-
sl

S opUT

Volume 5 | Issue 2 | December, 2014 | 114-119

I nternational Journal of
Processing and

e | SSN-2231-6426

RESEARCH PAPER

m Visit us: www.researchjournal.co.in

Post Harvest Technology

DOI: 10.15740/HAS/IJPPHT/5.2/114-119

Effect of pre storage treatments on the shelf-life of fresn cut

carrots

m THUSHARA T. CHANDRAN* anp C. MINI

Department of Processing Technology, College of Horticulture, College of Agriculture, Vellayani, THIRUVANANTHAPURAM

(KERALA) INDIA (Email: thush.chandra@gmail.com)

* Author for Correspondence

SUMMARY :

Research chronicle : Received : 24.06.2014; Revised : 18.10.2014; Accepted : 03.11.2014

Fresh carrots collected from the local market were used for the study. Freshly collected carrots were washed,
surface sanitized using the standardized 30 ppm sodium hypo chlorite solution, outer skin scraped, washed
and shreds were prepared and these shredswere air dried and kept in auminiumtrays wrapped with cling film
under refrigerated storage for taking observations. The physical, physiologica and chemical quality parameters
were analyzed and based on the microbial analysisit was found that 2 per cent calcium ascorbate as the best

effective chemical treatment for shredded carrots.
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utrientsin the form of vitamins, minerals, dietary fibre

and other phytonutrients including flavonoids,
carotenoids and phenolic compounds that may lower the risk
of cancer, heart disease and others illnesses (Kader, 2002).
Intensification of human life activities and development of
advanced systems in food processing have led the producers
and consumers to new offers and demands in recent years.
Lifestyle of people has been changing and the new consumer’s
profile is “rich in cash and poor in time” and eating habits are
diversein different parts of the world; however, some aspects
in the production and consumption of food are universal, such
as the consumption of ready-to-eat products such as pre-
cooked and minimally processed foods. Thisincreaseisduein
part to two key trends: a growing focus on health, which
includes the consumption of fresh vegetables, and the
increased preference for convenience which means the
consumers want healthy products for their meals, available at
a good value, convenient, safe, and with good quality.

Puits and vegetables are well known sources of useful

Consumer trends are changing, and high quality foods with
freshlikeattributesare demanded (Alzamoraet al., 2005). Fresh-
cut products are fruit or vegetables that have been trimmed
and/or peeled and/or cut into 100 per cent usable product that
is bagged or prepackaged to offer consumers high nutrition,
convenience, and flavor while still maintaining its freshness
(IFPA, 2004). Minimally processed fruits and vegetablesconsist
of raw fresh cut produce, which have undergone a minimal
processing such as peeling, dicing or shredding to make them
ready-to-use. Chemical treatments are used in fresh cut
vegetables for controlling decay, reducing browning and
retaining firmness.

EXPERIMENTAL METHODS

Fresh carrots of good quality were uniformly processed
from FSRS, Sadananthapuram, washed in tap water followed
by distilled water and then subjected to surface sanitization
using 30 ppm sodium hypo chlorite solution (Chandran, 2013).
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After sanitization period of ten minutes, solution was drained,
outer skin of carrot scraped, washed in distilled water and made
into shredded pieces and fifty grams of shredswere completely
immersed infollowing chemical treatmentsfor 10 min.

T, - 0.1%KMSand 0.1% ascorbic acid

T, - 0.1%KMSand0.1%citricacid

T, - 0.1% Sodium benzoate and 0.1% ascorbic acid
T, - 0.1% Sodium benzoate and 0.1% citric acid

T, - Cdciumchloride (1%)

T, - Calciumascorbate (1%)

T, - Sodiumchloride (2%)

T, - Aceticacid (0.1%)

T, - Control (without any treatment).

The solution was drained and shreds were air dried, kept
in aluminium trays wrapped with cling film and stored under
refrigerated condition for finding the effective treatment for
increasing the shelf-life of shredded carrots. The physical,
physiological and chemical quality parameterswere analyzed.

The treated carrot shreds were steamed for 60 seconds
and physical parameterslike colour, texture, appearance, flavor
and taste of the steamed carrot shreds were examined on the
first and third day of storage by conducting a sensory
evaluationtrial performed by a30 member semi - trained panel
using a nine point hedonic scale.

Likeextremely -

Likevery much -

Likemoderately -

Likedightly -

Neither likenor dislike -

Didlikedlightly -

Dislikemoderately -

Didlikevery much -

Didikeextremely -

The scores given by 30 judges in the panel were
converted into mean rank values and statistically analyzed
using the non-parametric anova (Kruskall Wallis test).

Physiological parameterslike physiological lossinweight,
transpiration loss, per cent leakage wererecorded continuously
for a period of five days and the average worked out using
standard techniques.

Physiological loss in weight (PLW) was determined on
initial weight basis by weighing the carrot shreds on the day of
observation, using alaboratory level weighing balance having
0.01g accuracy and expressed as percentage. Weight of water
molecules adhering on the cling film used for wrapping and
inside the aluminium foil tray was recorded and expressed as
transpiration lossin g/100g of the sample. Absorbance of carrot
shredswasrecorded at 273nm by dipping in distilled water for
3 hoursand later heating in water bath at 100°C for 20 minutes.
The ratio of initial and final absorbance values gives the per
cent leakage.

Chemical parameters like starch, vitain C, carotenoids

PNWSAOOITO NOOO

(Saini et al., 2001) and total phenol (Sadasivam and Manikam,
1992) of treated carrot shreds were recorded continuously for
a period of five days and average was worked out using
standard techniques.

As none of the treatments showed superior performance
for all the quality parameters evaluated, comparatively more
important chemical and physiological parameters were given
more weightage and selection index was calculated by
conducting discriminal function test. The four pre-treatments
having superior selection index were selected for further
microbial analysis.

Whole carrots were surface sanitized using 30 ppm
sodium hypo chlorite, shreds prepared, treated with top four
pretreatments sel ected from previous experiments and microbial
count on one gram treated carrot sample was calculated once
in two days for five days using seria dilution spread plate
technique. Based on the efficiency in controlling microbial
population best effective pre storage treatment for increasing
the shelf-life of shredded/fresh cut carrots was selected.

EXPERIMENTAL FINDINGSAND ANALYSIS

The findings of the present study as well as relevant
discussion have been presented under following heads :

Physical and physiological parameters:

Different treatments are used to control undesirable
changes viz., physiological and physical changes that
adversely affect quality of minimally processed products
(Gonzalez et al., 2010). Minimally processed products have
high rate of respiration, which generally leads to ageing of
products by using reserve energy during oxidative — reduction
process. Higher therate of respiration, shorter will bethe shelf-
life of product. Refrigeration, chemical or bio preservatives,
additives, reduction of water activity, disinfectants or dipping
in chemical solutions are used to maintain quality and thereby
to extend shelf-life of minimally processed products. Effect of
different pre-storage treatments on physical and physiological
quality parameters of shredded carrot is shown in Table 1 and
2

Physiological weight loss is a phenomenon related with
shelf-life of vegetableswhether whole or fresh cut, accelerated
weight loss being directly related with transpiration of fresh
cut products. Fresh cut products are highly susceptible to
weight loss because internal tissues are exposed and there in
lack of skinor cuticle (Ayaaet al., 2008). Any fresh cut vegetable
with least transpiration rate, per cent leakage and physiol ogical
weight loss maintains its turgidity, freshness and quality.

Carrot shredstreated with cal cium compoundslike calcium
chloride (1.52%) and cal cium ascorbate (1.46%) recorded the
least PLW and transpiration rate (0.12g/100g and 0.13g/100g),
respectively resulting in highest acceptability for physical
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parameterslike appearance (54.29 and 53.57), colour (52.14 and
56.36) and texture (56.50), respectively. Per cent leakage is
negatively correlated with the integrity of cell membrane.Per
cent leakage wasleast in shredded samplestreated with calcium
compounds. This was supported by the highest mean rank
valuesfor thetextural quality of shredded carrots. Theresultis
in accordance with the findings of Kang et al. (2002) who had
reported that lossin moisture resultsin reduction of fresh weight
accompanied by loss of freshness, appearance and texture in
cabbage. Tirmazi and Wills (1981) showed reduction in
respiratory activity of shredded cabbage by calcium infusion,
which can be attributed to inactivation of enzyme catalytic
mechanism. Dong et al. (2000) reported that calcium lactate
solution resulted in textural improvement similar to calcium
chloride and had better flavour in cantaloupe melon. Luna-
Guzman and Barrett (2000) compared the effect of calcium
chloride and calcium lactate dips in fresh-cut cantaloupe
firmness evaluation.

Preservative action of KM Sisimproved in acidic medium
and hence the combination treatment of KMS + citric or
ascorbic acid was effective in reducing the physiological loss
in weight of shredded carrot, there by maintaining quality,
freshness and appearance of the produce. But bleaching action

of KMSmakesit unsuitable as an effective pre storage treatment
for coloured vegetables. Earlier studies proved that the
combination treatment of KM S + ascorbic acid resulted in least
physiological lossinweight in fresh cut papaya pieces (Amith,
2012) and KM Sin combination with citric acid waseffectivein
prolonging shelf-life of fresh cut vegetables under ambient
conditions (Varghese, 2006).

Combination treatment of sodium benzoate + citric or
ascorbic acid wasequally effectivein reducing the physiological
weight lossin carrot. Two per cent sodium chloride was another
chemical which was effective in retarding the physiological
weight loss of shredded carrot and hence carrot shreds treated
with this chemical scored better mean rank value for physical
parameters like appearance, texture and colour during sensory
evaluation.

The untreated samples and the samples treated with 0.1
per cent acetic acid showed poor performance in all the
physiological parameters tested and hence had poor sensory
scores for the physical parameters too.

Chemical parameters:
Effect of different pre-storage treatments on chemical
quality parameters of shredded carrot is shownin Table 3.

Tablel : Effect of pre storage treatments on physical quality parameters of shredded carrot

Mean rank values

Pre storage treatments

Appearance Colour Flavour Texture Taste Overall acceptability
0.1% KMS + 0.1% ascorbic acid 31.64 30.57 34.07 29.21 37.29 28.64
0.1% KMS + 0.1% citric acid 20.36 25.57 34.07 29.21 36.28 30.29
0.1% sodium benzoate + 0.1% ascorbic acid 2257 30.86 31.14 29.21 36.21 31.07
0.1% sodium benzoate + 0.1% citric acid 36.14 28.07 31.14 31.57 31.36 30.14
Calcium chloride (1%) 54.29 52.14 53.43 56.50 45.71 56.14
Calcium ascorbate (1%) 53.57 56.36 48.64 56.50 44.07 55.14
Sodium chloride (2%) 45.86 37.86 26.07 35.93 3821 34.29
Acetic acid (0.1%) 5.43 11.57 8.43 6.36 7.07 5.86
Control (without any treatment) 18.14 15.0 17.21 135 11.79 16.43
CcVv 19.20
Table 2 : Effect of pre storage treatments on physiological parameters of shredded carrot
Pre storage treatments Physiological loss in weight (%) Transpiration loss (g/100g) Per cent leakage
0.1% KMS + 0.1% ascorbic acid 1.67 0.17 94.35
0.1% KMS + 0.1% citric acid 1.80 0.14 94.77
0.1% Sodium benzoate + 0.1% ascorbic acid 1.72 0.13 92.47
0.1% Sodium benzoate + 0.1% citric acid 1.93 0.21 95.52
Calcium chloride (1%) 152 0.12 89.54
Calcium ascorbate (1%) 1.46 0.13 89.49
Sodium chloride (2%) 1.60 0.15 91.54
Acetic acid (0.1%) 1.94 0.19 94.77
Control (without any treatment) 2.00 0.21 95.52
CD (P=0.05) 0.28 0.01 0.52
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Treatment with both cal cium compounds had resulted in
increased vitamin C content in fresh cut carrot. Combination
treatment of preservatives and acidulants were also effective
inincreasing thevitamin C content. The maximum retention of
ascorbic acid in the shreds might be due to less enzymatic
oxidation of L- ascorbic acid to de hydro ascorbic acid due to
the influence of anti — browning chemicals (Joshi and Nath,
2002). Suryawanshi (2008) reported a higher ascorbic acid
retention in potato slices and cubes treated with 0.5 per cent
ascorbic acid + 0.2% KMS + 2% NaCl.

Carrot shreds treated with 0.1% KMS + 0.1% ascorbic
acid recorded | east Vitamin C. Thelower content of Vitamin C
might be due to the oxidative reduction of vitamin Cin presence
of molecular oxygen by ascorbic acid oxidase enzyme
(Suryawanshi, 2008). Similar result was al so observed by Behra
et al. (2004) in capsicum.

Starch content was similar in the case of both treated and
untreated carrot shreds. Suryawanshi (2008) reported minimum
starch level in potato sliceswithout any chemical which might
be due to the higher conversion of starch into sugar dueto the
higher enzyme activity. Thislower starch content in untreated
and acetic acid treated beetroot and cabbage resulted in lower
mean rank value for texture during sensory scoring.

Total carotenoid content showed no significant difference

between the pre storage treatmentsfor carrot shreds. However
maximum carotenoid was shown by the calcium compounds
like calcium chloride and cal cium ascorbate treated shredded
carrots. Higher carotenoid content in calcium treated carrot
shreds had better firmness, there by scored highest mean rank
values for physical quality parameters like appearance and
colour.

Any fresh cut vegetable should have low phenol content
to avoid enzymatic browning. Visual quality loss is the main
factor limiting shelf-life of fresh cut produce. Total phenol
content was least observed in the shreds treated with calcium
compounds like calcium chloride and calcium ascorbate. The
lower phenol content indicate least enzymatic browning and
hence scoring superior performance in physical parameters
like appearance and colour.

Untreated samples recorded the highest phenol content
in shredded carrot. High phenol content is due to higher
enzymatic browning and hence they scored poor mean rank
values in physical parameters and thereby with least overall
acceptability.

When theeffect of different pre-storage effectswastested,
none of the treatments showed uniform superior performance
for all the quality parameters tested. Hence for selecting the
best pre storage treatments comparatively more important

Table 3 : Effect of pre-storage treatments on chemical quality parameters of shredded carr ot

Pre storage treatments Starch (%) Vit. C (mg/100g) Carotenoids (1g/100g) Total phenol (mg/100g)
0.1% KMS + 0.1% ascorbic acid 9.22 2.30 1000.00 50.29
0.1% KMS + 0.1% citric acid 9.25 243 1040.00 45.18
0.1% Sodium benzoate + 0.1% ascorbic acid 9.20 228 1040.00 49.06
0.1% Sodium benzoate + 0.1% citric acid 9.22 248 1030.00 45.32
Calcium chloride (1%) 9.33 255 1080.00 40.31
Calcium ascorbate (1%) 9.32 2.56 1110.00 40.63
Sodium chloride (2%) 9.22 2.40 1070.00 42.05
Acetic acid (0.1%) 9.09 224 990.00 51.08
Control (without any treatment) 8.94 2.10 960.00 56.18
CD (P=0.05) NS 0.21 NS 0.49
NS= Non-significant

Table4 : Selection index

Pre storage treatments Carrot

0.1% KMS + 0.1% ascorbic acid 161.95(3)

0.1% KMS + 0.1% citric acid 151.38

0.1% Sodium benzoate + 0.1% ascorbic acid 126.50

0.1% Sodium benzoate + 0.1% citric acid 168.47(1)

Calcium chloride (1%) 162.29 (2)

Calcium ascorbate (1%) 153.20 (4)

Sodium chloride (2%) 132.31

Acetic acid (0.1%) 127.26

Control (without any treatment) 109.16

Valuesin parenthesis shows the rank of different pre storage treatments
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physiological (lossin weight, per cent leakage) and chemical
parameters (vitamin C, total carotenoids, total phenol) which
decide the quality of any fresh cut vegetables, have given
more weightage and discriminal function test was conducted,
based on which selection index was determined. The selection
index calculated was shown in the Table 4.

As none of the pre-treatments tried showed superior
performancefor al the quality parameters eval uated, four pre-
treatments having top rank were selected for carrot shreds
based on a sel ection index obtained by conducting discriminal
function test. Carrot shreds treated with a good pre- storage
treatment chemical should havelow PLW, per cent leakage and
phenol content, and at the sametime; it should retain increased
vitamin C and carotenoid content. Hence these characterswere
considered for calculation of selection index.

Thetop four pre storage treatments having high selection
index were selected for conducting microbial analysis.
Sodium benzoate + citric acid
Caciumchloride
KMS + ascorbic acid
Calciumascorbate.

Enumer ation of microbial load :

Carrot shreds were surface sanitized using standardized
30 ppm sodium hypochlorite solution and pretreated with the
top four selected pre-storage treatments and subjected to
microbial analysis. Effect of bacterial count on fresh cut carrots
treated with selected pre -storage treatments were shown in
Tableb.

Table5: Microbial count on fresh cut carrotstreated with
selected pre-storage treatments
Bacterial count x

Pre storage treatments

10%fu/g
0.1% KMS + 0.1% ascorbic acid 248
0.1% sodium benzoate + 0.1% citric acid 242
Calcium chloride (1%) 248
Calcium ascorbate (1%) 2.40
CD (0.05) 0.081

Ayala et al. (2010) and Toivonen et al. (2002) reported
that increase in microbial population on minimally processed
products is associated to damaged tissues and broken cells.

Varghese (2006) reported that increased handling of the product
provides greater opportunity for contamination by pathogenic
organisms.

Bacterial load wasleast (2.40 x10%cfu) in shredded carrot
treated with 1 per cent cal cium ascorbate which was at par with
all the other samples except the samplestreated with 1 per cent
calcium chloride (2.50 x 10%fu). Considering the physical
parameters, calcium ascorbate was selected as the best pre -
storage treatment for shredded carrot.

In general, the pretreatment having capacity to maintain
physical, physiological and chemical quality parameters and
to reduce the microbial population of shredded vegetable,
stored under refrigerated condition, was selected as the
efficient pre-storage treatment. Accordingly one per cent
cal cium ascorbate was sel ected asthe best effective pre storage
treatment for increasing the shelf-life of fresh cut carrot under
refrigerated storage.

Conclusion:

Protocol for preparation of any fresh cut vegetable
includes surface sanitization of whole vegetable, preliminary
preparations like removal of inedible portionsand cutting into
piecesof required sizes, pre- treatment of cut pieces, air drying,
packaging and storage. Hence, the investigation was carried
out asdifferent continuous experimentsincorporating all these
steps. Good quality carrotswere collected fromthelocal market
for the study. These carrots were surface sanitized with already
standardized 30ppm sodium hypochlorite solution which was
effective in reducing microbial population. Investigation on
the effect of different pre storage treatments revealed the
superiority of calcium treatments in maintaining the freshness
and quality of the fresh cut carrots. Shredded carrots treated
with one per cent calcium chloride and calcium ascorbate
showed least physiological weight loss, transpiration loss and
hence had highest water potential. Per cent leakage was also
least in shredded carrots treated with calcium compounds
resulting in better texture. As none of the pre - treatments
showed superior performance for all the chemical quality
parameters eval uated, thetop four pre storage treatmentswere
selected based on discriminal function test and subjected to
microbial analysis. Considering the efficiency in reducing the
microbial load and other physical parameters, calcium ascorbate
was sel ected asthe effective pre storage treatment for extending
the shelf-life of fresh cut carrot.

L ITERATURE CITED
Alzamora, S.M ., Tapia, M.Sand L opez-M alo, A. (2005). Minimally processed fruits and vegetables- fundamental aspects and applications.

Springer (India) Pvt.Ltd.

Amith, P.K. (2012). Protocol development for fresh cut fruits and fruit mix. M.Sc. (Hort.) Thesis, KeralaAgricultural University, Thrissur,

KERALA (INDIA).

e Internat. J. Proc. & Post Harvest Technol., 5(2) Dec., 2014 : 114-119
118 | HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE



THUSHARA T. CHANDRAN AND C. MINI

Ayala-Zavala, J.F., Rosas- Dominguez, C., Vega-Vega, V. and Gonzalez- Aguilar, G.A. (2010). Antioxidant enrichment and antimicrobial
protection of fresh cut fruits using their own byproducts: Looking for Integral exploitation. J. Fd. Sci., 75 (8) : 175-181.

Behra, T.K., Patil, R.K., Nita Sen and Singh, Manoj (2004). Effect of maturity at harvest on physico-chemical attributes of sweet pepper
(Capsicumannuumvar. grossum) varieties. Indian J. Agril. ci., 74 (5) : 251-253.

Chandran, T.C. (2013). Protocol development for fresh cut vegetables. M.Sc. (Hort.) Thesis, Kerala Agricultural University, Thrissur,
KERALA (INDIA).

Dong, X., Wrolstad, R.E. and Sugar, D. (2000).Extending shelf-life of fresh-cut pears. J.Fd. <ci., 56(1) : 181-186.
Gomez, K.A. and Gomez, A.A. (1984). Satistical proceedingsfor agricultural research (2 Ed.). John Willey and Sons|nc., Singapore, 262p

Gonzalez-Aguilar, GA., Ruiz-Cruz, S. Cruz-Valenzuela, R., Rodriguez-Felix, A. and Wang, C.Y. (2004). Physiologica and quality
changes of fresh cut pineappl e treated with anti-browning agents. Lebensm- wiss Technoal., 37 (3) : 369-376.

Gross, J. (1991). Pigments in vegetables: chlorophylls and carotenoids. Van Nostrand Reinhold, NEW YORK, U.S.A.

Joshi, S. and Nath, N. (2002). Effect of pre-treatments on quality and shelf-life of fried chips from sprouted tubers of potato variety Kufri
Chandramukhi. J.Fd. Sci. Technol., 39(3): 251-257.

Kader, A. (2002). Quality parameters of fresh-cut fruit and vegetable products. in Lamikanra, O. ed. Fresh-cut Fruitsand Vegetables. Science,
Technology and Market.Boca Raton, Florida, CRC Press, LLA.

Kang, |.K., Kim, H.Y., Kweon, H.J. and Byun, J.K. (2002). Changes in ethylene production, respiration rates and cell wall hydrolase
activities during storage of apples. J. Korean. Soc. Hort. i, 40 (4) : 451-454.

Luna-Guzman, |. and Barrett, D.M. (2000). Comparison of calcium chloride and cal cium lactate effectivenessin maintaining shelf stability
and quality of fresh cut cantaloupesPostharvest Biol. Technol., 19 (1) : 61-72.

Sadasivam, S. and Manikam, A. (1992). Biochemical methods for agricultural science. Wiley Eastern Ltd., NEW DELHI, INDIA.

Saini, R.S., Sharma, K.D., Dhankar, O.P. and Kaushik, R.A. (2001). Laboratory manual of analytical techniquesin horticulture. Agro Bios.
India. 135p.

Simon, P.W. and Walff, X.Y. (1987). Carotene in typical and dark orange carrots. J. Agric. Fd. Chem., 35 (6) : 1017-1022.

Suryawanshi, M.V. (2008). Minimal processing and packaging studiesin potato. M.Sc. (Hort.) Thesis, University of Agricultural Sciences,
Dharwad, KARNATAKA (INDIA).

Tirmazi, SH. and Wills, R.B.H. (1981). Retardation of ripening of mangoes by post harvest application of calcium. Trop. Agric., 58 : 137.

Toivonen, P.M.A. and Daell, J.R. (2002). Physiology of fresh cut fruits and vegetables, in fresh cut fruits and vegetabl es: Science Technology
and Market, by Lamikanra (CRC Press, Boca Raton) 91-123.

USDA Economic Research Service (1997). Agricultura outlook: commodity spotlight.

Varghese, S. (2006). Standardization of minimal processing techniques for selected vegetables. M.Sc. (Hort.) Thesis, Kerala Agricultura
University, Thrissur, KERALA (INDIA).

Zavala, A., Fernando, J., Del Toro-Sanchez., Lizzete., Alvarez-Parrilla., Emilio., Valdez, S., Herlinda., Martin-Belloso, O., Ruiz-
Cruz, S. and Gonzalez-Aguilar, G. (2008). Natural antimicrobia agents incorporated in active packaging to preserve the quality of
fresh fruits and vegetables. Sewart Post- Harvest Rev., 4(3) : 1-9.

BWEBLIOGRAPHY
IFPA (2004). The International Fresh cut Produce Association (2004). |FPA homepage (online). Fresh cut facts. http://mww. Freshcuts.org.

th

Year
* % % % % Of Excellence x % x x %

Internat. J. Proc. & Post Harvest Technol., 5(2) Dec., 2014 : 114-119 &
HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE



