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A RAPID METHOD TO DETERMINE MOISTURE CONTENT 

IN GREEN LEAF, WITHERED LEAF AND MADE TEA, 

USING A MICROWAVE OVEN 
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K R a v e e n d r a n , W S B o t h e j u , S H Pr iyan th i a n d L Jayas inghe 
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T h e moisture content in withered leaf is critical in tea processing, 
irrespective o f the type o f manufacture. The moisture content o f made tea at 
the drier mouth, and o f graded tea, is a crucial indicator in determining the 
quality o f made tea. The gross out-turn o f made tea to green leaf depends 
directly on the moisture content o f the green leaf. Hence, i f the moisture 
content o f the green leaf is known, the gross out-turn can be predicted. 

Although moisture meters are available to determine moisture content 
in made tea, there are no meters or quick methods available for determining 
moisture content in green leaf or withered leaf. The present paper introduces 
a simple and rapid method to determine moisture content in green leaf, 
withered leaf and made tea, using a microwave oven and an electronic balance. 
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INTRODUCTION 

I n b lack - tea m a n u f a c t u r e , g reen l e a f is harvested and processed in to b l a c k tea. 
T h e uni t operat ions in this process are w i t h e r i n g , r o l l i n g , r o l l - b r e a k i n g , f e r m e n t i n g , 
d r y i n g a n d grad ing . 

W i t h e r i n g is the fo remost opera t ion i n b lack- tea processing. T h e p l u c k e d green 
tea leaves conta in 7 0 - 8 3 % m o i s t u r e ( o n w e t - w e i g h t basis) . T h e p r i m a r y ob jec t ive o f 
w i t h e r i n g is to prepare the leaves f o r r o l l i n g b y m a k i n g the leaf-t issues f l acc id a n d 
p e r m e a b l e , so that there w i l l b e a p roper m i x i n g o f their c h e m i c a l consti tuents dur ing 
r o l l i n g . D u r i n g this process, the m o i s t u r e content is brought d o w n to e i ther 5 5 - 5 8 % 
( i n the case o f o r thodox or o r thodox - ro to rvane manufac tu re ) o r to 6 8 - 7 0 % ( i n the 
case o f C T C m a n u f a c t u r e ) . 

P r o p e r l y - w i t h e r e d leaves h e l p subsequent operat ions i n p r o d u c i n g g o o d qua l i ty 
tea. A n y var ia t ion i n mois ture content , e v e n a d i f ference o f ± 1 % ( o n w e t - w e i g h t 
bas is ) , c o u l d a f fect the qua l i ty o f t h e end-product . H e n c e the mois tu re content i n the 
w i t h e r e d l e a f is cr i t ica l i n tea processing, i r respect ive o f the t ype o f m a n u f a c t u r e , and 



the gross ou t - tu rn o f m a d e tea to green l e a f depends d i rect ly o n the mois ture content 
o f the g reen leaf . 

T h e degree o f w i ther , that is the rat io o f m a d e tea ( M T ) to w i t h e r e d l e a f ( W L ) 
expressed as a percentage ( % M T / W L ) , is e i ther j u d g e d b y the Fac tory O f f i c e r , o r 
ca lcu la ted b y d i v i d i n g the w e i g h t o f tota l m a d e tea b y the w e i g h t o f tota l w i t h e r e d l e a f 
at the e n d o f the day. Judgement b y the F a c t o r y O f f i c e r is subject ive a n d , as a resul t , 
w i d e var iat ions are observed in practice. T h e ca lcu la t ion , M T / W L , is also not accurate, 
since there c o u l d be w i d e f luctuat ions a m o n g batches. F o r e x a m p l e , one batch c o u l d 
have a degree o f w i t h e r o f 5 0 % M T / W L , a n d another batch 4 0 % M T / W L , s h o w i n g a n 
average v a l u e o f 4 5 % M T / W L w h i c h is considered desirable. H o w e v e r , such averages 
are s o m e w h a t m i s l e a d i n g a n d as a consequence, the qua l i ty o f the m a d e tea c a n b e 
a f fected . 

P r i v a t e tea - fac tory o w n e r s , w h o process l e a f f r o m smal l -ho lders and green l e a f 
suppl iers , are concerned about the nett ou t - tu rn o f m a d e tea to green l e a f ( M T / G L ) , 
because their expendi ture on green leaf depends o n this factor. A n exper iment conducted 
i n the l o w country ( 0 - 6 0 0 m above m e a n sea l eve l ) , indicated a g o o d correlat ion b e t w e e n 
the nett ou t - tu rn and mois ture content i n the green l e a f ( Z i y a d M o h a m e d et al., 2 0 0 3 ) . 
A t present , the ou t - tu rn is ca lcu la ted at the e n d o f processing. 

T h e mois tu re content o f m a d e tea at the dr ie r m o u t h , as w e l l as o f g raded tea, are 
c ruc ia l e lements i n d e t e r m i n i n g the qua l i t y o f m a d e tea. T h e r e are mois ture meters 
ava i l ab le to c h e c k the mois ture content o f m a d e tea. T h e s e meters w o r k e i ther o n the 
capaci tance p r inc ip le or on exposure to in f ra - red rad ia t ion . A l l these meters n e e d 
ca l ib ra t ion , a n d the accuracy o f readings is quest ionable . I n the case o f in f ra - red 
mois ture meters , the readings are no t re l i ab le w h e n there is vo l tage f luc tua t ion i n the 
p o w e r supply. H e n c e , in order to obta in accurate measurements , the instrument should 
be c o u p l e d to a vo l tage stabil izer. 

A t present , the mois ture content o f green leaf , w i t h e r e d l e a f a n d m a d e tea is 
d e t e r m i n e d b y the standard o v e n m e t h o d , that is b y d e t e r m i n i n g the w e i g h t loss o f a 
l e a f sample p laced i n an o v e n at 1 0 2 ± 3 °C f o r four hours. A m o r e rap id m e t h o d to 
determine the moisture content o f green leaf , w i thered leaf and m a d e tea w o u l d cer ta in ly 
be usefu l . I n this paper, a s i m p l e , easy and r a p i d m e t h o d o f d e t e r m i n i n g the m o i s t u r e 
content o f g reen leaf , w i t h e r e d l e a f and m a d e tea using a m i c r o w a v e o v e n and an 
e lect ronic ba lance is descr ibed. 

M i c r o w a v e heat ing o f foods is great ly a f fec ted b y the presence o f w a t e r w h i c h 
is a m a j o r absorber o f m i c r o w a v e energy ( D e c a r e a u and Peterson, 1 9 8 6 ; N e l s o n and 
K r a s z e w s k i , 1 9 9 0 ) . A s a consequence, the h igher the mois ture content , the better the 
resultant heat ing ef fect . T h e ab i l i ty o f a ma te r i a l to coup le w i t h m i c r o w a v e energy 
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depends o n its d ie lect r ic propert ies . T w o factors, w h i c h a f fect the d ie lectr ic propert ies 
o f f o o d mater ia ls , a re the charge effects d u e to the concentra t ion o f ion ic species, a n d 
the d i p o l e e f fect d u e to mois ture . M o s t organic consti tuents o f f o o d c a n be considered 
as d i -e lec t r ica l l y iner t c o m p a r e d to aqueous ion ic f lu ids or water , a n d are therefore 
cons idered as b e i n g la rge ly t ransparent to m i c r o w a v e energy ( S i l v e i r a et al., 1 9 9 9 ) . 

Tsang a n d F r u t a n i ( 1 9 8 9 ) descr ibed a fast and accurate m e t h o d f o r d e t e r m i n i n g 
the percentage o f m o i s t u r e content i n m a c a d a m i a nuts us ing a househo ld m i c r o w a v e 
o v e n . 

M A T E R I A L S A N D M E T H O D S 

A k n o w n quant i ty o f the sample ( 2 0 or 2 5 g in the case o f g reen l e a f and w i t h e r e d 
lea f , and 10 g i n the case o f m a d e tea ) is exposed to m i c r o w a v e i r rad ia t ion f o r a p e r i o d 
o f t i m e unt i l the w e i g h t o f the sample becomes constant. T h e d i f fe rence i n w e i g h t 
g ives the mois tu re content i n t h e sample . T h e readings f r o m the m i c r o w a v e m e t h o d 
w e r e c o m p a r e d f o r accuracy w i t h the standard o v e n m e t h o d . 

A domest ic m i c r o w a v e o v e n ( M o d e l M S - 2 8 3 M C G o l d Star, a turn table m o d e l ) , 
capab le o f opera t ing at a f r e q u e n c y o f 5 0 H z , w a s used in these tr ia ls . 

T h e wa t tage corresponding t o d i f ferent p o w e r settings i n this o v e n are as f o l l o w s : 

1 0 0 % p o w e r - 9 0 0 w 
8 0 % p o w e r - 6 5 0 w 
6 0 % p o w e r - 4 0 0 w 
4 0 % p o w e r - 2 0 0 w 
2 0 % p o w e r - 1 0 0 w 

A n e lect ronic ba lance w i t h a n accuracy o f ± O .O lg was used. H o w e v e r , i f this 
m e t h o d is used o n l y to d e t e r m i n e the mois ture content o f g reen l e a f a n d w i t h e r e d leaf , 
a n e lect ronic ba lance w i t h ± O . l g accuracy w o u l d be adequate . 

W h e n samples are e x p o s e d t o m i c r o w a v e i r rad ia t ion , m o i s t u r e is lost f r o m t h e m 
o w i n g to a b u i l d - u p o f heat . T h e a m o u n t o f mois ture lost w a s ca lcu la ted f r o m the 
w e i g h t loss o f the samples . 

Severa l samples o f g reen l e a f ( G L ) , w i t h e r e d l e a f ( W L ) a n d m a d e tea ( M T ) , 
w i t h v a r y i n g moisture contents, w e r e tested in this exper iment at var ious p o w e r settings 
a n d per iods o f exposure i n the m i c r o w a v e o v e n . A f t e r test ing severa l samples , the 
r e c o m m e n d e d p o w e r settings a n d the corresponding per iods o f exposure w e r e der ived . 
T h e s e are s u m m a r i z e d b e l o w . 
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P o w e r settings P e r i o d o f exposure 

G L 8 0 % 1 0 - 1 1 m i n u t e s * 

W L 8 0 % 1 0 - 1 1 m i n u t e s * 

M T 1 0 0 % 5 m i n u t e s , a n d thereafter e v e r y m i n u t e un t i l 
the w e i g h t o f the samples becomes constant 

* T h e to ta l exposure p e r i o d i n the m i c r o w a v e o v e n w o u l d b e about 1 0 - 1 1 minutes fo r 
t w o samples , a n d 7 - 8 minutes f o r o n e sample . 

Severa l samples o f green leaf , w i t h e r e d l e a f and m a d e tea, w i t h v a r y i n g mois ture 
contents, w e r e tested i n this exper iment at the p o w e r settings and the periods o f exposure 
establ ished. T h e data ob ta ined f o r the three types o f samples , vis-a-vis da ta ob ta ined 
us ing the standard o v e n m e t h o d , are presented i n T a b l e 1 . 

I n the case o f m a d e tea, samples w e r e i n i t i a l l y exposed f o r f i v e m i n u t e s , a n d the 
w e i g h t loss d e t e r m i n e d every o n e m i n u t e thereafter. I n the case o f green l e a f and 
w i t h e r e d l e a f samples , i t is adv isab le to tu rn the sample o v e r af ter a n exposure to the 
m i c r o w a v e i rradiat ion o f about three minutes , i n order to a v o i d adherence o f the samples 
to the test container. 

Table 1. Change in weight of samples of green leaf, withered leaf, and made tea, 
when exposed to microwave irradiation. 

Final weight of sample (g) at the end of exposure 

Period of 
exposure 
(min) / Sample 

5 6 7 8 9 10 11 M.C (%) 
(•**) 

M.C (%) 
(std) 

GL(20g) 5.38 4.96 4.82 4.74 4.70 4.65 4.65 76.75 76.70 

WL(20g) 7.05 6.87 6.83 6.80 6.79 6.77 6.77 66.14 66.10 

MT(10g) 9.65 9.62 9.60 9.60 9.60 4.00 4.00 

G L - g reen leaf ; W L - w i t h e r e d lea f ; M T - m a d e tea 
M C % ( * * * ) - mois ture content us ing m i c r o w a v e o v e n 
M C % (std) - mois ture content us ing standard o v e n 
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RESULTS AND DISCUSSION 

A c o m p a r i s o n o f the results us ing the t w o m e t h o d s ( T a b l e 1) c o n f i r m s that the 
mois tu re content o f each s a m p l e c o u l d be d e t e r m i n e d w i t h i n a short per iod o f t i m e , 
us ing the m i c r o w a v e m e t h o d . T h e p e r f o r m a n c e o f the m i c r o w a v e o v e n c o u l d v a r y 
a m o n g models. . T h e r e f o r e , the settings ( the p o w e r l e v e l a n d the p e r i o d o f exposure to 
m i c r o w a v e s ) , a n d the w e i g h t o f the l e a f samples, shou ld be adjusted accord ingly . 
T h i s ca l ib ra t ion is v e r y s i m p l e w h e n d e t e r m i n i n g the mois tu re content i n green l e a f 
a n d i n w i t h e r e d leaf . 

A l o w e r p o w e r sett ing o f the m i c r o w a v e o v e n is used w h e n d e t e r m i n i n g the 
mois ture content i n g reen l e a f a n d w i t h e r e d leaf . T h e samples w o u l d t end to b u r n o r 
scorch i f f u l l (100%) p o w e r is used. I n the m i c r o w a v e m e t h o d , g reen l e a f a n d w i thered 
l e a f r e m a i n green af ter m o i s t u r e is r e m o v e d but , i n the standard o v e n m e t h o d , the l e a f 
samples turn b r o w n o w i n g to scorching. 

H o w e v e r , u n l i k e f o r green l e a f a n d w i t h e r e d leaf , 100% p o w e r should be used 
f o r m a d e tea a n d g r a d e d tea samples as the mois ture present i n t h e m is ve ry low. I t is 
i m p o r t a n t that the samples b e spread out i n the d i s h , a n d heap ing a v o i d e d , i n order to 
a c h i e v e u n i f o r m heat b u i l d - u p i n t h e m . F o r g raded teas, the per iod o f exposure has to 
be va r ied f r o m grade to grade , a n d fo r s o m e grades the ca l ib ra t ion is tedious. 

I t c a n be c o n c l u d e d that the m e t h o d descr ibed here is an e f fec t ive a n d rap id 
m e t h o d to d e t e r m i n e mois tu re content i n g reen l e a f a n d w i t h e r e d leaf . H o w e v e r , 
ca l ibra t ion c o u l d b e tedious w h e n this m e t h o d is used f o r d e t e r m i n i n g moisture content 
i n m a d e tea o r g raded tea. 
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