MACERATION AND DEFECATION IN
CIDER-MAKING.

I. CHANGES OCCURRING IN THE PECTIN AND
NITROGEN CONTENTS OF APPLE JUICES,

By F. W. BEECH and 5 W. CHALLINOR.

INTRODUCTION

English and French sweet ciders differ materially in character due to the
difference in national tastes, to the cider apple varieties grown and to the
cider-making methods employed in the two countries. In England, the juice
is nsnally allowed to ferment to dryness and then sweetened with cane sugar
before bottling, giving a light- to medium-bodied cider in which acidity,
tanmin and sweetness are balanced, In France, a full-bodied, low-acid,
bitter-sweet cider is olten preferred (1). A naturally sweet cider is considered
to have the required characteristices, and great attention is paid to the pre-
treatment of the juice to assist in control of the subsequent fermentation.
One method of fermentation control commonly practized in France (1) is
defecation of the juice and this is often preceded by maceration of the freshly-
milled apple pulp.

During the 19950 cider-making season, large-scale tests of the
maceration and defecation treatments were carried out at the Hesearch
Htation, using three of the four main tvpes of cider apples grown in England,
for the purpose of assessing —

{a} the effects of these treatments on the composition of the juice ;

(b) the degree of control they afford to the subsequent fermentation ;

(e] the quality of the ciders produced.

With the continuing shortage of cane sugar any method (such as
defecation) offering a means of conserving sugar is of obvious importance,

As the processes of maceration and defecation have been deseribed in
detail in earlier reports by Charley (2) and snmmariged by Challinor (1) and
Follard {3), a very brief outline only will be given here. The termn maceration
has often been used to denote the mixing of either fresh apple pulp or once-
pressed pomace with water, cider, or apple juice, but the authors prefer to
regard such treatment as a diffusion process, The term maceration has heen
reserved to deseribe the process in which freshly-milled apple pulp is allowed
to stand without any addition for a few hours before pressing (5).



To assist subsequent defecation small quantities of caleinm carbonate and
sodinm chloride are added to the expressed juice which iz maintained below
107 (I, in either open or closed tanks. If the process of defecation proceeds
satisfactorily a natural clarification cceurs giving rise to a brilliantly clear
juice between a brown jelly head and a deposit or * lees.” In this paper the
term defecation s used to deseribe this process which cceurs after the addition
of the salts. In previous Annual Reports, the defecation process has been
described as “ keeving,” a treatment which iz still used to some extent in
England, but the two processes are not necessarily identical. No salts are
added during * keeving * and the degree of clarification obtained depends
very largely on the types of froit msed. Thus, if the apples contain large
amounts of pectin and pectin esterase (pectase] then the juice submitted to
¥ keeving 7 will, if left long enough, clarify naturally and a brown jelly head
may form, Such a process is essentially a defeeation without the addition of
galts. If, however, the apples contain only small amounts of peetin and  pectase,

the juice remains cloudy and when fermentation begins a white or brown

head of foam is formed in which a laver of brown apple pulp particles may
often be found.

The clarified juice formed during the defecation procesz iz carefully
siphoned or pumnped from between the brown jelly head and any ™ lees ™
which may have formed into a elean tank to ferment. The juice treated in
this way has a redueed nitrogen content and microbial population and tends
to ferment more slowly than the same juice untreated. Furthermore,
fermentation often ceazes before all the sugar has been attacked so that the
cider remains naturally sweet.

A study of the principles governing maceration and defecation of French
cider apple juices was started by the late Professor G. Warcollier (4). The
work in France has been continued by Tavernier and Jaequin who have
studied the effect of maceration and defecation on the nitrogen, sulphur and
phosphorus contents of several apple juices {5). Charley (6) investigated the
effects of * keeving ”' at two temperatures and showed that a better clarifi-
cation was obtained at 2° €. than at 9° €. Studies of the action of the pectase
naturally present in apple juice and of the associated pectin changes have been
made by Kieser, Pollard and Stone (7) and Pollard and Kieser (8). This work
demonstrated clearly that natural clarification could be effected by the
enzynes present in the apple juice itself, irrespective of any enzymes elaborated
by micro-organisms present in the juice. The initial concentration of pectin
and pectase was shown to vary with the variety of apple. There was an
indication also that the pectase concentration in the apple juice, as well as
the pectin content, varied with the stage of maturity of the fruit. The
activity of the pectase increased with increasing pH to a maximuom approaching
nentrality (pEH 6-6). It was shown that successful defecation conld ocour at
the pH values normally found in apple juice (pI 40 to 4.5) and Le Corvaisier
(9} has shown that the defecation process can occur at as low a pH as 3-4.
In general, however, the lower the pH the greater is the length of time nepded
for the onset of defecation, i.e. for a given concentration of pectase. At any
partieular pH the degree of pectase activity is also influenced by the con-
gentration of the catioms present (B). In this connexon H:E]s!mhn_s and
Tavernier (10} have shown that an adequate concentration of calemm 1ons 1s
necessary for efficient defecation, presumably in order that the pectic acid
formed by the enzymic demethylation of peetin may be converted inte an
insoluble caleium derivative.

EXPERIMENTAL.
Cider-Making Procedure.

The varieties of cider apples used in the four series of experiments were
as follows —

Bulmer's Norman Bittersweet i v milled 10, 10,49
Sweet Alford .. Sweet i = o milled 24.10.49
Bed Foxwhelp .. Bittersharp. . o o milled 17.11.49
Kingston Blaclk . . Medinm Bittershar e milled 28.11.49

Four treatments wers given in each series, namely :—

CoxTrRoL (C). Juice from freshly-milled pulp, le. no special treatment.
Derrcation (1)), Juice from freshly-milled pulp, to which salts were added.
Macezation (M). Juice from macerated pulp.

;“M’.‘ERATICI}T plus DEFECATION (M 4 D). Juice from macerated pulp to

which salts were added,

The casks (pipes) used were cleaned and steamed one hour before use,
and kept in the eider-honse.

Approximately two tons of sound, mature fruit were milled for each
variety, Ome half of the pulp was pressed immediately and the juice, after
bulking in a slate tank, was thoroughly mixed and tested for uniformity by
carrying out determinations of specific gravity and titeatable acidity on
samples drawn at different depths in the fank. The juice was then distributed
uniformly between a normal horizontal pipe (Le. the Control ') and a vertical
open-headed pipe for defecation (T¥). Defecating salts, 0-03%, calcium
carbonate and 0-049%; sodium chloride (i.e. 4-8 ozs. /100 gallons and 6-4 ozs.|
100 gallons respectively) were dissolved in a small quantity of the juice and
added to D) with thorough mixing,

Open wooden tubs 2 ft. 6 ins. deep were filled with the remaining
unpressed pulp, the surface of which was then smoothed over. The pulp was
allowed to macerate in the tubs for twenty-four hours and then pressed. The
expressed juice was bulked and distributed as before, into a horizontal pipe
(i.e. the macerated juice M) and a vertical open-headed pipe for defecation
(le. M + D).

In order that visual observations could be made, 2{-sallon clear-glass
jars were filled at this time with representative samples of juice from each
pipe. Each jar stood by the side of its corresponding pipe during the
remainder of the experiment. :

When successful defecation oceurred, the brilliant juice was siphoned
from under the brown jelly head into steamed horizontal casks and allowed
to ferment. Unfortunately, no means were available for controlling the
temperature of the juices during the defecation process.

When the specific gravity of the fermenting macerated and defecated
juice of Bweet Alford and Red Foxwhelp had fallen to 8.G. 1,025, sarmples
from the fermenting juices of the four treatments of these two varieties were
removed. The remainder of the slowly fermenting juice in each cask was
coversd with a layer of liquid paraffin (B.P. quality) to prevent development
of acetic bacteria due to the large air space cansed by removal of the sample.
Each sample was centrifoged using an Alfa-Lawval laboratory separator, and
allowed to mature for one month in filled and sealed three-gallon glass jars.
Each cider after maturing was filtered through Carlson K5 sheets and divided
into two equal parts ; one part was left unsweetened and the other sweetened
with sucrose syrup to the same apecific gravity as the macerated and defecated
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cider of that series. Samples of each were bottled for natural conditioning
and the remaining unsweetened and sweetened eiders were artificially
carbonated at 30° F. and 10 |bs. CO, pressure per aq. in., sterile-filtered through
Carlson EK. sheets, bulked and bottled. Al the ciders were bottled in
champagne pints. previously sterilised with 2%, sulphur dioxide solution, and
stored in a cool cellar for approximately six months before tasting,

Visual and Other Observations.

Muceration,

The system of maceration employed (iLe. relatively deep layers) was
essentially anaerobic and according to Warcollier (4), a greater extraction of.
pectin and pectase oceurs under such conditions without the simultaneous
removal, by oxidation, of a large proportion of the tannin from the expressed
Juice, Aerobic maceration for the same length of time would have caused
extensive oxidation and encouraged acetification. The pulp in the tubs after
the perivd of maceration was free from obvious acetification and was
apparently only slightly oxidised, i.e. browning occurred at the surface and
below to a depth of one inch. The remainder appeared to be slightly lighter
in colour than the original unmacerated pulp.

Table I shows analyses carried out on the fresh juices from unmacerated
and macerated pulps.

TABLE L.
Errecr or Macegarion ox THE & Taxsms " anp
VoraTie Acioimies oF THE ExXPRESSED JUlCE,
{Results expressed as g, per 10 ml, of juice).

Bulmer's : Hweel, Red Kingston
MNorman | Alford | Foxwhelp Black
! |
Before Macoration 0:35 | 013 0. 20 14
k| (€} |
** Tannin ** | { =5
| After Maceration .32 0-12 S 010
(M)
e — —— :"-'—-- —_— e =!:.— ———_.—i-.—_-_-' —
| Before Maceration —_ | — 11035 [IELIN
[ AE]
Volatile Acidity | f— - | — SR
(a3 acetic ﬁ.ri.lr:l | |
| After Maceration e | o -5 0013
(ALY i |
=— —— |- i |[=——— =
Duration of Maceration .. vo | ldhours | 22 hours | 16 hours 27 hours

With the exception of Kingston Black in which the pulp was held in the
tubs for the greater length of time, maceration had little signiticant effect on
the tannin of the juice subsequently expressed. Volatile acidity did not alter
appreciably, Le. for either of the two varieties examined.

Defecation,

While one of the uhjects of defecation is to secure a clarified juice, in

practice the most obvious sign of successful treatment is the formation of a
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compact, browu, pectin-jelly head and it 1'1: necessary to sample the éuice
under the heal before the degree of clarification can be assessed. Plate XII1I,
Fig. | shows a typical brown jelly head formed during successful defecation
and Plate XIIT, Fig. 2 shows a white head as formed by the Controls and other
juices which did not defecate. ' :

A summary of the defecation treatments that gave rise to brown jelly
heads and to clarification is given in Table IT together with the time taken
for the heads to form. All other treatments gave white heads and the juices
did not clarify,

TABLE II.
Time Takex ror DEFECATION To UCOUER.

Treatment Time taken for the

Variety
; formation of s brown head

1 a2 5
Defecation only . . - 2 days

I

Bulmer's Norman

Mueeration plus Defecation AL
(M + 1)

Defecation only . . o 44,
i

sweet Alford

Maceration plus Defecation
(M - 1)

Defecation only
]
Red Foxwhelp i - - S

Maceration plug Defecation 3 m
M4+ Dy

Maceration plus Defecation
Kingston Black o (80}, treated) I8y
juice (M -+ Iy + 80y,)

Notes ¢ 1. Three (ia:,:r, after pressing, the Sweet Alford juice to which ilﬂfﬂtﬂtinf{l Fl'l-;lt-'l .i".“:l' heen
added (DY), formed a white foum head above a cloudy juice. This juice was
siphoned into u clean, freshly steamed, horizontal cask and four days later the
juice extruded a large quantity of brown, peetin-jelly clots through the bunghole
of the cazlk. leaving a brilliand juice,

2. With Kingston Black, defecation wus very slow and only macerated and defecated
juice to which 60 p.pm, 80, had been added initially to restriet fermentation,
eventually developed s brown head 18 dave after pressing. However, t]“.'l El]f.‘l.i-ll
that formed was very thin and loose and the juice underneath was not brillinnt,

Analytical Methods, .

The following determinations were made on samples of the fermentig
juices and viders at suitable intervals and references are given for the methods
employed  Bpecific Gravity (14) ; Titratable acidity (11); Volatile acidity
(12 and 13): pH (glass electrode) ; * Tannin * (12); Rate of Fermentation
(14} ; Sulphur Dioxide (13); Total Reducing Sugars (14).



Nitrogen : Determined by micro-Kjeldahl, expressed as mg N/100 ml. (14).
Soluble nmitrogen was determined after centrifuging at 2,500 p.p-m, for
30 mins,

Pectin :  Determined by Carré and Haynes method on centrifuged juice
before and after precipitation with acetone (15). Expressed as caleium
pectate g. 100 ml.

RESULTS.

For each variety, the total quantity of fruit needed to provide the juice
for all four treatments was milled on the same day, and half of the milled
pulp was pressed mmmediately for the Control and Defecation treatments.
The juice from the macerated pulp was not expressed until the following day,
ie. for the Maceration and Maceration plus Defecation treatments, Sinece the
remaining treatments were carried out on the juice, the daofe of pressing was
regarded as the start of each treatment and the time-references in text, tables
and figures have been reckoned from that date.

Pectin Changes due to Maceration and Defecation.

Analyses of both crude and purified pectin were carried out on Sweet
Alford and Red Foxwhelp juices. The analyses showed the same trends for
all treatments althongh the crude pectin was always slightly greater in amount.
Maceration of the pulp had no effect on this difference in either variety. All
estimates of pectin quoted in the remainder of this section relate only to
purified pectin.

In Table III are given the pectin contents of the juices freshly expressed
from the unmacerated and macerated pulps of Sweet Alford, Red Foxwhelp
and Kingston Black.

TABLE IIT.

E¥FECT oF MACERATION oF THE ProTis CORTEST oF Freso Joices,
{Besults expressed as gealeinm pectate per 1) ml, juice),

Pectin Content Change
Vuricty L —— in
Before | After Pectin Content
Macerstion Maceration
Bweet Alford e 0047 - D072 +0.025
Beedl Foxwhelp rp 0080 1135 —+ (b 45k
Kjﬂguton Black .. 0077 I (b (S5 + 1012

The initial pectin content of the fresh juices differed for the three varieties,
Maceration of the pulp causéed a significant increase in the pectin of the
expressed juice in each variety. Bweet Alford and Red Foxwhelp showed the
greatest increase and in these wvarieties, the subsequent defecation was
anccessful.

The pectin changes that followed the different juice treatments are shown
for Sweet Alford in Table TV.
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TABLE IV,

Errecr oF Derecarion ox THE Peoros CosTtesT oF FREsn Juoioe.
SWERT ALFORD.

| Poctin Content Rate of
[(g. caleium pectate per 100 ml, of juics) Pectin
pH of — - Remaorval
Treatment Juive [ | per day [as
After At Time 2 Dys 7 Days  |mg. Caleinm
Treatment of After After pectate per
Pressing Pressing Pressing 1K) ml.
| juice)
i !
No Trestment e =t 41 0047 | 0080 0014 4
i)
Defecation only ., i 4.4 0047 (- [eEA+ None* 11
(o |
= | -~ . e
Muceration only .. T 4-1 0072 [F-1K57 [ERIE] 7
(M)
Maceration plus Defecation 44 | (072 Neme* | None 36
(M + D) - :

+ Hstimation carried out on juice siphoned off from under the white head,
* Estimation carried out on clarified juices after suceessful defecation,

It is evident that the process of defecation effectively reduced the pectin
content of the treated juices; thus, in the defecated juices D and M + D,
pectin was absent. e.g. after only two days for M + D. The rates of pectin
removal for the first few days after the four treatments have been calenlated
and are shown in the right hand column. In the juices submitted to defecation,
D and M + D where ample calcium ions were added initially, the increased
rate of pectin removal in the juice from macerated pulp (M + D), as compared
with the juice from unmacerated pulp (D), indicated a greater extraction of
pectase [rom the pulp during maceration, This was alzo suggested, but to a
lesser extent, by the corresponding fignres for the non-defecated juices (C and
M), the rate of pectin removal being greater after maceration. The slower
rate of pectin removal in the non-defecated juices as compared with defecated
Juices, may be ascribed either to a deficiency in calcinm ions or to the lower
PH. The successful defecation of Red Foxwhelp juice at the low pH of 3.3
would, however, suggest that the pH is not the decisive factor for this juice,

Despite an unfavourable pH (average 3-3), the rate of peetin removal in
Red Foxwhelp juice was slightly greater for each of the four treatments than
in Bweet Alford juice. A possible explanation of these results is that Red
Foxwhelp contained a larger concentration of pectase than Sweet Alford.
Other tests showed that the fruit sample of Red Foxwhelp was in fact high
M pectage.

Nitrogen Changes duc to Maceration and Defecation.

Samples for analysis were withdrawn from the centre of each pipe without
disturbing the lees; thus, the analvses relate to the fermenting juice and
the nitrogen content of the lees is not included. The following interpre-
tation of the nitrogen data and its conversion into data representative of veast,



ig that used by Burroughs and Challinor (16). This conversion is true provided
the micro-organisms present consist almost entirely of yeasts and do not
inchide more than a small proportion of bacteria, From the few microscopical
observations carried out on each of the fermentations of the Sweet Alford
juice, it appearsd that the material in suspension did in fact consist almost
entirely of yeasts.

Thus, for the Controls in each of these experiments, ie. the untreated
juices which were allowed to ferment naturally, the ’Fntul lli?'rl:gliﬂl in any
sample iz made up of the soluble nitrogen plus nitrogen n suspension.
Nitrogen in suspension, which may be regarded as representative of yeast in
suspension in any particular sample, is obtained by mll:’fnu't-mg the soluble
nitrogen from the total nitrogen of that sample. Nitrogen in the lees, regarded
as representative of yeast in the lees at any time, is not determined directly
but is obtained by subtracting the total nitrogen at the time of sampling
from the initial total nitrogen of the juice. An indication of the amount of
yeast which has grown up to any particular time is given hy subtracting the
soluble nitrogen at that time from the initial soluble nitrogen of the fresh
juice,

Nitrogen Changes in the Untreated Juices (i.e. Controls).

These changes in the distribution of the nitrogen, regarded as representative
of the changes in yeast distribution, are shown diagrammatically in Fig. 3,
using data obtained from the fermentation of the Control Sweet Alford juice,
since this fermentation was examined more fully in this respect than the other
fermentations. All nitrogen data have been expressed as mgN/100 ml. of
juice or cider and have been abbreviated to mg. in the text.
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Fig. 3. Fermentation of the Control {Untreated) Sweet Alford Juice showing
changes in Specific Gravity and Distribution of Kitrogen in the Fermenting Juice,
During the first eighty days of this fermentation, the specific gravity
decreased from an initial 8.6, 1,063 to 8.G. 1,016. The rate of fermentation
during the first three days was slow, a fall of two degrees in 5.G., but the
soluble nitrogen of the juice deereased very considerably, from 4.4 mg. to 2.1

L1l

mg,, i.e. n loss of 52%, indicating an extremely rapid utilisation of soluble
nitrogen for veast growth. Soluble nitrogen decreased more slowly to 1-1 mg.
from the drd to the 2lst day, i.e. down to 25%, of the initial soluble nitrogen
content. Thus, during the first part of the fermentation, occupying twenty-
one days, although there was a loss of only 16 degrees in specific gravity,
representing ome-third of the total decrease in 5.G., the greatest utilisation of
soluble nitrogen oceurred and the remainder of the fermentation proceeded
with practically no further decrease in this fraction.

Nitrogen in suspenzion increased rapidly to a maximum of 1.7 mg. on the
drd day and then after a very slight fall, remained steady at 1.5 mg. for a
further twenty-one days. From the 28th day onwards, there was a steady
decrease in the amount of this fraction and on the 83rd day it was negligible,
Nitrogen continued to accumulate in the lees throughout the eighty-three
days, but the rate of accumulation for the first seven days was very much
faster, approximately eight times, than it was from the Tth to the 83rd day.
Thus, in a Control fermentation, loss of soluble nitrogen is representative of
growth of yeast, which either remained in suspension or accnmulated in the
lees ; this nitrogen remained in the fermentation vessel.

Nitroger Changes Dhie to Maceration,

The Sweet Alford juice freshly expressed from macerated pulp had a
slightly lower soluble nitrogen content than juice from unmacerated pulp;
4.0 myg. and 4-4 mg. respectively, i.e. a difference of 9%, In the juices of the
other three varieties however, the soluble nitrogen inereased slightly after
maceration, as illustrated by the nitrogen-data for Red Foxwhelp shown in

Table V.

TABLE V.
Errecr or MACERATION oN THE NiTthoukx Coxtests 0F FresH Juice,
RBer FoxwmeLr.
(Results exprossed as mge.N/100 ml, juice).

Nitrogen | Before | After Change in
Maceration Maceration Nitrogen Content
Total .. | 25 2.9 +0-4
- | — — -
Eoluble o = i 2.3 2.0 +10.2
= | |
In Suspension ! -2 0-4 +0-2

Thus in this variety there was a 99, increase in soluble nitrogen following
maceration of the pulp; in Bulmer's Norman there was also a 9%, increase,
ie. from 16-9 mg. to 184 mg. ; in Kingston Black there was a 129 increase
from 1.7 mg. to 1-9 mg. Tavernier and Jacquin (5) reported no change after
maceration ; they, however, did not specifically estimate soluble nitrogen, buf
carried out all their nitrogen analyses on juices which had been strained through

fine sillk,

Nitroger Changes which take place during the Defecation Process.
These changes are illustrated in Table VI, Thus it is seen for Bweet Alford



TABLE VI
Nirrogey Caamoees Dueine Derecarion.
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and Red Foxwhelp, where defecation was successful, that there was a con-
siderahle decrease in the soluble nitrogen content of the juices as a result of
defecation. The decreases in soluble nitrogen which oceurred in the untreated
Juices, e, Controls, to which refersnes has already been made were also
considerable but, as explained in the Discussion, have an entirely different
sirnificance,

Changes observed in the nitrogen in suspension were irregular, small in
amount and call for no special comment.

Nitrogen Changes Subsequent to Defecation.

For Sweet Alford and Red Foxwhelp, changes in soluble nitrogen during
the fermentation of defecated juices from both unmacerated and macerated
pulp, i.e. D and M + D, were only slight in extent. In contrast, changes in
soluble nitrogen during the fermentation of juices that had not been submitted
to defecation, ie. ' and M, were very large. The nitrogen changes for the
fermentations of the juices from macerated Sweet Alford pulp, Le. both M
and M + D), are illustrated in Fig. 4.
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Fig. 4. Fermentations of the Juices from Mucerated Pulp of Sweet  Alfied.
Specific Gravity Corves and Changes in Soluble Nitromen and Nitrogen in
Buapension.

The arrow ? indicates the day on thEE the defeented juice (M L D) was siphamed
off from the brown head and loes,

For comparison the macerated juice will be considered first, In this Juice,
as illustrated in Fig 4 there was a large decrease in soluble nitrogen, from
40t mp. to 1.4 mg. in the first twenty-one days, a8 a result of the rapid growth
of yeast which occurred ; during this time there was a large decrease in
specific gravity (15 degrees). Hubsequent deecresses in soluble nitrogen were
small, only 0-4 mg., so that after twenty-one days there was little further



growth of yeast. However, the specific gravity continued to decrease a further
21 degrees over the remaining fifty-nine days,

In contrast to the large change in soluble nitrogen which occurred during
the fermentation of the macerated juice, the corresponding changes in the
Jwices which defecated were (as stated above) very small. Thus, in eighty
f]s_l,}fﬂ there was a loss of only 0.5 mg, soluble nitrogen, indicating that very
slight growth of yeast took place during this period. Further evidence that
growth of yeast was slight is given by (i) the small amounts both of nitrogen
i suspension, which is regarded as representative of yeast in suspension, and
of nitrogen in the lees, which is representative of veast in the lees, and by
(ii) the slow rate and restricted extent of the fermentation, e, o decrease of
only 9 degrees of specific gravity during the eighty days as compared with a
de:r}'lannv of 34 degrees in the macerated, non-defecated juice (M), for this
period.

It may be observed from Figs. 3 and 4 that if the untreated juices
and M, which did not defecate, had been siphoned into fresh casks at the
same time as the treated juice M + D, large amounts of veasts would still
have been left in suspension. Thus the subsequent fermentation of these
untreated juices would not have been greatly restricted.

The Effects of these Treatments on Fermentation and on the Stability
of the Resulting Ciders.

The main object of the process of defecation is the production of naturally
sweet ciders. Thus, the defecation treatment reduces both the rate and extent
of the fermentation so that fermentation either ceases while the cider is still
naturally sweet or is so slow that artificial control, e.g. by centrifuging, can
be exercized Eﬁﬁ:ﬁ\"ﬂ]lﬁ_.’. ) :

L3 |

l!_le effect of the treatments on the rate and extent of fermentation of
three juices is illustrated in Table VII. The fourth juice from Kingston
Black did not respond to the defecation process.

TABLE VII.
EFrecT or MACERATION axp DEFECATION 0N THE RATE 0F FERMENTATION,
Burmen's Normax, SWEET ALFORD a%D RED FOXWHELE,

| BULMER'S Numaran | SWEET ALIORD Rin FOXwWHELF
Ratcof | Timeto | Rateof | Timeto | Rateof | Tmets
Trentment Fi.'lml‘ﬂlll!:il.‘ll:l t—:tnl‘:hl.l tor | Fermentation, Ferment to | Permentation i?ut:mmLutn
at 28° C. BG.LDIS | at 250 B.G. 1,028 | at 25% C. 8.G. 1,025
| lu the in the i1 the Inthe | in the In the
boratory | Clderhouse | Inboratory | Chlerhouse | laboratory | Ciderhouse
No Treatments ., ie T8 7 odays | 1+1 48 days =3 54 days
=] | | i
Defecation only+ & 44 17 dnys -- B days t 1
(I¥) |
—— — | — s e SN . o —
| |
Mmmhnﬂ[llnlfi s 78 & days | 1+3 51 duys 14 1 days
| y
Jlmiimil.'& l.;L'I'L'n.'I.ILinni- | 243 ¥ doys = 140 days a-F 171 days
| + 1)

* i.e. the fresh juices.

- juices which have reaponded to the defecation prooess. |

i HI”llmﬂ- 14l ome year after pressing the pulp, 8.0, of juice before defecation
wis 1, g
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It will be seen that the preliminary defecation treatment has greatly
redueed the rate of fermentation. In each of the three varieties the rates of
fermentation of the defecated juices, i.e. Id and M + D, were slower than
those of the corresponding non-defecated juices C and M. The effects of
maceration on the rates of fermentation were not consistent thronghout the
three series 80 that no definite conelusion can be drawn at present.

The extent of fermentation in the defecated juices varied considerably.
Only the defecated juice of Red Foxwhelp ceased fermentation while still
naturally sweet and this juice commenced fermentation with the lowest
soluble nitrogen content (1.2 mo) of any of the warieties. Although this
juice after maceration plus defecation eventually fermented to dryness, this
did not oceur until after ten months, whereas the untreated juice, i.e. the
Control, was dry after six months. In contrast, both the defecated juives of
Bulmer's Norman fermented rapidly to dryness. However, in the juice of this
variety the initial soluble nitrogen (and probably other yeast nutrients also)
was large and presumably suflicient remained after defecation to support
growth of veast in quantity, so that fermentation was rapid. With Sweet
Alford the juice after maceration plus defecation developed sickness at specific
gravity 1,023 and fermented to dryness; this juice after defecation only,
which had reached 8.G. 1,008 at this time, did not develop the disorder and
fermented to dryness normally. It was observed that the titratable acidity of
the cider which developed the dizorder (i.e. M 4 I} remained much lower
than the titratable acidities of the other three ciders of this variety. The
development of the bacteria would probably have been inhibited if this cider
from macerated and defecated juice had been blended earlier with high-acid
cider, as in the normal commercial treatment of low-acid juices. This, in fact
wag not done in these experiments since the ciders were kept deliberately as
gingle varieties in order that their individual fermentations could he
studied,

The Effects of these Treatments on the Quality of the Ciders.

The ciders will be referred to in this section according to the treatments
originally given to the juices from which they were made, e.g. the Control
cider refers to a cider resulting from the fermentation of untreated juice.
Similarly the Macerated and Defecated cider refers to the cider made from the
defecated juice obtained after maceration of the pulp.

Only the ciders made from Sweet Alford and Red Foxwhelp, i.e. those in
which successful defecation ocentred, were sampled for bottling (see
Experimental, Cider-Making Procedure).

The quality of each cider was assessed by the procedure reported else-
where (12). Only a summary of the most important features found in each
cider will be given.

Natwrally Conditioned Ciders.

It was diffienlt to assess the quality of the naturally conditioned ciders
gince, with the exception of the Macerated and Defecated cider from SBweet
Alford, which was * sick,” none of these ciders developed any perceptible
degree of carbonation. This lack of conditioning, even in the sweetened ciders
was probably due to the fact that they were bottled in the late summer
bottling of the ciders of each variety was delayed until the Macerated and
Defecated cider of that variety had fermented to 8.0, 1,025,



Artificially Corbonated (Sterile-filtered) Ciders.

The uniform carbonation of the sterile-filtered ciders simplified the
assessment of their quality considerably,

The Control ciders of Red Foxwhelp., both unsweetened (3.G. 1,003-5),
and sweetened (8.G. 1,022) had a peculiar resinous aroma which persisted to
a smaller extent in the flavour, spoiling an otherwise pleasant and froity
cider. The resinous character, however, was not found in the Defecated cider
(3.G. 1,041) of this variety which, although high in acid and tannin, also had
a high natural sugar content so that the cider was balanced in flavour. This
clean, fruity, pleasant cider was given the highest figure of merit of the ciders
made from Red Foxwhelp. All the ciders made from the macerated pulp of
Red Foxwhelp possessed an intense, almost guinine-like bitterness which was
unpleasant. The unsweetened Macerated cider (.G, 1,006-5) possessed a
fruity aroma, while the aroma of the sweetened cider (S.G. 1.021.5) was
shightly resinous. The Macerated and Defecated cider (3.G. 1,021.5) was
unpleasant since it had both the resinous aroma and intense bitter flavour.

All but one of the ciders made from Sweet Alford wers clean in aroma and
flavour. The Control cider unsweetened (.G, 1,001) was a pleasant, dry eider,
whereas the same cider sweetened (S.G. 1.021) was in addition, fruity and
typical of the variety, The effect of sweetening in improving the flavour was
even more marked in the Defecated ciders, where the unsweetened eider (8.6
1,001) had little body or character but when sweetened (3.G. 1,021) possessed
these qualities in good measure comparable with the swestened Control cider,
The unsweetened Macerated cider (S.G. 1,003.5) was given a slightly greater
figure of merit than any other cider made from Sweet Alford, having more
acility, a pleasant tannin bitterness and fruity character ; when sweetened
(8.G. 1,021) it was well balanced in flavour. The quality of the Macerated and
Defecated cider (5.G. 1,021) could not be assessed since the characteristic
aroma and flavour of * sickness ” was present in slight amount. This cider
must have been slightly * sick ™ when it was sterile-filtered since there were
no signs of bacterial fermentation having taken plate in the hottle.

Thus the Control eiders, both swestened and unsweetened, from Sweet
Alford were of high quality, whereas the Control ciders from Red Foxwhelp
were poor, Maceration of the Bweet Alford pulp apparently improved the
quality of the cider but with Red Foxwhelp the same treatment gave a cider
inferior to the Control. The quality of the ciders made from macerated awd
defecated juices, ie. M + I could not he assessed, since this cider from Sweet
Alford was slightly * sick ™ and the corresponding cider from Red Foxwhelp
had the resinous quality of the fresh juice combined with the intense bitterness
due to maceration of the pulp. Defecation of the juice from freshly-milled
Sweet Alford pulp gave a cider which, after sweetening, was of high quality ;
the same cider from Red Foxwhelp was naturally sweet and better than the
corresponding Control cider,

DISCUSSION.

In this present work, four typical varieties of cider apples have been
gtudied in relation to their behaviour during the processes of Maceration and
Defecation. The results will be summarised first, and then followed by a
discussion in more detail.

{n) The four varieties varied in the extent to which thev responded to
the two treatments.

Livi

{by The process of maceration j.]ll_']'i-".!i.ﬁk"l.l the pectin content of the jtlri:.‘e_.
the increase varying according to the variety of EI-}]I:]E. I'he
varieties which showed the largest merease n’{ juice pectin due to
maceration also clarified most rapidly during the subsequent
defecation, : il

(c) syccessful defecation was accompanied by complete precipitation of
peetin from solution. _ ‘ .

(d) During the course of defecation there was a considerable reduction
of soluble nitrogen in the juice, The rates and extents of the
subsequent fermentations of the defecated juices showed some
relation to the changes in soluble nitrogen that took place during
defecation. g _

(a) Defecation did not ovcur in any of the four vareties without the
addition of salts. The defecated juices, i.e. I and M 4 D treatments, of the
three varieties, Bulmer's Norman, Sweet Alford and Red Foxwhelp showed
rapid clarification ; the fourth v;Lri*:at.j,* I:!.Iii{ not {:I;irlif_v satisfactorily. "i}"ilruul[ier
(4) and Tavernier (5) have shown in this connection that the maturity of the
fruit as well as the variety is also important. Thus, it is not possible to say at
present whether these varieties will behave 1n Thlt- same manner each year.

(b) For the three varieties in which pectin changes were followed,
maceration caused an increase in the pectin content of the expressed juice ;
the increase varied according to the variety. It was found that where the
pectin increase was greatest and of the order of 509, as in Sweet Alford and
Red Foxwhelp, the subsequent clarification of the macerated and defecated
juices was satisfactory. This would suggest that there was an increase in the
pectase confent of the juice accompanying the large increase in pectin and
this is further borne out by the more rapid removal of pectin which occurred
in the juice prepared from macerated pulp as :I:utn]:zu'uEl with juice from
unmacerated pulp (Table IT). The increase in pectin may itsell be due to the
action of the enzyme pectase during maceration. ! :

(¢) SBuccessful defecation was characterised by the rapid formation of a
brown, pectin-jelly head and the complete and rapid removal of soluble pectin
from solution. For example, pectin was no longer detectable in the macerated
and defecated juice from Sweet Alford after two days.

It is interesting to compare this process, carried out 1!!1(].1-&1'.{:{1111'1‘(]]][‘[1
conditions, with the phenomenon of * dropping bright ” which occurs
occasionally in the normal course of cider-making. In this phenomenon,
which has been discussed in an early paper by Charley (17). a pectin elot is
formed, giving rise to a brilliantly clear juice, which, if racked, ferments very
slowly anid may cease fermenting while still naturally sweet. It may be
mlppaststl that such apple juices contain }H.rgn amounts of pectase and
sufficient caleinm ions to precipitate the pectin as a peetate gel. In a normal
fermentation a gradual clarification usually ocenrs and has been found in
other experiments to be accompanied by a slow removal of pectin. The
influence of pH and of the concentrations of salts in such clarifications will
require further investigation, for it is evident from the present experiments
that addition of defecating salts does accelerate the course of juice clantication
{Table IV). Ladie 5

(d) The soluble nitrogen content of the juice is one of the main factors
determining the conrse of the subsequent fermentation. As emphasised earlier,
ane of the main effects of defecation is the removal of nitrogen from the juice.
In fact, the percentage removal of soluble nitrogen was very great and of the



order of B0%, in the defecated juices of Sweet Alford and Red Foxwhelp.
Consequently the amount of soluble nitrogen remaining for yeast growth in
the defecated juice was considerably reduced. For example, when the per-
centage removal of soluble nitrogen during defecation was greatest (Sweet
Alford and Red Foxwhelp) there was a very considerable Testriction of
fermentation in the defecated juices: in Bulmer's Norman where the
percentage removal waz less. although the fermentation was restricted
compared with the Control of that variety. the juice fermented to dryness in
forty days. The importance of the amount of nitrogen still remaining in the
defecated juices has been discussed by Tavernier (18) who states that if the ratio
Total Nitrogen mg./litre
Total Reducing Sugars g /litre
then the fermentation will cease while natural sugar still remains. For Bulmer’s
Norman the clarified juices after defecation fermented rapidly to dryness and
this ratio for the M + D treatment was 1-2. For Bweet Alford and Red
Foxwhelp, there was considerable restriction of fermentation, and the ratio
for the same treatment, e M+ D, waz 0-18. This ratio for the defecated
juice of Red Foxwhelp which eventually ceased fermentation while naturally
aweet was 0-15. It must be emphasised however, that the ratio for the Control
juices of Sweet Alford and Red Foxwhelp were themselves only 004 and 0-23
respectively. While it is true that a juice with a ratio greater than 0-4 may
not remain naturally sweet, these experiments show that the converse is not
necessarily troe since the juices with a ratio less than 0-4 (with the exception
of the defecated Red Foxwhelp juice) whether defecated or not. did not remain
naturally sweet. Thus the differences in the extent of fermentation observed
even in the juices in which this ratio was low, cannot be explained entirely
by the nitrogen contents of the defecated juices. In fact, the variations in
behaviour showed by the defecated juices of Sweet Alford and Red Foxwhelp
were not entirely consistent with the amounts of nitrogen remaining in the
juice. Further investigation may show that only certain nitrogenous con-
stituents may be concerned in this connexion and or that deficiencies of other
veast nmtrients may also be coneerned.

The mechanism whereby soluble nitrogen was removed from the juice
was not investigated specifically in these experiments and must be the subject
of further research, Tavernier and Jaequin (3) state that defecation converts
the greater part of the soluble proteins and polypeptides of the juice nto
ingoluble compounds which are removed in the brown, pectin-jelly head.
They state that these nitrogenons constituents are essential for yeast growth,
and that in consequence, such a juice could only ferment very slowly and
often ceased to ferment while the juice was still naturally sweet. However,
Thorne (19) and other workers who have investigated the assimilation of
different nitrogenous constituents by yeast, have shown that the yeasts they
were examining, utilised single amino acids more readily than simple peptides
and mueh more readily than polypeptides. A possible mechanism suggested
by the work reported in this present paper is as follows : When the juice is
not submitted to defecation, a rapid growth of veast takes place : such
growth of yeast did in fact oceur during the “lag™ period of the normal
fermentation of these untreated juices, ie. the Controls, depleting the juices
not only of nitrogen but also of other yeast nutrients (see Burroughs and
Challinor (20)). In the defecated juices any yeast crop would be removed in
the brown jelly head or lees. Tt has been generally assumed that the brown
jelly head plays a purely mechanical part in rermoving the suspended material,

for a defecated juice is not greater than 0.4,
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whether it consiste of * precipitated polypeptides ” or of yeast cells, |‘mt
chemical adsorption between the precipitated pectin complex and the amino
acids of the juice may il!ﬁr._r OCELT, ; ]

The effects of these different treatments on the quality of the ciders made
from Sweet Alford and Red Foxwhelp have alveady been disenssed i an earlier
section of this paper and only a brief summary of the more important findings
will be made here. For these two vareties, the ciders made after defecation
of the juices were of high quality ; in particular the naturally-sweet cider
from this treatment of Red Foxwhelp juice was of much higher quality than
the corresponding untreated, Control cider. From the limited experience
obtained in these experiments involving maceration in eider-making it is not
possible to generalise about its effect on the final cider, for while anaerobie
maceration of the low-acid, Sweet Alford pulp was beneficial. maceration of
the highly acid, bittersharp, Red Foxwhelp pulp was detrimental since the
tannin bitterness was unpleasantly emphasised.

The production of a naturally sweet cider by preliminary defecation of
the juice demands very close control both of the juice and of the fermentation
at all stages and a clear understanding of the processes involved (see also
Warcollier (1)). To facilitate this control. the cider-making procedure and
factory lay-out employed must be specially designed. if the process is to be
operated economically on a large scale. Thus, the milled pulp should lnri-fcr-
ably be allowed to fall into small tanks above the presses for maceration.
After maceration the pulp should then fall by gravity to the cheese-building
platform. Similarly, the tanks for the defecation process should be totally
enclosed, and fitted with observation windows and attemperator coils, so that
the temperature of the juice undergoing defecation can be controlled to ensure
that pectin clotting is complete before fermentation commences.

Irrespective of the quality of the resulting ciders or the degree of control
involved in earrying out the processes, this study of maceration and defecation
and the subsequent fermentations has given further insight into fundamental
aspects of cider-making in general. For a more complete understanding of the
mechanism of the defecation process, it will be necessary to supplement these
results by qualitative examination of the types of nitrogenous constituents
present in the juice initially and after the process of defecation has ocenrred.

SUMMARY.

I. An investigation has been made of the effects of maeceration and
defecation on the juices of four varieties of cider apples.

2. The four varieties varied in the extent to which they responded to
the two treatments. Three of the four juices elarified and responded
well to the treatment.

3. Maceration increased the pectin and pectase contents of the expressed
juices and thus facilitated subsequent defecation,

4. Buccessful defecation was accompanied by complete precipitation of
pectin from salution.

B. The soluble nitrogen contents of the juices which responded to
defecation were thereby greatly reduced.

6. The rates and extents of the subsequent fermentations of the
defecated juices showed some relatiom to the changes in soluble
nitrogen that oceurred as the result of defecation, although the results
suggest that factors other than soluble nitrogen may also be
coneerned,
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An assessment has been made of the quality of the ciders produced
after these treatments, Ciders made from defecated juices were of
high quality. The effeets of maceration on the quality of the ciders
varied with the variety.

&  An indication has been given of some of the practical cider-making
aspects of these two processes,
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PLATE XIII.

#ig. 1. Typieal brown, peetin-jelly head formed during successful defecation,

Fig. 2. Typical * white head * formed during the early stages of fermentation
of juiecs that dil not defeente,



