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INFLUENCE OF APPLE JUICE TREATMENTS ON THE CIDER MAKING PROCESS
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This study was conducted to examine the influence of the following apple juice treatments on different

parameters of cidermaking process: sulphiting (50 mg/L of total SO2), clarification with pectolytic

enzymes (Ultrazym 100 G, 3g/hL), and bentonite fining (lOOg/hL). The different treatments slowed

down alcoholic fermentation, the greatest effect being found for the combination of the three

treatments. With respect to malolactic fermentation, must sulphiting, with or without the other two

treatments, delayed this process, which took place after alcoholic fermentation. The low levels of

lactic acid bacteria during this period can explain this delay. The only treatment that had any

significant influence on volatile acidity was sulphiting, either on its own or in combination with the

other treatments. Thus lower acetic acid levels were detected in ciders treated with SO2.
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Introduction

In the Basque Country of Spain, most ciders are made by a

traditional process. This involves milling with a hammer mill,

and subsequent mechanical pressing. After juice extraction no

sulfiting and/or settling of musts (as in wine making) are used.

The alcoholic fermentation occurs spontaneously with natural

must yeasts. It is not common practice to add selected yeast

strains. Several authors have pointed out that it is convenient to

carry out malolactic fermentation (MLF) after alcoholic

fermentation, to avoid the use of sugars by lactic bacteria

(LAB)16. However, in the traditional cidermaking process,

MLF proceeds at the same time as alcoholic fermentation and

is carried out by a fundamentally heterofermentative wild lactic

acid bacteria8. Large numbers of LAB are found during all

cidermaking processes and this could be explained by the lack

of control of bacterial growth by means of oenological

techniques such as sulphiting and temperature control. These

high levels of LAB can cause alterations such as "piqure

lactique"8, which leads to an increase in the volatile acidity14.

In addition to this, Lactobacillus spp. and Pediococcus spp.

strains which are able to produce another microbial disorder

known as "ropiness" have been isolated from spoiled bottled

ciders910. This common alteration is characterized by the

production ofan exocellular polysaccharide which thickens the

consistency of the cider.

With the aim of preventing these disorders, several pre-

fermentative treatments are employed--1. Sulphur dioxide is

used in cidermaking to control the development of wild yeasts

and bacteria, as well as to prevent enzymic and non-enzymic

browning reactions of the polyphenols in apple juice1. Another

typical treatment is pre-fermentative clarification with fining

agents (bentonite), either on its own, or in combination with

pectolytic enzymes17.

This study was designed to examine the effects on apple

juices of sulphiting, clarification with pectolytic enzymes, and

bentonite fining, applied separately or in mixtures, on the

evolution of malolactic and alcoholic fermentation as well as

on the volatile acidity evolution. An experimental design was

based on the 23 factorial analysis described in the following

section.

TABLE I. Chemical and microbiological composition of

apple juice

Density :it 20°C (g/L)

pll

L-malic acid (g/L)

Total acidity (g/L tartaric acid)

Phenolic compounds (g/L tanic acid)

Lactic acid bacteria count (CFU/ml)

Acetic acid bacteria count (CFU/ml)

Yeast count (CFU/ml)

1050

3.83

3.45

2.66

1.81

3.8x10''

I.4X105

3.1 xlO5

Materials and Methods

Musts were obtained from a mixture of washed cider apples

of several varieties. These were milled with a grating mill and

pressed with a rapid cycle (2 h) pneumatic press. The juice was

mixed and subdivided into 140-L PVC vessels. The chemical

and microbiological composition of the apple juice is listed in

Table I.

Samples were taken aseptically from central locations of

tanks using a sterilized pipette. They were taken at different

stages during the production without disturbing the musts,

transferred to sterile glass containers, and transported to the

laboratory under refrigeration. They were analyzed within 5 to

6 hours.

Applejuice treatments

Three different treatments were used:

(a) Sulphiting. Potassium metabisulfite was used as the

SO2 source (50 mg/L of total SO2). The treatment was applied

immediately after the main batch ofjuice was subdivided, after

pressing.

(b) Enzymatic clarification. Pectolytic treatment (24 h,

15°C) was carried out with 3 g/hL of Ultrazym® 100 G (Novo,

Nordisk Ferment Ltd.). This has a declared activity of

5000 FDU 55°C/g. After treatment, and holding at 2°C for 18

hours to facilitate settling, the juices were racked.

(c) Bentonite fining. The bentonite used as a sodium

montmorillonite clay called Microcol (Laffort & Cia, Pasajes,

Gipuzkoa), at a ratio of 100 g/hL. A 5% slurry was prepared in

warm water (50°C) and used after holding for 24 hours at 2°C.

After bentonite fining (48 h) the juices were racked.

All treatments, as well as the alcoholic fermentation, matura

tion and storage of the musts, were carried out at temperatures
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Fig. 1. Experimental design of the pilot plant.

between 10-15"C. After alcoholic fermentation, with the aim of

preventing aireation of the musts, the vessels were sealed.

Experimental design

A factorial experimental design was used to determine the

influence of apple juice treatment on different physicochemical

and microbiological parameters in the cidermaking process.

This design used three factors (sulphiting, clarification with

pectolytic enzymes, and bentonite fining) and two levels

(present +, absent —) (Fig. 1). The main effect of a factor on a

parameter is the mean change due to that parameter when the

factor changes from level + to level -. These effects were

calculated using Yates' algorithm5. In order to determine if the

main effects were significant, an analysis of variance was

performed, by testing the null hypothesis with F distribution

statistics.

Microbiological and chemical analysis

Lactic acid bacteria were enumerated by surface-spreading

0.1 ml samples (aliquots of serial dilutions in Ringer solution)

on MRS agar media6 supplemented with 20% tomato juice and

1% (vol/vol) of0.5% pimaricin solution to inhibit the growth of

yeast and moulds15. Tomato juice was extracted from tomatoes

by crushing and clarified by centrifugation. The pH was

adjusted to 4.8. Plates were incubated at 28°C for 8-10 days

under anaerobic conditions (GasPak, CO2+H2) to prevent the

growth of acetic acid bacteria.

Acetic acid bacteria were enumerated by spread plating

0.1 ml aliquots of Ringer solution serial dilutions onto apple

juice-yeast extract (AJYE) agar medium. The AJYE was

prepared from a concentrated apple juice, diluted to a density

at 20°C of 1.045, and was supplemented with 1% (wt/vol) yeast

extract. The pH was adjusted to 4.5. In order to inhibit the

growth of yeast and moulds, a solution of 1% (vol/vol) of 0.5%

pimaricin solution, and 1% (vol/vol) of penicillin G

(250.000 IU stock solution), to prevent the growth of lactic acid

bacteria13. Plates were incubated at 25°C for 4 to 8 days, under

aerobic conditions.

Yeasts were enumerated by spread plating 0.1 ml aliquots of

Ringer solution serial dilutions onto apple juice-yeast extract

(AJYE) agar medium of pH 4.1 as described above2. During

the first stages of fermentation, 100 mg/L of streptomycin and

100 000IU/L of penicillin G were added to suppress the growth

ofacetic acid bacteria. Plates were incubated at 28°C for 5 days,

under aerobic conditions.

Results and Discussion

In this experimental design, the effects of three apple juice

treatments (sulphiting, clarification with pectolytic enzymes

and bentonite fining) on a cidermaking process were investi

gated. Apple juice treatments were effected in accordance with

the 23 factorial design described (Fig. 1).

Tables II and III show the calculated main effects and the

significance of the different parameters considered in the

factorial analysis.

TABLE II. Main effects of SO; (S). Ullnizym 100 G (U). and Bentonite (B) on glucose and fructose concentrations and yeast count during

the cidermaking process

Days

1

7

14

21

32

57

83

105

Av.

resp

1049.8

1046.7

1032.3

1019.8

1007.8

1002.2

998.8

998.3

Density (g/L)

S

0.50

6.00

6.88

8.50

5.63

1.50

0.63

1.12

U

0.00

-1.50

8.13

10.00

6.38

2.00

0.13

-0.13

Av. resp: Average response: a.

TABLE III.

Days

t

■j

14

21

32

57
Ol

105

130

Av.

resp

2.92

2.87

2.71

1.69
n 78

0.40

—

B

-0.50

-0.50

8.38

11.00

8.13

2.50

-0.13

-0.13

Yeasts (log CFU/ml)

Av.

resp S U

5.82 -0.66" -0.28

6.34 -0.72 -0.32

7.43 -0.40 -0.16

7.74 -0.03 -0.40

7.41 0.28 -0.22

6.58 0.72 -0.32
—

_ _ _

B

0.24

-0.20

-0.84

-0.16

-0.10

-0.03

—

and b indicate result significant at the 0.1

Av.

resp

24.04

15.14

7.49

1.67

0.04

—

Glucose (g/L)

S

7.73*

5.37"

4.36

2.09

0.03

—

U B

_

0.99 2.29

5.58" 5.35b

7.00 7.68

2.26 2.88

0.05 0.05
—

— —

and 0.05 level; -: no determinated.

Av.

resp

60.70

49.17

34.54

11.91

0.05
—

—

Fructose (g/L)

SUB

11.29" 0.27 0.34

12.15** 9.98b 5.58b

14.99 13.23 16.71

7.58 11.68 14.80

0.04 0.43 0.78
— — —

— — —

Main effects of SO; (S). Ullrazym 100 G (U), and Bentonite (B) on lactic and acetic acid bacteria count, L-malic acid and

glycerol concentration, and volatile acidity during the cidermaking process

L-malic acid

(g/L)

S

0.85s

0.64

0.94

2.86'
1 AA

0.68

—

U

-0.14-

-0.12

-0.03

0.44

n ">*>

0.68

—

Lactic acid bacteria

Av.

B resp

— 4.61

-0.14 4.26

0.24 4.47

0.28 4.82

0.22 6.12
n ■)•>

0.70 —

— 6.88

(log CFU/ml)

SUB

-0.92 -0.34 0.34

-1.82b 0.27-0.14

-2.06b 0.25-0.08
-2.64 -0.48 -0.72

-2.26 -0.89 -0.39

-0.55 0.02 0.03

Av.

resp

—

Glycerol

(g/L)

S U

— —

B

—

3.63 -0.26 -0.76-0.69

3.55 -0.05 -0.22

2.87

2.24

1.381 -0.07

-0.26

-0.14

Volatile acidity

(g/L tartaric acid)

Av.

resp S U

0.07 -0.04-0.02
n k nil n m

0.20 -0.15b 0.04

0.22 -0.13 0.08

0.33 -0.11 0.04

0.50 -0.24--0.il

B

-0.01
n m

0.01

0.05

0.03

-0.05

0.97 -0.86b-0.20»-0.07

2.33C -O.I4b-O.36bl.33 -1.52c-u.l2 -0.16

Acetic acid bacteria

(log CFU/ml)

Av.

resp S U B

5.43-0.03-0.14 0.36
c u n 10 n in n is

4.80 0.14 0.40 0.58

3.90 0.17 0.30 0.60

2.99 0.20 0.03 0.17

2.22-0.46-0.34-0.19

—

Av. resp: Average response: a. b. and c indicate result significant at the 0.1,0.05. 0.01 level; -: no determinated.
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Fig. 2. Evolution of density during cidermaking process. Symbols: O. control (barrel I): ♦, Bentonite (barrel 2); #, Ultrazym 100 G (barrel 3);

A, Ultrazym lOOG+Bentonita (barrel 4); O, SO2 (barrel 5); A, SO:+Bentonite (barrel 6); ■. SO2+Ultrazym I00G (barrel 7): T,

SO<+Ultrazym 100 G+Bentonite (barrel 8).
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Fie. 3. Evolution or L-malic acid and lactic acid bacteria during cidermaking process. Symbols: O- control (barrel I); ♦, Bentonile (barrel 2);

#, Ultrazym 100G (barrel 3); A, Ultrazym+Bentonita (barrel 4); D, SO: (barrel 5): A. SOj+Bentonite (barrel 6): ■. SO2+

Ultrazym+100 G (barrel 7); Y, SC>2+Ullrazym 100G+Bentonite (barrel 8).

The SO2 treatment delayed the beginning of alcoholic fer

mentation (Fig. 2) and after SO; application, a decrease in the

yeast population was observed with respect to the control. As

can be seen from Table II, sulphiting had a strong positive main

effect on the glucose, fructose, and density parameters, but a

negative effect on yeast population. Subsequently, all treat

ments increased the duration of alcoholic fermentation (see

Figure 2), the least effect being observed in the barrel treated

with bentonite. The greatest retardation took place in the barrel

with all three treatments. The slowest alcoholic fermentations

were, in general, associated with the lowest yeast populations,

the effects of the treatments being negative during this process






