Journal of Crop and Weed, 16(2): 204-209 (2020) 1SS\- 0+ 23499400, P: 0974 6315

http://cwssbckv.org
www.cropandweed.com

Studies on shelf life of sauer kr aut

P. K. THAKUR, P. PANJA, J. KABIRAND R. S. DHUA
Department of Post Harvest Technology of Horticultural Crops
Faculty of Horticulture, Bidhan Chandra Krishi Viswavidyalaya

Mohanpur-741252, Nadia, West Bengal

Received : 01.11.2019 ; Revised : 15.07.2020 ; Accepted : 20.07.2020
DOl : https://doi.org/10.22271/09746315.2020.v16.i2.1338
ABSTRACT

One of the most important fermented products prepared from cabbage known as Sauerkraut. After completion of fermentation,
i.e., 21 daysit was subjected to potassium metabi sul phite and pasteurization and stored in ambient (25-30°C) and |ow temperature
(6-8°C) with different treatments. In sauerkraut compared to fresh cabbage, pH decreased while TSS, acidity, lactic acid and
ascorbic acid increased. Subsequently on 14" day, pH of T,, T, and T, increased and thereafter on 21% day decreased marginally.
TSSof fresh sauerkraut (7.8°Brix) increased upto 14" day in T, (8.8°Brix). Acidity (0.87%) of fresh sauerkraut was higher than
fresh cabbage but in storage on 7" day it decreased in all treatments except in T,, which increased upto 14" day (1.28%) than
decreased on 21% day (0.41%). The pattern changes of lactic acid were similar to acidity. Ascorbic acid of KMS treatment
remained higher compared to pasteurization. The scoring of T, and T, indicated that colour and texture on 21% day was good
and also on 63 day (4.00 and 5.95 respectively). Thus at low temperature irrespective of pasteurization and KMS treatments
sauerkraut quality and shelf life could be increased. Among the low temperature treatments, T, was compar atively better than

T, asrevealed from chemical quality and sensory score.
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One of the most important fermented products
prepared from cabbage known as Sauerkraut (Pederson
and Albury, 1969). Sauerkraut is German word literally
translated, means acid (sour/sauce) cabbage (kraut).
Sauerkraut is alow calorie food can be preserved for
long period of time with the nutrients and desirable
sensory properties(Mennes, 1994; Trail et al., 1996).
Theindigenous bacterianaturally fermented the cabbage
in the presence of salt known as acidic cabbage or
Sauerkraut. It is highly popular in some western
countries. In India sauerkraut is not known as a food
among the masses. Although sauerkraut is manufactured
occasionally in small quantity by afew cannersinindia,
they have conducted no research(Doyleet al., 2001). In
sauerkraut, fermentation of cabbageyield lactic acid as
themajor product. Thislactic acid along with other minor
products of fermentation, gives sauerkraut its
characteristic flavour and texture(Keith, 1996). Lactic
acid fermentation preserves vegetables mainly by
lowering the pH due to lactic acid production, which
occurs when lactic acid bacteria convert fermentable
sugars (Daeschel and Fleming, 1987). Sauerkraut, if
properly prepared, can be quite arich source of vitamin
C (Srivastava, 2008). The extent of microbial growth
and the sensory properties of the final product depend
ontheaddition of salt, whichisthemost critical pointin
Sauerkraut production (Holzapfel et al., 2003). During
the fermentation process, acidic metabolites areformed
and the pH decrease, thus atering the microbial flora
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composition inthe medium. Gram-negative bacteriaand
sporulating bacteriaareinhibited when the medium starts
acidifying. In these conditions only lactic acid bacteria
areableto multiply, followed by aseries of other species.
Lactic acid bacteria generally isolated from fermented
sauerkraut are Lactobacillus plantarum, L. brevis,
Pediococcus cerevisiae, Leuconostoc mesenteroidesand
Lactococcus lactis (Daeschel and Fleming, 1987; De-
Valdez et al., 1990; Roberts, 2002; Pandir and Jain,
2010). Sauerkraut stimulates the peptic glands and has
mild laxative property which is due to the esters
acetycholine and lactylcholine formed during
fermentation by lactic acid bacteria (Srivastava and
Kumar, 1998). During cooking essential nutrients of
cabbage are destroyed. Glass jar, cans and plastic
pouches are mostly used for packaging of Sauerkraut
(Fleming et al., 1995). The unpasteurized sauerkraut
with sodium benzoate (0.1% w/w) and potassium
metabisul phite are added as preservatives can be store
in refrigerated (Wood, 1998). The pasteurization of
Sauerkraut at 74 to 82°C for approximately 3 minutes,
with hot sauerkraut is filled into enamel-lined cans or
glassjars, sealed and rapidly cooled to create avacuum
(Wood, 1998; Adams and Moss, 1996). Pandir and Jain
(2010) prepared and stored sauerkraut at room
temperature i.e., 21°C to 24°C in jars for 120 days and
found that lactic acid bacteria count increased up to 7th
day of fermentation and started declining from 7" day
to 120" day of storage.



MATERIALSAND METHODS

The crop was raised in the C-Block Research Farm
of BCKV, Naida, West Bengal and post havest study
was conducted under laboratory condition at the
department of Post Harvest Technology of Horticultural
Crops, BCKV, West Bengal. Sauerkraut was prepared
according to method of Wiander et al. (2005) and Penas
et al. (2010). Thefresh mature cabbage headsweretaken
after removing the outer green leaves, broken or dirty
leaves. Cabbage headswere cut into four piecesand the
core of the head wasremoved. Then they weresliced by
knivesinto shreds as fine as 2 mm and non-iodized salt
was added to slice cabbage as requirement. After
thoroughly mixing cabbage with salt, it was allowed to
stand for several minutestowilt. It helped to draw juices
from the cabbage. The salted cabbage sliceswerefilled
inside the beaker and pressed down firmly until juices
ran out the cabbage and covered it completely. The
cabbage shreds were covered with clean plastic inside
the container. Plastic cover was filled smoothly against
the side of the container so that the cabbage was not
exposed to the air. A weight was put on the top of the
cover (filled with water, makesagood weight). Container
of cabbage was placed in awell ventilated place with a
relatively constant temperature.

Sauerkraut of variety Shaan was prepared according
to method described earlier. Sauerkraut after completion
of fermentation, i.e., 21 dayswas subjected to potassium
metabisul phite (KM S) and pasteuri zation treatment and
stored at ambient temperature (25-30°C) and low
temperature (6-8°C) condition with different treatments
as mentioned bel ow.

Treatments
T, Pasteurization + Ambient temperature
T, Pasteurization + Low temperature
T, KMS+Ambient temperature
T, KMS+Low temperature

The pH of sample was recorded with the help of
digital pH meter (Model: Systronics 1 pH system 361)
after standardization with buffer solutionsof 7.0 and 4.0
pH. Total soluble solids in °Brix were determined by
taking a direct reading of a drop of the homogenized
samplein adigital refractometer (ATAGO PR-1, Japan)
with arange of 0to 32°Brix and resolutions of 0.2°Brix.
Titratable acidity and ascorbic acid were estimated
according to AOAC (2000). Total acidity expressed as
percent (%) lactic acid, were determined following the
method given by Cappuccino et al. (1996). Sensory score
for appearance, colour, texture, flavour and overall
acceptability were recorded following 10 point hedonic
scale. Where 1to 4.5 refersas poor quality, 4.5t0 6.5 as
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fair, 6.5to 8 asgood and 8to 10 asexcel lent taste quality
was used in the evaluation (Tuorila and Hellemann,
1993) (Lakshmanaand Rajanna, 2002). The taste panel
of the 10 persons used in this study was trained by a
professional specialist in sensory evaluation for carrying
out different sensory evaluation tasks. The analysis of
data obtained in experiment was analyzed by Completely
Randomized Design with 4 replications, by adopting the
statistical procedures of Gomez and Gomez (1984).

RESULTSAND DISCUSSION

The chemical composition of fresh and fermented
cabbage has been presented in table 1. Fresh cabbage
possess pH of 5.65, TSS of 5.20 °Brix, acidity of 0.23%,
lactic acid 0.32%, ascorbic acid 30.92 mg 100! g and
total sugar of 2.06%. Composition of fresh fermented
sauerkraut (after 21 days i.e., completion of
fermentation) were as follows: pH 3.16, TSS 7.8°Brix,
acidity 0.87%, lactic acid 1.22% and ascorbic acid
41.85mg 100 g (Table 1). Thusin fermented sauerkraut
compared to fresh cabbage pH decreases while TSS,
acidity, lactic acid and ascorbic acid increases
appreciably.

The treatment on sauerkraut to increase shelf life
(T, toT,) wassignificantly different for pH, on 7, 14"
and 21 days of storage. On 7" day of storage pH of T,
(Pasteurization + Ambient temperature), T,
(Pasteurization + Low temperature) and T, (KMS+ Low
temperature) decreased to 3.05, 3.15 and 3.10 from pH
of fresh sauerkraut of 3.16. Subsequently on 14" day
pH of T, T, and T, increased to 4.25, 4.20 and 4.10
respectively and thereafter on 21% day pH decreased
marginally. On the other hand pH of T, (KMS+Ambient
temperature) increased from 3.35 on 7" day to 4.52 on
21% day of storage.

Observation of pH value of T, (Pasteurization +
Ambient temperature) and T, (KMS + Ambient
temperature) was not possible after 21 days since
sauerkraut of these two treatments (T, and T,)
deteriorated and not available due to fungal growth and
darkening of product indicating that ambient condition
was not suitable for storage irrespective of KMS or
pasteurization treatments. T, and T, i.e., pasteurization
and KMS treatments at low temperature was available
for storage up to 63" days. pH dightly decreased on 28"
day (T,= 3.97, T,= 3.90), then again increased to 4.07
inT,and4.13inT,.

Significant difference (5%) among the treatmentsfor
TSS content was observed on 7" day, 14" and 21 day
of storage (Table 2). TSS of fresh sauerkraut (7.8°Brix)
increased appreciably in storageupto 14" day in T, (8.8
°Brix) and 7" day inT, (8.6 °Brix), T, (8.6 °Brix) and T,
(8.6 °Brix). T, and T,i.e., in ambient condition
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Tablel: Chemical composition of fresh cabbage and sauerkraut after fermentation

Chemical composition Fresh cabbage Fresh sauerkraut
pH 5.65 3.16

TSS (°Brix) 5.20 7.8
Acidity (%) 0.23 0.87
Lactic acid (%) 0.32 122
Ascorbic acid (mg 100g) 30.92 41.85

Total sugar (%) 2.06 -

Table 2: Effect of pasteurization, KM S and storage condition on pH of sauerkraut

Treatments Sorage days
7 14 21 42 63

T,= Pasteurization + Ambient temperature 3.05 4.25 4.10

T,= Pasteurization + Low temperature 3.15 4.20 4.14 4.36 4.07
T,= KMS + Ambient temperature 3.35 4.40 452

T,=KMS+ Low temperature 3.10 4.10 4.08 4.13 4.13
SEm (1) 0.04 0.04 0.04

L SD (0.05) 0.13 0.13 0.12

Note: KMS= Potassium metabisul phite

Table 3: Effect of pasteurization, KM S and storage condition on TSS of sauerkraut

Treatments Sorage days

7 14 21 42 63
T,= Pasteurization + Ambient temperature 8.8 9.0 8.0
T,= Pasteurization +Low temperature 8.6 8.2 7.8 6.0 8.2
T,= KMS + Ambient temperature 8.6 8.0 74
T,=KMS + Low temperature 8.6 8.4 7.8 6.5 8.4
SEm (%) 0.07 0.10 0.13
LSD (0.05) 0.22 0.31 0.40

Table 4: Effect of pasteurization, KM S and storage condition on acidity of sauerkraut

Treatments Sorage days
7 14 21 42 63
T,= Pasteurization + Ambient temperature 0.76 1.32 0.66
T,= Pasteurization +Low temperature 0.57 0.97 0.76 0.99 0.76
T,= KMS + Ambient temperature 0.78 0.75 0.76
T,=KMS + Low temperature 0.99 1.28 0.41 0.92 1.16
SEm (1) 0.04 0.03 0.05
L SD (0.05) 0.13 0.103 0.14
irrespective of treatments sauerkraut were not storable The effect of different treatments on acidity was

after 21% days. At low temperature (i.e., T, and T))  significant on 7", 14" and 21% day of storage (Table 4).
sauerkraut was available up to 63° daysand TSSof T,  Acidity of fresh sauerkraut (0.87%) was higher than fresh
and T, was 8.2 °Brix and 8.4 °Brix respectively. cabbage but in storage on 7" day it decreased in all the
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Table 5: Effect of pasteurization, KM S and storage condition on lactic acid of sauerkraut

Treatments Sorage days

7 14 21 42 63
T,= Pasteurization + Ambient temperature 1.08 1.85 0.94
T,= Pasteurization +Low temperature 0.81 1.37 1.08 1.40 1.08
T,= KMS + Ambient temperature 1.10 1.06 1.26
T,=KMS + Low temperature 1.40 1.80 0.68 1.30 164
SEm (%) 0.06 0.05 0.07
L SD (0.05) 0.18 0.15 0.22
Table 6: Effect of pasteurization, KM S and storage condition on ascor bic acid of sauerkraut
Treatments Storage days

7 14 21 42 63
T,= Pasteurization + Ambient temperature 29.20 32.76 32.80
T,= Pasteurization +Low temperature 48.00 34.80 29.60 34.00 44.10
T,= KMS + Ambient temperature 63.00 44.10 41.80
T,=KMS + Low temperature 76.00 45.50 32.12 42.28 52.00
SEm (1) 1.37 0.25 1.33
LSD (0.05) 412 0.74 3.97

Table 7: Effect of pasteurization, KM S and storage condition on colour and texture of sauerkraut

Treatments Soragein days
7 14 21 42 63

Colour Texture Colour Texture Colour Texture Colour Texture Colour Texture
T1 8.00 7.00 6.00 6.00 4,00 4,00
T2 8.00 8.00 6.00 6.00 6.40 6.00 5.10 5.00 4.00 5.00
T3 8.00 8.00 6.00 6.00 4,10 4,00
T4 8.00 8.00 7.10 8.00 7.00 7.00 6.00 7.00 5.95 7.00
SEm (1) 0.34 0.44 0.36 0.47 0.42 0.43
LSD (0.05) NS NS NS 1.40 1.25 1.30

treatments except in T,. Acidity of T, increased up to
14" day of storage (1.28%) than decreased on 21¢ day
(0.41%). Then again it increased gradually to 1.16 on
63" day. Although T, aso followed the same pattern of
variation and but on 63 day acidity value was dightly
lower (0.76%). Acidity of T, and T, on 21% day was
0.66 and 0.76% respectively.

The pattern changes of lactic acid in different
treatments were similar to acidity (Table 5). The lactic
acid decreased in different treatments on 21 day
compared to 14" day in storage. Thereafter lactic acid
of T, gradually increased to 1.40, on 42" day and then
on 63" day it decreased to 1.08% whereas lactic acid of
T, increased to 1.64 up to 63 day. Due to fungal
infection it was not possible to store beyond 63 days.
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Significant difference on ascorbic acid content among
treatmentson 7, 14 and 21 day was observed. Ascorbic
acid of KMS treatment i.e., T, and T, remained
significantly higher compared to pasteurization
treatmentsi.e., T, and T, on 7" day of storage. Up to 21¢
day of storage ascorbic acid content slightly decreased
inT, T,and T, (29.60mg100g*, 41.80mg100g* and
32.12mg100g™) but in T, it increased marginally
(32.80mg100g™). After 21% days, ascorbic acid of T, and
T, increased in storage to 44.10mg100g* and
52.00mg100g™* on 63 day of storage where as T, and
T, was not storable beyond 21 day due to quality
deterioration and fungal infection.

Sensory evaluation for colour and textureis presented
in table 6. On 7" day colour and texture of all the
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treatments(T,, T,, T,and T,) wereexcellent (8.00) except
texture of T, which was very good (7.00). Both colour
and texture of T, and T, deteriorated at afaster rate and
on 21% day it wasfair to poor (4.00). But the scoring of
T,and T, indicated that colour and texture on 21% day
was good (5.00 to 7.00) and on 63 day of storage the
scorewas 4.00 and 5.95 respectively. Sensory evaluation
for flavour and acceptability (Table 7) revealed that T,
and T,i.e., treatment at ambient condition deteriorated
faster and on 21% day the scoreswas recorded 4.00 (fair
to poor) whereas T, and T, could be stored for 63 days
with score of 6.00 and 7.00 respectively.

Thus at low temperature (6-8 °C) irrespective of
pasteurization and KM Streatmentsin general sauerkraut
quality and shelf life could beincreased. Among thelow
temperaturetreatments, KMS+ low temperaturei.e., T,
was comparatively better than pasteurization + low
temperature (T,) asrevealed from chemical quality and
Sensory score.

Previousreport a so supported successful packaging
of sauerkraut in glass bottles (also cans and plastic
pouches) (Fleming et al., 1995). The efficacy of
potassium metabisulphite preservatives in refrigerated
storage of unpasteurized sauerkraut has been confirmed
by Wood (1998). However Wood (1998) could not
specify the shelf life of sauerkraut by application of
KMS. Inthe present investigation sauerkraut with KM S
+ low temperature (T,) could be preserved up to 63
days with good colour, texture, flavour and overall
acceptability, high ascorbic acid and lactic acid. The
prolong period of storability of T, (i.e., pasteurization +
Low temperature) is attributed to shelf stability of
pasteurization treatment followed by ascetical fillingin
sterilized bottles (Wood (1998), (Adams and Moss,
1996).

The prolong shelf life (63" days) at low temperature
withKMSi.e,, T, and pasteurization (T,) might be due
to successful fermentation at low temperature (6-8°C)
storage and growth of Lactobacillus mesenteroides at
the expense of other lactic acid bacteria(Pederson and
Albury, 1969). In present experiment ambient condition
(25-30°C) fungal growth deteriorated and completely
spoiled the sauerkraut after 21% days of storage
irrespective of pasteurization or KM Streatments (T, and
T,) corroborated the recent findings of Pandir and Jain
(2010). However they could store sauerkraut 120 days
because of alessfluctuating temperature (21°C to 24°C)
of storage. It has been possible to increase shelf life of
sauerkraut by using reduced salt and starter culture
(Johanningsmeier et al., 2007) and application of high
hydrostatic pressure(Goodridge et al., 2006).
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Sauerkraut after completion of fermentationi,e. after
21 days of fermentation was subjected to potassium
metabisulphite (KM S) and pasteuri zation treatment. The
treated sauerkraut wasfilled in sterilized bottles, sealed
and stored in ambient temperature (25-30p C) and low
temperature (6 to 8p C) to study the shelf life.

In fermented sauerkraut compared to fresh cabbage,
pH decreased while TSS, acidity, lactic acid and ascorbic
acid increased appreciably. Subsequently on 14" day,
pH of T, (Pasteurization + Ambient temperature), T,
(Pasteurization + Low temperature) and T, (KMS+ Low
temperature) increased to 4.25, 4.20 and 4.10
respectively and thereafter on 21% day pH decreased
marginally. On the other hand pH of T, (KMS+Ambient
temperature) increased from 3.35 on 7" day to 4.52 on
21% day of storage. Observation of pH value of T,
(Pasteurization + Ambient temperature) and T, (KM S+
Ambient temperature) was not possible after 21% days
since sauerkraut of these two treatments (T, and T,)
deteriorated and not available dueto fungal growth and
darkening of product indicating that ambient condition
was not suitable for storage irrespective of KMS or
pasteurization treatments.

TSS of fresh sauerkraut (7.8p Brix) increased
appreciably in storage up to 14" day in T, (8.8p Brix)
and 7"day inT, (8.6p Brix), T, (8.6p Brix) and T, (8.6p
Brix). At low temperature (i.e., T, and T,) sauerkraut
was available up to 63 daysand TSSof T,and T, was
8.2p Brix and 8.4p Brix respectively. Acidity of fresh
sauerkraut (0.87%) was higher than fresh cabbage but
in storage on 7" day it decreased in all the treatments
except in T,. Acidity of T, increased up to 14" day of
storage (1.28%) than decreased on 21% day (0.41%). It
again increased gradually to 1.16 on 63 day. Although
T, aso followed the same pattern of variation but on
63 day acidity value was dlightly lower (0.76%). The
pattern changesof lactic acid in different treatmentswere
similar to acidity. Ascorbic acid of KMStreatment i.e.,
T, and T, remained significantly higher compared to
pasteurization treatments i.e., T, and T, on 7" day of
storage. Up to 21% day of storage ascorbic acid content
slightly decreased in T,, T, and T, (29.60mg100g™,
41.80mg100g?t and 32.12mg100g* respectively) but in
T, it increased marginally (32.80mg100g™). After 21¢
days, ascorbic acid of T, and T, increased in storage to
44,10mg100g* and 52.00mg100g* on 63 day of storage
whereasT, and T, was not storable beyond 21* day due
to quality deterioration and fungal infection.

Both colour and texture of T, and T, deteriorated at
afaster rate and on 21% day it was fair to poor (4.00).
But the scoring of T, and T, indicated that colour and
texture on 21% day was good (5.00 to 7.00) and on 63
day of storage the scorewas4.00 and 5.95 respectively.



Thus at low temperature (6-8°C) irrespective of
pasteurization and KM Streatmentsin genera sauerkraut
quality and shelf life could beincreased. Among thelow
temperature treatments, KMS + low temperaturei.e., T,,
was comparatively better than pasteurization + low
temperature (T,) asrevealed from chemical quality and
SEeNnsory score.
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