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TWO-STAGE DRYING OF BLACK TEA USING 

MICROWAVE ENERGY 

A C L i y a n a g e , P A N P u n y a s i r i , U B S B a n d a r a , N H L Pradeepa 
a n d M T Z i y a d M o h a m e d 

(Tea Research Institute of Sri Lanka, Talawakele, Sri Lanka) 

Trials on two-stage drying o f black tea, a combination o f conventional 
drying fol lowed by microwave drying, have been attempted to determine i f 
two-stage drying would produce a good quality tea with enhanced keeping 
qualit ies. Previous studies have shown that microwave energy inhibits 
polyphenol oxidase (PPO) activity in tea and thereby improves its keeping 
qualities (Liyanage et al., unpublished data; Liyanage et al., 1997). 

Trials on miniature scale, as wel l as on industrial scale, two-stage drying 
have been carried out. T h e miniature-scale samples were analysed for 
theaflavins ( T F ) , thearubigins ( T R ) and moisture content, and were evaluated 
for taste. The industrial-scale samples were analysed for T F , T R , moisture 
content, f lavour compounds, P P O activity and microbial count, and were 
evaluated for taste. The results indicate that the quality o f conventionally 
dried teas are better than that o f two-stage-dried teas, both in terms o f quality 
and flavour, whi le the microbial counts in microwave-dried teas were much 
less than that in conventionally dried teas. 

K e y W o r d s : Tea, microwave drying, conventional drying, two-stage drying, 
polyphenol oxidase. 

INTRODUCTION 

P r e l i m i n a r y invest igat ions h a v e s h o w n that w h e n f e r m e n t e d d h o o l is exposed 
to m i c r o w a v e energy , p o l y p h e n o l ox idase ( P P O ) gets inact iva ted , w h i c h w o u l d result 
in enhanced k e e p i n g qual i t ies o f tea ( L i y a n a g e et al, unpub l ished data ; L i y a n a g e et 
al.,1997). T r i a ls o n m i c r o w a v e d r y i n g , conducted i n the fac tory fo r b o t h b r o k e n -
grade and l e a f y - g r a d e t y p e manufac tu re , h a v e s h o w n that m i c r o w a v e - d r i e d teas are 
infer ior to c o n v e n t i o n a l l y d r i e d teas i n terms o f l iquor characterist ics a n d f l a v o u r 
pro f i l e . H o w e v e r , the appearance or the b lackness o f m a d e tea w a s bet ter i n the 
m i c r o w a v e - d r i e d teas f o r b r o k e n grades. 

T r ia ls o n two-s tage d r y i n g , i n v o l v i n g a n in i t ia l c o n v e c t i v e d r y i n g f o l l o w e d b y a 
m i c r o w a v e f in ish d r y i n g , was invest igated i n the present study, in order to d e t e r m i n e 
the possibi l i ty o f p r o d u c i n g a g o o d qua l i ty tea w i t h enhanced keep ing qual i t ies . 
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MATERIALS AND METHODS 

Miniature scale two-stage drying 

I n a p r e l i m i n a r y t r ia l f o r t w o - s t a g e d r y i n g , the m i n i a t u r e endless cha in pressure 
( E C P ) dr ier at St C o o m b s Estate w a s used, i n c o m b i n a t i o n w i t h a domest ic m i c r o w a v e 
o v e n ( m o d e l : G o l d Star M A 1 0 6 6 M E , K o r e a ) . 

T h e f o l l o w i n g treatments w e r e g i v e n to t w o d h o o l samples. 

5 0 g d h o o l 7 m i n . M i c r o w a v e 6 8 0 W 
1 9 . 2 % mois ture E C P 3 m i n . 10 sec. 

5 0 g d h o o l 9 m i n . M i c r o w a v e 6 8 0 W 
1 5 . 8 % mois ture E C P 3 m i n . 2 0 sec. 

F o r c o m p a r i s o n , the f o l l o w i n g t rea tment was g i v e n to a d h o o l sample f r o m the 2 n d 

sect ion o f the FJ3D. 

5 0 g d h o o l 9 m i n . M i c r o w a v e 6 8 0 W 
( 2 n d sect ion F B D ) E C P 3 m i n . 2 0 sec. 
19 .35 % mois ture 

A sample d r i e d in the F B D , h a v i n g a mois ture content o f 4 . 2 %, w a s used as a 
cont ro l . 

E a c h t r ia l was repeated three t imes , and the m e a n values o f the parameters w e r e 
recorded f o r c o m p a r i s o n . 

Industrial scale two-stage drying 

E x p e r i m e n t s w e r e car r ied out at G r e a t Western Estate , T a l a w a k e l l e . Par t ia l ly d r ied 
samples , 5 0 g e a c h , f r o m 1 s t , 2 n d a n d 3" 1 sections o f the F B D dr ier w e r e taken out , and 
subjected to m i c r o w a v e s at 6 8 0 W f o r 3 , 5 and 1.5 m i n . 

F o r c o m p a r i s o n , a 5 0 g d h o o l sample exposed to m i c r o w a v e s fo r 3 m i n . at 3 4 0 W , 
f o l l o w e d b y 6 m i n . at 6 8 0 W , w a s used. 

A c o n v e n t i o n a l l y d r ied sample was taken f r o m the 4 * sect ion o f the F B D to be 
used as a cont ro l . 

E a c h t r ia l was repeated three t imes , and the m e a n values o f the parameters w e r e 
recorded fo r c o m p a r i s o n . 
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Microbial analysis 

F i f t y m i l l i l i t r es o f ster i l ized d is t i l led w a t e r w e r e p laced i n a steri le con ica l f l ask 
conta in ing 2 g o f m a d e tea , w i t h 0 .05 m l o f T w e e n 8 0 . T h e m i x t u r e w a s shaken f o r 2 0 
m i n . i n a shaker. A series o f d i lu t ions f r o m this m i x t u r e w a s prepared us ing ster i l i zed 
dist i l led water . M o u l d s and aerobic p la te counts w e r e taken f o r each d i l u t i o n , us ing 
pota to dex t rose agar a n d nut r ien t agar, respect ive ly . C o u n t s w e r e m a d e a f te r a n 
incubat ion p e r i o d o f 4 8 hr at 2 5 °C. 

T h e e x p e r i m e n t w a s repeated three t imes . 

Determination of TF, TR and total colour 

T h e m e t h o d used f o r the de terminat ion o f T F , T R a n d tota l co lour (TC) w a s that 
o f Rober ts a n d S m i t h ( 1 9 6 1 ) . 

Determination of flavour compounds 

T h e m e t h o d used to de te rmine f l a v o u r c o m p o u n d s w a s that o f Y a m a n i s h i et al., 
( 1 9 8 9 ) . 

Determination of moisture content 

T h e mois tu re content w a s de te rmined b y the standard AO AC g rav imet r ic m e t h o d 
( 1 9 9 9 ) . 

Tasters' evaluation 

A p a n e l o f three tasters w e r e used, a n d the i r average rat ings w e r e recorded for 
i n d i v i d u a l parameters , n a m e l y in fused leaf , colour , s t rength, qua l i ty a n d f lavour . 

RESULTS AND DISCUSSION 

Miniature scale two-stage drying 

T h e f i r ed teas f r o m the m i n i a t u r e scale two-s tage d r y i n g w e r e c o m p a r e d fo r TF, 

T R , mois ture content a n d taste. T h e results are g i v e n i n T a b l e L 
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Table 1. Comparison of TF, TR and moisture content of two-stage-dried teas 
with that of conventionally dried teas 

Treatment %TF %TR TR/TF %moisture 

E C P 7 m i n + 6 8 0 W / 3 m i n l 0 s e c s 0 . 7 7 1 4 . 0 4 1 8 . 4 6 5 .4 

E C P 9 m i n + 6 8 0 W / 3 m i n 2 0 s e c s 0 . 8 7 1 3 . 9 9 1 6 . 0 9 5 . 0 

F B D 2 n d s e c t n + 6 8 0 W / 3 m i n 2 0 s e c s . 0 . 9 6 1 3 . 9 5 1 4 . 4 7 5 .8 

F B D (con t ro l ) 1 .10 1 3 . 3 0 1 2 . 7 2 4 . 2 

O n tast ing the l iquors , i t w a s ev ident that the teas d r i e d us ing two-s tage d r y i n g 
w e r e th inner , a n d the in fus ions dul ler , than w i t h the c o n v e n t i o n a l l y d r ied teas. T h e 
appearance w i t h re fe rence t o blackness o f tea , fo r the f i rs t three samples , w a s bet ter 
than f o r the F B D - d r i e d samples. T h e mois ture content o f the two-s tage dr ied teas w a s 
h igher than that o f the F B D - d r i e d samples. 

Industrial scale two-stage drying 

T h e t w o - s t a g e - d r i e d teas w e r e ana lysed a n d c o m p a r e d f o r T F , T R , mois ture 
content a n d P P O act iv i ty . T h e results are s h o w n i n T a b l e 2 . 

Table 2 . Comparison of TF, TR, moisture content and polyphenol oxidase activity 
in two-stage-dried teas with that in microwave-dried teas and 
conventionally dried teas 

T r e a t m e n t % T F % T R T C % B T R / T F % M C % P P O 

3 4 0 W / 3 m i n + 6 8 0 w 7 6 m i n 0.699 14.288 0.626 19.726 20 .452 3.1 27 .16 

F B D 1 " secf+eSOW/Smin 0.638 13.871 0 .610 19.565 21.745 3.7 41 .98 

F B D 2 n d sect" +680WV3min 0.942 14.503 0.863 19.832 15.402 3.1 80.25 

F B D 3 r i s e c t n + 6 8 0 w 7 1 . 5 m i n 0.999 15.408 0.913 25 .260 15.420 3.4 81.48 

F B D 4 , h sect" 1.018 14.216 0 .900 27 .950 13.971 4.6 93.83 

O n c o m p a r i n g the results, it was ev ident that the T F content o f m i c r o w a v e - d r i e d teas, 
a n d t w o - s t a g e - d r i e d teas, is l o w e r t h a n that o f c o n v e n t i o n a l l y d r i e d teas ( T a b l e 2 ) . 
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T h e highest P P O act iv i ty w a s observed i n the s a m p l e that was d r i e d i n the FBD 
( 9 3 . 8 % ) , a n d the lowest i n the m i c r o w a v e - d r i e d s a m p l e ( 2 7 . 1 6 % ) . I n the two-s tage -
dr ied teas, the P P O ac t iv i ty increased w i t h reduct ion i n t i m e o f exposure to m i c r o w a v e 
energy ( T a b l e 2 ) . 

Table 3 . Comparison of flavour compounds in two-stage-dried teas with that in 
microwave-dried teas and conventionally dried teas 

Treatment Trans-2 
Hexanal 

ppm 

Linalool 
oxid e-1 

ppm 

Linalool 
oxide-2 

ppm 

Linalool 

ppm 

Methyl 

ppm 

Geraniol 
salicylate 

ppm 

QI 

340W/3min 
+ 6 8 0 W / 6 m i n 

3.018 0.119 0 .631 0 .902 0.019 1.361 0 .299 

F B D 1 " sect" 
+ 6 8 0 W / 5 m i n 

7.331 0.326 1.673 2 .652 0.048 2.626 0 .362 

F B D 2" 1 sect" 
+ 680W73min 

8.028 0.401 1.831 3 .560 0.063 3.432 0.444 

F B D 3* sect" 
+ 6 8 0 W / 1 . 5 min 

25.115 0.768 3.175 6.804 0.096 3.821 0.271 

F B D 4 * sect" 33.772 0.793 3.076 6 .739 0.170 3.460 0 .200 

T h e f l a v o u r p r o f i l e o f the teas ind icate that the levels o f f l a v o u r c o m p o u n d s are 
l o w e r in m i c r o w a v e - d r i e d teas than i n c o n v e n t i o n a l l y d r ied teas ( T a b l e 3 ) . 

O n tast ing the samples , i t was observed that the best l iquor was produced b y 
convent iona l l y d r i e d teas, and the next best w a s the sample f r o m the 3 r d section o f the 
F B D w h i c h w a s exposed to m i c r o w a v e energy at 6 8 0 W fo r 1.5 m i n . T h e s a m p l e 
d r ied using m i c r o w a v e s a lone had very l ight a n d undesi rab le l iquor. T h e f l a v o u r w a s 
also m o r e p r o n o u n c e d in the convent iona l l y d r i e d teas than in the m i c r o w a v e - d r i e d 
teas. T h e sample that was exposed to m i c r o w a v e e n e r g y a lone had the best appearance 
in terms o f b lackness. 

W h e n m i c r o w a v e s are used to d ry bo th b r o k e n a n d l e a f y - t y p e grades, the qua l i t y 
o f the l iquor w a s f o u n d to be in fe r io r to that o f c o n v e n t i o n a l l y dr ied teas. H o w e v e r , 
the appearance i n re la t ion to blackness w a s better i n m i c r o w a v e - d r i e d teas ( L i y a n a g e 
et al., unpubl ished data ) . 

Teas that h a v e not been fired proper ly , and that h a v e a h i g h mois ture content , d o 
not g i v e r ise to a w e l l - r o u n d e d product . W h e n m i c r o w a v e s a lone w e r e used to d r y 
broken grades, i t was d i f f icu l t to ach ieve a mois tu re content o f 3 - 4 %. H o w e v e r , w i t h 
leafy grades, this range was ach ieved , a l t h o u g h the qua l i t y o f both types o f l iquors 
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w e r e in fe r io r to that o f convent iona l ly m a n u f a c t u r e d teas ( L i y a n a g e et al, unpub l ished 
da ta ) . 

Microbial analysis of made tea samples 

A l l samples w e r e subjected to m i c r o b i a l analysis to check the e f fec t o f 
m i c r o w a v e s o n the m i c r o b i a l count . T h e tota l n u m b e r o f microbes f o r each s a m p l e 
is g i v e n i n F i g . 1 . 

Fig. 1. Total number of microbes/g 

( a ) 3 4 0 W / 3 m i n . + 6 8 0 W / 6 m i n . , ( b ) F B D 1 s t sect" + 6 8 0 W / 5 m i n . , ( c ) F B D 2 n d 

s e c t n ; + 6 8 0 W / 3 m i n . , ( d ) F B D 3a s e c t " + 6 8 0 W / 1 . 5 m i n . , and ( e ) F B D 4 t h sect" 

T h e results show that the m i c r o b i a l counts i n the samples, that had b e e n subjected 
to m i c r o w a v e energy alone, are m u c h l o w e r than i n those samples that h a d b e e n exposed 
to t w o - s t a g e d r y i n g . T h e m i c r o b i a l count increased progressive ly w i t h the r e d u c t i o n 
i n t i m e o f exposure to m i c r o w a v e energy , d u r i n g the two-s tage d r y i n g process. T h e 
highest m i c r o b i a l count w a s seen in the samples that w e r e subjected to F B D d r y i n g . 

T h e s e - r e s u l t s i n d i c a t e tha t m i c r o w a v e e n e r g y has a d i r e c t i m p a c t o n the 
m i c r o o r g a n i s m s ( F i g . 1) . M i c r o o r g a n i s m s af fect the keep ing qual i t ies o f tea. 

CONCLUSIONS 

Tr ia ls o n two-s tage d r y i n g ind icate that the qua l i ty o f c o n v e n t i o n a l l y d r i e d teas 
a re bet ter than that o f t w o - s t a g e - d r i e d teas, b o t h i n terms o f q u a l i t y a n d f l avour . 
H o w e v e r , m i c r o b i a l counts and P P O ac t iv i t y o f m i c r o w a v e - d r i e d teas a re m u c h less 
than that o f convent iona l ly d r i e d teas. 
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