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In previam’ articles“* the resultd- of

expetimems designed to find the best. firing

"température. have been described.- Briefly.
it was proved that 190°F gave the best all

round teas, whilst firing at lower temperas, 1

tures {180°F), although giving superior
quality, pungenicy tnd Ravéur,” did "hot -
ensute keeping qualities. Theg prévidus

‘have--described the the tech
the Experiments and it is only, necéssary

.to recapitulate in order to emphiasfse the -
- fact 'th§t edeli conclusion’ is | basezi “on”

the
results of at least-2i experiments carried
out at all seasons of the year and invdiving -

. ‘either 42 or 63 days’ manufaétire accord-
wéu‘k is .

| bulked.. for, sutipling..  Edch sample- s ,

ing to’whethef two or three days’

drawn fmmmelmlkofteaﬂredovettw:r
or “three-day periods.' ‘Thé total ‘numbér '
of gamples dealt with in the course b!

_obtaimirig the results - Qeseribéd “in' ﬂus
article-was 6541 All samiples were ‘tasted
. _g: bya team of tasters, the personnel of which

- did:not' chhnge to Bny. appreciablé extent
“ 80 that. differénces due to'personal factors
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were mi!ﬁmmed. The, satnples were spnt.
unpder a serial: number 8. that the * team”
were not eyen aware that they we;:e irom
firing expenments '

&T'The method of reportlng ‘has several
times been deseribed in The Tea Quarterly.

,-Appegrance, . colour, strength, quality and

pungency .or. flavour, if. present, have all
been marked separately and each sample
valued on the market ruling at the time of
.tasting, A simple arithmetic ‘average has "
‘been drawn up-of .each téam result-and all
fractlons . disregarded., For instance.
suppose the average, mark for the strength
of a sample was 10,5 compared to the 10
“marks given to. every: standard then 105
“would bé regardeéd ag’10 ang the conchision
Mtberew,aamd:ﬁerencelnthe girength

- would be drawn from the result. If, on the -

other, hand; the average was 112, it would
‘be accepted that the tqam Yad-found a real
difference between’ the, teas. Similarly in
the valdations all fractions of less than 0.6
cent . were’ regarded as having no signi~
ﬁcance,' FUDPUE T . HN



These are very rigid tests and bring
out only marked differences of practical
importance.

. Most of the teas were tasted in pairs,
one being the standard, and never were
more than three teas compared to the same
standard. This makes for accurate tasting
as a taster cannot be expected to remember
all the features of ‘each tea when working
down a long row of cups with only one
standard. : '

When describing the results of the
experiments on the effect of firing tempe-
rature, the averages of the taster's analyses

for each separate season were all tabulated.

Since in the present results all the differ-
ences were in either strength or quality,
and most of the seasonal differences were
not sigmificant, it is proposed greatly to
simplify the tabulation of results and to
give only the significant differences in the
valuation for each complete series,

through the drier. In these experiments
therefore the temperature was fixed at
190°F. and the load and air flow 50 adjusted
that a moisture content of 3 per cent was
obtained in about the normal time of 20
minutes. Low or high moisture contents

were obtained by variation of firing time

to give the figures- required.

It is quite clear from Table I that 34
per cent is the moisture content associated
with the best teas. Curiously enough
firing to very low moisture contents appa-
rently impairs keeping quality. This has
been known in practice for some years
but the usual explanation of “case harden-
ing” does not fit the facts in this case, A
condition to which the term “case harden-
ing” may be an apt description may arise
when teas are dried rapidly at high tempe-
rature, but a tea dried at 190°F. under

TABLE 1
Comparison of valuations of teas fired to different moisture cpntents
{Based an 68 days' manufacture)
) Comparative valuations based on Standard  ~
. Moisture % ] : (Differences in cents.) ‘
{On discharge from ‘h"f’r) Fresh teas Teas stored for two months '
4t08 ‘ N —1 |
3 ’_ "~ Standard |
2 _ 1 =2
1to2 , . - —2 —2.

* Mpisture contents were abont.1 per ceat higher when tasted. They sbearbed moisture duringthe grading

process,  The very dry teas samnetimes picked up more thao 1 per cent during grading,

I. FIRING TO DIFFERENT MOISTURE
CONTENTS AT (90°F.

. In commercial drying at any fixed inlet
temperature the moisture content depends
mainly on the time taken to pass the tea

C e

standard conditions of air flow and load,
dries at a fixed rate and the low moisture
content is merely a result of length of dry-
ing. At the present moment there is no
explanation which fits all the facis -

|
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. The moisture contents given in the
table are the moisture contents at.the
moment of discharge from the driér. Teas
fired to 3 per cent moisture content will
pick up about 1 per cent durmg gradmg
and storage (if storage conditions are good)
and should be despatched at about 4.0 to

‘45 per cent.

The problem of what to do w,lth teas
which absorb more moisture than this now
arises.

2. FINAL FIRING TEAS ORIGINALLY FIRED.
TO 3% MOISTURE CONTENT AT I90°F

‘As: the object of final- ﬁnng is onlv
to drive off a little excess moisture, neither’
high temperatures nor long periods of firing
are necewary' or desrrable Previous

7

dry at, sav, # per cent is held tenaciously
and ‘is rot readily lost'to moderately ‘hat
air in short periods of time.

minima for eflective treatment.

The conclusion was therefore that ﬁnal :

firing for 15 minutes at 160°F. is ‘quite
innocuous. - The figures bracketed in the
table indicate a slight deletenous effect
immediately after final firing a tea contain-
ing 4 per cent moisture but this effect dis-
appears after 2 months’ storage and the tea
is then slightly better for the final firing.

‘For aill practical purposes we can say that.

final firing, when unnecessary from--the
point of view of moisture content, does little
harm or good. Normally when it is possibie

to determine moisture contents, unnecessary’

Accordingly -
final firing was carried cut at 160°F. for
15 minutes, both these figures repnesentmg'

' . TABLE 1I

- (Based on 44 days' manufacture)
Original firing to 3%, at 190° F
Final firing 15 minutes at 166°F

=IF

Compamuue wvaluations ba.sed-on Standard -

Sa;x;ple ) 5 _F ‘ ’ _{Differences in cents)
o A Frash teas Teas stored for 2 months
Origimal teaat s | Standard. .
Y . .,._,, - . - t.eaﬂa.féer.: e e o 0 e ] e A o ed weaa AU B
- ﬁ.na!ﬁnng C (—04)“" (+0.5)*

’ 'Thammstummmtmhipm cent after grading. ) - -

- Thenctualdtﬁermcammomubnbemgardeduslgmﬁcant.

experiments have shown quité'clearly that
temperatures above 180°F. and times above
20 minutes are both detrimental to quality
te some extent although the loss at 190°F.
is small. On the other hand the moisture
in tea ‘f,h?}l__th‘? material is comparatively

final firing would be avoided on account of

additional cost, especially as no beneﬁt s
derived from it. omie

The next question is does a smaIl Tise
in moisture content do any harm ? Table 111
displays figures which answer this question,

Y L
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. L ‘I‘eaﬁredto 8% moxsture at 190°F.

8

Gain in molsture is. shown to cause -

definite detenoratmn amounting to 2 cents.
The fresh teas normally reached the tasters

on an average of about two weeks after

manufacture and even in this short time.

there was marked deterioration.

When teas gain mofisture and start to

deteriorate final firing can only be éxpected

to arrest deteriorat;on

The loss of two cehts in the value of
fresh teas shown in Table IV agrees well
with the previous table but equality with
the’ standard after two months’ storage is
notxso easy to understand. '

Further to study the effects of final fir--

. ing it is necessary to make a comparison of

TABLE I noe

the feas containing .6-7 per cent moisture
‘before and after final firing. Table V affords

_ sucha comparison.

. C (Based on44 days manufacture)

Comparative valuatmns Based on Standard

Sam p}e 7 . (Differences in cents)
Fresh teas Teas stored for 2 months
Original graded tea contauung ) _
4% moisture Standard
Original tea allowed to absorb .
moisture up to 6-79, . - -2 —g
M :

* This value was increasing but had not reached o significant, - 3.0 in two months,

TABLE 1V
(Based on 44 days nmnufacture)

Compatatwe valuations based on Stagdard
{Diff¢rences in cents)

“ Sample

?reshwa.s Tmstnredinrzmonths ..

se——

and containing 4% after gradmg

- Stan'dard

2. Ahove samplés. allowed to gaiﬁ 8«7%
. moiSture during storagd in bins before
i packmg Final fired at 16&"}? for is

‘ ni:m:tes before packing ,
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These results conﬁrm prevmus ‘findings
and reveal that in spite of the increased

-moisture present no apparent harm  has
resulted from final firing. The effectiveness

of the treatment is gauged from the fact

- that after two months’ storage the final fired
.| . teas were valued two cents higher than the

gtandard. which had not been final fired. -

These ﬁgums da not however offer any

Table IV where final fired teas reach equal-
ity with the standard 4 per cent moisture
content tes after two months’ storage. For
further information on this point it is neces-
sary to'look into more detail at the tasters’
opinions from season to season and i is
possibly & case where some geasonal effect.

~Jdnfluences the ‘effects of final firing

 Table VI displays the average differences in

the comparison with the standard worked

explananon of the curioys m'sult shown in out from each geason. 2
, , S TABLE v . L :
(Ba.sed on 44 days manutactnm} S '
TR : Compamtwe vaiuahnnsbasedon?mdard
. oo o {D&ffcrmesincents}
Lo e Fttsh teas Tmstméfor2monﬂ!s
L fhnsmnfammg 7% mms:ure' P I g .
mred at 190°F. to:&%; Standard .
2 Above aftu,ﬁnal ﬁrmg ior 15 ‘ E
e mmuws ait 160"? 0 +2 ;
! TABLE Vi , . |
- e Anmgediﬁu‘adm,qamga(:edg}mdmﬁs turmhneason
) : Fmshteaa ri' Tmﬁtﬂmﬁlbrt% mnnt_hs;.,!: )
N {a) w% mois- (a} ;ﬁ_nai fired | “fa) 6-7,4, {i)—'Figglwﬁxed
5 }ture (ariginally toongmalmok-n‘mstme( - to original
: | - 494) ‘ tw:emtmt nnlly 4% miajsture content
' xi.'f"'mm% (Aprl‘}- - b T R
QREOON _— . w2 R T '
8. W. Monsoon -1 -8 e _ :?
later Monsson (ﬁug) — W —2 . -8 - : o
._-ﬁ E, Monsoon —~4" —~8* | —4* } 5
Awagﬂ slmmh o el |- tias ) e 1 —oa
‘Tahlm m&IV S c de, =20 | e, 20 4. G

* Markot hlgh but showing discrimination ; differences therefore large. >



0

.~ The columns headed 6-7.per cent are’
the parallel details for Tabie [IL.. Although .
at-all seasons rise:in moisture causes deteri-
oration there are indiecations that in certain
circumstances rise of moisture followed by
fingl firing may improve teas., This process.
may be what is commonly known as “matur-
ing” Under drier conditions in the dry
weather, and the two inter-monsoon periods, -
(to g lesser.extent in the August period
between the South-West and North-East),
this improvement following final firing is

most marked. It is possible that underfer- -
mented particles of leaf under the influence - -

of moisture may slowly axidise and improve.
provided that the process is arrested by

final firing before it leads to softness. On

the other hand the déterioration which is

- 80 marked in the wet weather may be due

to bacterial actiwty as observed by Bentcm
in l\ Indla

The process of maturauon is a very

difficult one to investigate and has so far
_vesisted all efforts to discover the exact
. conditions updeér which it takes place. The
results obtained in- these experiments. will

: -however: afford new lines.of investigation.

Ontil. ;he ;process is. hetter understood it.is -

obviously hest to guard against rise of mois-

. - ture during storage as far as possible in o
'-mnmetcial ma&uﬁaetuze -

TI-IE. TREATHENT AND HANDLu_sté OF .

TEA AFTER FIRING. -

Ha.wng regard 'to’ the importance of
: mmature content and. the. prevention -of
- exeessive

gain of meisture during opera-
tions sybsequent to firing; the handling of
tea after. its discharge from the drier is a
question of considerable importance. Fired
tea should obviously be packed into boxes:

" and denied access to air-as soon as possible.

-Freshly -fired - tea gains’ ‘moisture .rapidly

even in the comparatively dry. atmosphere

of the ﬂring _room and the sodner it is

A o gl i i

packed into hoxes the less the gain in mois-
ture will be. However, the question arises
as to. whether it is desirable to pack tes
while it is hot since owing to its nature it
is obwously likely to retain its heat. for
considerable periods. This question was
acwrdmgly invect:gated by further experi-
ments.. Four - series of samples were
examined. ° '

(1) Samplm fresh from the drier
.~ - “which had moisture contents
averaging 2.6 per cent and
temperatures of 1680-165°F. as -
measured by a sensitive ther-
" . mometer inserted into a bulk
- of the hot leaf. The firing

" temperature was 180°F.

Samples of leaf as in Sectton I
which were spread out on a
wooden table to cool off until
they were just warm to the
hand. The moisture contents
then averaged 3.3 per cent
~and temperatures 85-909F.

Samplea as in Section I packed
straight into boxes, carried and
stored for grading on the
following day, The moisture
contents then averaged 2.7 per -

- cent and the temperatures 100- -
115°F

Samp!es as in Section 1n packed’
- into boxes, covered and stored
"overnight. The moisture con-
tent was then 3.6 and tetnpe-
ratures 75-809F, - :

The leaf packed hot retained its lieat
and showed very little rise in moisture con-
tent but the effect of such conditiohs ‘on
quality was of course open to grave doubts.
Orr the other hand the copled, leaf already
showed a gain of 1 per cent moisture before
gradmg, &g indicated by Secuon IV. The

.
. (i),

v
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Institute revealed some
! 1mpmvement in what is undeniably a com-

11

13

tasters’ opinions were very decisive and it
was. only considered necessary ‘to repeat
the expenment nine times

j Con

i :The teas stored in the hot condn.wn
were sometimes reponed as _ “bakey. "
Strength and quality in the case of the teas

~ stored for two months were bo!;h marked

down. s:gmﬁesamly S

types of tea drier are efficient, simple and
by .most standards economlcal also more
especxally as they represent a considerable
capttal sum in installation costs, any radical
change in the techmque of tea drying is not
to be expected in the very near futude.
Therefore,. tea drymg as it is, and not tea .
dry]ng as. 1t mlght be 1f different types of

B}

TABLE VII

-

o Compa.rative va.luatwns based on Standard N

; {Diflerences in cents} -

“-;Sampie',-""‘ e =

E

i ; Frésh’ _tves ‘Teas stored fur two months
t} Teas cooled before stor‘iné_ o ‘Stapdard
ZE Tea.s stnmdmhot mndstmn ‘ ?,—Qﬁ ; ;35

In spite of gains in moisture therefore'

" téas should be cooled before’ packing into
_ bbxes, The gain may be reduced by cooling
" im the dry atmosphere. of the firing room

ahd to prevent f gain during grading

' al hygrometric difference of 10°F. should °
. ‘be maintained. in ‘the grading room while
. Work is in progress,

l . DlSCUSSlON OF aEsuus
T} The ‘above results mﬁy be said: to com--

. plete the experiments on the most practical

conmderauons of firing tea in Ceylon. They
l;ave not revealed the necessity for any

nge: in the’ techmque of " firing and.

eed, it- would have béen surprising if
a,!ter -about a-century.of experience in hun-
dreds of commercigl factories, a- compara-
tively few experiments at the Tea Research.’
. fundamental

paratively simple industrial operation. In

- fact, it is doubtful whether firing by hot air

- will ever be superseded and ag the modern

1,
[ ' -

machines: were available, is of primary ’

interest: to the worker in .applied science
who is concerned. with tea manufacture in
Ceylon

1t s not to be imagined that smce tea
drying i8 a comparatively mmple operation
that there is not room for error and gontro-
versy. ‘The nuriber Gf possible permiuta-’

. tions and combinations? of temperatures,

‘times, imojsture contents and so on is very
large: and only, systematic mveatxgation can

-hope to estabﬁsh ‘the best set of conditions.

Superimpose on these difficulties the ques-
tions of various possible-ranges of tempera—
ture and time for ﬁnal firing, and the range
of moisture content for final" packing. -

then becomes. even more obvious that to
establish optimum firing conditions 1s a task
of ‘some magmtude which can only hope to
succeéd under conditiohs controlled by
scientific methods.. Such conditions have
been- established and it is now possible to
sav what are the optlmum conditions for

Tat - ' 2

o




ﬁrmg Ceylon tea in a smgle operation
Temperature, time, moisture content and so
on are no longer matters of controversy,
fads and fancies as they have tended to be
in ,the past. Firing at high temperatures
and firing at low temperatures have alter-
nately, in cycles of years, become fashion-
able and the apparent reason for some tran-
slent success. The novelty then faded out
of general interest only to be rediscovered
again some time later. Firing at excep-

tionally -high or low temperature inevitably -

causes changes in the time of firing and
other conditions, so it is never possible to
say that the innavation is the primary cause
of any apparent success,

.~ One particular character in the green
leaf may be accentuated by a change of

firing ‘method and market demands for this -

particular character may further contribute
to transient improvement. More often than
not, keeping quality suffers when firing con-
ditions are- extreme in any  respect and
during the course of years & set of what
have become to be regarded as “normal”
* .conditions has been evolved as a result of
'eﬁntiﬁhous trial and error.
sunmnv Of Reconnmomous ON
oo . FRING:

~ The ;fouowmg are the opt.imum eondi-
tons for Grink tea in a single ‘operation in

- standard type of tea drier In Ceylon.
1. _Temperature 185-180°F.

12

is an exhaust temperature of 125-

130°F. The range of exhaust
temperature varies in different

_ types of driers and also with the

amount of moisture in the fer-
‘mented leaf but the exhaust
temperature of an endless chain
type of drler working at 190°F.
and turning out teas with 3 per
cent moisture in 20 minutes
should. not vary outside this
range. A tilling tray type of
drier working under similar con-
tions shows a depression of tem-
perature every time the trays tiit
which will be roughly every 3i
minutes on 'a 21-minute pulley.
In this ease the temperature falls
to about 115°F. for a few seconds
and rises to 120 within a minute.

" At the end of the cycle there is

a rapid rise to 130°F. or shghtly
l'ugher

" ¥3. Moisture content after’ grading and

storage ‘prior * to packing not
above 4.5 per cent,  Packed teas' .
should. ot conta!n molsturs}

exceedmg 5 per ceénl.

-. 8. Teas l:kely to exceed 5 per _cent

molsture” content on packing
‘should "be" ‘fifial. fred for 1. 38

. minutes at 180°F.. . -

. 7. Teas hot from the drier should be -

2. Moistune content of ‘discharged tea .

3 per cent approximately (say 2 5
to 3.5).

“ 3. Time through drier 20 minutes
approximately (say 19 to 21

4, As several times exp!alned in The
Ten Quarterly, one of the best
. indices of corgect firing conditions

1.

~ cocled fo 5 temperature just warm

to the hand before. storage or
packing in boxes. :
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