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Notes on Cane Crushing in the '.t,jnited
Provinces. .

To be able to form a reasonably accurate juflgun ut of a variety f’f
sugar cane and of the possibility of its succgedmg as a field cropbm
any tract, it is necessary to possess accurate 1nf0rm?t10n on1 ab nur;l er
of points based on observations made in the ﬁgld, in the labora or.?ri
and in the mill. It is necessary to observe in the field the ge.nera.f
crop characters ; in the laboratory the sugar con.te'nt and quality o
the juice, and in the mill what prfogo;txonﬂof the juice and total sugar

and the cost of doing so. '
canTlileeszx;:Z:Zd;re of equal importance in successful cane cult;iva.tlox.l£
It is of no special advantage to ha'ndle an enormous weight of cane, 1
the juice is of poor quality, and it is of no use §el_ect1¥1g a cane becaus:;
of the abnormally high sucrose content of its juice, if the amount an
nature of the fibre is such that it is impossible to extract a good pro-

i it. ‘
portilt? Itl,h(fsloften happens that the most profitable cane is one Wl}lch
presents no exceptional features in any one respect, but a combina-

i tely good qualities. _
tlonT(})xfenll)Z(lilZ:aioilf gf sug%.r cane, when subjected to pressure lloetween
the iron rollers of the mill for the purpose of extracting bhe juice may
be conveniently termed the * milling property.j’ This property 1s the
resultant of several factors and can be det.ermmed. . .

It is proposed to discuss in this bulletin some observations on this
point which have been made during ﬁthe . last three years at the
Experiment Stations at Partabgarh and Shahjahanpur. N .

It is obvious to any one who has observed the local conditions during
the cane harvest that crushing by bullock power imposes a very severe
strain on the cultivator’s resources, and acts probably more tl_w,n any
other cause against a large extension of the area under cane in thesp
provinces. With the price of up-country gur at the present rates, it
is unlikely that there will be any immediate increase in the number
of factories manufacturing white sugar in thg Upper Doab. The
prospect of any increase in their number at any time is small, unless
the area under cane is considerably extended. . -

Any increase in area will be gradual depending'm the authors opi-
nion, on the introduction of some cheaper and quicker way of dealing

B

J<



2 NOTES ON CANE CRUSHING IN THE UNITED PROVINCES
with the produce for the manufacture of gur, within the reach of the
smaller landholders and co-operative societiog. The present crop is as
much as the bullock power of the provinces can deal with, and the arey
will not increase permanently to any appreciable extent unless some
cheaper form of crushing than bullock power is introdue
It will be pointed out later on that many of the
Provinces can yield a high proportion of their tot
in powerful bullock mills, but at a cost
entirely bevond the reach of every-day aaricultural practice. A con-
siderable impetus would be given to the extension of the are;

aunder cane
if a suitable small power mill for crushing cane for sur wmanufucture
could be introduced. It is not necessary to aim immediately at the

high extr.ction and efficiency obtained in the large mills of factories
equipped with modern plant ; or of countries where the sugar
try is highly organised. An extraction no higher than that
the best tvpd of bullock mill, would be sufficient 5 bhut it is essential to
deal with the produce at a reasonable rate and at a reasonable cost. and
to relieve the cultivator of the strain resulbing from the Present svstem
of crushing by bullock power. '

In considering the question of crushing. the
which need some explanation ;—

ed,

canes of the United
al sugar on crushing
in bullock power that 1

indus-
given by

following terms are used

(a) Extraction.
(b) Juice expressed per 100 cane.
(«) Extraction means the percentage of the total cane RULAr or
sucrose in the cane that passes into the
or the sugar extracted pe
cane.
(b) Juice expressed per 100 cane is the weight
from 100 parts by weight of cane -
these experiments by direct w

Juice on crushing,
r 100 parts of total suauar i the

of juice obtained
~a fisure obtained  in
eighine,

When cane is crushed, it is divided into two parts, juice and bagasse,
or khoya. which is used afterwards ag fuel for evaporating the juice.
Both the juice and bagasse contain sugar, and the object of cane grow-
ing and crushing. whether for the production of gur or the manufuc-
ture of white sugar, is to get as much juice, and as little bagasse as pos-
sible, and to see that little shgar is left in the bavasse,

A numerical example will probably make the meaning of the term
extraction clear to those readers, who are not familiar with the termi-
nelogy of sugar manufacture. 100 mds. of a certain variety of cane.
on erushing in a 3 roller bullock mill, vie

lded 75 mds. of juice containing .

3
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23 S agasse or khova
155 per cent. of sugar or sucrose, and 235 mds. of bag
containing -1 per cent. sucrose.
B 1146 mds. sugar.
100
250 84 . ar
ining - —=1-6 mds. sugar.
100 mds. cane 25 mds. khova containing 0 - 146 i

; ; ; . suuar-=13-2 mds. sugar.
100 mds. cane contaimed 116 =16 mds. sugar 2 i

100 mds. cane = 73 mds. Juice contaning

1506 < 1ot .8"’.() yer
. < or ) er cent. or 879 |
Of the total 132 mds. suwar 11:6 mds. or "0 P

cent. had pussed into the juice on crushing, and was available for .bugl‘ti
o B ‘ Peslm b eent. or 121 per cent. was left m the
[r e aking, and ll‘l- " rI “tlll' s the extraction was 87-9, that
agasse, or khova. and lost. In this case the extr ] s

::.L,;x;?: ,P:]f ot of the total sugar in the cane had P-OCH extracted m
the juice.  The juice expressed per 100 of cane was "J" .

In sugar factories. emploving plant of modern'dt‘S‘!—”‘- t;h‘fba:’.:;sf
passed th.rml;_fh what are reallv a series of ditferent mills. .z\nd tlc 3{\,;1{;0;
before being finallv: hamt. is mixed or macerated with, “.‘“n,). ;}‘w(i
(varving i amount acccording to the conditions) and  agam V(\x‘uv. | i”h-
By tlhis.nwuns sone sugar is Washed out of the bagasse. ‘“}d @ “'1)’ ltie
extraction can be secured.  The average figure published Dyt
mutnal control of Java Factaries for 10 vears is over H), A

With the exception of the cane used by f;u:tm'ws, \\']'n(‘ll-l)il.tf Eh‘j
present tinie. are few in number, the cane arown 1u the U‘nl»bod xo\m‘
ces is crushed by bullock mills of various designs and efficiency, some
with 3 rollers. and same with 2 rollers. . _

From the statements made abose it will be svon.that \\'lt}'l 3”'1.‘.—'1“
dry erushing (that is crushing as practised by the cultivators usinz jron
hullock mills, without macerating the bagasse with water), the extrac-
tion obtained depends on---

(1) the quality of cane.
(2) the quality of the huwisse or khova.

I the cane contains a large amount of fibre. the quantity of juice
will be proportionately less. and the q“al'm’i?\' Uf'}’il.‘li“*sf' #’“'f‘.t‘:r' _l”
addition to the guantity of tibre. the (jllélllt})"ur knu.l of tlll)l't‘, 13 “m. l‘l‘ll"
portant factor in determining the amount of juic» rvt;fnu'd‘m the 'Mg‘m?.l]‘
This was pointed out by Romers- Tavior (Bulletin 37, A;_:r)(:u‘]f.\u.l,t
Rescarch Institute, Pusa). who examined the bagasses of the dl.ﬂcrcn'
varieties in the collection of canes at Sahour.  For any one variety of
cane with the same kind of tibre the quality of the bagasse, in the case of
single crushing, depends entirely on the mitl.

B 2



4 NOTES ON CANE CRUSHING IN THE UNITED PROVINCES

The following treatment of the subject makes the point clear : —
If .

f—weight of fibre per unit weight of cane ;
m=weight of fibre per unit weight of bagasse ;
X =wetght of bagasse per unit weight of cane ;

the total juice per unit weight of cane=]1—f
the expressed juice per unit weight of bagasse =1 —x
the juice left in unit weight of bagasse=1 —m
the Juice In X parts of bagasse or the juice left in bagasse per unit
weight of cane=x(1—m) :
the total juice in the cane=the expressed juice +the juice left in the
bagasse.

1-¢ =1f—x+x(1~m)

X=__
m

t ‘In canes with the 'same.kind of fibre, the quantity of bagasse ob-
alned on smgle.crushmg will be small when the fibre (8) in the cane is
smlall, and fibre in the bagasse (m) is large, that is, when a good cane is
we t’lhcrushedh. The quantity of bagasse will be large when the fibre (f)
in the cane is larg i i
e is large and the fibre (m) in the bagasse small, that is, when
a poor cane 13 badly crushed.
l)Iav.ny factors have to be t.aken into consideration in determining the
value of a cane.for any parbicular locality, such as, yield of sugar per
acre, period of Tipening, et'c., but amongst them the extraction obtained
on single dry crushing is important,
Different varieti ;
i Ten 1it8:r e; i::s of cane vary in the amount of fibre they contain,
and th (é;lm ¥ ?t agasse they yield, and consequently in “extraction.”
OUtCth;i t;he resul 3f1t O.f these two factors. Taylor (loc. cit.) has pointed
enat | .el\té;lrlatl(;n In the quality of the bagasse is probably due to
ces in the nature : ‘
ke ot 28 ﬁand structure of the compound celluloses, that
e p or b‘re of different varieties of canes, and may be a
efinite character of certain varieties This is a distinct adv: (
bresent, coneentions ' . 18 18 & distinct advance on our
N ﬁ[i-ei ;hand \v1l'[ be of great use in valuing canes. The
bty )of o baﬂn € cane 13 of equal importance. These factors. the
gasse, and the fibre content of the cane, find expression

in the t ¢ ion.” whi

in:r—mf) extraction,” which can be also calculated from the formula
1-03 : i . .

m.(l—f) where § is the fibre per umit weight of cane, and m the fibre
per unit weight of bagasse.

\ Thi i ; » i
quality of the bagass  olded '8 combined factor expressing both the

on si s » erushi ni
N single dry crushing under definite con-
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ditions, and the fibre content of the cané, will probably prove the most
useful of any in assigning relative values to new cane varieties from a
milling point of view. ‘

As far as the authors are aware no comparative tests of canes grown
in the United Provinces have been made with reference to their behavi-
our on crushing in a 3 roller iron bullock mill, nor has the quantity of
cane crushed per hour, and the extraction obtained by the use of the
latter mills been determined under conditions of strict chemical control.
These are important points in determining the price at which it would
become profitable to sell canes to factories. /

The experiments conducted at Partabgarh and Shahjahanpur during
the last three seasons have given a large number of results, from which
information on these points can be obtained. ~ The work was carried out
with one of the best type of 3 roller bullock-driven mills on the markes,
with 8” tollers manufactured in India, and costing Rs. 110. The
method of experiment was (1) to crush in five mills working simultane-
ously a certain weight of cane, slightly over two tons for each variety
examined, (2) to weigh the juice and determine the amount of sugar
(sucrose) in it, (3) to sample the bagasse from each mill and to deter-
mine the sucrose in it at intervals of one hour.

From these data the extraction can be calculated. The detailed
figures of each experiment are not published. but an explanation of two
is given here to make the method of calculation clear. Taking Reora
of Benares. an indigenous variety very popular in the eastern districts
and Ashy Mauritius, a variety imported, the following figures were
obtained :—

.. . N N
oL s g Sucrose | S| Bagne
Name of cane. ceach sample  obtained per 100 i juiee bagasse i per 100
per cent. cane.
' (1bs.). (Ibs.). cane. per ccnt.'
(! 14340 X30-0 P T
| URR-4) 5050 60-5 9-86 .. ‘
; 11830 430 628 972 |
Reora L & 15240 w70 621 9-29 |
. T )
Lf’” T 1
\ 5129-0 31470 . 61-3 9-60 54 387
o (overage)
r‘ 17155 128040 ) 746 16-09
Y 16880 12540 742 1531
L 18245 1347-0 738 1531
Ashy Mauritius 14520 106.4-5 733 14-80
t " 6680-0 19455 740 15:39 64 260
(over age)




6 NOTES ON CANE CRUSHING IN THAE UNITED PROVINCES

The extraction is calculated as follows : —
(1) In the case of Reora—
100 parts cane==61-3 parts ].llice:d?(:)o“! parts  sucrose=>5-88
parts sucrose.

100 parts cane=38:7 parts bagasse = “,i,f,'” parts sucrose=2-09
parts sucrose

100 parts cane=T7-97 parts sucrose, of which 5-88 parts, or 738
per cent., were extracted in the juice. The extraction was
73-8 per cent., and the juice expressed per 100 cane 61-3.

(2) In the case of Ashy Mauritius—
100 parts cane=74-0 parts juice=
parts sucrose.

740x 1539 .
o parts sucrose—=11-39

100 parts c: —26-0 parts bavasse — 26002674

U0 parts cane=26-0 parts bagasse= ",
parts sucrose.

100 parts of cane=13-05 parts of sugar of which 11:39 parts or
87-2 per cent. were extracted in the juice. The extraction

waus 87-2 per cent., and the juice expressed per 100 cane 74,

parts sucrose=1-66

The results calculated in this manner are recorded in the following
tables :—
1911-1912.

I Sucrose

Jmf.(i Sucrose  Bagasse Sucrose o extract-
£ .(.xl"ch-. in 100 ! per lo0  per 100 ed per
Vatiety. sed per parts of | parts of parts of 100

1;)::1:?{ juice. ' cane.  bagasse. sucrose

| in cane.

i
|
|
i
|

558 288

Ashy Mauritius . . . . 1 6-5 86-0
Katara . . . . . 12:30 | 300 +7 86-0
Khari . . . . . 13-11 336 45 837
Saretha . . . . . 1312 338 44 833
Nonabelli . . . . . 1426 38 NERH
Chin . . . . . . 1419 53 s81-0
Pansari of Ghazipur . . . 11-41 57 . 80-9
Reori of Beares . . . 11-76 a3 80-3
Reora of Bepares . . . . 13-96 78 9T
Saranti of Partabgarh, . . 11-41 34 T8
Momcha of Basti . . . 12:68 349 62 703
Mango of Shehganj . . . . 13-18 352 66 790
Mutna of Cawnpur . . . 10:33 338 56 786
Dhaur of Azamgarh . . . . 13:07 349 69 780
Reora of Gorakhpur . . . . 1421 350 N1 760
Kewahi of Benares . . . 11°85 381 59 TG4
Hemja of Gorakhpur . 15-47 37.3 %1 63
Charkhai of Azamgarh . . 10-67 356 61 763
Saranti of Basti . 12:70 39.0 68 . 742
Kuswar . . . . . 11:16 36065 70 3T

NOTES ON- CANE CRUSHINC IN THE UNITED PROVINCES 7

1912-1913. )

!
Juice i
express.  Sucrose  Bagasse
ed per per 100 per 100 Sucrose
100 parts of | parts of | Sucrose | extract-
Caricty parts of  juice  cane |per 100 | ed per
ancty. cane mean mean | parts of 100
mean of  of 4 de- ‘t of 4 de- | bagasse.| sucrose
4 deter-  termina-! termina- in cane.
mina- tions., tions.
tions. '
Ashy Mauritius . . . . . 40 15-39 26-0 65 87-2
Khari of Dumraon . . . . 65-0 10-12 1 350 37 835
Sonabelli of Dumraon . . . 645 11-38 ‘ 355 45 82.1
Katara of Sultanpur . . . . 663 60 8320 38 705
|
Sarctha of Aligath . . . . o%T 12500 g3 47| 703
i i
Mutna of Cawnpur . . . . 61-3 ° 881 386 143 64
Dhaur of Azamgarh . . . o6 1121 304 58 748
Ramgol of Allahabad . . . . 38 1124 10-2 57 746
Mango of Shahganj . . . . 611 10459 389 58 742
| I
Reora of Gorakhpur . . . 613 0 960 | 187 54 738
Kuswar of Partabgarh . . . [EL 9-77 39-2 54 737
Pansar. of Ghazipur . . . . 614 133 386 67 7
Reora of Benares . . . . 60-3 933 395 5-6 719
Hemja of Gorakhpur . . . . 60-0 944 | 40-0 5T 13

An exceedingly high order of extraction was obtained. and at first
sight it might be assumed. that such hich values could not be agiven by
mills in which the rollers are working verticallv. . however. the facis
(1) that a very small amount of eane 13 crushed. and (2) that the rollers
revolve very slowly are considered. there is no reason why these mills
which are exceedingly easily adjusted. should not be efficient. The
cost of crushing is an entirely different matter.  The slow rate at which
cane can be crushed, and the larce amount of bullock power required.

\ ey 28
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8 NOTES ON CANE CRUSHING IN THE UNITED PROVINCES

makes che cost of crushing high. It is doubtful for sinele dry crushing if
~ .y type of mill will extract a larger proportion of s:;*ar, but the ccost
of crushing can be probably lowered by the use of soxie other form of
power, and the bullocks at present employed freed for other work con-
nected with tillage operations.

Somers—Taylor (loc. cit.) has determined the fibre in the cane and
bagagse of varieties grown at the Sabour Farm, using a similar type
of mill. From these results the extraction can be calculated from the

formula 103 (L ioned i i
ormula 1- m(—1f) mentioned in the preceding pages. It is inter-

esting to note that the.va.lues thus calculated are of the same order
and sh'ow the same variations between varieties, as those obtained b :
an entirely different method at Partabgarh and Shahjahanpur M

The milling property as expressed by the extraction is an important
factor in determiping the value of a cane, but it is one of several, and
?)ecal_lse a cane gives a high extraction, it must not be assumed t;’hat; 1t;
is suitable in all respects. In the seasons 1911-12 and 1912-13, the
following varieties gave the highest extraction :— o

Ashy Mauritius,
Kavara (Sultanpur),
Kherti,

Saretha.

Sonabelli.

Only two of these, Ash iti

varieties in the Upper Doab, yTbﬁzugl‘;zssm;gigsg:(?;z;ieasrzf%:(;1(::11 o
- atter
variety gccounts doubtless, for some of its popularity in the gur-produc-
ing districts of the West. The other three varieties are somewhat diffi-
cult-to grow and lable to the atbacks of pests of various kinds. Reora
of Ben'ares, 8 very popular cane in the Eastern districts, in an average
year, gives a rather low extraction ; but & good yield of cane and a good
Juice, apd, fxlthough 1t does not stand out in any one particular respect,
a combination of qualities makes it a desirable cane for those parts.

" ;;I‘he ﬁgurgs given in the above table show, beyond reasonable doubt,
la a very hxgh.orc.ler of extraction can be secured if the best type of 3
(rio ler bul‘lo<':k mill is working properly. For single dry crushing it is
oubtful if it could be exceeded by any type of mill.  To secure this the

strain on the bullocks is ereat th i
St g roughout the crushing seas t
rate of crushing is slow. ° i on, and the

NOTES ON CANE CRUSHING IN THE UNITED PROVINCES 9

"Such a high efficieney cannot he maintained for any lengbh i time
by the cultivators with their light. and very often under-fed cattle.  An
examination of the bagasse from village mills makes 1t only too evidens
that efficiency has to he sacrificed. and the mill loosened, to enable the
crushing to be done at all. The juice expressed per 100 of cane by the
cultivators daos. of caurse. reach anvthing like the high fizure recorded
in these pages. Tt varies greatly. This is the result not so often of bad
cane or bad mills. but of insntlicient power to use the mills at their full
efficiency.

Durirg the progress of the work at Partabgarh in 1913, records were
kept of the amount of cane crushed daily from five mills running simul-
tancously. each mill with two pairs of bullocks working in shifts of two

hours each.  Typical results are given in the following table :- -

Weight, Weight
of cane  of cane
per mill @ per mill

Weizht
No. of No.of Time  of cane

Vivriety. mills.  hullocks. (hours).  erushed. P X
Ihs.) per hour. per hour.
(th=. (hs)  (mds.)
Naretha . . . . 5 20 6 4,340 143-3 1-76

4443 1482 177

Chin .

<arauti TS 542 143 175

Ashy Mauritius [} 4,508 150:2 1-83

Sonabelli S 3.336 1334 1-62

Narauti . 9 5,430 121-8 1-438
AVERAGE 7 - 1-70

Further tests were carried out in the season 1913-14 at Shahjahanpur
to ascertain the amount of cane crushed, and the extraction obtained.
in the 3 voller tron bullock mill used at Partaboarh with a  variety
widely grown in the Rohilkhand Division known as Dikehan. The

ane was of average quality.



10 NOTES ON CANE CRUSIING IN THE UNUFED PROVINCES
The results of two davs’ work with one mill are given in the following
tables :—

3 roller ron bullock mill 8 rollers.

Experiment I.

i Suerose
per 10 Cane

. - Juice .
Weight of  Wejrht 700 Nuerose  Bagasse bagasse  crushed 0
lime e erushed. of juice. "\)'{“t'_ per L0 per 100 samples per mill ]‘i\;“'“'
hours. (Ibs)) (Ibs.) '.\):( _V“\ juice. cane. taken  per hour. tot.
) vane. every {Mds)
hour,
o e — - - - l -- _—
7l
71
T3
73
72
78
79
I 12765 (135 85363 671 1557 324 ———— 208 st
madx).
AVERAGE, T4
Experiment II.
! e i
! , [ oo
: 73
; T4
T4
7
! 0
1 70
35 1740 281 11575 6B6-5 ¢ 1500 R T S 2N hIN!
mds.) !
} AVERAGE. T3
! , } :

The test reeaided in the preceding tables was carried out under ex-
perinient statidii conditions. with heavy bullocks and the hest type of
mill that could be procured.  The wmill was frequently adjusted and
every effort made to secure the most favourable conditions,  Thev are
of interest as showing what is possible with United Provinees canes,

In order to obtain some indication of the possibilities of smaller
tvpes of iron mills in use in the neighbourhood. o mill with 67 rollers
was hived inthe village of Deoria, and the owners were asked to bring it
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to the farin with two pairs of their own bullocks. and to crush a mata
of juice.  The best mill in the village was not selected : one that ap-
peared to be an average one was taken.  The owners of the mill came
to the farm with 3 somewhat light hullocks and a buftalo. and fixed up
the mill. - Thev were given 10 maunds of cane to crush and left to thoir
own devices with the exception that care was taken to see that the Juiee
was taken to the balance without loss. and weiched. and sumpled as
usual. The results of two davs” work ave viven in “he following tables :

Smaller type of 3 roller iron bullock mill 67 rollers.

Experiment 1.

Sucrose !

) Tuien er 100 - Cane
Weight of  Weight ,Im“ Nucrose Bagasse lh-"" sseerushed
Fime cane crushed, of juice, C¥EIO wor 1y . o o Extrac-
hours, G ; . ] * el ur per 1 per 10N samples per milt tion
(Ih=.) (M=) T ey, duice cane., taken  per hour. o
every o (Mds.)
hour.
T
I
S6
83
S.3
50 ;
P Ce ~ - ' !
35 10 szii-t; 4805 244 1611 06 181" 742
nils,
\) AVERAGE. X2
Experiment II.
I
I
7.
-".
| :
7.
7
[ 4
373 SN0+ anto i 15435 o0 IN6 753

(o7 nuls)
AvERVGLE . 7

The extraction obtained by the Deoria eultivators with their small
6 inch rofier tron will was cood. thoush less then that obtained with the
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heavier mill and bullocks of the Experiment Station. It is a reasonable
supposition that, stimulated by their surmund!qgs a.t‘i the farm, the mill
owners would give an extra turn or two to their adjustment, and that
the extraction was therefore higher than obtained in every day prac-
tice. This experiment is of interest hecause it shows that even with
the Liohter mills a reasonable extraction can be obtained if the neces-
sary ?ower is available.

It mav be mentioned that in these tests particular attention was paid
to the sa{mpling of the bagasse. Samples were collected from the mill
at intervals of an hour in a box specially desizned to prevent drving,
and at_once reduced to a fine and uniform state of sub-division in a
hagasse sampler. The whole operation from the mill to the balance
not taking more than 10 minutes. The results of the bagasse analvsis
as seen from the above table are in close agreement. The shightest
variation in the bearing of the mill could be detected at once.
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