1
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Total

138

46

40

31

Table 3.5 Mean Scoresof 22 Clusters Obtainedfrom Wards Clustering Analysis UsingRaw Profile Data

Cluster A B C D E F G H I J K

Number of teas 23 10 9 14 19 17 7 10 4 2 3

Green 1.37 4.90 6.17 1.46 3.71 4.24 1.00 0.45 3.00 4.00 1.67
Asparagus 0.07 0.00 0.00 0.00 2.24 0.00 0.00 0.00 0.63 0.00 0.00
Beany 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Brusselssprouts 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Celery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.88 0.00 0.00
Green beans 0.07 0.20 3.56 0.46 0.34 0.21 0.00 0.00 0.38 0.00 0.00
Green herHike 0.13 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.13 3.50 1.17
Parsley 0.00 0.15 1.28 0.39 0.21 2.53 0.14 0.15 0.50 2.00 0.00
Spinach 0.61 2.65 2.33 0.43 2.03 1.85 0.00 0.00 1.25 0.00 0.00
Brown 2.28 0.95 0.72 3.14 1.37 1.26 4.64 3.80 1.38 0.50 1.67
Ashy/sooty 1.87 0.00 0.00 0.32 0.05 0.21 3.36 0.3 0.00 0.00 0.00
Brown spice 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00
Burnt/scorched 0.00 0.15 0.00 1.89 0.76 0.21 0.21 0.15 0.00 0.00 0.00
Nutty 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00
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Tobacco 1.43 0.00 0.00 0.79 0.00 0.21 1.64 1.80 0.50 0.00 0.33
Almond 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Animalic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Citrus 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fermented 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Floral/perfumy 0.00 0.00 0.00 0.00 0.00 0.15 0.00 1.20 0.00 0.00 0.00
Fruity 0.33 0.00 0.00 0.07 0.00 0.06 0.00 2.05 0.00 1.00 1.17
Grain 0.11 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Medicinal 0.15 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mint 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.13 0.00 0.00
Musty/new leather| 0.09 0.00 0.11 0.00 0.00 0.12 2.36 0.00 0.00 0.00 0.00
Seaweed 0.46 3.60 1.22 0.18 0.87 0.88 0.21 0.00 0.00 1.00 0.83
Strawlike 0.07 0.40 0.00 1.57 1.00 0.53 0.50 0.95 0.63 0.00 0.00
Bitter 4.78 5.40 5.89 5.68 5.42 6.24 5.57 5.60 4.88 5.00 3.83
Astringent 1.02 1.30 1.33 1.79 1.50 2.29 2.64 2.00 1.25 1.50 0.67
Toothetch 0.39 0.75 0.89 1.14 0.71 1.56 1.50 1.35 0.63 1.00 0.00
Sweet Aromatics 0.20 0.00 0.17 0.07 0.11 0.00 0.64 1.15 0.38 0.00 1.00
Cluster L M N @] P Q R S T U \%

Number of teas 2 2 2 4 2 2 2 1 1 1 1

Green 2.25 3.50 1.50 0.63 0.50 0.50 1.00 0.00 5.00 0.00 0.00
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Asparagus 0.00 1.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Beany 1.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Brusselssprouts 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00
Celery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Green beans 1.75 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Green herbike 0.00 0.00 0.00 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Parsley 0.00 1.00 0.75 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00
Spinach 1.00 1.75 0.00 0.00 0.00 0.00 0.00 0.00 1.50 0.00 0.00
Brown 2.00 2.25 1.00 5.00 7.00 3.50 4.50 1.00 0.00 3.50 5.00
Ashy/sooty 1.50 1.75 0.00 3.13 0.00 0.00 0.00 0.00 0.00 2.50 0.00
Brown spice 0.00 0.00 0.00 0.38 0.00 1.00 0.00 0.00 0.00 0.00 0.00
Burnt/scorched 0.00 1.25 0.00 0.00 6.25 0.00 0.00 0.00 0.00 0.00 0.00
Nutty 0.00 0.00 0.00 0.00 0.00 0.00 2.75 0.00 0.00 0.00 0.00
Tobacco 0.00 0.25 0.50 0.00 1.50 0.00 0.00 0.00 0.00 2.50 2.00
Almond 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.50
Animalic 0.00 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Citrus 0.00 0.00 0.00 0.00 0.00 3.50 0.75 0.00 0.00 0.00 0.00
Fermented 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00
Floral/perfumy 0.00 0.00 0.00 0.00 0.00 1.75 0.00 8.00 0.00 0.00 0.00
Fruity 0.00 0.00 0.00 0.00 0.00 1.75 1.25 2.00 0.00 2.00 2.00
Grain 0.00 0.00 0.00 0.00 5.00 0.00 2.25 0.00 0.00 0.00 0.00
Medicinal 0.00 0.00 0.00 4.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6C




Mint 0.00 0.00 1.50 0.00 0.00 0.00 1.25 0.00 0.00 0.00 0.00
Musty/new leather| 0.00 0.75 0.00 0.88 1.25 0.00 0.00 0.00 0.00 0.00 0.00
Seaweed 0.00 0.00 0.00 0.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Strawlike 0.75 1.50 0.75 0.75 0.00 0.00 1.75 0.00 0.00 0.00 0.00
Bitter 5.25 5.50 3.50 5.50 5.75 4.00 6.50 3.00 5.50 4.00 6.00
Astringent 1.75 1.75 0.75 1.00 2.00 1.00 3.00 0.00 2.00 1.00 3.00
Toothetch 1.25 0.75 0.00 0.00 1.25 0.75 2.25 0.00 1.00 0.00 2.00
Sweet Aromatics 0.00 0.00 0.00 0.00 0.00 1.50 1.75 2.00 0.00 2.00 2.50
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Cluster G has similar characteristarsd similar product® Clusters 10, 12, 13, or 15
having brown and ashy/sooty notes. The samipl€uster G were composed of green tea
samples fronClustes 10 (n=5), 12 (n=2), and 15 (r= 1). InterestinglyCluster 15 was a
single sample group when analyzed using PCA scores but included 7 other green tea samples
when analyzed using the rawofite data.

The flavor characteristics of Clustentre similar to Cluster. Essentiallygreen tea
samples in Cluster H are also belong mainly in Cluster=8nand two additional samples
belong to either Cluster 9 or 1Zhe rest otheclustersusing the rawprofile data from Clusterl
to ClusterV, are more individual clusters withlow number of samples within each cluster
often only 1 or 2 samples. While some of these are similar to the small clusters produced using
PCA scores, some of tlodusters highlight green teas witlefining flavor notes such atmond,
citrus,fermentedfloral/perfumy, grainmedicinal or mintor simply higher intensities for other
attributes that arasuallyfound in lower intensities in other green tebksingthe raw data for
cluster analysis enabled us to identify these green teas with characterizing flavarerbimss

outliers, and group samples based on individual flavor profiles.

Conclusions

Green tea flavors differ and can be grouped based orflédnor profiles. Cluster
analysis conducted using scores obtained from principal component analysis provided
information on what flavors ammmon in green teaOn the other hand, cluster analysis
conducted using raw flavor intensity data provided gragglmased on the individual flavor
profiles and, thus, was betterdsfininguniqueteas or identifying outliers.Processing methods
or thecountiesof origin seemed to influence the flavor of green teas the nib&roast
processetieaswere mostly reponsiblefor brownrelated flavors anthe steamprocessedeas
were responsibléor greenrelated flavors.The Chinese samples were mostly repsicessed
and,thus had higher brown flavors than green flavofhe Japanese samples were mostly
steamprocessed with a few exceptions and they had more green flavors than browiilomes.
Korean samples were either repsbcessed or steaprocesse andhad both green and brown
flavors. Theprices of green teadid notdifferentiatetheflavors of thesampés. Often highly
priced green teas were grouped with low price green teas from the same manufacturer or origin.

Differences in tea plant varieties or cultivars seem to affifedtavorsin thegreen teg,
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however, more research magneectdto determir the effect of differences in varieties or
cultivars. Such information can help researchers and companies create teas with specific sensory
properties or to understand specific effects of growing and processing.

This research also suggests that greesmi¢eald be developed, marketed and sold to meet
the needs of many different consumers. The clusters found in the this study could be used as
marketing segments for green tea, enabling consumers to select teas that meet their personal
flavor preferencesThese findingsmay helpgreen tea processorsarketersretailersand
ultimately consumers better understand the green tea choices they have.
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CHAPTER 4 - Comparison of Volatile Aroma Compounds in

Various Green Teas

The present study was carried out to identify and quantify aroma volatiles in brewed
green teaamples. Previous researchers havestlyused solvent extraction methrefor
concentrating the aroma volatiles from green tea leavestaerdfore, many nepolar
compounds might not be present in brewed greenTtkaobjectives of this study were to
identify common volatile compoundsthe brewed liquor oh wide range of green tea samples
from various countries usirggas chromatograpimass spectrometé&C-MS) paired with a
headspace solighase microextraction (HSPME) and to determine if greezas from the same
region havesimilarities involatile compaition when sampleareprepared how green tea might
be prepared for consumptiofiwenty-four green tea samples from 8 countries were brewed in a
mannersimilar to howmost consumers woularew heir own green tealThearomavolatiles
wereextracted by HSSPME separated oagas chromatograph and identified usangass
spectromedr. Thirty eight compounds were identifi@nd he concentrationsere quantified.
The concentrations were much lemthan what other researchbevefound in green tea
samples.In aprincipal components analysis bipld8 samples were grouped togethecause
the mostvolatile compounds were either present in very low quantities or absepnsagheen
teas

Intro duction
Aroma, along with flavor and appearanissganimportant aspect dhe evaluation of
green tea(Ukers1935. Many researchers have studied green figatheir aromatic volatile
compoundsndto understand the aroncharacteristicef green teagYamanishil978;
KawakamiandYamanishil981; Chol983; Choil991and1995; Shimodand otherd 995aand
1995b; KumazawandMasuda2002; Hattoriand other2005). However, most of the previous
researchusedlimited numbers of green tea samples and thgsapreparatiomethodoften did

not reflect how green tea woulgnerallybe prepared by consumdkam 1996; Ellis2002; Lee
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andChamber®007. For example, Hattomand otherg2005)brewed 60 g of green tea in G0
1L water for 5min; the green telquor was steam distillated and concentrated {oL1f0or gas
chromatography analysig.ypical brewing methods recommeusing2 g of green tea in 5®L
of waterat 6670°C for 1-2 min (Jung 2004).

Various green teas are available to consumers thatdiid@entprocessing methogds
harvest times, teplantvarieties and growing regionall of whichmay producedifferent aroma
characteristics in each tea (Kim 1996)udying aromatic volatile compounds from brewed
green tea liqguor may be helpful to rasghers as a way of helping them understand the aroma
characteristics of various green teas.

Volatile compounds in green teaxtracted with solventsave been studied extensively
usinggaschromatographymassspectrometry (GEMS) to understanthe differencesof green
tea®aromacompaents (Harand otherd995) Xu and Cherj2002 reported that wre than
600 volatile compounds have been identifiebugh extensive research green tea
Researchers have studied green tea arorfajicha, aroasted gegen tedrom Japan
(Yamanishiand otherd973) BachMaoteg a Vietnamese green te@guyenandYamanishi
1975) Senchatypespring green teas steamed green tea from Jap@rakeiand otherd976)
Kabusechaa Japanese green tea made from tea legoes in the shadendSenchaasteam
processed green tea from JapdavwakamiandYamanishil981) More recently, Choi (1991)
identified 41volatile compound from4 commercial Korean green te@samples were steam
processed while the other 2 weoastprocessedKumazawa and Masuda (2002) used-K4S
and found 5£ompound fromKamairi-cha(a Japanese tea; rogsbcessed),ongingtea(a
Chinese tea; roagtrocessedandSencha.Liang and otherg2008) found 18 volatile compounds
in 23 Chinese gren teasvhere tpenten3-ol, linalool, terpineol, citral, citronellol, nerol,
geraniol and others were commonly present.

Solid phase microextractio®PME is a type of headspace sampling, which studies the
volatile compounds in the space above a sampdesiealed container (BurgaaddKuznicki
1990). Thus, SPME extracts volatile compounds in the space above a brewed green tea liquid,
which consumers may smell as they consume greerSteBlE is a convenient technique
because there is no complicated skenmpeparation.lt is also environmentally friendly as it does
notrequireany solvents.Using SPME also allows fahe extraction of volatile compounds from

brewed green tea liquor.
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Theobjectives of this study were tse GEMS paired with SPME td) identify
common volatile compounds the brewed liquor od wide range of green tea samples from
various countrieand?2) determine if green teas from the same region Baw#arities involatile
compaition when samplearepreparedsimilar tohow greertea might be prepared for

consumption.

Materials and Methods

Tea Samples
A total of 24 green tea€hina (7), India (1), Japan (6), Kenya (2), Korea (4), Sri Lanka
(2), Tanzania (1) and Vietnam (Were selected for analysis (Taldld). Samples were scted
from a pool of more than 130 samples and represent a range of green tea products from around
the world. Although specific information other than origin was not known for every tea tested, it
is likely that based on origin and price information, téees represent different processing

methods different ages at picking, and different storéigess.

Sample Preparation
Twelvegrams of green tea were placedipre-warmed tea paand300mL of 70°C
distilled water was addedThe tea was brewed for 2immand swirled 10 times clockwise while
brewing. After 2 min, the tea was poured througlparcelainstrainer intoa prewarmed
porcelain bowl. This is similar to how consumers would brew green teas in many Asian
countries (Kim1996; Jun004) and recomended in a book intended fibve public (Ellis
2002).

Solid-phase Microextraction

Fortheextraction of the volatile compounds, &L of eachbrewedgreen tea sample
wastransferred into a 40 mL amber headspace(8apleco Bellefonte, PA, USA We useal
1,3-dichlorobenezene (Sigm@ldrich, Milwaukee, WI, USA) as an internal standard for
guantification of the volatile compounds from the samp@semicro liter of internal standard
(concentration: 1ug/Kghas added An octagonglmagnetic stir bar (Diaeter 8 mm x length
13 mm; Fisher; Pittsburgh, PA, USA) and analytical grade sodium chloride (ca 3 g: Sigma
Aldrich) were added to the vigd helpwith the extraction An opencenter screw cap with a
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Table 4.1 List of 24 Green Tea &imples

Labef Product name Purchased from
1 |Chinal Star of China Imperialteagarden.com
2 | China 2 Gosancha XingHua Food Co., Ltd
3 |China3 Imperial Hwangshan Maofeng Enjoyingtea.com
4 | China4 Buddhados Eyeb]|Sevemupscom
5 | China5b Myeng Ding Sweet Dew Severmupscom
6 |China6 Shanghai Special Gun Powdeg Shanghai Tiantan Int'l trading Co., Ltd.
7 | China7 Longjing (Dragonwell) Adagio.com
8 | India Assam Sewpur Estate Simpson & Vaillnc. (svtea.com)
9 |Japanl Tencha Harney & ®ns(Harney.com)
10 | Japan 2 Honyama Sencha The Fragrant Leafthefragrantleaf.com)
11 | Japan 3 Sencha Overture Adagio.com
12 | Japan4 Uji Mecha Itoen.com
13 | Japan5 Uji Gyokuro Japaneggeerteaonline.com
14 | Japan 6 Inakacha Itoen.com
15 | Kenya 1l Kapchoua Green Culinaryteas.com
16 | Kenya 2 Kapchorua Green Barkingside.com
17 | Koreal Ssanggye Okchun Lotte Department Store, Busan, Korea|
18 | Korea 2 Sulloc Sejac Donated by Amorepacific Co.
19 | Korea 3 Chungmyungcha Lotte Department Store, Busan, Korea
20 | Korea 4 Tobu Goku (Guyu) Tobu tea farm, Sunchon, Korea
21 | Sri Lanka 1 | Iddalgashinna Estate Ceylon | Uptorteacom
22 | Sri Lanka 2 | Dumbara Curls Barkingside.com
23 | Tanzania Tanzania Luponde Estate Simpson & Vaillnc. (svtea.com)
24 | Vietnam Ha Giang Green Ta& Thompsongfineteas.com)

& Label of samples is composeddbuntry of origiand a number when there were more than

one sample from the same country.

silicone/PTFE septurf22 mm diameter x.3 mm thickness, Suplec#jasusedto closethe

amber vial. Each sample was allowed to equilibrate at 60°C in afR@ab e r mE
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(Pierce Biotechnology, IncRockford, IL, USA) for 5min. Volatile odor compounds from the
sample were extracted using a StableFlex 50/30 um three phase (DVB/CAR/PDMS) SPME fiber
(Supelco)at 60°C for 20 min.

Gas ChromatograptMass Spectrometry

After extraction the SPME fiber was retracted and the holder was moviet gplitless
injection port of a 5890 Series@®@asChromatography (Hewlefackard Cq.Palo Alto, CA
USA) for manual injection.The fiber was desorbed f&min and the injection port was
maintained at 225°CThe volatiles were separated on an®R8x(Crossbonti 5% diphenyl95%
dimethyl polysiloxane; 30m length x 0.25 mm internal diameter xr@28Im thickness)
capillary column (Rstek;Bellefonte, PA, USA).The temperature program for the separation
was as follows60°C for 1 min, B°C/min of ramp rate to 250°C and held for 1 minhe total
time was 12 min 34 s. The identification of the compounds was done using an HP 5890 Series Il
GC/HP 5972 mass selectidetector (MSD, HewletPackard Cq.Palo Alto, CA USA) with the
following parameters: interface temperature, 250°C; ionization energy, 70 eV; mass range, 33
350 a.m.u.; scan rate 2Zxcans/s.Ultra high purity Helium (AirGasWestpoint, MS USA) was
used asacarrier gas at a constant flow rate of 0.96 mL/mihe mass spectra of the volatile
compounds were compared using the Wiley138K Mass Spectral Database (Version B00.00,
1990; John Wiley and Sons, Inblew York, NY, USA). Volatile compounds weranalyzed in
triplicate for each sampleConcentrations for green tea volatile compounds were calculated and
reported on the basis of the internal standard concentration.

Data Analysis
The mearconcentrations (ng/kg) for the quantified volatile campdswerecalculated
and used for Principal Compons#nalysis (PCA:Unscramble? 9.7, CAMO Software Inc.
Woodbridge, NJ, USA A covariance matrix was used fibre PCA.

Results and Discussion

Volatile Compounds in Green Teas
Thirty-eightaroma volatile compunds were identified frorthe 24 green tea samples
(Table4.2). Of the 38 volatile compounds identified and quantified in the current study, 15
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Table 4.2 38 Volatile Compoundsldentified in 24 Green TeaSamples andTheir Odor

Characteristics Reported in the L iterature

Volatile Compounds

Odor characteristics

Reference

Aliphatic Alcohols

1-Pent@-3-ol Butter, mild, green odor Ash & Ash, 2006
1-Pentanol Somewhat sweet, balsamic odq Ash & Ash, 2006
2-Perten-1-ol Powerful, jasminelike odor Ash & Ash, 2006

Greenplastig rubber

Acree & Arn, 2004

(2)-3-Hexen1-ol

Linalool Odor similar to bergamot oil, | Ash & Ash, 2006
French lavender
Geraniol Pleasant geranium odor Ash & Ash, 2006

Aromatic Alcohols

Benzeneethanol

Floral, rose odor

Ash & Ash, 2006

1-U-Terpineol

Lilac-like odor

Ash & Ash, 2006

2-Methoxy-4-methylphenol

2,6-Dimethytcyclohexanol

Aliphatic Aldehydes

3-Methyl-butanal

Unpleasant odor

Ash & Ash, 2006

Pentanal Pungent fragrance Ash & Ash, 2006
Almond, malt, pungent Acree & Arn, 2004
Hexanal Fruity odor Ash & Ash, 2006

cis-3-Hexenal

Strong herbal apple odor, greer

leafy flavor

Ash & Ash, 2006

Nonanal

Strong fatty odor

Fat, citrus, green

Ash & Ash, 2006
Acree & Arn, 2004

1H-Pyrrole-2-carboxaldehyde

Aromatic Aldehydes

Benzaldehyde

Bitter almond odor

Ash & Ash, 2006

Benzeneacetaldehyde

Hyacinth, lilac odor

Ash & Ash, 2006

70




Other Aromatic Compounds

Toluene

Paint

Acree & Arn, 2004

1,4-Dimethoxy benzene

(Aromatic ether) weet clover

odor

Ash & Ash, 2006

1,4-Bis(1,1-dimethylethyl}benzene

Styrene

Penetrating odor

Balsamic, gasoline

Ash & Ash, 2006
Arn & Acree, 2004

2-Hydroxy methyl ester benzoic ac

Ketones

3,5-Octadien2-one

Jasmone Jasmine odor Ash & Ash, D06
Ulonone Woody, violet odor Ash & Ash, 2006
b-lonone Woody odor Ash & Ash, 2006
2-Methyl-5-(1-methylethenyh2- Mint Acree & Arn, 2004

cyclohexenrl-one (=Carvone)

Ash & Ash, 2006

Furans

Tetrahydre2,2,5,5tetramethyl furan

4-Methyl-2-propyl furan

N-Furfuryl adenine

Pyridine

3-Butyl-1-oxide-pyridine

Pyrazine

3-Ethyl-2,5-dimethylpyrazine

Furanone

5,6,7,7aTetra 2(4)benzofuranone

Acids

Benzoic acid

Aromatic acid

2-Hydroxy methyl ester benzoic ac

Nonanoic acid

Fatty odor

Green, fat

Ash & Ash, 2006
Acree & Arn, 2004
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Ester

Isopropyl myristate Odorless Ash & Ash, 2006

aromavolatiles, which were present in more thasa@mplesare shown inrable4.3 and the
remaining compounds, found in only a few sampdes,slown in Table4.4.

Green teas produced tine Africa region commonly had-fienter3-ol, 2-pentenl-ol,
linalool, hexanal, and benzaldehydEhese green teas may provide green, floral, fruity and nutty
aroma during infusion and consumptiddo other infomation on volatile compounds of green
tea from Africa was found.

Green teas frorBoutheasAsia andtheIndian subcontinent generally had linalool and
nonanal and half dhesamples had-pentenl-ol, hexanal an@-ionone. Based on these
common volatile compounds, these green teas may have green, floral, woody and citrus aroma.
Information onvolatile compounds afreen teas from these aseeaslimited and only 2
Pentenrl-ol has been reported from Vietnameseegreea (NguyeandYamanishi 1975).

Green teas from Northeast A¢@hina, JaparandKoreg), the most common growers of
green tea in international tradgpicaly had linalool, hexanal and nonanahich will provide
green and floral aronsa These compunds have been reported by others (Bapgisthothers
1999; Choiand other2003; Sawaand other2004) from the samples produced in the same
region. Additionally, about half of Chinese greendé@ad geraniol, benzaldehyde and Jasmone.
These compourgpreviouslyhave been reported from Chinese green tea (Kawadadhi
Yamanishi 1983Baptistaand otherd999; Zhuand other2008 can providdloral and nutty
aroma. About half of Japaneggreen tea had toluem@db-ionone in addition téhe
aforemenibned compoundsToluene (YamaguchandShibamoto 1981) anotlonone (Sawai
and other2004; Hattoriand other2005) have been reportedteas from JaparKorean green
teasalsohad benzeneethanol, benzaldehyde, and jasnmdnehhave been reported priously
(Choi 1991)and may provide floralfruity, and nutty aroma

The concentrations of the quantified compounds in this study were much lower than what
has been reported elsewheirgich is probablypecause athedifferencesn brewing and
extraction. Extracting volatile compounds usiogganicsolvens generally leads tihe
extraction ofmost of thevolatiles whereasbrewing green tea warm/hot watewhich iswhat

consumers d@ not efficient in terms of solubilization of many of the fmolarvolatiles.
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Although, the concentration is much smaller, it probably is more useful in terms of
understanding what compounds are present when consumerswleeitevet hey | i ke or
like a particular tealn our finding, concentrations of most volatcompounds generally were
lowerthan thresholds reported elsewhefde threshold values in the literatumay vary
because different measuring methods were employethasénsitivityof assessor@Rychlik
and otherd.998). Also the thresholds in ¢hliterature were measured at room temperature of
21+1°C (Czernyand other2008) or not specified (Rychl&nd otherd998) whereas green tea
is consumed at higher temperagamgich may resulin lowering thresholds of aroma
compounds.Anotheraspecto consider is that thresholds in the literature were evaluated in a
single compoundilution while volatile compounds in green tda not work in solitude The
interrelationships of the compounds may result in an aroma or flavor even when the individual
compounds are & very lowlevel.
The 1-penten3-ol in 6 samplesvasata levelless than 1ng/kgThis compounds
described as having a powerful, grgssen and very diffusive oddsutthe recognition
threshold for this compounalas not reported (Atander 1969) Green tea samples and green
teas made with leaves harvesiedune whencompared tahose harvested ipril, have higher
levels ofl-penten3-ol (Choi 1991).In a later study, Choi (1995) compared stedandroasted
green teas and fourtdat the steamprocessed sample hawlice the amount of-penten3-ol as
that found intheroastprocessedample The same trend was reported earlier by Horita (1987)
who recorded that-penten3-ol was prevalent in stored and/or lower quality grees t€ar
findings differ from previous research in thlaé steamprocessedreen tea samples from Japan
did not have dpenten3-ol, although other C5 compoun(tentanal or Zbentenl-ol) were
present Our research did show thafpenten3-ol was presenn Korea 3, which is made from
tea leaves from thirst pickin April and roasfprocessed.The 1-penten-3-ol compouncdcan be
considered soff-flavor becausé@ hasa pungent odobutthe amounts found in our samples
were well belowits recognitionthresholdvalue of40Ceg/L (Rychlik and otherd.998).
Sevensamples had-pentenl-ol at various concentrations ranging from 0.48ng/kg to
1.52ng/kg. Research (Chdi991and1995) has foundis-2-pentenl-ol in green tea samples and
it wasclassifiedas an offflavor characterisc. However, direct comparison of the

concentrations was not possilkle only peak area was reported in @hstudieg1991and
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Table 4.3 AverageConcentration of 14Volatile Compoundsldentified in the Brewed Green TeaSamples (ng/kgf*°

2,6-Dimethyl-cyclo

Sample 1-Penten3-ol | 2-Pentenl-ol Linalool Geraniol | Benzeneethano Pentanal
hexanol

Africa
Kenya 1 0.56 1.07 1.35 - - - 0.76
Kenya 2 0.22 0.52 3.21 0.34 - - -
Tanzania -¢ - 1.56 - - - -
Southeas Asia and Indian Subcontinent
India - - 0.96 - - - -
Sri Lanka 1 - 0.65 2.35 - - - 0.39
Sri Lanka 2 - - 0.83 - - - -
Vietnam 0.80 0.64 0.74 - - 0.33 -
Northeast Asia
China 1 - - - - - - -
China 2 0.14 - - - - 0.48 -
China 3 - - 0.45 0.94 - - -
China 4 - - 1.34 - - - -
China 5 - - 0.58 0.43 0.88 - -
China 6 0.29 1.52 0.45 - - - 0.92
China 7 - - 0.55 0.42 0.42 - -
Japan 1 - - 0.50 - - 0.66 -
Japan 2 - - 0.27 - - - -
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Japan 3

- 0.27

0.23

1.18

Japan 4

Japan 5

- 0.37

Japan 6

Korea 1

- 0.32

0.54

Korea 2

- 0.39

Korea 3

2.34

0.84

0.54

Korea 4

0.98

0.60

0.58

Sample

Hexanal

Nonanal | Benzaldehyde

Toluene

2-Hydroxy-3-methyl
benzoic acid

Styrene

Jasnone

b-lonone

Africa

Kenya 1

1.32 0.45

Kenya 2

0.61

- 0.51

0.31

Tanzania

0.44

- 0.54

Southeast Asia and Indian Subcontinent

India

0.77 -

Sri Lanka 1

0.96

0.32 -

0.61

Sri Lanka 2

1.17 -

Vietnam

0.61

- 0.74

0.80

Northeast Asia

China 1

0.38 -

0.43
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China 2 0.37 0.22 - - - - - 0.62
China 3 0.30 0.38 - 0.42 - - 0.31 0.22
China 4 0.28 - - - 0.52 - - -
China 5 0.53 0.57 0.36 3.04 - - 0.66 -
China 6 0.73 0.61 0.65 - - - - -
China 7 0.53 0.49 0.41 - - - 0.50 -
Japan 1 0.54 0.48 - 0.86 - 0.25 1.21
Japan 2 - 0.41 - 0.35 - 0.21 - -
Japan 3 0.29 0.36 0.40 3.40 - - 1.13 0.25
Japan 4 - - - - - - - -
Japan 5 0.45 - - - - 0.22 - 0.97
Japan 6 0.36 0.34 - - 0.55 - - 0.53
Koreal 0.45 - - - - - - -
Korea 2 0.43 0.37 0.27 - - 0.18 0.52 -
Korea 3 0.70 0.47 0.84 - - - 0.55 0.76
Korea 4 0.96 0.62 0.33 0.70 - - 1.06 -

®The volatiles were separated onRiIx®-5 (Crossbond5% diphenyl95% dimethyl polysiloxaned0m lengthx 0.25 nm internal
diameter< 0.25nm film thickness) capillary column @3tek;Bellefonte, PA USA).

PConcentration is reported in nanogram in kilogram of green tea when 1 kg of green tea is brewed in 25G&kwafétfor 2 min.
°- = not detected
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Table 4.4 Average Concentration of 24Volatile Compoundsldentified in the Brewed

Green TeaSamples (ng/kg)a'b

Volatile Compounds

Green tea sample (Concentration)

Aliphatic Alcohols

1-Pentanol

Korea 4 (0.27)

(2)-3-Hexenl-ol

China 7(0.33); Korea 4 (0.47)

Aromatic Alcohols

1-UTerpineol

China 4 (0.27); Sri Lanka 1 (0.45); Tanzania (0.4

2-Methoxy-4-methylphenol

Vietnam (1.00)

Aliphatic Aldehydes

3-Methyl-butanal

Kenya 2 (0.21); Korea 3 (0.33)

cis-3-Hexenal

Kenya 2 (2.57); Korea 3 (5.34)

1H-Pyrrole-2-carboxaldehyde

Korea2 (0.56)

Aromatic Aldehydes

Benzeneacetaldehyde

Kenya 2 (1.21); Korea 3 (2.69)

Other Aromatic Compounds

1,4-Dimethoxy benzene

Vietnam (0.35)

1,4-Bis(1,1-dimethylethyl}benzene

China 5 (0.40); Korea 3 (0.29)

Ketones

3,5-Octadien2-one

Korea 2 (058)

U-lonone

China 2 (0.23); Japan 1 (0.38)

2-Methyl-5-(1-methylethenyh2-

cyclohexenrl-one

Tanzania (0.67)

Furans

Tetrahydre2,2,5,5tetramethyl furan

China 1 (0.53); Japan 4 (0.35); Japan 6 (1.21)

4-Methyl-2-propyl furan

Sri Lanka 1 (0.60)

N-Furfuryl adenine

China 5 (0.30); Japan 3 (0.18)

Pyridine

3-Butyl-1-oxide-pyridine

Chana 3 (0.29); Korea 4 (0.26)

Pyrazine
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3-Ethyl-2,5-dimethylpyrazine Korea 3 (0.46)

Furanone

5,6,7,7aTetra 2(4)benzofuranone China 2 (0.22); Japan 1 (0.43)
Acids

Benzoc acid Sri Lanka 1 (11.58)

2-Hydroxy methyl ester benzoic acid | Kenya 2 (0.93); Korea 3 (1.94)
Nonanoic acid Korea 4 (0.85)

Ester

Isopropyl myristate China 4 (0.23)

®The volatiles were separated onRix"-5 (Crossbonti5% diphenyl95% dimethyl
polysioxane 30m lengthx 0.25 mminternal diameter 0.25nm film thickness) capillary
column (Restek;Bellefonte, PA USA).

PConcentration is reported in nanogram in kilogram of green tea when 1 kg of green tea is
brewed in 25 kL of 70C water for 2 min.

°nd = not detected

1995. The compound was found in green tea (Yanagimoto, Ochi, Lee & Shibamoto, 2003) at a
much higher concentration of 1.8%gy/kg tharfound in our researchrThis difference is probably
because dthevariatiors in sampleextractiors. The sample was prepared by solvent extraction
directly from green tea in the study conductedviapagimotoand otherg2003 whereas in our
study theteasamples were brewed water.

Twentygreen tea samples had linalediich is classified as a terpeakeohol Linalool
hasafi | i ght , r eWoodywithafaing ,y fcli d rr(@idandet969) e 0
Concentrationsf linaloolin final productgangel from 2 to 10eg/L in candyandbeveragesnd
could beas high as 46g/L in meat productéArctanderl969). Concentrationsf linalool in the
green tea samples aur studywere much lower and ranged from 0rykg to 3.34g/kg
These concentrations areughly 1000 times lower than the orthonaaadiretronasal thresholds,
which are 56 €g/L and 1.8g/L in water respectively{Rychlik and otherd998. The parch
processed tea samples in Choi 06soflgaloalthan ( 199 1)
steamprocessed sampl@gich agreeswith our study. Linalool concentrationgn Chineseand

Koreansamples generallyerehigher tharconcentrations idapanese sample€hinese and
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Korean greerteas are mostlgoastprocessed while Japanese green teasteaeprocessed
(Kim 1996) For instancé.ongjing (roastprocessehinese green tea) contained linalool at
much higher concentrations th8enchgsteamprocessed Japanese green tea) (Kumaaada
Masuda 2002)China 7 which is aLongjingtea,had higler concentrations (0.5%g/kg)than the
Senchaeas from Japafdapan z2and3 both at 0.21g/kg) (Table3).

Geraniol which also is a terpene alcohol, was present in 7 samfpbesicentratios
below 1ng/kg. It has been found in green tea by otfeseachers(Choi 1991; Choil995;
Baptistaand otherd 999; Hattoriand other2005; Wangand other2008; Zhuand other2008)
andis a colorlessoily liquid with a floweryrose like aroma (Arctandd®69). Orthonasal
thresholdpreviouslyreported for geraal variesfrom 5to 75¢g/L in water (Rychlikand others
1998) and concentrations of geraniol in our samples welldbelow the reportethreshold
values In previous researdbongjinghad more geraniol th&enchgKumazawaandMasuda
2002)which was tue for our study also whefghina 7 Longjing hadahigher concentration
than Japan 33encha

Benzeneethanol was presentigreen tea sample€oncentrations in these samples
were much lower thatinethreshold which are1000eg/L for orthonasal esluation and 48g/L
for retronasal evaluatiofiRychlik and otherd.998). This compouncdhas &floral rose odor (Ash
andAsh 2006).

Five green tea samples had 2lBnethytcyclohexanol. It was detected in green tea when
the sample was extracted usangyramicheadspace technique asnot found when
extractedoy the simultaneous distillatieextraction technique (Leand otherd 997).

Comparison with our results is not possible because researchers only reported peak areas in
percentage.Threshold infomationis not available.

Six samplesn our studyhad pentanalyhich typically hasa woody, vanilldike and nutty
odor(Wangand other2008). Pentanal was detected in green tea when the sample was extracted
usingthedynamicheadspace technique but wen detected when it was extractad
simultaneous distillatioextraction technique (Lesnd otherd997).There is not much evidence
in the literature about the presence of pentanal in gree teareason for this could be because
pentanal is one dhe first compounds temerggdrom a GC colummuring separatiorandit may

be introduced with other compounds from the column anippedesidue.
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Hexanalwas found in 8 samples at concentratibabbw1ng/kg. Other researchers
found hexanal in greetieasin trace amount@Choi1991; Baptistand otherd 999; Hattoriand
others2005) or around 5% (ChaQ95). Aroma of hexanahas beemlescribed abeingsimilar
to freshlycut grass and unripe fruits in extredhtition and is concentratiom final food
productss generallybetween 1 and &g/L (Arctanderl969). The threshold of hexanal ranged
from 4.5eg/L to 50¢g/L for orthonasal evaluation and from 1@8&/L to 16eg/L for retronasal
evaluation(Rychlik and otherd998) These arat least 1Htimes higher than the concentrasion
foundin any ofthe sample@ our study. Even though the concentrations are lower than
threshold, hexanal may contribute to aroma in combination with other volatile compounds in
green tea (BottndChamber006)

Seventeemgreen tea samples had nonanal emttentrations varied from 0.2f®ykg to
1.32ngkg. Nonanal ha atallowy andfruity odor (Rychlikand otherd4.998). The typical
concentrations in final products range from 0.2 sgA. (Arctanderl969) The threshold of
nonanal is-1 eg/L for orthonasal evaluation (Rychlgnd otherd.998). Nonanal is widely
reported in green tea (KawakaandYamanishil983; Leeand otherd 997; Hattoriand others
2005). However, a direct compiaon of concentrations between the samples in previous
research and our green tea samples is not possible because only relativie sjuaveitbeen
reportedn theform of peak area percentage

Elevengreen tea samples had benzaldehyde at concentragtmvg1ng/kg.
Benzaldehyde hasdominanly sweet aromaf freshly crushed almondshe typical
concentrations in final productsuallyrange from 150 to 166g/L (Arctanderl969).
Benzaldehyde is a common volatile compothmt has beeidentified in green tehy many
researchrs(Yamanishiand otherd 973; KawakamandYamanishil983;Choi 1991and1995;
Baptistaand otherd 999; Hattoriand other2005) evéuatingsamplesrom Azores, China,
Japan, Koreaand Taiwan.However benzaldehyde was not reported in a study evaluating 23
Chinese green teas (Liaagd other2008).

Sevengreen teas had jasmomeconcentratios thatranged from 0.3hg/kg to
1.13ngkg. Jasmone has a floral odor (Arctander 19889 has beefound in many green tea
samplegKawakamiandYamanishil983;Choi 1991; Hattorand other2005; Zhuand others
2008). Korean green tegwocesed fromleaves pickedh April were found to haemore

jasmone thasamples harvested in Ju@hoi 199). A similar trend was found in our study in
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that Korea 2, 3 and 4 (all of which were picked in April) had jasmone but the compound was not
detected in the Korea 1 sample (which was picked in M3g$mone was not detected in most of
the green tea samples in our study including Jap&y8kurg. Jasmone has been reported in
Gyokurohaving 4.16% of volatile compounds extracted (YamagactdShibamotal981).
Tensamples ha6-iononein concentratioarangng from 0.25ng/kg to 1.2Ing/kg.
b-lonone has a violdtke odor and can be detected at concentrations as low a€§/D07
(Rychlik and otherd4.998)in water. Another source (Arctandé969) stated that the typical
conceitration in final products rangddom 1 to 10eg/L. b-ionone is commonly found in green
teas (Choil991and1995; Hattoriand other005; Liangand other008; Wangand others
2008; Zhuand other2008). The peak area ranged from 1.36 to 4.49% in Jegmgreen teas
(Hattoriand other2005). And 65% ofChinesegreen teas haltionone (Liangand others
2008). In thecurrentstudy,b-iononewas most commonly found the Japanese green @
out of the 6 samples).
Six samples had toluen& oluene las a sweegjrassy odor (Arctanddr969). Toluene
was reported by a limited number of researchers studying green tea (Yaraadisktinerd 973,;
Wangand other£008). Styrene was detected in 4 samplaghis study 2Hydroxy-3-methyl
benzoic acidvas pesent id sampleschinal, chinad, Japaré andSri Lanka 1 No

information was available in the literature about this compound.

Principal Components Analysis of the Green Tea Samples

Principal componestanalysis was conducted usitige mean concentians for the 14
compoundseportedn Table 2. Because the volatile compounds foundewerthan 4 samples
were not included in PCAmany of thegreenteas could have unique flavors that would
differentiate them from other teas in ways not shown on @# Iftplot (Figure4.1). Principal
components (PC) and 2 explained0% and27% of the variation on theatg respectively.
Toluene, benzenethanol jasmoneand linalool werghe main vectors fdPC 1. PC 2 explained
linalool, benzaldehyde, geraniahé hexanal.

Benzeneethanol, toluene, benzaldehyde, hexanal, nonanal, geranadraim were
commonlypresent inChina 5 and Japant8a samplesConcentrations of toluene,

benzeneethanol and jasmone in these two samples were higher than most ofisghgktsdy.
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Figure 4.1 Principal ComponentAnalysisBiplot Showing Relationship Between theGreen TeaSamples &) and the Volatile

Compounds @).

Principal Components Analysis
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Kenya2 and Korea 3 had a similar composition of araolatile compounds and were distinct
from the rest of the sample€oncentrations of linalool weespeciallyhigh in these 2 samples.
Sri Lanka 1had a volatile compound profimmmparabléo Kenya 2 andorea 3, but the
concentrations were generalgw. In Korea 4 hexanal, jasmone and linalool were the main
volatile compounds.

Eighteen samples, China 1, China 2, China 3, China 4, China 6, China 7, India, Japan 1,
Japan 2, Japan 4, Japan 5, Japan 6, Kenya 1, Korea 1, Korea 2, Sri Lanka 2, Tanzania and
Vietnam, were grouped together in the PCA biplbhis was probably because of the absence of
some of the 14olatile compoundshat were quantifieth these tea samplegalso the
concentrations of the compounds presernihese samplgd out of 14) wee much lowethan

the rest of the samples

Conclusion

Common volatile compounds in brewed green tea liquor were identlfiedlool and
hexanal were detecteal almost allof the green tea samples regardlestheir origin. In
addition to these 2 compnds, green teas produced in the Africa region commonly-had 1
penten3-ol, 2-pentenl-ol and benzaldehydeGreen teas froBoutheasAsia andthe Indian
subcontinent generally had nonan@lreen teas from Northeast Asia typlgdiad nonanal and a
few other compounds, such as benzene ethanol and jasmine not faaad fromother regions.
Most volatile compounds found our study have been reportetsewhere, although there were
variations both qualitatively and quantitativelylost of the previousesearch used green tea
extracts as samples so direct comparison for compounds and their concentrations were not
possible.However, a number of compoundstected irprior literature that were not detected in
our studywasprobably because of differendesgreen tea samples because athe differences
in the samplextraction and preparatiolhe current studis an effort to understand volatile
compounds in brewed green tesedfor consumption.Furtheranalysiss needed to determine

compounds presein other green teas, ages of tea, and processing methods
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CHAPTER 5 - Sensory Descriptive Evaluation: Brewing Methods

Affect Flavor of Green Tea

Commercially available green tea products provide various brewiegtidins based on
the ted@s type, origin, purpose, etclhe 1avorand basic taste of green tea may wahgnusing
different brew stylesThe objective of this studyg to describédlavor changes of green tea when
it is prepared with differerwatertemperatures and brewing time&reen tea samples were
brewed at 3 different temperature levels (50, 70, and 95°C) for 1, 2, 5, and 20 min using 3
different green teas from Kored&lighly trainedpaneliss participated in the descriptive sensory
analysis usig a previously developed green tea lexic@anonical Variates Analysis (CVAS
used to compare green tiavor for eachcombination of brewing time and temperatuVA,
across all 3 green tea samples at 12 different brewing temperature and timeatiomi
suggested that brown, browelated attributes (ashy/sooty, burnt/scorched), bitterness, and
astringent become stronger; and green and gedated attributes (green beans, spinach)

become weaker as the brewing time and water temperature inttrease

Introduction

Constituents such as catechins, caffeine, tannin, amino acids and free sugar in green tea
contribute to thélavor. Especially, catechins are known to contribut&@/5% ofbitterness
andastringencyChen and others 2002; Choi 2002)affeine has a bitter tas(gamanishi
1990)and tannin has a strong astringent or pungent fa&trs 1935) Amino acids are
responsible for brothy taste and free sugars contribute to swe@tiadsgiawa 1975)

There is some evidence that brewing terapee and length may influence the extraction
of aforementioned constituentB) a study conducted to determine how different brewing
conditions change green tea constitugmtsearchers found that the amounts of tannin, free sugar
and total nitrogen igreen tea increased as the water temperature and brewing time increased
(Lee and others 1989Research studying the caffeine content of brewed coffee, black tea and
green tea found that caffeine content in green tea markedly increased as the watatusnper
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increasedKwon and others 1990)n the same study, researchers used 100°C to compare
brewing time and found a minimal effect on caffeine content of theGa#eine has a bitter
taste(Yamanishi 1990)hus, from this study it can be determinkdttthe bitterness of green tea
increases as the brewing water temperature increases.

Green tea is considered a functional food with catechins providing the majority of the
antioxidants in green tea and the potential health beifigfitss 2001; Kumar anothers 2009)
Thus, green tea products in some countries
6good for your healthd on their packages; s
consumers could potentially receive through consumgtiaheir product.As therelease of
catechins into brewing water can be affectedi@®temperature of brewing water atia
brewing time, the health benefits of green tea can depend on the brewing méimaglssome
green tea products recommend usingitig water and & minutes brew for maximum health
benefit, which may result in bitter and astringent green tea.

However, consumers are not willing to trade taste for food functiorfssbeke 2005)

If this applies to green tea, consumers wouldempdy the bitterness and astringency of green tea
that could occur when tea is brewed with boiling water for a longer(tiseand others 1989)
even though it might be healthier for theffhe literature suggests that different brewing
methods may resuith differentflavors for green te@im 1996; Choi 2002) Therefore how the
flavor of green tea changes at different brewing conditions is imporfdiugh there has been
limited research on the subject.

Researchers have sought to find optimal brewimditions using green tea badang
and others 200&)nd loose green tea leaése and others 2008)Jsing tea bags, researchers
found that soluble solids, phenolics, and flavonoids in green tea increased when the temperature
of the water and the bréng time increasedUsing physicochemical and acceptability data
authors concluded that optimal brewing methods are a combinatior83°Z3vater and 5:8.3
minutes of brewing timé@Jang and others 2006)

Using loose green tea leaves, a total of rE&2g tea preparation methods (2 water
temperature points for 6 brewing lengths) were studied using consumabquetight scaling
(Lee and others 2008Researchers recommended optimal brewing at 60°C for 3 minutes or at
80°C for 1 minute based dhejust-aboutright evaluation from consumernterestingly, 70°C,

one of the commonly recommended temperatures for brewing green tea leaves was not used in

88

be

om



the researchAfter the consumer study, tea brewed using the two recommended temperatures
was analyed by a descriptive sensory panel who found that these two brewing methods
discriminated among green tea sampldsfortunately, green teffavor of only two brewing
methods was described@hus, it appears théiivor of green tea brewed under different
conditions needs more thorough research.

The objective of this study was to descrila@or changes of green tea when prepared

with different water temperatures and brewing times.

Materials and Methods

Tea Samples

Three Korean commercial green tea pradueere selected as samples becausieenf
availability in large quantitiefor the same harvest date and processiethods Two samples
were obtained fromAmorePacific Co.(Yongin, Korea), a major green tea producing company
in Korea.Sulloc TeaDuksu (Ouksu)is a high grade green taadSulloc Tea Soon (Soois)a
medium grade green te&reen teas made with tea leaves harvested earlier in the season
generally have higher amino acid contents amatonsidered as higher gratias The third
sampé, Myungsul Sejac (Sejaayas obtained fronvlyungsulwor(Suncheon, Korea) antlis a
high grade green teall three samples were in leaf form because that form is commonly used
for green tea brewing in Asian countries and is more appropriate todesftehts of brewing
length. The green teas in tea bags is processedirelg chopped to releagtavor and nutrients
in a shorter time and may not be appropriate for testing different lengths of brewing time.
three green tea samples, with a norstalf life of 2 years, were stored at 4°C before being

tested and evaluated within three months of packaging.

Tea Preparation
Packaged green tea samples were taken from the refrigerator and allowed to reach room
temperature to prevent dew from collectoigthe tea leaves when the package was opériesl.
tea samples were prepared using a small white porcelain tea pot (approximately 350mL in
volume), a porcelain strainer, and a porcelain bowl, warelwidely used in Asian countries to
brew teagKim 1996 Choi 2002) In addition, using porcelain equipmenilwot impart any

additionalflavors to the tea. Reverse osmosis, deionized, carbon filtered water was heated to
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brewing water temperatures and used for warming the pot prior to brewing thWddeaing is

typical procedure of brewing tea and was done to prevent the acute temperature of brewing water
from dropping. After warming the pot, the water was poured into the bowl to warm the bowl;

Ten grams of tea was used with 3 different water tempesatune 4 different lengths of brewing

times resultingn 12 different combinations.

Three different water temperatures represented hottapawa at JShee@at 70eC
commonly recommended temper at ur e Hrewingtinese wi ng;
were 1, 2, 5, and 20 mlang. One, 2, and 5 migre the most commonly recommendédewing
timesfrom various package direction# addtion, 20 minutes wsadded to examine an
extreme length of brewing timeAll three of the green tea samples were prepared tisaif
different brewing combinations and each tea was evaluated in tripliChgstea was placed in
the teapot, followed b800mL of water athe desired temperatusettingand then brewed for
the appropriate length of tim&Vhile the tea was brewing, the pot was swirled clockwise 10
times within the first minute to assimilate the typical brewing of #&fter the first mirute, the
teapot was left undisturbed until the brewing time cea3éa. brewed tea was then poured
through a strainer into the warmed bowpproximately 45mL of brewed green tea was poured

into each pravarmed white porcelain tea cup.

Panelist
Six highy trainedpanelistdrom the Sensory AnalysiseGter at Kansas State University
served as the panel in this studyhe paneliss had completed 120 hours of general training and
had a minimum of D00 hours of general sensory evaluation experiences ingladvariety of
beverages including green tea and vegetaldibss panelwas similar to the panel that developed
a standardized green tea lexi¢gbee and Chambers 2007)

Serving Procedure and Sample Evaluation
Green tea samples were coded with thtige random codes and served one at a time.
The same sample was prepared a second time, 5 min later, to ensure a warm sample for the
paneliss to evaluateEach evaluation session lasted 1.5 h with 15 min for each sample
evaluation. Paneliss used unsaltecrackers (Unsalted tops premium saltine crackers, Nabisco,
East Hanover, NJ) and reverse osmosis, deionized, céltered water to cleanse the palate
before evaluating the next sampleEhe panel had three 98@inutes sessions for orientation and

9C



evalwated all three samples for 12 conditiongighteer®0-minutes sessionslhe standardized
green tedlavor lexicon(Lee and Chambers 200Was used for the descriptive analysis in this

study.

Test Design
The effects of two factors, water temperature 7&D),and 95°C) and brewing time (1, 2,
5, and 20 minui®)) were studied for the brewing of green t#a3 x 4 factorial design was used.
A total of 12 design points were evaluated in triplicate. Design points were evaluated in random

order within each m@icate.

Data Analyses

The main effects of water temperature and brewing time, and the interaction between
water temperature and time were studied using PROC GLM, LSMEANS statementfn SAS
(Version 9.1; SAS Institute, Cary, NC, U.S.AMultivariate Analysis of Variance and Analysis
of Variance vasconducted using PROC GLM in SA%ohnson 1998)Canonical Variates
Analysis (CVA) was conducted to show the significance among samples and brewing method
combinations using canonical space with confidence negisAS PROC CANDISC).Ninety
five percent confidence spherose r e cal culgahed wéienge &EO. 05,
dimensions), and n=number of observaij@dohnson 1998)CVA biplots give visual
information on data for easier understanding of overall differences or similarities among
products. Circles infigures denote 95% confidence spherowdisen 2 circles are overlapping,
they are not statistically different at 95% confidence leVéle distance between circles shows
differences among samplek other words, if one sample is quite different fromtheosample,

the distance between these 2 circles will be further apart.

Results and Discussion
Of 31green teflavor attributes in the standardized greenftagor lexicon(Lee and
Chambers 2007pnly 22 attributes were detected in the three sampléss study: green,
asparagus, celery, green beans, green herb, parsley, spinach, brown, ashy/sooty, burnt/scorched,
citrus, grain, medicinal, musty/new leather, nutty, seaweed,-$ikaytobacco, bitter, astringent,

toothetch and sweet aromatics.
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All multivariate statistics and F approximations for CVA were significant (e.g. both
Wi | g andtheHotelling-Lawley trace had ®alues less than 0.00001) which shows similarity
to the univariate analysis where all attributes were significéhe first and second CVs were
plotted separately for each green tea product (Figijeo simplifythe plot. The first canonical
variate dimension explained 54.65%loé¢ variability in the sample meaasd the second
dimension explainednotherd.95% ofthevarialility. It is evident from CVA biplots thdtavor

of green tea changes as water tempeesaind brewing length change.

Effects of Water Temperature and Brewing Time
Bitter and brown were explained mostly in G\ptobably becausatensities of

bitterness and browftavor notediffered markedly when different brewing methods were used.
The intensities of bitterness and brown note increasdmb#mvater temperatussand brewing
times increased and the differences were almost 6 pom&d to 15 scale, which is much larger
than the change of other attributes (Table 5.1, 5.2, and G\&) explained mordlavor terms

than CVland included termsuch as green, asparagus, celery, green beans, gredikderb
spinach, ashy/sooty, seaweed, stié&, tobaccoseaweed and sweet aromatics attribu@g1
and CV2 explained almost the sawaiability for parsley, citrus, medicinal, nutty, toe#tch

and burnt/scorched.

Water Temperature and Brewing Time Interaction

Twenty attributes had significant interactions with water temperature and brewing time:
green, asparagus, celery, green beans, grebdike, parsley, spinach, brown, ashy/sooty,
burnt/scorched, citrus, grain, medicinal, musty/new leather, nutty, tobacco, bitter, astringent,
toothretch and sweet aromatic®nly seaweed and stralike did not show significant
interaction between wategmperature and brewing time, but main effects for both factors were
significant.

However, interactions of asparagus, celery, greenlierbparsley, ashy/sooty, citrus,
grain, medicinal, nutty, tobacco, sweet aromatics may not be meaningful becaessttitages
were perceived only in some of the samples of each brewing method.

Figure5.2 shows some important interactidretweenwvater temperature and brewing
time: green, spinach, green beans, brown, burnt/scorched, musty/new leather, bitteengstring

andtooth-etch. As expected, the highest intensity was reached at different temperxaitinias
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Table 5.1 Mean Scores 0OuksuGreen Tea Sample At 12 Brewing Conditions Differing Water Temperatures an8rewing

Time.
50C 70C 95 C

Attributes Imin | 2min | 5min | 20min| 1min | 2min | 5min | 20min | 1 min | 2min | 5min | 20min
Green 2.08 3.25 4.42 4.00 3.56 3.81 3.56 2.47 4.64 3.47 2.72 2.47
Asparagus 0.00{ 0.00 0.50| 1.03| 0.00| 0.0 1.06| 0.00/ 0.00f 000| 0.00| 000
Celery 0.00 0.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Green beans 0.00 0.00 0.69 0.00 0.56 0.56 1.08 0.00 0.91 0.83 0.00 0.75
Green herbike 1.06| 0.72| 000| 0.00f 0.72f 000, 0.00f 0.00, 0.00| 0.00f 0.00f 0.0
Parsley 0.00 0.00 0.00 0.00 0.00 0.89 0.00 0.00 0.67 0.00 0.00 0.00
Spinach 0.89 1.94 2.83 2.08 1.69 2.69 1.55 1.72 2.75 2.19 2.08 1.14
Brown 0.00 0.92 1.67 4.14 0.86 1.81 3.83 5.64 2.25 4.36 5.75 6.08
Ashy/Sooty 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.64 1.89
Burnt/Scorched 0.00 0.00 1.03 3.25 0.00 0.75 2.94 4.89 1.56 4.00 4.78 5.81
Citrus 0.00f 0.00f 0.00/ 0.00f 0.00f 0.00f 0.00, 0.00f 0.00f 0.00f 0.00f o0.00
Grain 0.00 0.00 0.00 0.61 0.00 0.00 0.00 1.06 0.00 1.33 0.00 0.00
Medicinal 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Musty/new leather| 0.00| 0.00f 0.00{ 0.89| 0.00f 000 0.00 0.78/ 000 0.61| 2.00] 0.00
Nutty 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Seaweed 0.00 0.53 1.25 1.56 0.00 0.00 1.64 0.92 1.73 0.75 1.56 0.81
Strawlike 0.00 0.00 1.50 0.72 0.97 1.25 1.72 2.19 1.53 1.94 1.78 1.75
Tobacco 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Bitter 3.31 5.72 6.72 8.78 431 5.86 8.69 9.11 6.61 8.42| 10.06| 10.11
Astringent 0.00 1.06 1.75 2.50 1.03 1.86 2.83 2.81 2.11 2.69 3.22 3.28
Tooth etch 0.00 0.58 0.97 1.69 0.00 0.78 1.81 1.97 1.47 1.83 2.00 2.11
Sweet aromatics 0.67 0.00 0.00 0.00 0.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Table 5.2 Mean Scores of Sejac Green Tea Sample At 12 Brewing Qbtions Differing Water Temperatures and Brewing

Time.
50C 70<C 95

Attributes Imin | 2min | 5min | 20min | I1min | 2min | 5min | 20min | 1 min | 2min | 5min | 20min
Green 2.67 3.58 4.67 2.92 3.96 3.89 2.94 2.08 3.86 2.28 1.69 1.44
Asparagus 0.00 0.50 1.19 0.83 0.67 0.81 0.00 0.00 0.81 0.00 0.00 0.00
Celery 0.00f 0.00f 0.00/ 0.00f 0.00f 0.00f 0.00, 0.00f 0.00f 0.00f 0.00f o0.00
Green beans 0.67 0.94 1.81 1.25 1.00 1.31 0.92 0.97 1.86 0.75 0.97 0.50
Green herbike 0.00 0.00 0.00 0.00 0.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Parsley 0.00{ 0.00 000| 000| 0.00f 000| 0.000 0.00f 0.0 0.00{ 0.00 0.00
Spinach 1.72 2.08 2.08 1.64 1.67 2.22 1.89 1.44 1.42 1.42 1.39 0.97
Brown 0.83 1.75 2.83 5.36 2.38 2.89 4.42 6.28 3.97 5.72 6.58 6.97
Ashy/Sooty 0.00f 000| 0.00f 000| 0.00f 000 000, 0.89] 000 1.42| 0.50| 1.08
Burnt/Scorched 0.00 0.00 1.33 3.78 0.00 2.03 3.28 3.72 2.81 4.08 4.81 4.81
Citrus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Grain 0.00f 000| 0.0 1.25| 000, 0.00| 061 000| 092 1.03] 050/ 000
Medicinal 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Musty/new leather|  0.00 0.00 0.00 0.00 0.00 0.56 0.00 2.67 0.00 1.28 0.64 1.00
Nutty 0.00 0.00 0.00 0.58 0.00 0.00 0.00 0.89 0.56 0.69 0.58 1.78
Seaweed 2.17 2.61 3.33 2.72 3.33 2.64| 4.22 2.92 3.22 3.06 3.94 2.00
Strawlike 1.19 1.11 2.06 2.28 1.67 1.94 1.92 2.22 2.22 2.33 2.75 2.14
Tobacco 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.58 0.00 1.06 0.00 2.56
Bitter 3.78 5.03 7.36 8.97 5.38 7.03 8.28 9.50 7.92 8.94 9.69| 10.03
Astringent 1.17 1.26 2.06 2.92 1.50 2.36 2.64 3.42 2.17 2.97 3.50 3.83
Tooth etch 0.00 0.53 1.03 1.72 0.50 1.58 1.61 1.99 1.06 1.83 2.31 2.14
Sweet aromatics 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Table 5.3 Mean Scores ofSoon Green Tea Sample At 12 Brewing Conditions Differing Water Temperatures And Brewing

Time.
50C 70 C 95 C

Attributes Imin | 2min | 5min | 20min | 1min | 2min | 5min | 20min | 1 min | 2min | 5min | 20min
Green 256 2.76/ 353/ 339| 353 383 318 236, 331 3.17 1.94 1.94
Asparagus 0.00 0.00| 0.0 0.00 0.00 0.89| 0.60f 0.00 0.00 0.00| 0.0 0.00
Celery 0.00 0.00| 0.00;f 0.00f 0.00f 0.00f 0.00f 0.00f o0.00f 0.0 0.00| 0.00
Green beans 0.58| 0.65| 1.41] 1.9 1.32 1.08 144, 1.19| 0.97 1.31 1.21 1.03
Green herbike 0.00| 0.00f 0.00f 0.00f 0.00f 0.00f 0.00{ 0.00f o0.00f 0.00f 0.00{ o0.00
Parsley 0.00 0.00 0.00 1.25| 0.62, 0.00 0.00 0.00 0.75| 0.00 0.88| 0.50
Spinach 0.89| 1.32| 2.06| 161 1.97| 2.08 1.62 1.22 1.67| 211, 0.88 1.53
Brown 0.97 1.47| 247, 4.19 194 228, 3.06| 6.06/ 3.42| 4.08| 6.18] 6.68
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Ashy/Sooty 0.58 0.00 1.59 1.17 0.00 0.58 0.62 181 0.94 1.50 1.47 0.00
Burnt/Scorched 0.00 0.00 1.15 2.39 0.00 0.86 1.85 5.33 0.97 3.75 4.74 5.62
Citrus 0.00 0.00 0.00 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Grain 0.00 0.00 0.00 0.81 0.00 0.00 0.91 2.22 0.00 1.28 2.00 0.71
Medicinal 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50
Musty/new lether 0.00 0.00 0.00 0.64 0.00 0.00 0.00 2.58 1.39 1.03 1.29 4.03
Nutty 0.00 0.00 0.00 0.94 0.00 0.00 0.00 0.58 0.00 0.00 1.74 1.41
Seaweed 1.39 1.74 2.38 1.00 1.53 1.89 1.09 1.75 0.00 0.00 0.76 0.00
Strawlike 0.78 1.35 1.38 1.78 1.59 1.75 2.00 2.00 2.03 1.89 2.26 2.21
Tobacco 0.00 0.00 0.00 1.42 0.00 0.00 0.85 0.64 0.00 0.00 0.00 0.00
Bitter 3.39 3.35 6.18 8.17 4.94 5.78 6.65 9.67 6.17 8.11| 10.15] 10.53
Astringent 1.25 1.35 2.53 3.50 2.06 2.36 274 431 3.22 3.17 4.59 4.74
Tooth etch 0.75 0.59 1.62 1.97 1.15 1.69 1.93 2.61 1.76 1.92 2.85 2.94
Sweet aromatics 0.75 0.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Figure 5.1 Canonical Variates Analyses oDuksu, Sejaand SoonBrewed Differently for

Water Temperature® and Brewing Time®
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Thecolors of line reflect the water temperature "The line styles reflect brewing time.

S0 1 min

e 2 min

— »CT - 5 min
20 min

eachlength of brewtime for greenrelated attributes such as green, spinach, and green beans.
Thehighest intensity was reached more quickly with higher brewing tempesanadhen
decreasedThis suggestthatflavor compounds responsible for greeatedflavors are leached
from the leaves fairly quickly and then dissipatéis leaching occurs faster at higher
temperatures.

Interestingly, for brown, burnt/scorched, bitter, astringent, and tootHetdhtensity
increased as the water temperature and the length of brew incréaseduggests that more
compounds responsible for thavor notes related to processing in green tea (brown and
burnt/scorched) and those potentially related to the fumaticomposition (bitter, astringent, and

toothetch) continue to be leached from the leaves as the samples brew. Musty/new leather was

98



only detected at the longest brewing time (20uteg at 50°C and 70°C Musty/new leather
was detected at all brewinignes with 95°C water, and its intensity increased as the time of
brewing increasedThis finding indicates that the compound responsible for thiflafbr note
is only released at high temperatureatong brewingtime. This givesone possible reasdhat

thebrewing of green tea ilecommendd at lower temperatutevels

Water Temperature

Because modtavor attributes had an interaction among water temperature and length of
brewing, only seaweed and striite are discussed for water temperatuvéhen green tea was
brewed with 50°C or 70°C water, thkavor intensity of seaweed did not changd¢owever,
when 95°C water was used for brewing, the intensity of seafleeat in the tea was
significantly lower than the intensity of tea brewed with 50%70°C water. The intensity of

strawlike flavor increased as the water temperature increased

Length of Brewing

The intensity of the seaweéldvor note was highest when green tea was brewed for 5
minutes. One, 2, and 20 minutes of brewing time of ¢glneen tea resulted in a similar intensity
for seaweed note, suggesting that the compounds for seflaxamdake time to become
apparent, but then dissipatéhe intensity of stravlike flavor did not change with 1 or 2
minutg(s) of brewing and then imeased to a higher level at 5 and 20 minutes

Green Tea Products

Bitter, brown, burnt/scorched and astringent were markedly affected by the brewing
methods.Generally, green tea brewed at 50°C for 1 minute, at 50°C for 2 minutes, and at 70°C
for 1 minutehad low to moderate intensity for bitterness and diheor attributes. Green tea
brewed at 50°C for 20 minutes, at 70°C for 20 minutes, at 95°C for 5 minutes, and at 95°C for 20
minutes had a moderate to high intensity for bitterness and low to medeeatsity for the rest
of attributes.

All three green tea samples had distiitetors regardless of how they were brewed
(Figure5.1). Ouksuhad more greerelated attributes but did not have citrus, medicinal, nutty,
and tobaccdlavor in any brewingnethod (Tablé.1). Sejachad more brown, asparagus, and
seaweed notes than the other samples and did not present celery, parsley, citrus, medicinal, and
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sweet aromatics (Tab&2). The Soonproduct was more astringent and toothetching and had
more ashisooty and musty/new leathiavor than the other sample#lso, the panel did not

find celery and green hetlike flavor attributes in th&soonsamples (Tablé.3).

Figure 5.2 Interaction of Water Temperature® by Brewing Time for Green, Spinach, Green
Beans, Brown, Burnt/Scorched, Musty/New Leather, Bitter, Astringent, and Toothetch
Attributes”®.
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Bitter Astringent
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15 = extreme.

Recommendation

Brewing methods using different water temperatures and length of brew result in
different flavors in green tea liquorConsumers may brew green tea using/60C water for 1
to 5 min aad have more greemlatedflavor, less browrrelatedflavor, and low to moderate
bitterness in their green tea with no-évor such as musty/new leather and medicinal.
Brewing green tea longer than 5 min and/or usirffC9bater may result ia stronge brown
relatedflavor than greefrelatedflavor. Also, brewing green tea longer than 5 min and/or using
95°C water may result in bitter and astringent tea. In some gregitewing at 95C or longer
than 5 min may inducamusty/new leathdtavor and brewing at 95C for 20 min may cause
off-flavor such as medicinal. Green tea retailers may use this information to recommend proper
brewing direction for consumers so that consumers can axeathg off-flavor while brewing.
Readyto-drink green teananufacturers may brew green tea &7€r 1 or 2 min to obtaia
like flavor profile to green tea brewed using&0or 2 or 5 min with no risk of inducing off

flavorsduring brewing.

Conclusion
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The flavor of green tea changed when different brewinthats were usedGreen
related flavors are leached promptly and then dissipsdanater temperature increase
bitterness, astringency, and toatth increaseAt high brewing temperatures, browlavors
overtake greeflavor notes that should be pes# in green tealncreasing brewing time also
provides similar results, depending in part on brewing temperature, with bilawar, bitter,
astringent, and tootatch intensity increasing as brewing time lengghéviusty/new leather
note was only relesed at high temperature atong brewingtime, which may be a reason wity
is recommended thgtreen tede brewed abwer temperaturesMost green tesin leaf form
should be brewetbr 1 to 5 minusing50-70°C water. This information can be usedfiad at
optimal brewing condition by green tea consumers, green tea retailers, and RTD green tea

manufacturers depending on wiflavor characteristics they desire from green tea.
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CHAPTER 6 - Sensoryand Instrumental Flavor Changesof Green

Teawhen Brewed Multiple Times

Green tea leaf formcanbe brewed multiple timeddowever, the aroma and flavor
changes of green tetsat have beehrewed multiple times are unknowithe objectives of this
study wereto determine howhearoma andlavor of green teashangehe moretimesthey are
brewed, to determine i& relationshipexistsbetween green tea flawsandgreen teaolatile
compoundsand todeterminethe number of times that green tea leaves can be brewed.

The first and second brews grieen tea samplgsovidedsimilar flavor intendies The
third and fourth brews provided médflavors and lower bitterness and astringency when
measured using descriptive sensory analysishdbrewed liquor of green teaastly linalool,
nonanal, geraniol, jasmone, aoibnone volatile compoundsere present at low leve{gsing
Gas Chromatographylass Spectrometry)The geraniol, linalooj and linalool oxide compounds
in green tea may contribute the floral/perfumy flavor.

Green teas in leaf form can be brewed fiomes: the first two brews providing stronger
flavor, bitterness, and astringency whereaghivd and fourth brewsvill provide milder flavor,
bitterness, and astringencyhis researclprovides a basis for future research on multiple brews

of green tesa.

Introduction

Flavor, aromaand appearance are the basic sensory comparfegrsen tegUkers
1935) Green tea is consumed by magmgopleliving in Asia for its flavor, cultual connotations,
and health benefitsRecently Western countries are enaloing green tea as a beverageause
of thepossible health benefi{fBuss 2006) In addition to the healtbffectsof green tea,
researchers have studied the flawafrgreentea usinglescriptivesensory method%'amanishi
1977; Park and others 199@rR and others 1998; Park and others 1988cently,a green tea
lexicon was developeelvaluating over 100 green tea samgfeark and others 1999The

aromatic volatile composition of green tedsohas been studiegktensively by researchers
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(Yamanshi 1978; Kawakami and Yamanishi 1983; Choi 1991; Choi 1995; Shimoda and others
1995a and 1995b; Kumazawa and Masuda 2002; Hattori and others 2005)

While the results of previous researcls haen valuable, researchers evaluated only the
first brew of grea tea It is generally believed in Asia that a high quality green tea can be
brewed multiple timesA Chinese poet sang about tea drinking and mentioned the first through
the seventlorew (Ukers 1935) Many premium andligh endproducts sugge$irewingtheir tea
multiple times(up to5 timeg in thebrewingdirectiors. Kim (1996)suggested that green tea can
be brewed up to 3 timesdowever, sme of the literature on the multiple brewing of green tea is
contradictory. Several researcherecommendising fresh leaves or a tea bag when wanting
more tea instead of usirayeadybrewed tea leaves omawtea bag andtatel that used leaves
do not provide muciorethan a little bitternes&Schapira and others 1982)his may be true
for green tedagsbecausesuchproducts are processegdecificallyto increase the surface area to
extractthe flavor and nutriestquickly. But no such study has been made on the similar
properties of green tea that is brewed from tea leaves

A limited number of researchehave reported orteas that have bedorewed more than
once(Hicks and others 1996; Byun and Kim 2008he oncentratios of caffeine,
theobromine, and theophyllimeeremeasuredn tea samples brewedignes(Hicks and others
1996) The percentage obffeine released in each brew of tea decreased as they were brewed
repeatedly.However theflavor and aromahanges of green tea assitorewedepeatedly were
notdiscussedn the research literature

Investigatinghe aroma and flavor characteristiobgreen tea liquarthat have been
brewed repatedy can help determine how many times green teas carele=d for
consumption.No literature was found indicating hatve aromaticvolatile compounds anithe
flavor characteristicehange when green teabrewed multiple timesThus,the objective®f
this study were tol) determindnowtheflavor changes as green tedrewedmultiple times 2)
determine how the aromatic volatile compounds change as green tea is brewed multiple times, 3)
relate the decriptiveflavor analysis of green tea flawato thearomatic volatile compousdiata
at each brevand 4) suggest the number of times that green tea leaves can be brewed and still

maintaintheir major flavor notes

Materials and Methods
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Tea Samples

Descriptive SensgrEvaluation

Six green tea samples were obtained frbdifferent Korean green teaanufactures

(Table6.1). These were selected basedhwailability, package directionsavingvariousbrews

recommendecdand teaquality. The tea quality wasased orits retail price with higher prices

reflecting higher tea quaikts (Hattori and others 2005)All six samples are considered either

premium or high quality.

Table 6.1 Product Name, M anufacturer, Harvest Date, andPrice for Green TeaSamples

Evaluated.
Green Tea Manufacturer | Harvest | Retalil Price Retail Recommended
Samples Date (KRWY Price Number of brew
(USD?
1009)
DeahanUjeon | Daehan Tea | ~ April 20 | 70,000/1009g 69.14 Up to 3 times
DaehanUjeon | Daehan Tea | ~ April 20 | Not available n/a n/a
wild for retail sale
lllohyang Amorepacific | ~April5 | 100,000/60g| 164.62 | Multiple times to
taste
Myoungjeon | Myoungsul ~ April 20 | 150,000/80g| 185.19 4-5 times
Cha
Ouksu Amorepacific May 26 20,900/80g 25.80 2-3 times
UjeonOkro Hwagae Jeda | April 16 50,000/409g 123.46 n/a

1Korean Won

’Exchangeate USD 1.00= KRW 1012.46(average exchange raéetime ofdonation or

purchase)

3United States Dollar

“Not available
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Tea Preparation and Serving Procedure

Ten gransof eachgreen teaample vasplaced inawarmed porcelain tea pofthen 300
mL of 70°Creverse osmosis, deionized, carbiittered water was added to the pokhe tea was
brewed for 2 min andvhile it brewed, the pot was swirldd times. The ea wa poured
througha porcelain strainer and served in wipiarcelaintea cug. Thelnternational
Organization for Standaihtion (ISO 3103 19803uggestedhe porcelain tea wares to maintain
aconsistent resultAfter thefirst brewthetea leavesemaired in the pot.Brewing was repeated
until a total of fivebrews from the same tea leaves] beernested. Becausef the nature of
multiple brews the serving order could not be randomizdgachtea sample was randomly
assigned to a day arige 5 brewsof the sametea were served in ordas they were brewed
Betweenteasampls, unsalteetop crackergUnsalted tops premium saltine crackers, Nabisco,
East Hanover, NJ, USAndreverse osmosisleionized, carbefiltered watemwere usedo

cleang the pdate. Three replications were completedahthe samples.

Descriptive Panel

Six highly trained panelists from the Sensory Analyagnterat Kansas State University
served ashepanel. The panelists had completed 120 hours of general trainingdad ha
minimum of 1000 hours of general sensory tesimguding beverages, vegetables, and tea.
Similar panels and testing procedures have been used recently for other products such as UHT
milk (Oupadissakooand other2009) toothpast€Hightower and Chabers 2009;
Suwonsichon and others 2008)matoegHongsoongnern and Chambers 20@8)dcheese
(TalaveraBianchi and Chambers 2008)yhe Sensory Analysis Center uses Compustwse

(Compusense, Guelph, Ontario, Canada) for sensory data collection.

GasChromatography/Mass Spectrometry

Tea Samples

The geen tea samples were prepared in the same manner that they were preplaged for
descriptive sensory analysis panel except for the type of water. Distilled water (Cincinnati, OH,
USA) was used

Extractionof volatile compounds by SPMB-or the extraction otthevolatile
compounds 1@nL of eachgreen tea samplegastransferred int@ 40 mLamberheadspaceial
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(Supleco Bellefonte, PAUSA). Authors used,3-dichlorobenezengSigmaAldrich,
Milwaukee, WI,USA) as an internal standafi@ the quantification othevolatile compounds
from the samplesOnemicro liter of the internal standar@oncentration: 1pg/Kgyas added.
An octagonalmagnetic stir bar (Diameter 8 nxrlength 13 mm; Fisher; PittsburgRA, USA)
andanalytical gradesodium chloride (ca 8; SigmaAldrich) were addedo the vialto helpwith
the extraction An opencenter screw cap with a silicone/PTFE sep{@@mm diameter x.3
mm thickness, Suplec@jasusedto closethe amber vial.Each sample was allowed to
equilibrate at 60°C in &eactiT h e r he&ting block (Pierce Biotechnolagyc.; Rockford, IL,
USA) for 5min. The wlatile odor compounds from the sample were extracted using a
StableFlex 50/30 pm three phase (DVB/CAR/PDNM8ME fiber(Supelco)at 60°C for 20 min.

Gas Chromatography/Mass Spectrometry (BAS)

After extraction the SPME fibewas retracted and the holdeas movedo the splitless
injection port of a 5890 Series@asChromatography (HewlefPackard Cq.PaloAlto, CA,
USA) for manual injection The fiber was desorbed f6rmin and the injection port was
maintained at 225°CThe volatiles were separated onRmx®-5 (Crossbonti 5% diphenyl95%
dimethyl polysiloxang30m lengthx 0.25 mminternal diametek 0.25 mm film thickness)
capillary column (Rstek;Bellefonte, PAUSA). The temperature program for the separation
was as follows40°C for 1 min, B°C/min of ramp rate to 25 and held for 1 minThe total
time was 8.15min. The identification of the@mpounds was done usiag HP 589eries Il
GC/HP 5972 mass selective detector (MSD, HeviRettkard Cqg.Palo Alto, CA USA) with the
following parameterdnterface temperature, 280; ionization energy, 70 eV; mass range, 33
350 a.m.u.; scan rate 2xcans/s.Ultra high purityHelium (AirGas Westpoint, MS USA) was
used ascarrier gas at a constant flow rate of 0.96 mL/mihe mass spectra of thelatile
compounds wereomparedising the Wiley138K Mass Spectral Database (Version B00.00
199Q John Wileyand Sons, IngcNew York, NY, USA). The wlatile compounds were analyzed
in triplicate for each samplel'he Kovatsretentionindices (RI) were calculated to confirtime
identification ofthecompounds.The oncentrations for thgreen teaolatle compounds were
calculatedand reported on the basis of the internal standard concentration
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Data Analyses

The descriptive data were analyzed usimgpeated measures analysis of variance
(ANOVA) to compare the subsequent brews to the first brewinvitach teaample(SAS®
Version9.1; SAS Institute Cary, NC, USA). Themean scores of the volatile compounds
concentration were calculated@o understanthe flavor changes duringiultiple brews,a
principal component analysis was conducted widcovariance matrix using PROC
PRINCOMP statement in the SAS program.

The mean scores of the descriptive analysis and the instrumentdS3@aluation at
each brew weranalyzedusing the partial least square regression (PLSR2; Unscrédngbler
CAMO Software Inc.; Woodbridge, NJ, USAo determine theelationship between the
descriptive data and the instrumental dathis method is used often to determine the
relationship between the instrumental datanfatrix) and the descriptive sensory data (Y

matiix). The @mvariance matrix was uséuthe PLSR analysis
Results and Discussion

Descriptive Sensory Analysis

Twenty-five of theattributes previously reported for green teae and Chambers 2007)
were detected and evaluated for Gheamples tested this study Those attributesere green,
asparagus, celery, green hdike, parsley, spinach, brown, ashy/sooty, burnt/scorched, tobacco,
citrus, floral/perfumy, fruity, grain, medicinal, musty/new leather, nutty, seaweed;lgeaw
sweet aromatics, ther, astringentand toothetch. Some attributegeresimilar tothosefound in
threeotherKorean green teg$§M Lee and others 2008 hese attributewerebitter, floral, cut
grass, roasted grain, dried straw, burnt,laaflastringency The meanores forall 25
attributes are shown in Tabe.

Green, brownbitter,and astringent attributes were perceived throughout all 5 brewings
of the green tea samples with a few exceptions at the fifth fs@mach strawlike, and
toothetchusuallywerepresenin at least the first 3 brews (Tal8e). The intensity of the gen
flavor generallydecreased as the samples were brewed repeaifdutychangén the intensity
of spinach flavor was similar to the pattern of the green flalogeneralthe brown flavor



Table 6.2 Mean scores and separation of flavor attributes in green tea brewed five times

Daehan Ujeon Daehan Ujeon Wild lllohyang
Brews Brews Brews
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Green 403" | 337 | 1.8 | 091 | 0.00 | 267 | 1.64 | 1.4 | 0.8F | 064 | 217 | 1.42 | 150 | 0.94 | 0.5
Asparagus 1.66 | 0.00 | 0.0 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Celery 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Greenbeans | 0.75 | 0.78 | 0.00 | 0.0 | 0.00 | 1.3¢ | 0.0 | 0.0 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Green herdike 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Pasley 0.0 | 0.63 | 0.0 | 0.0 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 [ 0.00 | 0.00
Spinach 1.88 | 134 | 069 | 0.00' | 0.00 | 1.58 | 1.27° | 0.82 | 0.0 | 0.0 | 1.39 | 0.72 | 0.00 | 0.00 | 0.00
Brown 275 | 266°| 206 | 1.1F | 067 | 383 | 358 | 2.09 | 1.17 | 053 | 3.33 | 347 | 169 | 1.00 | 0.69
Ashy/sooty 0.0 | 05¢ | 0.0 | 0.0 | 0.00 | 0.00 | 0.00 | 0.94 | 0.50 | 0.0 | 0.5 | 0.86 | 0.5 | 0.00 | 0.00
Burnt/scorched | 0.8 | 1.09 | 0.000 | 0.0 | 0.0 | 1.17 | 142 | 0.0 | 0.0 | 0.00 | 1.3 | 1.22 | 0.00 | 0.00 | 0.00
Strawlike 1472 | 159 | 1258 | 08P | 0.00 | 1.86 | 1.8F | 1.28 | 0.7Z7 | 0.00' | 1.44 | 1.08 | 0.92 | 0.00 | 0.0C
Tobacco 0.00 | 0.00 | 0.6 | 0.00 | 0.0 | 1.00° | 1.36 | 0.72 | 0.00 | 0.00 | 1.1 | 0.56 | 0.0 | 0.0 | 0.0C
Citrus 0.00 | 000 | 0.00 | 0,00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.75 | 0.0 | 0.00
Floral/perfumy | 0.0 | 0.69 | 0.84 | 0.6 | 0.5* | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.83° | 1.1F | 1.17° | 0.8%° | 0.56
Fruity 0.72 | 0.0 | 0.0 | 0.0 | 0.0 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Grain 0.00 | 000 | 0.00 | 0,00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.64 | 0.00 | 0.0 | 0.00
Medicinal 0.00 | 0.00 [ 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Musty/newleather [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Nutty 0.00 | 0.66" | 0.000 | 0.0 | 0.0 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Seaweed 228 | 056 | 0.00 | 0.00 | 0.00 | 228 | 0.86 | 0.00 | 0.00 | 0.00 | 2.28 | 0.00 | 0.0 | 0.0 | 0.00
Sweet aromatics | 0.57a | 0.00 | 0.0 | 0.0 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.53 | 0.50 | 0.00 | 0.0 | 0.00
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Bitter 6.9° | 738 | 563 | 3.69 | 234 | 6.14 | 6.72 | 522 | 364 | 23F | 6.44 | 6.72 | 547 | 3.60 | 2.47
Astringent 1.8 | 222 | 206 | 1.28 | 05% | 1.87° | 214 | 1.69° | 152 | 0.7F7 | 158 | 2.06 | 2.03 | 1.3 | 1.00
Tooth-etch 08¢ | 1.3°% | 1.06 | 059 | 0.00 | 1.14 | 1.17 | 0.89° | 0.67° | 0.50 | 0.6 | 1.03 | 0.89° | 0.5 | 0.00

Myoungjeon Ujeon Okro Ouksu
Brews Brews Brews
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Green 397 | 236 [ 203°| 164 | 1.1 | 25 | 1.17 | 057 | 0.00' | 0.00° | 4.2 | 424 | 2.77 | 1.62° | 1.47F
Asparagus 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.59 | 0.0 | 0.00 | 0.00 | 0.000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Celery 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 000 | 000 | 0.00 | 0.00 | 0.0 | 0.00 | 0.5 | 0.00 | 0.00
Green beans 1.14 | 0.0® | 0.0 | 0.00 | 0.0 | 0.00 | 0.94 | 0.00 | 0.00 | 0.00 | 0.00 | 1.03 | 0.97 | 0.00 | 0.00
Green herdike 0.0 | 0.00 | 0.0 | 0.0 | 0.64 | 0.00 | 0.00 | 0.00 | 0.00 | 000 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00
Parsley 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 000 | 000 | 0.00 | 0.00 | 0.00 | 1.12 | 0.00 | 0.00 | 0.00
Spinach 208 | 1.92 | 128 | 077 | 000 | 1.78 | 0.00 | 0.00 | 0.00 | 0.00 | 259 | 253 | 0.89 | 0.79 | 0.5¢
Brown 397 | 444 | 236 | 147 | 1.1F | 3258°| 375 | 3.03° | 259 | 1.69 | 2.28° | 2.64 | 1.14 | 1.55° | 0.0¢"
Ashy/sooty 0.00 | 1.39 | 1.06° | 0.67 | 0.00 | 000" | 259 | 263 | 1.8¢ | 1.2¢6 | 0.0 | 0.00 | 0.00 | 0.5% | 0.0C
Burnt/scorched 217 | 233 | 069 | 000 | 0.00 | 163 | 050 | 0.00 | 0.00 | 0.00 | 1.26 | 2.35 | 0.0 | 0.00° | 0.00
Strawlike 1.17° | 2.00 | 1.50° | 0.89° | 0.64 | 1.9G | 1.77° | 1.4 | 142 | 074 | 152 | 1.44 | 094 | 0.7 | 0.00
Tobacco 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 1.06" | 0.94° | 0.50 | 0.000 | 0.0 | 0.00 | 0.00 | 0.65 | 0.00
Citrus 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Floral/perfumy 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Fruity 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00
Grain 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Medicinal 0.00 | 089 | 094 | 053 | 0.0 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.00
Musty/newleather | 0.00° | 1.5¢ | 0.72 | 053 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00
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Nutty 0.0F | 0.56 | 0.00 | 0.0 | 0.0 | 0.00 [ 0.00 [ 0.00 [ 0.00 [ 0.00 [ 0.00 | 0.00 [ 0.00 [ 0.00 | 0.00
Seaweed 419 | 069 | 0.00 | 0.00 | 0.6° | 222 | 0.00 | 0.00 | 0.00 | 0.00 | 1.9 | 0.85 | 0.00 | 0.0 | 0.0C
Sweet aromatics 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.0 | 0.00 | 056 | 0.00 | 0.0 | 0.000 | 0.00 | 0.7% | 0.0 | 0.59°
Bitter 714 | 856 | 6.25 | 475 | 347 | 6.08° | 639 | 567 | 448 | 354 | 699 | 784 | 546 | 393 | 2.69
Astringent 179 | 283 | 200 | 147 | 092 | 132 | 1.79 | 154 | 0.75 | 057 | 1.64 | 1.97 | 1.38 | 0.94 | 0.00
Tooth-etch 08P | 1.78 | 108 | 0.8% | 000 | 053 | 0.8F | 0.66 | 0.00 | 0.0 | 0.5 | 0.8°% | 0.66 | 0.00 | 0.00

Ta-e Means within same row of each green tea sample with different superscripts are different (P < 0.05) when analyzed tesing repea

measures analysis of variance.
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intensity decreased from the seconevbonward. The intensity of brown note in the first brew
and the second brew were not statistically different. The intensity of-Bkedecreased as

green tea was brewed repedlyexceptin the Myoungjeorsamplewherethe highest intensity
occuredn the second brewBitterness increasegignificantlyfrom the first brew to the second
brew inthe DaehanUjeon DaehanUjeonWild, MyoungjeonandOuksusamples.The
lllohyangandUjeon Okrosamples had similar bitternassensitiesn both the first ad the

second brewsAfter the second brew, bitterness decreased significkortlyach brew for all the
samples This is in partial agreement with findings that the percentage of caffeine, wkheh is
majorbitter substance in green tea, found in theeg tea liquor decreased as the tea was brewed
3 times(Hicks and others 1996)he astringency and toothetch had similar patterns to bitterness
with theintensity being the highest at the second brewtheddecreamg slightly with each
subsequent bve

In addition to the green and spinach flavor notes, ottesmgelated attributewere
perceivedasparagus, celery, green beans, greenlileband parsley. The asparagugewas
barely detecteth the first brewin both of theDaehanUjeonandUjeon Okrasamples All the
samples, excepliohyang had green beans barely detectdow levekin the first,thesecond
or thethird brew. The celery was present in the third brevirif Ouksusample. The fifth brew
of theMyoungjeorsamplehada green herHdike note athethreshold level.Parsley was present
in theDaehan UjeorandOuksusamplesn thdar second brew.

Besideghe brown and strake attributes, th@erceivedbrownrelated attributewere
wereashy/sooty, burnt/scorched, and tota Anashy/sooty note was perceived in all of the
samples but mainly in the secorthlird, and fourttbrews. The burnt/scorched flavor was barely
detected, the intensity ranging 0.5 to 2.35, mainly in the first and the second brewbkef all
Koreangreenteas The tobaccattributewas perceived in all the samples other than
Myoungjeonmostly in the second and the third brews.

Otherattributesthat were detected in the sampileduded citrus, floral/perfumy, fruity,
grain, medicinal, musty/new ldéwdr, nutty, and seaweed. The citwes detected in the third
brew of thelllohyangsample. A low intensityfloral/perfumy note was detect@donly the
DaehanUjeonandlllohyangsamplesandwas present from the second brew onwardHer
DaehanUjeonsampleand in all the five brews fahelllohyangsample The Daehan Ujeon

samplewas the onlyoneperceived as havingfruity note,andit only occurredn the first brew.
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Grainflavor was found only in theecond brew of thBlohyangsample. The Myoungjeon
sample was perceived to have medicinal notetlateshold level in the seconthjrd, and fourth
brews. The musty/new leather note was only deteaitedry low levelsn Myoungjeonn the
second brew to the fourth brew. The ndl&yyor wasonly present in the second brewstioé
Daehan UjeorandMyoungjeorsamples. All 6 green tea samples had low seaweed flawor
the first brews anthe Daehan UjeonDaehan Ujeon WildMyoungjeonandOuksusamples
wereperceivedo have seaweed flavor atow level in thér second brewsSeaweed s also
present in the fifth brew dhe Myoungjeorsample. The seaweed flavavasfirst researched
anddocumentedn 1977(Yamanishi 1977and was later defined and referen¢eele and
Chambers 2007%p descibe the flavor of some green teas. However, it was not reported by
researchers who have previously studied Korean gre¢Bkéaee and others 2008;HLee
and others 2008)A sweet aromatics note was present at the threshold level in four of the
samplegDaehanUjeon lllohyang Ujeon OkroandOuksy at various brews.

The favor ofthegreenloose leateasampleshanged wan they werdrewed multiple times.
Generally, the flavor decreased asniienber ofbrews increased in all the green tea samples
the current studyThis trend is shown ia PCA biplot (Figures.1). The first two brewsppear
to provide similaintensitiesof theflavor attributesexcept fortheintensities othe greenrelated
attributeswhich actuallydecreased arthe intensties of bitterness, astringen@and toothetch
whichincreased from the first to the second braWhile flavor attributes and theintensities
decreasedfterthe second brewvthe third brew and even the fourth brew magb@yed by
consumers wherefe amilder flavor and low bitterness and astringemcsheirgreen tea The
fifth brew presented a few flavor notaslow levelsand low bitterness and astringency
suggesting that most of the flavor is gone by the fifth breMso, as shown in Figul, the
flavor change®ccurringduring the multiple brewof green tea is rath@ontinuousand because

the flavos get weaker each time, the change of flavor may appeal to some consumers.

Aroma Volatile Compounds
Fourteen aroma volatile compounds gvatentified and quantified ithe green tea
samples brewed 5 timé$able6.3). There were 2 aliphatic alcohols {&)hexenl-ol and 2

ethyl1-hexanol), 2 aromatic alcohols (benzenemethanol and benzeneethanol), 2 terpene alcohol
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Figure 6.1 Principal ComponentAnalysisBiplot of Descriptive Sensory Analysis of Green
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(linalool and geraniol), 1 aliphatic aldehyde (nonanal), 2 aromatic aldehydes (benzaldehyde and
phenylacetaldehyde), 3 ketonesniéthyt3-penten2-one, jasmone, arfitionong, 1furan

(linalool oxide) and 2 other compounds (1iHdole and lethyt1H-Pyrrole 2-carboxaldehyde

The oncentrations of these compounds are shown in Eablerhe mncentrations othe

volatile compounds in the ment study argenerally lower thathethresholdevelsreported in
previoudy publishediterature. We hypothesize that the reason for this is ¢neen tea

generallyis consumed a& higher temperature wherete typical thresholdevaluationby

previous researcheisas beeronducted at room temperaturalso, thevolatile compounds

teaare present imacomplex matrix of volatilesvhereas reported thresholds aretf@simple
compounds TheKovats Rs calculated based on retention time andiptes reports by other

researchers are shown in Tabl8.

Table 6.3 Volatile CompoundsFound in Six Korean Green Teas and KovatsRetention

Indices

Compounds wovais Rl | Kovats R Kovats R References

calculated reported

4-methyl3-penten2-one 815.8 800 Tellez and others 1999
(2)-4-hexenl-ol 873.3 868 Estimated value in NIST library
Benzaldehyde 985.3 962 Beaulieu and Grimm 2001
2-ethyl1-hexanol 1047.6 1028 Gomez and others 1993
Benzenemethanol 1058.3 1033 Sakho and others 1997
Benzeneacetaldehyde 1058.3 1045 Gomez and others 1993
Linalool oxide 10948 1070 Choi 2003
Linalool 1126.5 1100 Reverchon and others 1997
Nonanal 1122.5 1103 Tellez and others 1999
Benzeneethanol 1140.5 1113 Flamini and othes 2002
Geraniol 12340 1259 Vifia and Murillo 2003
1H-indole 1328.3 1286 El-Sakhawy and others 1998
Jasmone 1421.6 1394 El-Sakhawy and others 1998
b-ionone 1405.4 1482 Gomez and others 1993
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Table 6.4 Average Concentrationsof the Volatile Compounds inSix Green Teas (ng/kg).

Compounds Brew 1 Brew 2 Brew 3 Brew 4 Brew 5
Daehan Ujeon

Benzenemetharo 0.75 2 - - -
Linalool - 0.54 2.01 2.68 -
Nonanal 1.14 1.80 2.10 3.85 1.01
1H-Indole 0.56 - - - -
Jasmone 0.63 - 1.69 2.03 -
Daehan Ujeon Wild

2-Ethyl-1-hexanol - 0.36 - - -
Benzenemethanol 0.53 0.66 - - -
Linalool - 0.60 - - -
Nonanal 0.63 0.77 0.96 - 1.05
1H-indole - 0.85 - - -
Jasmone - 1.06 - - -
lllohyang

(z)-4-Hexen1-ol 0.44 0.29 - - -
Linalool oxide 0.63 0.51 - - -
Linalool 1.82 1.87 2.34 1.55 1.16
Nonanal 0.57 0.47 0.75 0.54 0.78
Geraniol 2.57 3.04 2.90 2.52 1.50
Jasmane 0.53 0.63 0.60 0.45 -
Myoungjeon

4-methyl3-pentenr2-one 0.22 - - - -
Benzaldehyde 0.14 - - - -
2-Ethyl-1-hexanol - - - - 0.70
Benzeneacetaldehyde 0.36 - - - -
Nonanal - - - - 1.68
Jasmone 0.40 - - - -
Ouksu




4-methyl3-penten2-one 041 0.38 - - -
Benzeneacetaldehyde 0.27 - - - -
Linalool - - 0.49 - -
Nonanal 0.27 0.58 0.69 - 1.21
Geraniol 0.19 - - - -
Jasmone 0.52 0.39 - 0.57 -
b-lonone 0.36 0.55 0.37 0.29 -
Ujeon Okro

4-methyt3-penten2-one 0.59 - - - -
Linalool - 2.13 1.44 0.97 1.06
Nonanal - 1.52 0.74 0.97 141
Benzeneethanol - 0.68 - - -
Geraniol - 1.12 0.71 0.48 -
Jasmone - 0.8 0.55 0.40 -
b-lonone 0.35 - - - -
*Not detected

The compoundz)-4-hexenl-ol was present in thdohyangsample at the first and the
second brewsHowever, no literature on green tea volatiles reported this compound and no
information regardinghearoma or flavor characteristics svéound.

The compoun@-ethyl-1-hexanol was detected in tBaehan Ujeon Wildampleat the
second brew and in thdyoungjeorsampleat the fifth brew only Theconcentratioaof the
compound in these two samplesreat0.36ng/kg and 0.72g/kg respetively. It was
previouslyreported in a Japanese green(téattori and others 200But no other literature has
reported 2ethyl1-hexanol in green teaslt has a mild, oily, sweet and slight rose fragrance
(Ash and Ash 2006)

Benzyl alcohol (benzener@nol) was found ia few brews othe Daehan Ujeon Wild
Teasampleandthe Daehan Ujeorsample It has a faint aromatic od¢Ash and Ash 2006nd
has previously been found in Korean (Baptista and others 1999phenethyl alcohol
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(benzeneethanol}s a floral and rose odphsh and Ash 2006nd wadoundin the second
brew of theUjeon Okrosample.

Linalool has been reported in green tea by many other reseafBlaptssta and others
1999; Hattori and others 2005; Choi and others 2003; Liangthedsd2008).As expected ti
was detected iall five samples exceplyoungjeorandwas present in more thémree
consecutivdrews in theDaehan Ujeonlllohyang andUjeon Okrosamples However the
trend of changgin the concentratioror repeated tewsdiffered among these samples.
Linaloolé odor is similar to bergamot ¢iAsh and Ash 2006nd citrugCzerny and others
2008) It is detectablata levelas low as 0.08Z2g/Kg and recognizablatas low as 0.12g/Kg
(Czerny and others 20Q8yhich both are muclower than our findings ranging from 0.49 ng/kg
to 2.34 ng/kg.

Geraniolis anotheterpene alcohol and has a geranium d¢ésh and Ash 2006)It was
found in thelllohyangand theUjeon Okrosamples.The oncentrations of geraniol ihese two
samples were the highest in the second brew and declined as they were brewed repeatedly.
Geraniolhas beenfound canmonly in green tea@aptista and others 1999ls thresholds were
reported as 1&g/L for detection and 2.86g/L for recognition(Czerny and others 20Q8)

Nonanal was present in all 6 samples in our studiywever,theconcentrations of
nonanal in each brew did not have any perceivable trierichsatallow, fruity (Rychlik 1998)
strong, fatty odofAsh and Ash 2006Xxitruslike and soapyCzerny and others 2008ts
detection threshold was reported ase. andits recognition threshold was reported as 8.0
eg/L (Czerny and others 20Q8Yhe ronanal was reported in a Koreewmmmercial green tea
made with tea leaves harvested in July and pastesed (Lee and others 199Butwas not
repored intheother studies with Korean green té@éoi 1991 and 1995)

Benzaldehydevas only detected in the first brew of thigoungjeorsample. It is an
aromatic aldehyde and has an almond ¢dsh and Ash 2006dnd commonly is used in
artificial cherry flavor to provide a strong fruity notBenzaldehyde was commonly found in
green teas from Korea in previous literat(@&oi 1991 and 995; Lee and others 1997)
Benzaldehyde mayot have beemletected in more of our samples because of the sample
preparation and the extraction techniqlrethe current study, brewed green tea liquor was used
as a sample and the volatile compounds w&teacted using SPME, which can detect



concentrations ranging from pg/g (pptit@'g (ppm). The concentration of benzaldehyde in the
second brew of th®lyoungjeorsample was 0.14g/kg, which is 0.14pt.

Phenylacetaldehyde (benzeneacetaldehyde) was present in the first brews of the
Myoungjeorand theOuksusamples.It is an aromtc aldehyde and haspungent, green,
hyacinthlike, apricot and berrylike flavor (Ash and Ash 2006)

The compound-methyl3-pentene2-one was detected in tivyoungjeonUjeon Okro
andOuksusampls. The @ncentrations ranged between 0.23 and Ad#dy. It has sweet,
fruity odor and it is somewhat water solullash and Ash 2006)It was reported in the Korean
green tea along with@hunmeareen teanda Gorreanagreen tegBaptista and others 1999)

Jasmone was found all 5 samples exceplyoungjeon However, it is hard to find any
trend inthe concentrations Jasmone was reported in the previous rese@bbi 1991; Choi and
others 2003) Jasmone is an aliphatic ketone and agsmineodor anda fruity flavor (Ash and
Ash 2006)

The @mpoundb-lononewas detected itwo brews of theOuksusample. Others have
found this compounth Korean green tesgChoi 1995; Choi and others 200%) well as green
teas from ChindlLiang and others 2008nhdJapan(Hattori and others 2005)t has a woody
odor (Ash and Ash 2006¥|lowery and violetlike (Czerny and others 2008t was reported that
one can detect the odor at 83@/L and can recognize it at &4/L (Czerny and others 2008)

Linalool oxidewas found in the firstwo brews of thdllohyangand the concentrations
were around 0.5 ng/kglhe inalool oxides were reported thecommercial Korean green teas
made with tea leaves harvested in April and J@t®i 1991)out not in Augus{Choi 1995) It
has a sweet, lemon, cineol fla dsh and Ah 2006)

The compountiH-indole was detected in a few brews of Beehan UjeonlUjeon Okro
andDaehan Ujeon Wildamples.The @ncentrations were all below 1 ng/klj.has a floral,
animal, jasmin@ndearthy odor and it is volatile with stegsh andAsh 2006) The ndole
was also reported as havingeaal mothbaltlike odor and the detection threshold was reported
aslleg/L. In a previous studindole wageported ashe most abundant volatile compound in
the commercial Korean green tea samphdsch were made with the tea leaves picked in April

and June, bubheconcentrations were not reportédhoi 1991)

12C



Relationships Between Descriptive and Aroma Volatiles Analyses in Green Tea
Samples

The partial least square regression (PLSR) was corditctelate the instrumental data
to thedescriptivedata for each brew. The PLSR biplots of the first and the second brews are
shown in Figurés.2 andFigure 63. Of25 descriptive attributes, only treromaticattributes
were included for the analydisxcluding bitter, astringenand toothetch which are not
dependent on volatile compounds}enerally, the number of sensory attributes percetired
intensitiesand the number of volatile compounds detected decreased markedly from the second
brewto the third brew.

Twelve volatile compounds were detected by-MS and 16 sensory attributes were
perceived byhetrained panelisti the first brew(Figure6.2). The PLSRmap showshat 95%
of theinstrumental datexplained38% of descriptive sensodatawhenthe first 2 principal
componentsvere consideredThe geraniol and linalool were explained mainly in the PC 1 and
nonanal and benzenemethanol were explained in the PC 2. The geraniol, linalool and linalool
oxide compounds were correlated wiitie floral/perfumy note. The nonanal, jasmaared
benzenemethanol compounds were related to the fruity and sweet aromatics notes.

Twelve volatile compounds and 16 sensory attributes were fouhé second brews of
the green tea sampl@sigure6.3). The PLSR results indicated that 84% of the instrumental data
explained 51% of the descriptive sensory data in the first 2 PCs. Geraniol and linalool were the
main vectors in PC 1 and PC 2 was explained by nonanal, gerarddinalool. Geraniol|
nonand and linalool oxide weralsorelatedto thefloral/perfumy attribute.

Only 5 volatile compoundd$ut14 sensory termsvere used to describe the third bsew
of green tea sampleé&\round 96% of the instrumental data explained 25% of the descriptive
daa i n t he Itffappeas that tBe fl®&/@Gedumagttributesarerelatedto the presence
geraniol, linalooland jasmone but it is hard kaow for surebecausehe explanation rate of the
descriptive data by the instrumental data was only 25%.

Five volatile compounds and 9 sensory descriptive attributes were present in the samples
brewed four times. The PLSR data showed that 88% of the instrumental data explained 37% of
the descriptive sensory datAs expected, onanal, linalool, jasmonandgeraniol were related

to the floral/perfumy note
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Figure 6.2 Partial L eastSquare RegressionAnalysis ofDescriptive Sensory andGas

Chromatography Data for the First Brew of Green TeaSamples
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Figure 6.3 Partial L eastSquare RegressionAnalysis ofDescriptive Sensory andGas

Chromatography Data for the SecondBrew of Green TeaSamples

PC 2 (X:20%, Y: 14%)

© No

® Ujeon Okro  Tobacco
o

G

o
o LinalOO'Ashy/Sooty Benzenet
(@]

° 1H-

nanal

reen Beans
© Daehan Ujeon

etfg;}no .=
rawlll‘e .
ndole® Daehan Ujeon Wild

Jasmone| 9

2-ethyt1-Hex

© Benzenemethanc

|
Mol parsiey.

(2)-4-Hexen1
o
Linalool Oxide

oo et S BANRSS.

b-lonone one
weet Aromatics B Quksu
o o Green

Gralg o
Floral/Perfuray Brow

= |llohyang

O Geraniol

N Medicinal
® Myoungjeon
© Musty/Leathemew

O Spinach

O Burnt/Scorched

-0.5 0 0.5
PC 1 (X: 64%, Y: 37%)

0.5

-0.5

12

1)




Only four volatile compounds were detected using-®6 andnineflavor attributes
were perceived in the fifth brew of green tea samples. The PLSR analysis showed that 87% of
the instrumental data explained 54% of the descriptive sensory data. In the PLSR biplot, it was
hard to draw any relati@hip between the volatile copounds and the descriptive attributes
probably because of the low levels of both the attributesreatoma compound$at were
found in the fifth brew

Conclusion

The flavor changes of Korean green tieaf form) when brewednultiple timeswere
measued using descriptive sensory analymisl GEMS. Accordingto our findings, the first
and the second brews afegn tegrovidedsimilar strengths of flavor intengts and the third
and the fourth brews provided mild flayow bitterness, antbw astingency. The fifth brew
had a few flavor notes at low intensitiémswn bitternessandlow astringency, suggesting that the
primary green tea flavors were gone by the fifth brew. Thus, based on this initial study, four
brews would seem to be the maximaomber of brews that can be recomuieah In the
brewed liquor of green teaastly linalool, nonanal, geraniol, jasmagrandb-ionone volatile
compoundsvere present at low level§ he geraniol, linalogland linalool oxide compounds in
green tea may canibute the floral/perfumy flavor. Thiesultis true for high quality green tea
produced irSouthKorea. Further researehneededo confirm our findings using different
gualities of green tea fromthersourcesand grades
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CHAPTER 7 - Flavor Characteristics of Green Tea Processed Using

Seaming, Roasting,or Steam-Roasting

It has been suggested that differemgessing methodsanaffectthe flavor ofgreen tea.
Althoughsomeresearch has beg@erformed in ordeto understand the differences among green
teasthat have beeprocessed diérently, thesamplesn these studies had confounding
characteristics such as diffet@ountresof origin, differenttimes of harvestor different
cultivars. We used leaves from the same sourgerécesgreen teain three wayssteaming,
roasting,andsteamroast, in order tgtudy how the flavorshange based on various processing
methods.

The roasfprocessed, steaprocessedandsteamandroastprocessed green tea samples
differed in their characterizing green flavoiBerhaps because thesesteare not highly
roasted,the brown and burnt/scorched attributes were not affectdiuelpyocessing methods.
Only greenrelated attributes such as asparagus, beany, green beans, parsley, and spinach
differed amonghe greentea samplesFurther invesgationis needed to determine how
processing methods affect different qualities of tea lelbuethis research serves as a beginning

to a better understanding of the effect of tea processing on the flavor of green tea.

Introduction

Green tea quality isifluenced bythe processing meth@dthat manufacturers employ as
well asmany other factors (Xu and Chen 2002). Roasted greeandasteamed green tdasve
different aromatic compounds (Wang and others 2002), which may influence the flaver of
greenteas and resuih differentand distinctivelavors between the two types of processing
methods.

After harvest, heprocessing ofireen tea involves several stefising, rolling, and
drying (Hara and others 1995)During the first stegnzymaticacions are stopped (Hara and
others 1995). Oxidative enzymes such as polyphenol oxidase, catalase, peroxidase, and ascorbic

acid oxidase are deactivategthe high temperatuieof the fixing step (Xu and Chen 2002).
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There are two types of fixing ed by ea manufacturersoasting or steaming. Fixing with
roasting starts at 37880°C and the temperature gradually drops to-280°C based on the type
of fixing machineused Fixing with steam keeps the temperaturéhetea leaves at 9& for
longer tharR0 sec teensure thénactivation of the enzymes (Kim 1996).

After fixing, thetea leaves go through different rolling processHserolling processs
helpto equally distribute moisture in the leaves amdevercells in the leavevhichreleass
corstituents intdhe brewed liquor of the final green tea products. Less pressure is used for
younger leavethat have beeharvested eadr in the season and more pressure is apptied
bigger leaveshat have beeharvested later in the season (Kim 1996¢a leaves thatrefixed
by roasting go throughlonger period of rolling than the steamed leaves becauseaitigeygo
therolling process only once (Kim 1996) hereaghe tea leaves that were fixed using steaming
go through several rolling stagiesorderto shape the leaves like needles (Hara 2001).

Lastly, thetea leaves are dried so thia¢ moisture content in the final product is less than
4% (Kim 1996; Choi 2002) or about®®6 (Hara and others 1995). Roeésed green tea is dried
in three diferent stages. Hot air or heat conduction may be used for the first,deiioy may
resultin anutty flavor or green color in the final product, respectively. The second drying is
done inarotating drum tdurthershape the tea leaves. Lastly thastfixed leaves are dried
using hot air (Kim 1996)Depending on factors such as roasting temperature, time, and how fast
the leaves arstirredduring the roasting process, the leaves may developli&shypurnt, nutty,
scorched, or sodike aroma anfbr flavor (Kim 1996; Choi 2002)Drying steardfixed leaves
involves hot air and pressurgitially to further balancéhe moisture within the leaves ardh
thar surface. The second dryipgocess further shap#dse leaves into needlike shapes by
using heat and pressur€&inaly, hot air is used to dry theeamfixed leaves untithe moisture
content is below 4% (Kim 1996).

There has been some effort to understand the gfiéprocessing by comparirige
volatile compounds ihongjing aChineseaoastprocessed green tea, witie volatile
compounds irKamairi-cha, a Japanese rogstocessed green tea (Kawakami and Yamanishi
1983). These two green teas diffetheir compositionof volatile compounds and peak area
percentage especially wheamparedwith the typical heat generated aroma compounds such as
pyrazines, pyrroles, and ionenglated compounds. Later, researchers compheadlatile

compounds oBan-cha(a lower grade Japanese green tea)Huojitha (a roasted green tea
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usingBan-cha) in addition toLongjingandKamairi-cha Furans and pyrroles compounds in
Hojichamarkedly increased because of roasting comparBdneha (Yamanishi and others
1989). Althoughthe processingnethoddiffer amongthe previously testesamplesthere are
many other factorthat mayaffectthearoma characteristics of greengeadultimately affect
thar flavor.

Recently, three different processing methods were compared to determine how the
chemical compositiaof green teahave been affecteding the same fresh tea leaves harvested
on the same day from Japan (Asuda and others 2003). The satesiamprocessed, roast
processed traditionally by hand, ampanfired Eguchi style method (a mixed method of pan
fired and stearprocessed). Rearchers did not find any difference causedhmgdifferent
processing methods in the contents of minerals, amino acids, and caffeine in green tea liquid but
there was some differencetime contents of catechins. Because catechins are responsible for
most ofthe bitterness andstringey of green teéChen and other2002),the bitterness and
astringency in green teas in this study may have varied. However, sensory characteristics and
aroma volatile compounds were not measurdtierstudy byAsuda andthers (2003).

A lexicon to describe the flavaharacteristicef green tea has been developed (Lee and
Chambers 2007) and descriptive sensory aeslyare been conducted to understand the flavor
of green tegCho and others 2005; O.H. Lee and oth@332 S.M. Lee and others 2008; Lee
and others 2009 Another group of researchers evaludtessensory characteristics of several
green tea samples that were roasted at different tempearatuaearied in their amino acid
content The researchergpoted that green teas roasted at higher tempesdtacehigher
intensities for brownness, roasted barely, and burnt leaf fl§@ond. Lee and others 20p8We
did not find anyliteraturecomparingflavor characteristics of green tefasm the same origin
and similar in quality, byprocessed differently

The objective of this study was to determimaw sensoryflavor characteristicsliffer
among green teas thateroastprocessed, steaprocessed, or steamoastprocessed whera

leaves of the same ditgt and from the same origin are used

Materials and Methods
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Tea Samples

Three green tea samplesie that wasoastprocessedpne that wasteamprocessedand
one that wasteamandroastprocessed, were prepared by Amorepacific Co. (Yongin, South
Korea). All of the leaves for these teas w&amellia $nensis varYabukitg grown at theleju
Island in Korea, the same age at picking, and selected to represent high quality leaves whose
amino acid contenwas3.3% in dry basis.

The roasfprocessed greetea sample was fixed usingasting followed by rolling,and
thendried toa moisture content below 2% he dying process fotheroastprocessed green tea
included three stages which @aeemedJungyu, Jaegun andSugun TheJungyu step loweed
the moisture content from around 50% to 26% (K®96). Thelaegunstep defind the curly
shape of the roagirocessed green tea sample. Bhagunis a thirdstep tofurtherdry the
leaves. Lastly, theleaves were dried tamoisture content below 2%he stearrprocessed
green tea sample was fixed using steamifger fixing, theleaves were drieth orderto
eliminateexcess watdirom thesteaning process Thentheleaves were rollednd two steps of
the drying proces@lungyu andJeongyu) werefollowed. During theJeongyu process,
pressuravasapplied toform theleaves intmeedlelike shape. Lastly,theleaves were further
dried toamoisture content below 2%.

The steanroastprocessed green tea sample underggestial processf bothsteam
and roast procesg). The steantoastprocessed sample was fixed using steam fifsteexcess
water was driednd then th leaves were rolledThe leavesveredried using the firstwo steps
of theroasting processlgngyu andJaegun) and findly the leavesveredried to the moisture
contentof under 2% as for the other samples

After processinga minimal blendng of various lots of tea was done in ortiemaintain
atypical flavor for commercial productdto ensure thaall of the sampgshadthe same
amount of amino acg]3.3%on adry weight basis.The anino acid content is oftesn
indication oftheteas quality and the higher the content, the higihequality and,thus the
higher the retail pricefHara 2001; Hattori and othe2€05). The anino acid content igreen
tea samplesanged from 0.50% to 3.00% in previous reseancld. H. Lee and others (2008).
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Tea Preparation
Thegreen tediquid samples used in this study w@reparedollowing Lee and
Chamber8 d i r (@0O7) witb anfewmodifications Ten grams oéachgreen tea were placed
in aprewarmed white porcelain tea pot. And 30Q of 70°C water was added. The tea was
brewed for 2 min and durinpeinfusionthe pot was swirled 10 times clockwise. After the
infusion,thetea was pourethto a prewarmed bowl through a porcelain strainer. Thestea
was pourednto prewarmed tea cups and presented to the pdRelerse osmosis, deionized,

carbon filtered watewasusedfor the prewarming and brewing

Desciiptive Sensory Analysis

Five highly trained descriptive panelists from the Sensory Analysis Center at Kansas
State University participated in this studihe panelists had completed 120 hours of general
training and had a minimum 00Q@0 hours of generalensory testing including beverages,
vegetables, and green tea.

The green tea flavor lexicon developed by Lee and Chambers (2007) was used for the
descriptive analysis in this study. The panelists evalygteh teasamples individually and
recorded intesities for each attribute using &8 intensity scale where 0 méamone and 15
meart extreme intensity. Similar panels and testing procedures have been used for other
products ach as cheese (TalaveBianchiand Chambers 2008), UHT milk (Oupadissakaad
others 2009¥omatoes (Hongsoongnern and Chambers 2008), and toothpaste (Hightower and
Chambers 2009; Suwonsichon and others 2009).

The geen tea samples were coded with tkdiggt random numbers. One sample was
presented at a time. To provideadditional warm sample for the panel to evaluate, an identical
sample was brewed and served 5 min after the first. The panel had 15 eanHevaluation,
typically 10 min to evaluate and 5 min to rinse and recovee mnelists used unsalted cracker
(Unsalted tops premium saltine crackétapisco, East Hanover, NJ, USA) and reverse osmosis,
deionized, carbaotfiltered water to reducthe build-up from one sample to the other d@nd
cleanse their palatdefore the next evaluation. The Sensory AsiglCenter uses Compusense
five (Compusense Inc., Guelph, Ontario, Canada) for data collection.
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Data Analysis
Analysesf variance otheindividual attributesand multivariate analysis of variance
comparing the three samples ovevedireconducted.All of theanalyses were conducted using
SAS® (Version 9.1; SAS Institute, Cary, NC, U.S.A.)

Results and Discussion

Seventeen attributes were preserthegreen tea(Table7.1). MANOVA showed that
the three green tea samples were significantly differestall from each other. Cthe17
attributes, asparagus, beany, green beans, parsley, tobacco, grain, musty/new leather, seaweed,
bitter, and sweet aromatics showed significant differeanengthethree green tea samples.
Because green tea is a delitatavored product, as expected, all the intensities were low
except for bitterness, which was moderate in all three samples.

Althoughthei nt ensi t y goebdattribute waswsienlamamong the three
samplesthe characterizing green flavors téfed. Asparagus, beany, green beans, and spinach
were present in the roagtocessed green te&reen beans and spinach were detected in the
steamprocessed green tea samplaeen beans, parsley, and spinach were prasémesteam
roastprocessedmgen tea sample.

Significant differences for asparagus, beany, parsley, tobacco, grain, musty/new leather,
and sweet aromatics were because one optacessing methods gagertainattributes at
threshold leved, while the other method(s) produced e that attribute The asparagus and
beany flavors were only found theroastprocessed green tea samplée parsley, tobacco,
grain, and sweet aromatics notes were found only in the stEstprocessed sampléhe
musty/new leatheflavor was faund only inthe steamprocessed green tea sample.

The green, green beans, spinach, brown, burnt/scorched, seaweetlkstrastringent,
and tootketchattributeswere detected at low intensisin all three samples. The steam
processed green tea gamhada significantly higher green bean flavor than the reasicessed
sample but he steanroastprocessed sample was not different freither of the other
processing methods fgreen bean flavor. The rogstocessed sample hadighe seaweed
flavor compared to the stearnast process samplaytit was not significay differentfrom the

steamprocessedample
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Table 7.1 Analysis of Vvariance of Attributes® Present in Three Green TeaSamples

Steamroast

Roast-processed | Steamprocessed LSD®
processed

Green 2.50 2.73 2.77 ns
Asparagus 0.53 a 0.00 b 0.00 b 0.27
Beany 0.57 a 0.00 b 0.00 b 0.45
GreenBeans 0.77 b 150 a 1.00 ab 0.50
Parsley 0.00 b 0.00 b 0.57 a 0.23
Spinach 1.37 1.47 1.75 ns
Brown 2.23 2.27 2.37 ns
Burnt/Scorched 1.03 0.97 1.07 ns
Tobacco 0.00 b 0.00 b 0.60 a 0.30
Grain 0.00 b 0.70 a 0.63 a 0.27
Musty/New Leather 0.00 b 0.67 a 0.00 b 0.30
Seaweed 1.30 a 0.90 ab 0.63 b 0.48
Strawlike 1.50 1.43 1.53 ns
Bitter 6.03 b 6.60 a 6.43 ab 0.46
Astringent 2.23 2.50 2.53 ns
Toothetch 2.18 2.40 2.43 ns
SweetAromatics 0.00 b 0.00 b 0.60 a 0.25

®Means with the same letter designation in the same row are not statistically significantly

different (alpha = 0.05)
PLSD = Least significant difference

“ns= not significant

Although thee weredifferences among the various processing procedures, the

differences frequently were less than a half pomtihe 0 to 15 point intensity scal@hat

suggets that the differences in flavor resulting for the three processing methods we used were

minimal. Based on statements by Kim (1006)expectedlifferences inflavor characteristics

in the green tea produdtsboth green and brown related attributegwever, we found
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differences were attributed more to tieracterizingheflavors of greenasparagus, beany,
green beans, and spinach fioe roastprocessed green tegreen beansand spinach fothe
steamprocessed green tea sampled green beanparsley, and spinach ftine steamroast
processed green tea sample.

Brown and burnt/scorched attributes did not showsagyificantdifferences amonthe
samples. This may imply that the differences betwieeprocessingnethodsused in this study
may notheavilyinfluencetheflavor in the final products. Researchers have reported that green
teas in Korea have similar intensities for green and brown attributes in general (Lee and others
2007). Perhaps this may because of the innatiavor charateristicsin green teaprocessedh
Korea On the other hand, Japanese greesittedt were stearprocessed had moderate
intensities of green flavors and low brown flavessile roastprocessed green teas had no green
flavor and low to moderate intensi of brown flavor (Lee and others 2007). Chinese green teas
generally had low intensities of green flavors and tiwas of the samples had higher brown
flavor intensities compared to green flavor intensities (Lee and others 2Di@ayly, nore
reseachis neededo evaluate if the same pattern is found using different qualities of tea leaves
when the leaves are rogsibcessed, steaprocessed, or stearnastprocessear when the

processing temperatures or procedures vary more than the ones we used

Conclusion

The favor characteristics ahegreen teasamplesvere influenced byhe processing
methods. Althougthethree green tea sampliesthis study differed in their flavothe
differences were small. Greeelated attributes such as aspagdpeany, green beans, parsley,
and spinach differechostamongthe greentea samplesTheintensities othe overallgreen,
brown, and burrscorchedattributes were not affected bye processing methods used in the
current study. Further investigati@needed to evaluatehether thalifferencesamong
processing are affected by more intense processing methods, by production in countries other

than Korea, or iramplegepresenting other tea qualities.
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CHAPTER 8 - Flavors of Green Tea Change Littleduring Storage

The objective of theurrentstudy wasto deerminehow flavor changem green teathat
arestoredovera period of twoyears(a commonly noted shelife for green tegroducts in loose
leaf form). Two Korean green teagere packaged imetalizedmulti-layerpolyethylen€film
andstored atanambent temperature of20°C. Both green tea samples were evaluated by six
highly trained descriptive panelists from the Sensory Analysis Center at Kansas State University
at 3, 6, 12, 18and 24 months afteheir originalpackagingdates Theintensityof themajor
attributes changed minimallyamong the samples as they were evaluated the two year
period The geen teasamples that were stored ®months did not changap to12 months
they changed little, and after 12 months the samples sometanelwped low levels of off
flavors such amustynewleatheror they become higher in characteristics such as-etoth
Overall, the findings of this study indicate tiga¢en tea will changminimally during the first
year of storage and will changégsitly moreduringthe firsttwo years of storageHowever,
thesechangse appear to beninimal whenthe samples aggackaged in metalized mulayer
polyethylene film.

This research provides the first evidence,tbatn though the flavors of green taay
change, the change will be minimal durihg firstone to twoyears of storagm metalized
multi-layerpolyethylene film Thisresearch indicates that green tea leaves do have an extended
storage time, at least in terms of sensory quality, andedeld for extended periods of time at

room temperature.

Introduction
Green tea is consumed for its aroma, flaamod health benefitdJkers, 1935) If its
aroma and flavor change during storage, the value of greeandaninish for consumers who
enjoy these specific qualities gjreenteaCo mmonl y, | oose | eaf green t
used byo date of 2 years after picking.
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Literature suggesthat the constituent and aroticavolatile compound®f black tea
change over time and the changes vaescribe by reduced flavor and astringensgmetimes
indudng Gaint(Stagg 1974).Later, Horita (1987) reported thidte aroma and flavoof green
teasgenerally deteriorated as the sampised in the studwere stored.The main constituents
thatrelate to changes thearoma and flavoof green teancludechlorophyll, catechins, lipids,
carotenoidsand vitaminC (Chenand other2002) Theautcoxidationof these constituents
results in changes thecolor, flavor, and aroma of green tea (Kih996).

A few researchers have studied how the flaebgreen teas change owsrort periods of
time. Takeo(1982)found that offflavors instoredgreen tea were mopgrominentthan in
fermented tegsuch as oolong teendblack teabecause greenanitially hasless aroma
components than fermenteghs Another researchatescribed thélavor changes of green tea
during storageising termsuch as good tea aroma, reversion flagod deterioration flavor
descriptionghatare subjective and hato replicatgHorita 1987) The green tea sample was
described adiringbgreen tea, probably referring to ropsbcessed green teelowever, the
researchers found thgteen teas packaged in moisture proof pesandilled with nitrogen
gas retaied @good tea aron@uring 4 months of storag@hereas green teas packaged in the
same pouchbut filled with air, developedslightly reversion flavaiof thegreen note by 2
months of storage ankeversion flavodof the green note #ihe 3 and 4 montlevaluatiors.
Green teas packaged using common paokgas the time othestudy, which was cellophane
metalized polyethylene laminated tea pouches (not moisture proof), devédbghtly
deterioration flae r (sid) having an acidic note the2 monh evaluation anddeterioration
flavoroof the acidic note ghe3 and 4 month evaluatisninHo r i t a Gsamegtutlyaxite 7 )
off-flavor compoundsn green teasver a4-monthperiod of soragealsoweredetermined. The
author compared the aroma comeots offour different grades of green teas and found theat
concentrations of-penten3-ol, (Z)-2-pentenl-ol, (E,Z)2,4-heptadienaland (E,E)2,4-
heptadienal increased as the green tea samples were stored longer. The green tea samples made
with tealeaves picked later in the season had higher concentrations ofdhesempounds
than the samples made with tea leaves pi€eglierin the seasonNo literature is available that
investigates the changesthreflavor or aroma compounds green teavermore than &
month periods of storage



There were a fewesearchers thé¢stedthe effects of various packaging materials during
tea storagancludingaclear glasdottle awooden box (Wickremasinghe and Perera 1942),
can,analuminum/polythee laminatea polythene film,a paper/plastic laminate, waxed papers
(Stagg 1974), anglasticfilms (Fukatsu 1978). However, findings from earlier research may not
beapplicabletodaybecause packaging materials have impraiede those studies were
performed

Even though green tegenerally have vo year expiration datéKim 1996),the flavor
changes during tise twoyears have ndieenstudiedpreviously Thus, theobjectiveof this
study wasto determinehow theflavor attributes change ovetwo year periodusing descriptive
sensory analysis.

Materials and Methods

Tea Samples

Two Korean commercidbose leafgreen teas were chosen as sasy3ealloc Tea Ouksu
(Ouksy, ahigh grade loose leaf green teandSulloc Tea SoofBoor), a medium graddéoose
leaf green teaTheOuksusample was made using tea leaves harvested in early May and mid
May andwassteamandroast-processed. Th8oonsample wasblend of leaves harvested in
mid May and late June. The tea leaves forfSbensample were #ierroastprocessedr steam
androastprocessed and blended after processing. Both teas were olitame&imorepacific
Co. (Yongin, South Koreayith an exact packaging date. Amorepacific Ca imajor green tea
manufacturem Koreaand he companyasmore than 40% of the market share for green tea
products in Korea.

The samples were packaged in 300nits in a bag mads metalized multlayer food
grade laminated polyethylene film. iSlpackaging material serves as an excellent moisture,
aromaand oxygen barrier and it has high resistance to chemicals and ekiginoe low
temperaturesAll of the packagewere randomly assigned to the length of timey werestored
andthereplicatiors werelabeled. The samplesvere sored atanambienttemperature
(approximately20°C) in their original poucheantil their respectivevaluatios. Thegreen tea
samples were evaluated at 3, 6, 12, 18, and 24 mohtesearliest time period of 3 months was

chosen becausergpresents the earliest time thgical freshtea leafsample becomeavailable
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to consumersafter productior{Haraand otherd 995). The latest time period of 24 months was
chosen because ittise longestypical dhest beforéperiod for green teasThreenew package

wereoperedat each storage periddr threereplicationsof the tesfor each storage period

Tea Preparation

The geen tea samples were prepared follovbngwing directios similar to those
developed by.ee and Chambers (200A)\Vhite porcelain tea potapproximatey 350mL in
volume, porcelain strainers, porcelain bowlsgd white porcelain tea cupgere usedn the
sample preparationThe International Organization for Standaedion (ISO31031980)
suggestsisingporcelain tea wares to maintain consistent resiieverse osmosis, deionized,
carbon filtered watewasusedto prewarm and brevthe samplesTen grams oéachgreen tea
weremeasured and placedarprewarmed tea pot and 3@0L of 70°C water was addedThe
pot was brewed for 2 min and swirled tifdes clockwisavhile it brened Whenthe2 min were
up, the tea was poured through gmecelainstrainer into the prevarmed porcelain bowl and

then into the prevarmed tea cups.

Descriptive Sensory Analysis

Six highly trained descriptive panelists frahe Sensory Analysis Center at Kansas State
University participated in this studyhe panelists had completed 120 hours of general training
and had a minimum of0DO hours of general sensory testing including beverages, vegetables
and green tea.

The geen tea flavor lexicon developed by Lee and Chambers (2007) was used for the
descriptive analysis in this study. The panelists evaluated the samples individually, compared
them to the reference standards developed for the lexicon, and recorded thiestensach
attribute using a-15 intensity scale where 0 means none and 15 means extreme intensity.
Comparisons to the reference standards used in the lexicon were necessary to ensure that the
panelists did not drift in their assessments over thdynwen yeartestingperiod. Similar panels
andevaluationprocedures have been utilized for other products suchezsg Talavera
Bianchi and Chambe008) UHT milk (Oupadissakooand other2009), tomatoes
(Hongsoongnern and Chamb@@08) andtoothpaste (Hightower and Chamb&@09;
Suwonsichorand other2009)
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The geen tea samples were coded v@tigit randomnumbers One sample was
presented at a timel o provide additional warm samples for the peaateto evaluate, an
identical sample wsabrewed and served 5 nafterthe first The panel had 15 min faach
sampleevaluation, typically 10 min to evaluate and 5 min to rinse and rec@ber @nelists
were giverunsaltedcrackers (Unsalted tops premium saltine crackers, Nabisco, Eastddan
NJ, USA) and reverse osmosis, deionized, cafiitened water to reducenybuild-up from one
sample to the otl@ndto cleanse their palagdefore the next evaluatiolhe Sensory Analysis

Center uses Compuserfse (Compusense, Guelph, Canafta)data collection.

Data Analysis
Forthedescriptive analysis data, gpeated measurédNOVA was conducted to
determine ifanyflavor changes existeat different lengths of storagégthin the sameample
The analysis wasonducted using SAYVersion 9.1; SAS Institute, Cary, NC, USA)

Results and Discussion

Of the 31 green tea flavor attributes i tireen teéexicon(LeeandChamber2007)the
panel detected 20 in the twWreangreen tea samplé$able 8.1) Generally, théDuksusample
was simiar inits flavor profiles overthefive different evaluations except in the 12 month
evaluation. The Ouksusamples evaluated at 12 monttereperceived to have higher intensg
for brown, burnt/scorche@nd bitter attributes thahe samples that weevaluaedat other
times. The flavor ofthe Soonsamples was similar ovéretime of testingexcept in the
evaluation at month 3This is mainlybecause o& higher bitterintensityatthe 3month
evaluation. The slight differences in both teas maecause o variation inthe specific
samplegaken at each time period

Table8.1 showshemean scores of dheattributes for each product. The mean
intensities athe6, 12, 18, and 24 month evaluations were compared to the maeBahonth
evaluatiors. Generallytheintensitiesof mostof theattributes stayedcomparablevithin each
samplethroughouthetwo years ofstoragevhenthey wereevaluated at differergtorage
lengths. A few exceptions include attributes such as brown, burnt/sedrditter, astringent,
andtooth-etch for theOuksusample and green, asparagus, brown, tobacwthitter for the

Soonsample.Most of these exceptions differed less than 1 point-&5 @oint scale (Tabl8.1),
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Table 8.1 RepeatedM easures ANOVA offor Ouksuand Soonat Five Different Stored
Times, M easuredUsing Descriptive Sensory Evaluation.

Attribute 3 months 6 months | 12 months| 18 months | 24 months
Ouksu

Green 3.67 3.14 * 3.14 * 3.67 3.18 *
Asparagus 0.00 0.00 0.58 * 0.92 ** 0.00
Green beans 1.08 1.36 1.83 ** 1.39 1.47
Green herbike 0.00 0.00 0.00 0.00 0.00
Parsley 0.00 0.00 0.00 0.00 0.00
Spinach 1.97 2.36 2.00 1.72 1.79
Brown 1.72 242 ** 431 ** 2.06 2.77 **
Ashy/Sooty 0.00 0.00 0.00 0.00 0.67 **
Burnt/Scorched 1.44 1.86 * 2.33 ** 1.58 1.05
Floral/Perfumy 0.00 0.00 0.00 1.19 ** 0.00
Grain 0.00 0.81 * 0.00 0.00 0.57
Medicinal 0.00 0.00 0.58 ** 0.00 0.00
Musty/New leather 0.00 0.00 0.64 ** 0.00 0.77 **
Nutty 0.00 0.00 1.08 ** 0.61 ** 0.00
Seaweed 1.50 1.36 1.89 1.78 0.55 **
Strawlike 2.08 1.89 2.14 1.61 ** 1.88
Tobacco 0.00 0.00 1.22 ** 0.00 0.81 **
Bitter 6.06 6.83 ** 7.36 ** 5.31 ** 6.14
Astringent 1.94 1.94 2.75 ** 261 ** 2.67 **
Toath-etch 0.92 1.03 2.39 ** 1.69 ** 1.94 **
Soon

Green 3.42 2.75 ** 3.94 * 4.39 ** 3.07
Asparagus 0.00 0.89 ** 0.00 1.17 ** 0.00
Green beans 1.72 131 * 0.77 ** 1.50 1.17 **
Green herbike 0.00 0.00 0.50 ** 0.00 0.00
Parsey 1.06 0.53 * 1.32 0.00 ** 0.00 **
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Spinach 1.81 1.56 2.80 ** 1.83 1.93
Brown 3.31 2.33 ** 210 ** 1.47 ** 1.67 **
Ashy/Sooty 0.00 0.00 0.00 0.00 0.00
Burnt/Scorched 0.89 0.78 1.15 0.72 0.65
Floral/Perfumy 0.00 0.00 0.00 0.00 0.00
Gran 0.00 0.00 0.72 0.53 0.62
Medicinal 0.00 0.00 0.00 0.00 0.00
Musty/New leather 0.00 0.00 0.00 0.92 ** 0.00
Nutty 0.00 0.00 0.77 ** 1.06 ** 0.00
Seaweed 0.00 0.00 0.00 0.72 * 0.51
Strawlike 2.17 1.64 ** 1.69 * 1.64 ** 1.36 **
Tobaco 2.03 0.94 ** 0.00 ** 0.00 ** 0.00 **
Bitter 7.47 5.83 ** 5.05 ** 5.97 ** 6.05 **
Astringent 2.14 2.00 2.76 ** 2.89 ** 2.13
Tooth-etch 1.56 1.44 219 ** 247 ** 1.79

** Mean score is different when compared to the mean of 3 months evaluatiphata0.01
* Mean score is different when compared to the mean of 3 months evaluation at alpha = 0.05

a small, but significant differenceEighteen attributes were used to describe the flavor of the
Ouksusample and for all the attributes at least oreduation was significantly different from
the 3 months evaluation. the Ouksu sample the browrrelated attributesncluding
burnt/scorched, stradike, and tobaccaendedto increasen theirintensities untithe 12 month
evaluation after which thdyegarnto decrease. Themalldifferences presented the Ouksu
samplethroughouthe 24 months of storage may have béegause ofariatiorsin the product
rather tharchange®ccuring during storageespecially because few trends in differences
(consstently increasing or decreasing) were found over.tiBiterness, astringency, and tooth
etching ofthe Ouksusampleincreased slightlyrom the3 month to 6 or 12 month evaluation.
Grain, medicingland musty/new leather flavorwhichmay be consided oftflavors

developed athe6, 12, or 24 month evaluations in tBeksusamplebut the levels were low and

were inconsistent.
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Seventeen attributes were used to describ&do@msample and 15 attributes showed
significant differences in comparisonttee 3 month evaluationThe intensities of brown, straw
like, and tobacco flavors decreased over time and the differences compiiue8 noonth
evaluation were significanfThegrain note was detectedtht 12 month evaluation and onward
but the intasities were very low. Musty/new leather was detected orthedi8 month
evaluation of th&oonsample. Irthe Soonsamplethe bitterness was significantly lower for alll
of theevaluations when comparedth the 3 month evaluation. Other attributéewever,did
not show anyendency of incre@isg or decreasingn intensitiesasstoragetime increasedor the
Soonsample

We found minimal flavor change of green teas when storadanbient temperature for
up to two years.This result is differenfrom the previouditerature where researchers fouhdt
thearoma and/or flavor ajreentea deteriorated within the first few months (Wickremasinghe
and Perera 1972; Stagg 1974; Fukatsu 1978). In fact, Fukatsu (1978) metiiaigeeen tea
was geneilly consumed within one year afteranufacturingwhich is only a half othe current
dest byperiod. Thaeason for thelifferert findings in this studgould be because of the
advancement in packaging.

Factorsghatmay changéheflavor of thetea nclude humidity, temperature, oxygen,
light, or transmissiosifrom other foods (Chd2002). Thetwo green tea samples in the current
study were packaged in metalizedlti-layer polyethylene film, which would have blocked

most of theséactorsexcepttemperature and interiooxygen

Conclusions

The flavos of two Korean green teas packaged in metalized #aylér polyethylene
film changed minimally within the first year of storage aoth green teas developed muséew
leather, medicinabr grain flavors atlow levels when stored for 12 months or longérhe flavor
changes in browanelated attributes and bitterness may be because of vasiatithre samples
rather than the results of storage.eThrrent studyfferssignificantinformation that gren tea
flavor change minimally duringthetwo years ofthest beforédate when left undisturbed a
ambient temperature. Tea retailers should consider using metalizedayeidtpolyethylene

film for packaging their green tea products to keep theecdsfrom moisture, air, oxygen, light,
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and other factors which may disturb the flavors of green taghdt investigation is needed to
determinaf thesechanges in the flavanfluencethe flavor of green tea perceived by consumers.
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CHAPTER 9 - Descriptive Analysisand US Consumer Acceptability

of Six Green Tea Sample$rom China, Japan,and Korea

In the past, green tea has been one of the least populataotolicbeverages for US
consumersHowever, green tea has baeceivingattenton because afs potentiahealth
benefits. Knowing which green tea flavor attributes contribute to consumer liking will help the
fast growing green tea business including green tea importers, tea shops, and beverage
companiego understand whicbharacgristicsare mostaccepted by US consumerBhe
objectives of this studyerea)to examine differences in acceptability of commonly available
loose leaf and bagged green teas available fr@nmajor exporters to the USapan, Korea, and
China and) to determine whiclgreen tea flavor characteristics are related to consoiiensg).

In the study, consumers from the United States evaluated six green tea samples from China,
Japan, and Korea for acceptabilit%.highly trained panel also evaluated theegr tea samples
to provide descriptive sensory attributes that might be relatecceptability.

We found that United States consumers liked green tea samples with lower flavor
intensity and lower bitternegstensity. C o n s u aweaptabdity of greetea wasnegatively
correlated with spinach and animalic flaxrdbitterness and astringency of green teas
evaluated using descriptive sensory analysis, but the correlatioonlyasioderate To learn
what green tea flavor characteristics influence coms®liking, future studes usingmore green

tea samples witlifferentflavor profiles are needed.

Introduction
The flavor ofgreen tea from China, Japan, and Koneaydiffer even thoughhese
countriesare geographically close atite samespecies ofjreen teglant are grown in each
country(Kim 1996. The flavor differences may occur becauseuvgation in cultivarof the
teaplant picking season, processing methagswing locationand theappearance dghefinal
productmay contribute to th flavor of green te@Ukers 1935Kim 1996; Choi 2002
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The tea plantCamellia Sinensigar. Sinensishas many cultivarsTo produce green tea,
Chinacultivatesdiversecultivars ofthe Sinensisvariety. In Korea,the Sinensisvariety accours
for 44% andthe Yabukitacultivar, a Japanesbredtea plantaccound for 20% of cultivation area
(Tea Experiment Statio2008). TheJapanesbredthe Sinensisrariety in ordeito diversfy
cultivars and theYabukitaaccounts foB5% of tea plarg in JaparfHara 2001). The Japanese
usuallyintroduce one or two neaultivars each yearTea Experimen$tation 2008).Different
cultivars of tea may result in diverse green tea products (86).

Processing methodsea factor thatcontributego the flavor ofgreen tea.Roasting,
steaming, and combination of the two methods are the major processing methods of green tea.
Generally Chinese green tea is known to be processed using roasting and(oimd002)
Koreantea is produced mostlyang roastingbut some steamingdepentéhg onthe production
facility (Kim 1996). Japanese green tegi®cesseanostly usinghe steamingmethod (Hara
2001; Choi 2002) The appearance tfiefinal green tea products are closely related to
processing, as is the flav@im 1996; Choi 2002

Loose leaf green tea usually keeps the whole leaf intact whereas green tea leaves in the
tea bags areut intosmall pieces.Less green tea is required when green tea products have small
pieces, to make a cup of tea (Kim 1998hat aithor recommendeashorterbrewingtime (1-2
min) for teain bags than loose leaf green tea82min). Many authors discussed the processing
of loose leaf green tea and how the processing may influence the flavor of green tea (Kim 1996;
Choi 2002). However, no information was found on the flavogoéen tea in bags

Researchers have studied green tea to understand aroma and flavor characteristics and
related constituentsThe volatile compounds of greéea have beeextensivelystudied to
deteminewhich compounds were responsible for different green tea arfviaasanishi 1977
Kinugasaand otherd 997 Wangand other2002. Kumazawa and Masud2002 found that
Japanese green tégenichawas lacking a few volatile compoundsmpared to Chirse green
tea (ongingtea). Those compounds includ@dacetytl-pyrolline, 2acetyl2-thiazoline, 2
ethyt3,5-dimethylpyrazine, and 2;8iethyt5-methylpyrazine, which authors found responsible
for nutty and popcowntike flavor. These esearchers sugded that this difference might have
been caused due to different processifiggariand other§1995)have shown correlations
between the sensory properties of tea aroma and volatile compounds concenttatierences

in aroma of green tea may impliffdrences in flavor as wellGreen tea flavor has been
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researched usingensorydescriptive evaluatiofLee and Chambe®007; Lee and others 2063
and the results showéarge differences igreen tea flavorasing sensory descriptors.

Only a few consmer acceptability test of green teas have been conducted (Cho and
others, 2005; Lee and others 2008a; Lee and others 2888)no research is available to
understand liking of green tea using consumers in the United States of America.

For US consumergreen tednas not been a popular bevergg&CR 2005) However,
green tea hasecome more populéecause ots potentiahealth benefit§Buss2006). Green
tea products used to be availabtdy from international markets amgsiangroceries.Currently,
manygreen tea products are available at grocery stordm@shops, and local health stores.

Knowing what green tea flavor attributes contribute to consumer liking will help the fast
growing green tea business including green tea importers, tes simobbeverage companies by
enabing us to understand vith flavor characteristicef green tea contribute to consungers
acceptability Such relationshipsavebeenused tdbetter understand other product categories
(e.g.mozzarella cheese, Pagliarinidaothersl997;walnut syrup, Matta and othe2805;
buiscuit, Vézquez and othei2009)

The objectives of this studre to examine differences in acceptability of commonly
available loose leaf and bagged green teas available from Japan, Korea, arah@hina
determine whiclgreen tea flavor characteristics are related to consofiiaeng.

Materials and Methods

Tea Samples

A total of 6 green tea samples from 3 countries in northea&ganChina, Korea, and
Japan, were selected (TaBlé). The tea amples are representative of gréemsfrom each
country based on literature or market shakdoose leaf green tea product antka bagyreen
tea product were selected from each countryoose leaDragonwell(Chinese Lwas chosen
because itvas ;e of 8 wellknown green teas in China and the most representative roasted
green tea (Choi 2002Alvita Chinese green tda a tea bagChinese TBis commonly
available atJS healthy food storeand idabeleddChinese green tgaFor Japanese tea saem
Sencha Overturmose leafJapanese ) was selectebecausaJkers (1935) classifieBenchas

a tea of commerce (the principal tea exportéd)d Traditional MedicinalsOrganic Bancha
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Japanese green thag tegJapanese TBwas selectedsBanchais considered low grade tea

for home consumptiofUkers 1935) For Korean teaSulloc Premium Te®uksujinloose leaf
tea(Korean L) is ahigh-gradeteaandSulloc Tea Saeroktea (Korean TBasthetea bag product
selected.Bothwere donatethy Amorepadic Co. (Yongin, Korea), the major green tea
manufacturer in KoreaTea samples were stored at room temperature until testing and were used

in the study within 2 weeks of their delivery

Table 9.1 Green TeaSamples
Country of .
Label o Form Name of product Available at
Origin

. . Dragonwell Adagio teas
Chinese L China Loose leaf

(a.k.a.Longjingtea) | http:/Avww.adagio.com

Alvita Chinese Local health store

Chinese TB| China Tea bag _
green tea (Plaihn (Manhattan, IS, USA)

Adagio teas

Japanese L| Japan Loose leaf Sencha Overture _
http:/Mww.adagio.com

Traditional Medicinals| local health store

Japanese TE  Japan Tea bag )
Organic Bancha | (Manhattan, ks, USA)
Sulloc Premium Tea| Amorepacific Co(Seoul,
Korean L Korea Loose leaf .
Ouksujin Korea)
Amorepacific Co(Seoul,
Korean TB Korea Teabag | Sulloc Tea Saerokteg

Korea)

Sensory Analysis

Descriptive Analysis:

Six highly trained descriptive panelisteiin the 8nsory Analysis Center at Kansas State
University (Manhattan, KS, USA) participated in this studire panelists had completed 120
hours of general training and hadhinimum of 100 hours of general sensory testingluding

beverages, vegetablemnd teaAll panelists had participated ampreviougreen tea lexicon
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developmen{Lee and Chambers 200ahdwere already familiar with the lexicon and green tea
as a productThe panelvas given &-hourre-orientationto the products and lexiconrfthis

study. The panelists usemlnumerical scalfom 0-15with 0.5increments \were0 meant none
and 15 mearextremdy high intensity. The panelists individually scored their findings on
ballots.There were three replicationBanelists usednsaltel tops premium saltine crackers
(Nabisco, East Hanover, NJ, Up&nd reverse osmosis, deionized, carblbered watero

cleanse their pale. The Sensory Analysis Center uses CompusivséCompusenséc.,

Guelph Ontario,Canada) for data collection

Consumer Hedonic Test

A total of 410consumerdgrom the Manhattan, KS area participated in this study.
Consumers, who were willing to participateletaste test and had no allergies to foods and
medication were recruited and were compensated fartthes. As green tea waslassfamiliar
beverage at the time of evaluatieonsumerslid not have to be green tea drinke@onsumer
evaluate two of the sixsamplesn abalanced incomplete block desig@onsumes were given
8 minutes tevaluateead sample. Each green tea sample was evaluated by a similar number of
consumerslepending on the number recruited who actually came to the testimum of 128
and maximum of 144onsumers.Consumers evaluated green tea samiplesverall liking and
liking of the strength of flavarsinga 9-pointbox scale vith anchors from dislike extremely to
like extremely. They alsowereasked to rate the intensity of the overall flavor and bitterness
usinga 9-point intensity scale, ith anchors from none to extme. Consumergleansed their
palate between evaluations by eating unsatipd premium saltine crackers (Nabisco, East
Hanover, NJ, USPandrinsing withreverse osmosis, deionized, carifitiered water.

Upon completion of the evaluation, consun@amspleted alemographiguestionnaire
that obtainednformationon gender, age range, ethnicity, drink selections, consumption
frequency of black tea (either hot or iced) and greernhed# interest inncreased mental or
physical awareness/capagcityodifying bodyweight and promoting good health.

Tea Preparation
For loose tea leaves samplégjrans of green tekeaves were placed BOOmL of

reverse osmosis, deionized, carbon filtered water & @0d brewed for 2 minutes porcelain
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pots During infusion,the pot waswirled 10 times clockwiseThe geen tea was poured into a
warmedbow! througha porcelainstrainer(Lee and Chamber2007)

For samples ingia bagsa singletea bag was brewed in 241l of reverseosmosis,
deionized, carbon filtedd watelin glassware at PC. The tea bag was moved 10 times with up
anddown motion during infusionThe tea bag was pressed with spoon before removed from the
glassware.Thetea bags were brewed 240 mLof water becausi the United Statesany

green tea products recommemging8 oz. or one cup of water which is equivalent to 840
Tea Serving

Descriptive Analysis

Approximately40-45 mL of brewed green tea wpsured into a 240 mL Styrofoam cup
(James Rrer Corp. C12A)abeled with3-digit randen numbers The samples were served to
the panelists at5°C £2°C monadically in random ordeiTea samples were prepared a second
time and servedo the panelists 10 minutes later to proved®ughwarm samples for the

evaluation Panelistavere giver25 minutesto evaluate eackamplefor each replication

Consumer Test

Samples were prepared using the same metsfds the descriptive evaluation.
Brewed green tea was poured into thermos pUumhPsL, Arcosteel Air pump pot, Gardena, CA)
and keptat55°C + 2°C temperaturaintil served. Approximately 30mL of brewed green tea
was poured into a 240L Styrofoam cup (Jameswer Corp. C12A).The samples were served
to the panelists &5°C +2°C, one sample at a tini@ random order All samples were ppared

within one hour of testing, and poured 2 minutes prior to serving.

Statistical Analysis
Analysis of variance was conducted using the $&&tem(version9.13; SAS Institute
Inc., Cary, NCUSA) of PROCGLM for descriptive data andonsumer dataFor principal
component analysis (PCA) andrrelation analyses, means computedh aforementioned
analyses were usedCA was conducted using PROC PRINCOMP of3A&® system, version
9.1.3. Correlations were computed betweakscriptive and consumereans using PROC
CORR(the SAS system, versiod.13.).
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Results and Discussion

Descriptive Analysis of Green Tea

Eighteen attributes from a green tea lexicon developed by Lee and Chambersw@@07)
usedto describe the 6 green tea samples: green, agga@ery, green beans, green Héab,
parsley, spinach, brown, ashy/sooty, burnt/scorched, tobacco, animalic, musty/new leather,
seaweed, straike, bitter, astringent, and toothetcAll samples had brown and green flavor,
but at different intensigis (Table9.2).

Both ChinesgreenteasamplesChinese L and Chinese TiEgad higher browiflavor
than greerilavors(Table9.2). Both of the Chinese samplésd ashy/sooty, musty/new leather
and tobaccdlavors, whereathe samplefrom the other counties did not have these flavor
characteristicsThis may becaused bylifferencesn processing.Chinese teasommonlyare
roasedwhich may have contributed tohggsooty, burnt/scorched, and tobacco flavors.

Koreangreentea Samplekorean LandKorean TB had more greerelated flavor than
brownrelated flavor, although intensities for both were at low (T Common
greenrelated attributes included asparagus, parsleyspimach.

Japanese green tea samples had higher-getsted flavor tha brownrelated.
Greenrelated notes idapanese lincluded spinach and parsley (TabBl&). This was the only
sample having seaweed flavalapanese TBadgreenrelatedflavor including parsley, celery,
and green herbke. Japanese Ihad the highestitterness andapanese TBad the lowest
bitterness among green tea samples in the current sBishylar information on green tea flavors
among countries was noted by Lee and others (2007) who found that Japanese teas had more
green flavor notes and Cleise teas had more brown flavor notes

Generally, green teas in tea bdwd similaflavor profile and intensities to leaf form
even thougla loweramount of green tea was usadagsthan loose leafThis shows that green
teas in the tea bag may be meiffective in releasing flavor constituents than green teas in the
leaf form because the green teas in tea bags are finely chopped and so have larger surface area.
Another possibility is that wequeezed the bags the end of brewingyhich would forcewvater
out of the chopped leavegereas no physical force was applied to loose leaf green teas at the

end of brewing.
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a,b,c

Table 9.2 Analysis of Variance; M eans ofDescriptive AnalysisData™™" of Green Tea

Attributes eaf form Teabag LSD’
Chinese | Japanese| Korean | Chinese | Japanese | Korean

Green 264Dbc | 412a 429a |186c¢c |331ab |3.65ab 1.19
Asparagus 0.00 0.00 1.76 0.00 0.00 0.50

Celery 0.00b | 0.00b 0.00b |0.00b |1.00a 0.00 b 0.75
Green beans 0.00 0.00 0.00 0.00 0.00 0.79

Green herbike 0.00 0.00 0.00 0.00 0.62 0.00

Parsley 0.55b 1.74a 126ab | 0.81ab | 1.21 ab 0.71 ab 1.05
Spinach 1.10ab | 231 a 233a |0.00c |0.00c 1.79 ab 1.65
Brown 3.19b 1.90c 1.67cd |400a |1.14de |0.98e 0.69
Ashy/sooty 3.33b 0.00c 0.00c |4.05a |0.00c 0.00c 0.57
Burnt/scorched 1.71a 1.33a 0.81ab |1.64a |0.00b 0.00 b 1.11
Tobacco 0.71b | 0.00b 0.00b |221la |0.00b 0.00 b 0.94
Animalic 0.64a | 0.00b 0.52a |0.00b |0.00b 0.00 b 0.48
Musty/new leather | 1.60 a 0.00b 0.00b |0.79ab | 0.00b 0.00b 1.15
Seaweed 0.00 b 148 a 0.00 b 0.00 b 0.00 b 0.00 b 1.11
Strawlike 1.76 1.14 1.24 1.64 1.29 0.88

Bitter 5.76 ab | 6.33 a 5.02 bc | 5.52 abc| 3.74d 4.62 cd 0.98
Astringent 200a | 214a 1.71ab |1.79ab | 1.10c 150 kx
Toothetch 0.83ab | 1.02 a 0.55b |0.83ab |0.00c 0.00c 0.41

#Ratings used a 1point numericalscale with 0.5point increments, where 0 = not and 15 =
extreme.

P Means with the same latter designation in the same row are not statistically siggificant
different (alpha = 0.05).

¢ All means below 0.5 were listed as zero, as they probably represented random effects.

4 Least significant difference
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Figure 9.1 Principal ComponentAnalysis of 6Green TeaSamples from Three Different

Countries®
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The principal component analysis of 6 green tea samples faiffe@nt countries is
shown in Figue 9.1. Principal component (PC) 1 explained 67.81% of gat&bility and PC 2
explained 20.08% of data variabilitghinese Lis in the first quadrant ardhinese TBs in the
fourth quadrantHowever, they are located close to each other becausartsimilar in their
flavor characteristicsAs mentioned above, both have flavor characteristics such as brown,
ashy/sooty, burnt/scorched, and miseyv leather, and tobacco in common. In the second
guadrantJapanese landKorean Lare placed near spch and green flavor attributeBoth
have green and spinach flavor at higher intensity thaather samples evaluatedorean TB
andJapanese TBre locatedn the third quadrantThey have similar flavor characteristics to
thoseof Korean LandJapanese Lexcept that both were the least bitter green teas in the study.

In general, the loose leaf teas had slightly higher green vegetable notes.

Consumer Hedonic Test

Generdly consumers preferred green tea made using tzherthan loosdeavesTable
9.3), perhaps becauskey perceived the flavor intensity as slightly lower (T&h8).
Consumers perceived intensity of bitterness in tea bag teas as lower than loose |dhie®sas.
findings corroborate with the findings of an acceptability tesaohed black tea products, in
which Korean consumers liked the tea that had the lowest bitterness (Cho and others 2005).

Chinese TBandJapanese ThBvere the most liked green tea samples among United States
consumersCo ns u me r s 6Koreaa TBwerggnet sthtistically different from the most
liked samples for flavor intensity and bitterngssceived by consumers (Tal9i8); however,
consumers were neutral to tkerean TBand the overall liking score was lower tHahinese TB
andJapanese TBConaimers dislikedKoreanL andJapanese L (Senchsaljghtly. Chinese L
was rated the lowest among samples and was disliked moderately to slightly.

Interestingly, Chinese samples were the most and the least liked sample®@)able
C o n s u evaluasod doverall flavor intensity and bitterness intensity @irinese Lwas
approximatelyoneand twopoints higher(9-point scale)respectively, thahinese TBmay
explain the difference in liking scoredapanese samples differed less in overall flavensity
and bitterness intensity perceived by consumers (around 0.5 and 1.4 higher, respiectively
Japanese L), thus resultingmaller difference itheoverall liking score Korean green tea

samples showed even smaller differences betWeesan LandKorean TBin overall flavor
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intensity (0.35) and bitterness intensity (1) perceived by consumers, which may have contributed
the smallest difference in overall liking score of O¥&t, the difference was significant and
Korean TBwas liked better.

Table 9.3 ConsumerdRating®"° of Green Tea
. Leaf form Tea bag g
Questions : i LSD
Chinese | Japanes¢ Korean | Chinese| Japanes¢ Korean
Overallliking® 3.80d | 447c | 449c | 599a | 574a| 508b | 0.42

Liking of flavor
428c | 461c | 464c | 573a | 5.57ab| 516b | 0.45
strengtfi

Overall flavor
) _ 5.71a | 547 ab| 5.25bc| 4.79d | 496cd| 490cd| 0.39
intensity’

Bitter intensity 555a | 501lb | 4.89b 3.58¢ 364c | 390c | 0.45

Number of
144 129 128 141 141 137
consumers

# Raiings used &-point box scale withl-point increments, wherke= dislike extremely,
5=neither like nor dislikeand9 = like extremdy.

P Ratings used a-Point numerical scale to measure intensity wigboint increments, where 1 =
none and 9 = extreme

“ Means with the same latter designation in the seshemnare not statistically significantly

di fferent (U = 0.05)

dLeast significant difference

The current findings may have been differed if brewing direction for green teas in the tea
baghad been followedAll the tea bag samples were brewed with 240 of 70°C water for 2
minutesto reflect how the green teas are normally brewed in Asia where green tea is common
beverage (Kiml996)and to provide a independent comparison where brewing methods was not
confounded with teas. However, the directions for teg baried. Th€hinese TRlirections
recommendetirewinga tea bag in 6z. (180mL) of boiling water for 3 minutesThe Japanese
TBdirectionsrecommended brewing a tea bag i0z8(240mL) of boiling water for 510

minutes. Following package directiss could have resulted Imgherbitterness and may have
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affected the consuméipreferencédecause brewing green tea in higher temperature increased
caffeine content in the liquor (Kwon and others 1990)

Consumers were further divided into sub groupsivestigate if there were any
differences basedhaheir consumption of greenate

Overall liking scores of consumers who never drink green teshasdconsumers who
drink green tea deast occasionallwere compared (Tab@4). For the consumer growpho
never dank green teaChinese TBcored the highest liking followed Bwpanese TBAIl three
green teas in loose leaf form were equally dislik€dntrarily, consumers who consume green
tea at some degree gave generally higher score than consumoengver drank green te&his
groupalsoliked Chinese TEandJapanese TBowever thewere neutral tiorean TB Korean
L, andJapanese Land onlydisliked Chinese L

Consumers who patrticipated in the current staplyeato be similar to green tea
consumersn the United Stateswhenconsumers were asked to select all beverages that they
drink at least once a week2% of consumers marked green tea as a beverage that they drink at

Table 9.4 Overall Liking Ratings*® of Green Tea byConsumersGrouped Based on

Consumption of Green Tea

_ Leaf form Tea bag
Questions : : LSD¢
Chinese | Japanesd Korean| Chinese| Japanesqg Korean

Never (n=161) 3.85¢c 396c | 390c| 555a | 519ab| 484b | 0.64
(59) (55) (51) (56) (47) (56)

Drink green tea
. 3.75¢ 484b | 490b | 6.27a 6.00a | 5.22b
(occasionally to 0.57

heavily) (n=242) (81) (74) (74) (85) (91) (79)

4 Ratings used 8-point hedonicscale withl-point increments, wherke= dislike extremely,

5 = neither like nor dislikeand9 = like extremdy.

® Means with the same latter designation in the seshennare not statistically significantly
different (alpha = 0.05)

¢ Least significant difference

4 (Number of consumers)



least once a weeKkThis is similar tathe level found § the American Institute for Cancer
ResearchAICR 2005)in their green tea consumption frequency survBlye simmationof
consumers who answered tliayeitherdrank green tea 5 or more times a week,tBnes a
weekor once or twice a weekas 22.1%or the AICR (2005) survey.Approximately 40%of
consumers who partjgatedin this studyindicatedthat they never drank green teBhis is
slightly lowerthan what AICR (2005) found in their data, but their lowest frequency
consumption choice wasarely/neve which was a broader choiteanneverd

Our omnsumergpurchase interest of medic@itamirymineral supplements,
nonvitamin/mineralsupplements and/or herbal remedies, or food to increase mental or physical
awareness/capacity, to modify @adodyweight, or to promote good headtle given in
Figure9.2. For all the questions, consumers were most interested in using food and least
interested in using medicine (over the counter or prescribed), vitamin/mineral supplements.
Green tea is a bevage that may me#tis criterion It has been showthatL-theaninggreentea
amino acid, haarelaxation effect on humarduneja and others 1999) andHeanine and
caffeine in combination can improve behavioral performgKedly and others 2008).
EpigallocatechifB3-gallate, the major teaateching showed fat oxidation and therefore green tea
might have antbbesityconsequensBoschmann and Thielecke 200'High green tea
consumptior(equal to or more than 6 cups per daguced the risk of pe 2 diabtes by 33%
in Japanese adulfiso and other2006) In the epidemiological evidence revieats (2008)
concluded that research on tea, flavonoids, and lung cancer showed positive loglatidn
large. In the review of breast cancer risk aed relationship, Sun and others (2006) saw about
20%decreasem breast cancer risk within a high green tea consumption group (equal to or more
than 5 cups per day)Green tea is a potential choice for consumers who are interested in using
foods to incease mental or physical awareness/capacity, to modify their bodyweight, or to
promote good healthlf the flavor of green teas is acceptable to consumers, more consumers will

choose green tea as their beverage choice.

Correlation of Descriptive Analysisral Consumer Evaluation of Green Teas
Consumersoverall liking score was negatively correlated with animalc/5), spinach
(-0.68), astringent-Q.62) and bitter-0.52) measurements of descriptive analysis of the same

green tea.The correlation betweedescriptive analysis and consumer acceptability of green teas
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Figure 9.2 ConsumersPurchasel nterest Distribution of Medicines, Vitamin/Mineral

Supplements,Non-vitamin/ Mineral Supplements and/orHerbal Remedies, orFood to

IncreaseM ental or Physical AwarenessCapacity, to Modify One& Bodyweight, or to
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are only moderate, but that suggests that the relationship between liking and flavor is more
complicated than singlattribute correlations can describe, an expected finduaggernumbers
of green tea samples witliverseflavor profile will need tobe evaluated to further investigate
the relationship between consumer liking and descriptive evaluation of green tea.

Correlation between bitter measured by descriptive panel and consuaseos iy
moderate with @orrelation coefficienof 0.63. Both the descriptive panel and consumers agreed
thatJapanese TBRas the lowest bitternesslowever consumers also rated dittess oChinese
TBas similar taJapanese TBvhen the descriptive panel rat€dinese TBaving higher
bitterness thadapanese TBThis most likely is because the consumers used bitter as a surrogate
for disliking as opposed to actually measuring biss. The correlation of consumer
perception of bitter and liking wa8.97, which suggests that the consumers simply used bitter to
describe samples they did not lik&nother possibility is that consumers may be confused
between astringency and bittessor used bitterness to describe a combination of those flavors
becauseastringey evaluated by descriptive panel shows higher correlationtthitter

intensity measured by consumers (r=0.71).

Conclusion
US consumers preferred green tea with loferor and bitterness intensity in their
perception.Correlation betweed S consumer s6 pr anfifevorence of gree
characteristics described by the trained pameemoderatebut the correlation suggested that
green flavor related to spinachitbrness, astringency and-®ffivor such as animalic had
negative influence on the US consumdking of green tea.Further investigation may help

understand the relationship between green tea flavor and cossikieg of green tea.
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CHAPTER 10 - Consumer Acceptancdor Green Teaby Consumers

in Three Countriesand its Relationshipto Flavor Characteristics

Green tea consumption has been common in some countries for centunesthats it
is just finding popularity. The objectives ofhis study werdo 1) determineheliking of green
tea by consumers in three countries: Korea, where green tea commonly is consumed; Thailand,
an Asian country where green tea is generally consumed in a cold form; and the United States, a
country where geen tea is not commonly consumed andi@ptify the attributesvhich appear
to influenceconsumes fiking. Theliking of green tea varied depending on the country and the
consumer segmenKorean consumers generally liked the greerstemaples wittvarious green
flavors and moderate bitterneathougha fewof the Korearconsumesegmentsikedsamples
with otherflavor profiles. Mostof theUS consumers liked the tea samplest had brown,
fruity, or sweet aromatic flavors with little or mpeenflavors. Thai consumegzeferredea
sampla with fruity flavors and no green flavor but were rastdiscriminating among samples as
the Korean or US consumesgre Regardless of the o n s u onigin, thedgreen tea sample
with the highest bitternessgere disliked

The current researcguggests that familiarity plays a role in tea acceptance. However,
variousflavor profiles may be acceptable to consumers who are from different countries and are
familiar with other flavors of tea.This suggests thaalthough familiarity plays a role in
consumersd6 acceptance of green tea flavors,

has particular implications for the selection of mass marketed green teas.

Introduction
Worldwide,teais one of the mast populabeverage¢Chen 2002andis apart ofmany
Asi an c aluret(Ukerel935; Kim 1996; Choi 200E]lis 2002). However,in 1996 in
the USonly 4% of thenationaltea consumption was green tediile black tedheldaround 95%
of the marke(Segal 1996). Recently, green besbecone morepopular in Western countries

includingthe US, because consumeaisebecoming mor@aware ofthe possible health benefitd
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green tea (Nutraingredients.com 2005; Buss 2006ich have beestudiedandreviewed by
many researchers (Chen 2002; Iso and others 2006; Kuriyama and others 2006; Binns and others
2008; Hakim and others 2008; Kuriyama 2008; Kumar and others 2009; Naganuma and others
2009) Currentlythere arevariousgreen tea producta Westen marketsand one can easily
purchase green tefrom grocery stores, tea specialty stores, antineretailers.Many
national and international chain restauss@rve green tea wariousforms.

Thesensory characteristicsuch as taste, texture, ara, and appearandeave different
importanceamongindividual consumersalthough tastés the most important sensory
characteistic for foods and beverages (Rabino and others 200Kgrsstatedas early as 1935
that, althougltonsumers drink green téar a variety of reasons, includirgoma flavor,
appearancdunctionality, healthbenefits, and other factgiiéavor isthe most important
Recently68.2% of Korean tea consumesad that thegonsider flavoto bethe most important
aspect of greetea, followed by aroma (28.1%@ndthencolor (3.4%) (Yang and others 2004).

Consumer acceptance of green tea has been examined in several different studies that
attempted to define hoflavor characteristicefluenceacceptability (Cho and others ZH@. H.
Lee and others 2008; S. M. Lee and others 2008; Lee and others 068§ studyKorean
consumers evaluated sgarepared frontea bags antbund that thegreen teas with burnt leaf
androasted barleflavors werethe mosipreferablgO. H. Leeand others 2008)One study
included 29 green tea samples from China, Japan, and,Kiadiag thatKorean consumers
prefer roasprocessed green tea samples over stgamessed or steamastprocessedamples
(Yang and others 2004)n a study evalating Korean consumeyacceptability ofour
decaffeinated green tedbgauthors found that consumers who drank igpg ofgreen tea
productsregularlypreferred theea samplewith lower flavor intensiesand bitternessvhile
consumers who drargnly green teas brewddm aloose leaf fornregularlypreferred green
tea with higher flavor intensés bitterness, and astringency (Lee and others 2009). Previous
research suggests that Korean consumers may have particular prefareoedaingreenteas
flavors and tastse, probably because they consume green tea so regulamky 2002

It is well established that cultural patterns of eating are different among different

cultures. Acceptability for specific foods or types of foods can be diffam@ong countries and
cultures but it also can vary within a culture. For example, ifier@nce of consumers from

different countries differed fdseef (Thompsomnd other2008, lamb meat (Font i Furnoknd
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others2006),andpork patties with Shigke mushroom powder (Chand other2005)
Consumerssowere affected differentlipy the color of sugar solutions (Strugnell 20@a¢
consumers from six countries chose differently among organic, ordinary, offegeay
genetically modified fruits (Kight and others 2007)Consumers from three countries had
differentpreferences fogenetically modified (GM) food (Costéont and Gil 2009) and German
and Greelconsumersgliffered in their acceptance and willingness to purchase GM food
(Tsakiridou and dters 2007) In addition, some consumer studies have shown differences in
acceptance among consumers within a country or culture for particular prdelutts Furnols
and others 2006; Rabino and others 20®fowever, it is also shown that interactidretween
differentculturesmay reduce the differences in textural acceptance of novel sfMoksy and
others 2001) and consumption treii@mith and Mitry 2007).

Studies of crossultural acceptance for green tea were not found even though this
beveragdas received increased attention in recent years. It is rébstmat green tea
consumers from different countries miagvedifferent preferencefor green tea flavorsased on
their respectiveultures, expectation exposurg, tasta, and other diffeences(Zajonc 1968;
Yehand otherd998; Strugnell 2002; Wansirdnd other2002; Tsakiridowand other2007).
Wansink and others (2002) suggest that introdueinfgmiliarfoods to different countries with
different contexd requires different introdttion approaches.

A studywhereconsumers frondifferent countriesvith different experiences in drinking
teaevaluaedgreen teasvith varying sensory characteristiceuld provide a foundationfor
understandingonsumercceptance of the flavor of greeeas.

The objectives of this study were 1) to determine consuatildrsy of green tea with
various flavor characteristics aonsumegroupsfrom three different countries that represent
different consumption habits of tea: a group from a countrylilarwith drinking standard
looseleaf green tea (Koregd group from a country familiar with drinking cold green tea and
many flavors of hot tea (Thailand)nda group from a country where green tea consumption is
relatively new (U.S.A)and 2) to idetify the attributedrom the descriptive sensory analysis that

appear taffect consumer fiking.

Materials and Methods



Tea Samples
A total of 12 tea samples were included in this study (Table 10.1). They were produced
in China, Japan, Korea, Sri LanKiaiwan, Tanzania, Thailarahd two of unknown origin. The
samplesvereselected toepresent differdrcountiesof origin, manufacturingnethodsprices
(range from USD 3.88/100g to USD 52.13/100ag)d sensory qualities'he two samples of

Table 10.1 Green Tea Samplé

Label Product Name Country of Purchased from Price
origin (USD/100g)

Chinese Alvita Chinese Green Tea China Local health food store, 6.75
(in teabags) Manhattan, KS, US

Gunpowder Formosa GunpowdeTea Taiwan CulinaryTeas.com 3.88

Gyokuro Moonlight Gyokuro Japan AdagioTeas.com

Irish Irish Breakfast Green Tea Unknown  CulinaryTeas.com 4.25

Lipton Lipton Green Ted 00% Natural Unknown  Dillonés, local grocery store 4.99
(in teabags) Manhatan, KS, US

Mulberry Mulberry Tea Beverage Thailand Emporium, gourmet store, 1.47

Bangkok, Thailand

Ouksujin Sulloccha Ouksjin Korea Amorepacific Co., Korea 30.74

Sejac Sulloccha Premium Tea Sejac Korea Amorepacific Co., Korea 52.13

Sencha 1 Ito En Okumidori Sencha Japan [toEn.com 31.75

Sencha 2 YamaMotoYama Sencha Japan Amazon.com 2.75

Tanzania Green Tea Tanzania  Janesteas.com 9.99

White Adam@ White Tea SriLanka ImperialTeaGarden.com 32.50

%Green tea samplegere in loose leaf formxeeptChineseandLipton samples.

POne tea bag contains 2.37g of green tea leaves and price for a tet/B&IL6

“One tea bag contai?s25g of green teleaves and price for a tea bag is USD 0.10.

dPricewas THB49 for 100g.The price was converdeo USD based on average exchange rate of
testing periodwhich wasUSD 1.00 equal THB 33.41.

*Market price was KRW 23,000 for 80g. The price was converted to USD based on average
exchange rate of testing period, which was USD 1.00 equal KRW 935.18.

"Market price was KRW 39,000 for 80g. The price was converted to USD based on average
exchange rate of testing period, which was USD 1.00 equal KRW 935.18.
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unknown originwereLipton green tea bags and aish green tea.The classificatiorof thelrish
sampe is not clear. At the time of purchase and testing, the origitisted asunknown.
Currentlyt he r et ailistekerdys, China, lare Dapamisorigins. It islikely that the
Irish sample is a blend of teas grown and processed in Kenysg,@inid Japan.

Of the 12 temsamples nine were selectdd represent various flavor profilé®m teas
usedin thedevelopment of green tea lexicon (Lee and Chambers 2007).s&samplews/ere
GunpowderGyokurq Irish, Ouksujin Senchél, Sench&, Sejac, Tanzania andWhite In
addition tothe ninesamplesLipton Green Tedn tea bags was added to the sampiesderto
represenaineasily availabland commorgreen tea product in the United Statédvita Chinese
Green TedChina) in teébagsalsowasaddedbecause it represented a flavor known to be
accepted byJS consumerbased ompreliminary researchLastly, Mulberry greenteg a
common type of green téeom Thailand was addedMulberry greertea is the one product
included in the studthat is not green tea from the Camelia Sinesis plantthAteasamples
werestored at 4C for less tharfour months befor¢heevaluation

Tea Preparation

For brewing thepackage directions regarditige tea amount versube water amount,
temperatur®f water, and length of brewingere followed when possible/NVhenthe brewing
directiors werenot available, we used 10 grams of green tea in 500 mL°@f W@ter for 2 min,
a brewing methodhodified from Lee and Chambers (200T).this study ve used tassware to
brewtheteas because using porcelain tea potswot practicafor brewing tea in the large
guantities needed for the consumer teBckage directiopand actual brewing methods are
available in Tabld02. Reverse osmosis, deionized,lman filtered waterJeju Samdas(2L
Bottled; Nongsim, Koreg)and Nes#® Pure Lifé® (6L Bottled; Nestle, Thailand) were used for
brewing in the US, Korea, and Thailamédspectively.

Fortheloose tea leaf samplehe appropriate amount of water wasysed intoPyrex’
Laboratory glassware (Corning Inc., New Yoakd thepremeasured tea sampleereadded.
The dasswaravas leftundisturbedduring thebrewing exceptor the Whitesample, which was
very light and did not submergé&.o help theWhitetea leaves submergieey werepusheddown
gently until all the leaves were drenched. When the greeedehed the brewing time, it was

poured intanewglasswareghrough a porcelain strainer.
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Table 10.2 Brewing Methods of 12 Tea Samples

Tea Samples Tea leaves Amount of Temperature of| Length of brew,
amount (gram) water (mL) water (°C) (minGse®)
Chinesé 4.74 @ tea bags 360 95 30
Gunpowde? 5 500 80 36
Gyokurd 10 500 80 30
Irish® 5 500 95 50
Lipton® 4.5 @ tea bags 360 95 168800
Mulberry 4.5 500 90 36
Ouksyin 5.8 500 70 20
Sejac 5.8 500 70 20
Senchal? 6.7 500 80 1800
Sencha& 6.7 500 80 20
Tanzanid 5 500 90 56
White 10 500 70 20

*'Brewing direction on the package

®The best way to maka good cup of tea is by the infusion method. Place one tea bag in a cup
and add no more than 6 oz. of boiling water. Let steep for 3 minutes. Press the bag before
removing to enhance flavor. Add honey to sweeten.

®1 tsp per cup 180°F,-3 min, 23 infusians

“180F, 3min

91 tsp per cup, 212°F -8 min

°For a Delicious Cup of Hot Green T dming fresh cold water to a rolling boil and pour over tea
bag. Brew 1 to 41/2 minutes or to desired strength. Remove tea bag. Sweeten to taste with
honey or sugar.

"Use80-90°C water with 1 tablespoon of tea: 250 cc water and let it warm in 3 minutes.
9Tea:1tsp,Water: 176F (80C) / 6 ¢9Steeping: 11.5 min

"To make a great cup of teBring cold water to the boillust before boiling point, warm the
teapot by adding kttle of the water and then pouring it away. Add one teaspoon of tea per
person and one for the pot, according to your tdsis. beofre the water has reached boiling
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point, pour the water over the tea leaves, stir and allow to brew for four to fivéesipour the
tea into the cup through a tea strainer.

The wo tea bagsamples were brewed followirige package instructia Forthe
Chinesesamplethetea bags wergentlypressedvith aspoon befor¢ghey wereremoved as
directed. This was not don#or theLipton sample

No additives, such as sugar, lemon, or milk, were added to any of the samples.

Countries Selected

Three countries were selected for this test. Korea was selected betassevier 1,000
yearsof green tednistory and ithas ber estimated that Korean consumers consumed 40sgram
of green tea per capita in 2000 (Jung 200R)ailand was selected because it is another Asian
country, but one where green tea consumption is much lower. Althoegh tpa was one of the
threemostcommon herbal teeconsumed in Thailand (Nookabkaewd othe2006) black tea,
chrysanthemum tea, and jasmine tea are more common. In addition, green tea, when consumed
in Thailand,often is drunk cold The United States was selected because in thatrgdalatk
teais consumednuchmore oftenandby more consumers than green tea (AZIR5).
However, green tea has grown in popularity in the U.S. as its potential health benefits have

become more widely known.

Consumer Acceptability Test

One hundredndtwenty Korean consumers (Sunchon, Korea), 239 Thai consumers
(Bangkok, Thailand), and 100 US consumers (Manhattan, KS, USA) participabed in
acceptability testsThe Korean and US consumers visited the test location twice and evaluated
six samples edcday followinga Latin square design faheserving order.The Thai consumers
visited the test location once and evaluatigdamples based @balanced incomplete block
design. Thus, eadreen tea samplgas evaluated by 16020 consumers in eacbuntry.
Approximately 45 mL of brewed green tea was poured intorld2&tyrofoamcups (James
River Corp, Dixie Products, Easton, NJ, URAAIl of thesamples were prepatat the time of
testingso they would be freshThe green tea samples were serae@®C+2°C labeled with

random 3digit numbers.The mnsumers rated each tea for overall liking and liking of flavor
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strength, using a-point box scale anchored from dislike extremely to like extremely. The
consumers also rated the flavor intensitgl aitter intensity using a-point intensity scale

anchored from none to extrem&he mnsumers were encouraged to write commahtaittheir

likes and/or dislikegor each sampletoaidn t he r e s eraerstahdingféheirlibngt t er
scores.The Korean consumers used crackéZsgrm CrackerCrown ConfectionerySeoul,

Koreg and bottled waterdgju SamdasiNongShim, Korea) to refresh their pataietween
samples.TheThai consumers used crackers (Plain Crackers, Meiji, Singapore) and hattizd
(Nestk® Pure Lifé®, Thailand) to cleanse their palatéfhe US consumerateunsalteetop
crackerqUnsalted tops premium saltine crackers, Nabisco, East Hanover, NJ ad&feverse
osmosis, deionized, carbon filtered wadepalate cleansetsetween the green tea samples.

Descriptive Sensory Analysis

Six highly trained descriptive panelists from tren$ory Analysis Center at Kansas State
University (Manhattan, KS, USA) participated in this study. The panelists had completed 120
hours of gena training and had minimum of 1000 hours of general sensory tesitiuding
beverages, vegetables, and other food products with descriptors similar to those that might be
found in green teaThis panel had participated ihe developmentf the greerea lexicon (Lee
and Chambers 2007) and had evaluated more than 100 greamiglas. As they weedready
familiar with thelexicon, onlya 3hr orientation was needed. Other researchers have used similar
panels andesting procedures for other prodaistich as UHT milkOupadissakooand others
2009),tomatoes (Hongsoongnern and Chami2€38),cheesdTalaveraBianchi am Chambers
2008) and ice cream (Thompsand other2009).

For the descriptive analysiapproximately 45 mL of brewed tea wasured into 120 mL
Styrofoamcups (James Rrer Corp, Dixie Products, Easton, PAYhe green tea samples were
served at 6%. Each ample was assigned adijit random codand servedh a random order,
one at a time The same sample was prepared againihQtes later to provide a second, warm
sample for the panelists to examirne mnelists tasted i8I0 minsessionsspening atotal of
9 hoursafter the orientation evaluating the green tea samflae panelists used unsaktegh
crackerqUnsalted tps premium saltine crackers, Nabisco, East Hanover, NJ) Bi&Areverse
osmosis, deionized, carbdittered water to cleanse their palatetweertheevaluations.The
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Sensory Analysis Center useésmpusenséve (Compusensénc., Guelph Ontario,Canadafor
data collection.

Data Analysis

Analysis of variance was conducted using PREI®/A of the SAS system, versio®.1
(SAS Institute Inc., Cary, NQJSA) for theconsumeanddescriptive dataFor the consumer
data,thefrequency of liking rating for edicgreen tea sampleascounted and the percentages
were calculated for each counsy thatthe trend of likinglor each sampleould be recorded
(Table 10.5). Additionally, cluster analyses were conducted within each country to determine if
there were dferences irtheconsumer8preferencefor certaingreen teaskFor the cluster
analysisof the Korean and US consumgttseliking scores were useéd aPROC CLUSTER
procedure. For the cluster analysaf the Thai consumertheliking scoreswverepredcted
using PROC MIXEDandwere used in thPROC CLUSTERprocedurébecauseach consumer
did not evaluate every sample ardster analysis cannot be conduciath missing values.

To determinghelinearrelationshig between the descriptive and the somer data,
correlation analyis was conducted usirthe mearscores andPROC CORR of the SASsystem
External preference mapping was condudtedrder to gain &etter understanding of what
flavor characteristics of the green tea samples influetiesconsumersliking.

Themean scores dheconsumer clusters were regressed onto the principal components
of descriptive sensory analysis daféhe nean scorgof each country were also included to
identify the overall tendency of preference. The Umsablef’ (version 9.7, Camo Software Inc.,
Woodbridge, NJ, USA) program was used for the external preference mapping.

Results and Discussion
The mnsumerédemographic information is shown in Talil@é3 and incluésgender,
age, ethnicity, level of educah, teas consumed more than once a weektheadbnsumption
frequency of various tea\s expected, consumers from different countries differed in their tea
consumption markedly. Almost 80% of Korean consumers answeattiey drank
unsweetened gred¢ea more than once a week whereas only 31f/#e Thai consumersand
33.0% ofthe US consumemdrank unsweetened green tea more than once a veeaddition,

theKorean consumers drank green tea more oftenttteifhai or US consumers when
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Table 10.3 Demographic Information of Consumers Participated

Korean Consumers

Thai Consumers

US Consumers

(n=114) (n = 240) (n=103)
Gender
Female 65 57.0% 146 61.1% 66 70.2%
Male 49 43.0% 93 38.9% 28 29.8%
Age
Under 18 1 0.8% 2 0.8% 0 0.0%
18-25 46 40.4% 120 50.2% 29 28.2%
26-35 19 16.7% 51 21.4% 16 15.5%
36-45 12 10.5% 33 13.8% 17 16.5%
46-60 30 26.3% 32 13.4% 39 37.9%
61 and older 6 5.3% 1 0.4% 2 1.9%
Ethnicity
White, NontHispanic 0.0% 0.0% 85 83.4%
Hispanic or Latino 0.0% 0.0% 5 4.9%
African American 0.0% 0.0% 6 5.9%
Asian or Rific Islander 114 | 100.0% 240 | 100.0% 3 2.9%
American Indian 0.0% 0.0% 0 0.0%
Multiple from previous categories 0.0% 0.0% 3 2.9%
Other 0 0.0% 0 0.0% 0 0.0%
Education
Some high school or less 15 13.2% 65 27.2% 0 0.0%
High school graduated or GED 15 13.2% 6 2.5% 15 14.6%
Completed some college courses, associat 43 37.7% 27 11.3% 38 36.9%
degree (2year), or technical school
College graduate (bachelor degree) 23 20.2% 123 51.5% 31 30.1%
Postgraduate degree 18 15.7% 18 7.5% 19 18.4%
Beverages drink more than once a week
Black tea, unsweetened 9 7.9% 20 8.3% 28 27.2%
Black tea, sweetened 7 6.1% 56 23.3% 24 23.3%
Green tea, unsweetened 89 78.1% 76 31.7% 34 33.0%
Green tea, sweetened 9 7.9% 87 36.3% 25 24.3%
Mulberry tea, unsweetened 13 11.4% 33 13.8% 3.9%
Mulberry tea, sweetened 0 0.0% 15 6.3% 2.9%
Iced Tea, unsweetened 5 4.4% 43 17.9% 41 39.8%
Iced tea, sweetened 32 28.1% 105 43.8% 32 31.1%
Bottled tea, unsweetened 18 15.8% 56 23.3% 19 18.4%
Bottled tea, sweetened 25 21.9% 71 29.6% 13 12.6%
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Ice/Hot regular tea consumjxn frequency

Never 29 25.9% 0 0.0% 0 0.0%
Once a month or less 46 41.1% 23 9.6% 11 10.7%
2-4 times a month 15 13.4% 90 37.7% 15 14.6%
1-5 times a week 16 14.3% 109 45.6% 58 56.3%
More than 5 times a week 6 5.4% 17 7.1% 19 18.4%
Iced/Hot green tea consumption frequency
Never 2 1.8% 9 3.8% 12 11.7%
Once a month or less 8 7.1% 36 15.2% 26 25.2%
2-4 times a month 25 22.1% 94 39.6% 21 20.4%
1-5 times a week 44 38.9% 90 38.0% 33 32.0%
More than 5 times a week 34 30.1% 8 3.4% 11 10.7%
Iced/Hot mulberry tea consumption frequenc
Never 60 54.1% 91 38.1% 82 79.6%
Once a month or less 27 24.3% 73 30.5% 12 11.6%
2-4 times a month 10 9.0% 43| 18.00% 5 4.9%
1-5 times a week 9 8.1% 19 8.0% 4 3.9%
More than 5 times a week 5 4.5% 13 5.4% 0 0.0%

guestioned abouher consumption frequency of green tea in detail. Less than 30% of the
Korean consumers drank the other beveréigesl (black tea, mulberry tea, iced tesayeetened
green tea, anbattled tea both unsweetened and sweetened) more than once a week.

The Thai and the US consumers differed in their beverage selections. Thai consumers
dranksweetened iced teé43.8%), sweetened green1€d6.3%), unsweetened greendea
(31.7%), and seetened bottled te§29.6%)while the US consumers drank unsweetened iced
teas (39.8%), unsweetened greend€23.0%), and sweetened iced4€31.1%) more than once

a week.

Overall Consumer Acceptability of Green Tea Samples
The consumerératings on overallliking, liking of flavor strength, strength of flavor, and
strength of bitternessreshownon Table104. Not surprisinglyconsumers from different
countriediked different samples. The Korean consumers liRedtsujin Seja¢ Sencha land
Sench& the mostall of whichhad green, spinach, brown, seaweed, stileay bitter, astringent,
and toothetch flavorsAlso, all of those samples were produced either in Korea or Japan.

Althoughthegreen tea samples were served wittidt random mmber and the consumers
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Table 10.4 ConsumerAverage Rating of Tea Samples

Consumers‘ Chinese‘ Gunpowder ‘ Gyokuro l Irish ‘ Lipton ‘ Mulberry | Ouksujin ‘ Sejac ‘ Sencha 1l | Sencha2 | Tanzania ‘ White | LSD!
Overall Liking®

Korean 3.97f 4.55de 4.47e 4.90cde 4.82cde 5.03cd 6.32a 6.20a 6.03ab 6.22a 5.09c 5.59b 0.48
Thai 4.38h 5.65abcde 5.00g 5.59bcdef | 5.68abcd | 5.41cdefg| 5.12fg 5.24defg| 5.13efg 5.97ab 5.88abc | 6.12a 0.52
us 4.28cd 4.78bc 3.96d 5.33ab 5.69a 5.80a 4.6 4.48cd 4.24cd 4.48cd 4.80bc 5.90a 0.58
Liking of Flavor Intensity?

Korean 3.97e 4.34de 4.65cd 4.88c 5.01bc 4.84c 6.02a 5.91a 5.93a 6.02a 5.01bc 5.41b 0.48
Thai 4.97 5.62abc 5.02de 5.82ab 5.90ab 5.49bcd | 4.90e 4.81e 5.19cde 6.11a 5.90ab 6.04a 0.52
us 4.42de 5.03bc 4.32e 5.59ab 5.65a 6.13a 5.03bc 4.72cde | 4.52cde 4.51cde 4.97cd 5.72a 0.57
Flavor Intensity®

Korean 6.75a 5.37cde 6.46a 5.88b 5.62bc 5.79b 5.11ef 4.97ef 5.51bcd 5.19def 5.62bc 4.93f 0.39
Thai 6.66a 5.45e 6.05bcd 6.36ab 5.70cde 6.38ab 4.82f 4.53f 4.92f 5.64de 6.14bc 4.81f 0.45
us 6.37a 4.94de 5.76b 5.53bc 4.95de 5.27cd 4.63ef 4.39f 5.20cd 5.25cd 4.44f 4.21f 0.46
Bitter Intensity®

Korean 6.90a 4.03cd 6.54a 5.57b 5.64b 3.26fg 3.69def 3.43efg | 3.86de 4.35¢c 5.37b 3.01g 0.46
Thai 6.65a 3.84d 5.50b 5.73b 4.50c 3.52de 3.33ef 3.04fg 3.44def 4.40c 5.28b 2.769 0.47
us 5.58a 3.58fg 5.51a 4.67bc 3.88def 3.22gh 3.60efg 3.57fg 4.16cde 4.84b 4.42bcd 2.93h 0.58
'.SD: Least signifOb.cant difference at U=0.

’Scale: 9=like extremely, 1=dislike extremely

3Scale: 9=extreme intensity, 1=none. .
#h\Means followed by different letters are significantly differ@it0.05).
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were not informed aboulhe countiesof origin of the samples, mamf theKorean consumers
commented that they wefamiliar with the flavor of these green tea sampl&srean and
Japanese green teas are commonly sold in Korea.

The Thai consumers were the least discriminating arttoiipree congsmer groups. For
example, they liked 5 teaf thesamples and the liking scaref the most liked sample and the
least liked sample differed only by 1.74 points gpont scale whereas the Korean and US
consumer8differed by 2.35 and 1.94, respectivelijhe Thai consumetged the Gunpowder,
Lipton, Sencha 2, TanzanandWhitesamplesnost Among these, th@/hitesample was rated
the highest in overall liking, although it was not significantly higher than the fathesamples.
The flavor charateristics of these 5 samplasdetermined byhedescriptive sensory analysis
varied (Tablel05), makingit hard to determinéhegreen tea flavor characteristics that Thai
consumers accept. TikBunpowderLipton, Tanzania andWhitesamples had no ooW green
flavors andslightly higherbrown flavors Characterizing flavor notes for these teas included
ashy/sooty and musty/new leather for @enpowdeisample, ashy/sootgnd nutty for the
Lipton sample, ashy/sooty, fruity, tobacco, and sweet aromfticheTanzaniasample, and
brown spice, fruity, tobacco, sweet aromatics, and honey faWtliesample. Thé&encha 2
sample had green flavgmsith green beans and spinachfascharacterizing green flavors,
brown, ashy/sooty, and seaweed flavdBgterness ratings were low to moderate for these
samples.

Overall, the US consumers liked thish, Lipton, Mulberry andWhitesamples in this
study. Ofthosefour samples, thixish and thelipton samples had similar flavor characteristics
such agyreen, green beans, brown, ashy/sooty, musty/new leather, nutty|is&atobacco,
bitter, astringent, and toothetch (Taki@®5). TheMulberry sample had green flavgiacluding
green beans and spinaelh higher intensities thahe othersamplediked mostby the US
consumers Burnt/scorched, fruity, grain, and berry flavors were characteristittgese four
samples thadifferedfrom most of the samples in the current study. Wigtesample had
brown, brown spice, fruity, tobacco, sweet araosatand honey flavors in addition to the
characteristics that alhe green tea samples hdiitter, astringent, and toothetch.

The Korean and Thai consumstightly disliked theChinesesample, which was
characterized with moderate brown, low mustyrieather, and moderate bitterne$te

intensities of thesattributeswere the highest among tea samples in this study. The US
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