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-12,000 setts at 2—8—0 per 1,000 30 -=-0—0
Planting setts, - e i - G—=0-—0
Weeding 3—8—0
Earthing up 12—0—0
Trashing (twice) - T—0—0
FProppiong . 18—0—0
Irrigation and drainage 8—0—-0
Harvesting 30—0—=0

Total .. 175—0—-0

The cost of converting one ton of cane into jagpery comes to Rs. 3.

STUDIES IN SUGARCANE JAGGERY

IV. Some Properties of Jaggery in Relation to Moisture. *
By T. VARAHALU, B.A., M. Sc.,
Agricultural Rescarch Institute, Coimbatore.

In an earlier communication (1) the long felt need for a systematic
nvestigation into the several probable factors which govern the differential
sroperties exhibited by jaggeries, as they are available in the market, was
ndicated. In it, a preliminary review of the resulis of such an investigation
vas also given briefly. In what follows are embodied the results of the
study made to understand the properties of jaggeries, in respect especially
>f their relations to various degrees of relative humidity.

For purposes of the present study, only two types of jaggeries, the
listinetly good and the distinctly bad ones, were selected, based on the
‘ollowing empirical tests. It may be mentioned here that a number of samples
>f medium guality were also studied, but as their properties stood between
hose of the good and the bad ones, they are not included in this paper.

Test, Good Jaggery, Bad Jaggery.
1. Appearance & Generally dry, hard cry- Generally damp & some
Consistency. stalline rigid salids. times stickv solids; (occa-
: sionally pastes & liquids
also). _
2. Gripnding or _ Reduced to a powder, Soft pastes, which some-
crushing, The powder sometimes times spread.
lumps ap. _
3. Sound produced when A metallic sound is Only a thud is cavsed.
atruck againt a hard produced.
object. _
4, A scratch made on its [t is white and persists as No white streak is formed
surface. such for a long time. at all.
5. Pin point penetra- It does not penetrate; Penetrates easily and
tion. it sometimes bends. guickly.

* Paper presented before the twentyfifth session of the Ipdinn Science
Congress held at Colcutta, 1938.
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Experiment 1. A few good and bad jaggenes were exposed iin:.dupli-
cate {o identical conditions of relative humidity and tﬁmpﬂrf_ttﬁf‘ﬂg_.“'@i?h
ordinarily favour loss.of moisture. At the end of -eight dﬂYS."_'.-f_hEY L Were: all

weighed tentatively. It was found that they all lost moisture as. expected

The figures point out that under the same conditions of hmidﬂyand
temperature, the good iype of jaggeries part with a far greater pmpc-rﬁnn of
their moisture than the bad jaggeries. Further, the bad -jadggeries 'refai;led
considerably more water than the good ones. These observations hold
good independently of the magnitude of their initial moisture. conients.

Table 1.

Moisture Contents of Jaggeries after Eight Days of Exposure to Dry C:lm'&il_:i?rlts._

Moisture content at the ' h&nis;u'r;e 1_?55_ (%) of
Sample Initial end of eight days _in_it:al
No. Moisture. {(dry basis). moisture.
A" B Average - .
% % % % “ %
Good Jaggerios.
9 700 107 11 109 84'33
(10) 556 1°02 103 103 8166
(13) 622 1:46 197 172 7251

(18) o84 ) 1010 101 106 81-85

Bad [aggerios.

(13) 7°57 4235 388 107 46'24
(36) 7'10 398 404 401 4352
(40) 536 317 308 13 41'78

(41) 624 354 368 361 4215

Experiment 2. In order to ascertain how jaggery responds to different
degreeés of relative humidity, some typically good and some typically bad

jaggeriers were placed in enclosed atmospheres of the - following relative
humidities :

(i) 0°00%, (i) 50%, (i) 60%, (iv) 75% and (v) 100%. The temperature
was maintained throughout the period of the experiment at 27°C by placing
all the desiccators, containing the sulphuric acids of the requisite strengths,
in an incubator kept at thal temperature. The samples were weighed from
time to time until equilibrium was attained, as evidenced by the constancy in
weight. The original moistures in the samples were determined separately.
In the cases of the samples R and T placed in 1007 humidity chamber, it
was observed that towards the final stages, there were signs of fungus
growth, and consequently their final weights were taken at that stage.

The results are presented in Table 2.
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Table 2.
Responses of Jaggeries to Different Relative Humidities at 27°C.

Relative Humidities (27°C),

0:00% 50% 60% < 75y } 1003
e v Tz P - 4, s R el = e
- =88 o “E a = g o B v =B o
Zozp g2 B, 22 E. o3 B, o2 E. o2 %
= ] i = on ‘ w o ] (vl o
< B2 25 32 358 #% =8 &2 S5 ®BZ 58 Bo
g EZ 22 Ze RE 32 EZ B2 BZ &5 HZ B~
l.".‘l:| E - o - F ."'*5
= ca = o = = o3 ; ) =
=y
w E =% =g =g =8 =g -
Good Jagderies.

(M) 493 130 7365 225 5437 475 3652 840 Gain 11630
(N) 778 183 7608 358 5398 555. 2861 892 Gain 107'40
(O) 514 273 4685 343 3327 537 Practically 892 Gain 134'80
. . no change,

. Bad Jaggerics.
(R) 10063 395 6285 734 3095 11'96 Gain 2241 Gain 124'_40
(8) 1198 510 5742 800 3322 1350 Gain 24'70 Gain 125105
(T) 1283 556 5675 874 3203 14712 Gain 2623 Gain 130°00

Vota': (i) The moistore loss represents the percentage of the initial moisture.
(ii) The moisture at equilibrium represents the moisture content calcu-
ldted on dry basis.
The moisture contents at equilibrium in the several humidities are alsc
-epresented graphically. (Plate I). ' '

From an examination of the data and of the graphs the fallowmq F"Dmtﬁ
Jecome apparent:

1. (i) Atequilibrium in any given humidity below 1DD?’ the bad jagge-
‘ies always retain more water than the good ones. This: confirms the cbser-
ration made in the prehmmar:r Expsriment 1.

~ (ii) While the actual moisiure contents vary with the degree of llumldﬁ}r
‘he relative differences between the two types of jaggeries -are however al-
ways maintained.

These observations connote that with considerably unequal amounts of
water in-them, both the good and the bad jaggeries have the same vapour
pressure when at equilibrium in any given humidity. From this it {ollows
that the conditions in the two types of jaggeries may be so fundamentally
different, that at any given humidity and temperature, more water is bound
up with far greater tenacity in bad jaggeries than in the good ones, thereby
rendering it unavailable for further evaporation under those conditions.

It may be mentioned here that in subsequent communications it will be
shown that the two kinds of jaggeries differ conspicuously in their gros:
structure and in their microtexture, and also in lhe qualities of the impuritie:
contained in them.
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The observalions in this experiment also seem to argue lor the prnbablﬁ_
oxislence in jagaery of waler in iwo forms, as the "free™ and the “bound ™
waler and thal under any given set of conditions, this bound waler is ‘oreater
in the bad jaggeries.

Jaggery. nH:0O -+ x Free Waler— = Jaggery. :riH;_-‘CJ

where the value of x is indefinite and devends mainly on ertemal factors of:
humidity, temperature and wind velocity ele., while 9 iz conditioned me.*Inly
by lactors inlernal to jaggery. This may be considered as-a guality facinr.

It therefore looks to be possible that the amount of waler bound up in
jaggery at aquilib*mm at any given humidity below the saturation may go to
serve as a measure of the qualily of the jaggery.

2. The curves showing the moislure contents (Fig. 1) of the two types
of jaggeries are conspicuously separated, and their slopes-are characteristic.
Their conlinuity and smoothness are also significant in that they indicate nc
sudden changes in the nature of the forces holding the water and they are
further suggestive of the probability that the water in the jaggery is held by
forces of absorption.

3. At BOY% relative humidity both the good and the bad jagyeries
parted with their moisture. At 60% relative humidity the bad ones actually
absorbed more moisture, while the good ones were still loosing it. At 75%
humidity both types were taking up water. It would thus-appear that between
507 and 607 relative humidity, there may lie an optimum humidity wherein
the hygroscopic tendencies of both the types of jaggeries would not be
manifested. This property may be useful in the siudy of the conditions for
the storage of jaggery in bulk for commercial purposes.

Experiment 3. Both the good and the bad jaggeries were found to
take up moistmie at and above 757 relative humidity. Hence, to follow
their rates of absorption of moisture 75% and 100/ humidities were chosen.
The samples of the "A’ and "B’ series used in Experiment 1 with their mois-
ture contents after eight days of exposure to the dry atmasphere, were placed
respectively in the 75 and the 100 per cent, humidity chambers. The pro-
gressive absorption of moisture was followed at intervals of two hours for a
period of 32 hours. The concomiitant changes in the consistencies of the
jaggeries during the period were also noted.

At the end of this psriod the samples in the "B’ series ‘which were
placed in the 1007, humidity chamber were rejected, and those of the "A”’
series were allowed to continue to remain in the 75% humidity until equili-
brium was attained, which took 28 days. (Tables 3 & 4).
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Table 3.

Progressive Moisture Contents of Jaggery in 75% Relative Humidity.

e ol D A~ ’ g y R y
of 2§ 2y 2§ &y E5 23 EE g%
E3 2§ &8 Z§  gF 2Zg B3  #E  ES
e 28 8% gs 8% g8 3% g8 S
% % % %
Good Jaggeries
(18) (9) (1) (15)
0 111 101 102 146
2 205 204 dry 1-30 224
4 278 291 1-22 295
6 334 355 1'85 346
8 391 376 236 414
10 426 435 Moist but 269 4'59
12 455 478 crystalline 307 496
14 5'87 dry 517 318 542
16 3515 “5°61 338 574
18 529 moist but 591 338 593
20 550crystalline 611 353 617
22 565 6'38 Moist appear-3 63 638
24 5979 6'40  ance, but 3'65 654
26 579, 6'46 crystalline 363 656
28 579 646 363 659
30 583 ,, . . 646 360 The driest of 666
32 588 ,, W w 634 Very moist 360 all 670 Very moist
appearance, - but cryst.
‘ but cryst.
4 28 days 1053 1172 57 12°13
Rad Jaggerics.
(13) (36 (40) (41)
0 425 398 317 354 Moist
2 4 gS Moist" 4'32 gdg 3?3
4 4381 46 7 4
6 4 98} E"“’:g’f"’ 483 Very moist 383 Extremely 443
8 525 moist s5i4 422  moist 4°83
‘10 544 575 437 500
12 562 565 4'54 519
14 580 596 Extremely 476 Tending to 548
16 602 619 moist 491 collapse & 565 Extremely
i8 6‘19§ Collapsing 626 Tendingto 503 dissolve 577 moist
20 627 644 dissolve 519 593
22 637 662 521 593
24 652 682 535 607
26 653 684 541 617
28 658 695 542 623
30 669 716 553 632
32 677 3 “ 726 " . 563 - " 642 Collapsing
28 davs 1531 15.95 13.74 15.55
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Fable &.
Progressive Moisture Contents of Jaggery in 1007 (Saturated) Relative Humidity
wEE L R i QIH Y o Il...
26 Eu sy BL gy En 8% Eniiug
EZ 232 &g %o g8 %3 EE 28 - BE
£= 8§ 8® 25 S 28 82 - g5l 8F
=3 =8 =8 . =g =t
Good Jaggaries.
(18) (9) (10) (15)-
0 101 ' 103 197
s 505 576 583 553 .
4 794 8 10°10 _ 8:00
6 74 Extremely ‘78 Extremely  12'67 Very moist, 954 Very moist.
8 1125 moist. 12'86 moist, 14-74 © 1016 Collapsing.
10 1253 Collapsing. 1433 Dissolving. 1648 Cullnpsmg 12:37
12 13:59. 1549 1880 Running. 13'4] Running.
14 1479 . 70 20017 14-70 Running.
[6 16'06 Running. 1546. Running. 2191 1589
18 17412 1961 2317 16 90
20 1801 20046 2393 17 78
22 1878 2132 2526 1884
24 19-B7 2220 2663 19:83 .
26 2064 ’ 2298 27-32 20'58
28 2126 2355 2776 2123
30 2224 2526 2997 2286 .
32 2346 % soild. 2632 1 soild. 31-49 1 splid. 2395 1 solid:
Bad Jaggerics.
(13) (36) (40) (41)
0 388 404 308 368
2 6’91 Extremely 712 Extremely 536 Very moist, = 623
moist. moist. . : .
4 915 Collapsing.  9'46 Callapsing 6:26. ,, " 7 74 Extremely
moist.
6 11'15 Running. 11'83 Running. 837 ,, 9 23 Collapsing.
8 1294 1396 9'60 Cnl]npsmg 1064 Running.
10 1462 1603 1062 Running. 1199
12 16107 17'77 1168 13°16
14 1709 2061 13:12 14°80
16 1980 2258 14°46 16722
18 2124 24'74 : 1559 . 1746
20 2230 26:38 1637 . 18-24
22 2341 2809 1710 1913
24 2467 3052 © 1819 2020
26 2558 3103 1914 2138
283 26°35. + 3202 : 1993 ‘ 2212 ;
30 2788 A thin 34°80 . 2156 2378 A thin Auid.
32 2912 fluid. 36'14 A complete 2269 The whole 2480 A speck of
iquid. except a }th solid.

is liguid.-

The data reveal some very interesting properties of jaggeries.

1. The good and bad jaggeries differ markedly in their rates of ahsurb-
ng moisture as brought out by the following figures taken from Table 3.
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) Good Jaggeries. Boad Jagperies.
o 18 9 10 15 Av. 13 38 40 41 Av.
{1) Initial moisture % } 1'I1 107 102 146 .. 425 398 317 354 ..

(2) Moisture after

32 hours %. 588 643 360 670 .. 677 726 563 642 ..

477 536 258 523 [4.£5484 252 328 249 279

r
{(3) Moisture absorbed
in the interval %

(4) Moisture at equi-)
librium after: 10053 1272 757 1213 10748 1531 1595 1374 1555 1514
28 days % 5

{(5) Maoisture absorbed : . \ ; : y )
“after stage {2}%‘} 465 529 397 543 -iﬂ 854 869 811 913 862

'(6) Moisture absorbed
in the entireg 042 1065 655 10067 932 1006 1197 10°57 12:01 11'40
period %. — R

During the first 32 hours, the good jaggeries absorbed considerably
more moisture (av. 4'85) than the bad ones (av. 2'79). In the second period
extending up to 28 days, the moisture taken up by the bad jaggeries, is this
time, far in excess (av. 8'62) of what is absorbed by the good ones, (av. 4'49).

Thus it becomes evident that good jaggeries take up less total moisture
“at greater rates, while the bad ones, under the same conditions, take up
more water, but at considerably slower rates. This property argues for the |
‘probability that a good jaggery possesses @ more open texture.

2. An examination of the moisture” contenis of jaggeries at certain
phases in their consistencies which are presented below, as laken from
‘Tables 3 & 4, reveals another important property by which the good jagge-
ries distinguish themselves from the bad ones, in that the former characte-
ristically possess a greater strength of surface.

Moisture Contents of Jaggeries at certain Phases in their Consistencies.

100 % Relative Humidity 75 % Relative Humidity
Sample
Mo, Fhase FPhase Fhase Phase Phase Phase
| 11 10l 1 11 Ll
Good Joggeries.
(18) 974 to 11°25 12'55 479 588 Mot Mot
Very dry Reached Reached
(5) 1278 to 1286 14 37 1704 to 1846 643
Just ﬂﬂmp W =
(10) 1267 1474 1880 ° | 360 i ..
Very dry
{15y ' 957 10415 13 4! 670 ..
Bad Jagparies
(13) 691 915 11°15 481 to525 602to 766 Notrenched
{36) 712 946 11-83 l 48210 618 626 to 726 o .
(40} 626 960 10 69 3 B8 4'54 to 563 i o
{413 774 923 10 64 | 564 661 " "
Mate: Phase |: When they are extremely moist
Phose [1:  When they just indicate o tendency to collapse

Phase 111 : When they begin to dissolve and run into liquid
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It will be seen that in 75% relative humidity, the goord ]aggenes,“ifﬂh
aboul the same moislure contents, ranging from 3% to 73{:355-,th? bﬂd L?Q?'j%
were £lill looking drier, and were within Phase 1, while the bad oneg alréady
enlered on Phase II.

Again, in 100% relative humidity all the three phases wema{tﬂmed !:-v
both the types of jaggeries, and at every phase, the guqd_q&;as are crcmsi:-i-
cucus by their conlaining larger amounts of water than the bad jaggeries.

Thus, the good jaggeries are indicated to possess a grealer Bh‘ﬂng}]}'_m
surface and are as such capsble of holding considerably 1§Lrg&__.§_1’l‘,lbi-lif1_iﬂ-ﬂf
waler in surface solution, without collapsing or yielding their struclures. - In
this respect the bad ones are too poor. With comparatively lower moisture
contents these vield and change their shapes permanently.

The significance of these properties of jaggeries _r:rf the two @Pés,_and
their responses to the changing seasonal and humidity ' conditions were
discussed in the previous communication (loc. cit. '1).

11

A reference to literature showed that not much work was done on the
relalion of jaggeries to moisture.  Only two references were to be had in
this regard. Krishnamurti Rao and Ganapathy Aiyer (2) studied the mois-
ture absorption of jaggeries prepared by them from a number of varieties of
cane under known and controlled conditions: They prepared jaggeries
(i) with and without addition of lime and (i) with addition of substances
like glucose, sodium chloride and potassium sulphate efc., to juice. They
reported moisture contenis of these jaggeries in saturated humidity after
exposure for 9 days and for 26 days.

Lakshmana Rao (3) reported the moistures absorbed by jaggeries, pre-
pared by him using difterent types of pans and furnaces, in 26 hours in
saturated humidity.

The writer's data indicate that in about 26 days of exposure to any given
humidity the equilibrium was almost attained, and that in the saturated humi-
dity series the tolal amounts of water contairied in the samples at equilibrium
was in every case much above 100 per cent. calculated on dry matter.
Thus these figures are nowhere within comparable limils of those given by
Krishnamurti Rao and Ganapathy Aiyer. Their highest figure for total mois-
ture was 38°9 after 26 days in saturated humidity, and the lowest was 5°6.

Taking the figures given by Lakshmana Rac who kept the jaggeries for
26 hours in saturated humidity, they appear: to agree well with those of the
writer. The writer's figures for moistures absorbed in 1007 humidity after
26 hours range from 20% to 307, while those ‘of Lakshmana Rao vary_ from
about 15—20%. The figures of Krishnamurti Rac and Ganapathy Aiyer
given as moisture contents afler 26 days compare with what the writer got
in about 32 hours,
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_" Ii must however be mentioned here that the details as regards the exact
experimental conditions which obtained in the experiments are not men-
tioned by these workers. '

‘Summary and Conclusions, 1. Responses of jaggeries, classified into
good and bad ones based on.some empirical tests, to different degrees of
humidity, viz., 0", 50%, 60%, 757, and 1007, were studied.

2. The good and the bad jaggeries are sharply conirasted in their
properties:

(i) The good jaggeries have a more open texture.

(ii) They contain comparatively smaller amounis of water when at
equilibrium in any humidity below 100%.

(iii) They possess a far greater strength of surface, and are as such
capable of holding large amounts of water in surface solution with-
out collapsing or vielding their structure.

The bad jaggeries stand in striking contrast in all these respects,

3. Itis probable that the water in jaggery is held by forces of absorp-

1. There is evidence to suggest that the total water in jaggery might be

existing in two forms as the "free" and the "bound " water, and that the
"bound water" is held by forces of absorption.

4. [t was suggested that the moisture content of jaggery at equilibrium
in any given humidity below the saturation might serve as a reliable measure
or single value to gualify and evaluate the guality of a given jaggery.

5. An optimum humidity might be lying between 50% and 60% rela-
tive humidity, in which both types of jaggeries would not manifest their
hygroscopic tendencies. This observation, it was suggesied, might prove
useful in any study of the conditions for the preservation of jaggeries on a
large scale.

The author takes this opportunity to express his grateful thanks to Rao
Bahadur B. Viswa Nath, Director, Imperial Agriculiural Research Institute,
N=w Delhi, and to Mr. P. V. Ramiah, The Government Agricultural Chemist,
Coimbatore, for the facilities and encouragement, they afforded throughout
the course of the investigation.
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