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ABSTRACT

Carrot (Daucus carota L) is a carotenoids rich vegetable which is mainly consumed raw, converted
to various products and cooked vegetable dishes. Present studies were carried out to study the
changes observed in quality characteristics of dried carrot roundels during storage. Steam blanching
and KMS dipping of carrot roundels followed by mechanical cabinet drying was found to be the best
pretreatment for drying of carrot roundels as discussed earlier. These dried carrot roundels were
further packed and stored under refrigerated (4-7°C) and ambient (11.6-26.2°C) storage conditions
for 12 months. The dried carrot roundels packed in aluminium laminated pouches and stored under
refrigerated conditions showed minimum increase in physico-chemical characteristics like moisture
content (11.03%), water activity (0.310), pH (6.04), reducing sugars (21.00%), total sugars (35.36%)
and retained highest amounts of titratable acidity (0.73%), carotenoids (29.40mg/100g), total
phenols (87.50mg/100g), crude fibres (4.16%), rehydration ratio (7.81), antioxidant activity (52.68%)
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and SO, content (174.75 ppm), respectively. The sensory characteristics scores like colour (8.05),
texture (7.48), taste (6.88) and overall acceptability (7.54), respectively were also retained highest in
the aluminium laminated pouch under refrigerated storage condition.

Keywords: Carrot (Daucus carota L); roundels; carotenoids; aluminium laminated pouch; polyethylene

pouch.

1. INTRODUCTION

Carrot (Daucus carota L.) is a root vegetable
cultivated throughout the world for its fleshy
edible roots. Primary centre of origin of carrot
was Afghanistan from where it was distributed to
Asia, Europe, North  Africa and the
Mediterranean region [1]. In India, the carrot is
said to have been introduced from Persia. Major
carrot producing states in India are Haryana,
Andhra Pradesh, Uttar Pradesh, Assam,
Karnataka, Punjab and Tamil Nadu. Carrot
contains higher amount of carotenoids both a
and B carotene and vitamins such as B4, B,, B,
Bq, dietary fibers and minerals like calcium,
potassium and phosphorus [2,3]. The presence
of handsome amount of the vitamins, bioactive
compound including phenols and minerals have
led this vegetable to rank it among top ten fruits
and vegetables [4]. The consumption of fresh as
well as processed products of carrot has
increased steadily due to their recognition as an
important functional food having antioxidant and
anticancer activities [5,6]. The antioxidants like
phenolics, carotenoids and polyacetylenes
having various health benefits have been found
in appreciable amount in carrot [7]. Carrot being
perishable and seasonal, it is not possible to
make it readily available throughout the year.
Drying of carrot during the main growing season
and its storage is one of the important
alternatives of its preservation. Various value
added products like juice, drink, candy, preserve,
soups, stews, curries, pies, halwa, ice-cream and
cooked vegetable dishes have also been
prepared from fresh carrot keeping in mind its
nutritional importance [8], but not much efforts
have been made for drying and storage of
different forms of carrot so that it can be made
available throughout the year. Therefore the
present investigations were aimed to study the
quality characteristics changes in dried roundels
of carrot during storage so as to utilize it as food
item.

The objective was to study the effect of type and
permeability behaviour of packaging material on
quality characteristics of dried carrot roundels
during storage.
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2. MATERIALS AND METHODS

2.1 Procurement and Preparation of Raw
Material

Carrot roots of uniform shape, size, colour and
maturity were procured from local market of
district Solan. Carrot roots were washed, peeled,
cut into one cm thick roundels and were further
steam blanched and pretreated with KMS dipping
[9]. These pretreated forms of carrot were then
dried in mechanical cabinet drier at standardized
temperature of 60+2°C [10]. The best dried carrot
roundels were further packed in different
packaging materials viz. ALP (aluminium
laminated pouch) T, (99.8 gsm) and PEP
(polyethylene pouch) T; (93.9 gsm). These
packed dried carrot roundels were stored under
ambient (11.6-26.2 °C) and refrigerated (4-7 °C)
temperature conditions upto a period of 12
months for storage studies. The observations for

different quality parameters were recorded
at 0, 3, 6, 9 and 12 months interval of
storage.

2.2 Physico-chemical and Sensory

Analysis

Among various chemical characteristics of dried
carrot roundels observed during storage moisture
content was estimated by drying the weighed
samples to a constant weight in a hot air oven at
70+1°C. Loss in weight of dried carrot roundels
after drying representing the moisture content
and was expressed as per cent (W/W). Water
activity of the dried carrot roundels was
estimated by computer based digital water
activity meter (HW3  model, Rotronic
International, Switzerland). The titratable acidity,
sugars, carotenoids, sulphur dioxide, ash content
and rehydration ratio were determined by the
method given by [11]. The pH of dried carrot
roundels was determined by using a digital pH
meter (CRISON Instrument, Ltd, Spain). Crude
fibres content was estimated by the method
given by [12]. The total phenol content was
determined by the Folin-Ciocalteu procedure
given by Singleton and [13]. Antioxidant activity
was measured as per the method of [14].
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Sensory analysis of dried carrot roundels during
storage was carried out by using 9 point hedonic
scale as described by the [15].

2.3 Statistical Analysis

The data pertaining to the sensory evaluation of
dried carrot roundels replicated three times were
analyzed by Randomized Block Design (RBD) as
described by [16]. Whereas the data pertaining to
the  physico-chemical characteristics was
replicated three times and analysed using
Completely  Randomized  Design  (CRD)
[17].

3. RESULTS AND DISCUSSION

Results in Fig. 1 (a, ¢, and d) and Table 1
indicates that there was a general increase in
moisture, pH, total sugars and water activity was
recorded during 12 months storage of roundels,
whereas, data presented in Fig. 1 (b, e, f, g and
h) and Tables 2 and 3 reveals that titratable
acidity, total phenols, crude fibres, rehydration
ratio, SO,, carotenoids and antioxidant activity,
decreased with the advancement of storage
period. The moisture content of the roundels
increased significantly from 10.68 to 11.49 per
cent during storage. The above results are in
conformity with the earlier reported results [18,
19] which have observed increase in moisture
content of dried carrot slices during storage
packed in ALP under ambient storage conditions,
which might be due to the absorption of moisture
from its surroundings as a result of its
hygroscopic nature. Other reason of increase in
the moisture content during storage might be
because of the release/formation of water during
non-enzymatic browning reactions in the product
[18,19,20]. However, the water activity of the
roundels increased significantly from 0.278 to
0.352 during storage. Similarly Increase of water
activity in dried carrot slices packed in ALP under
ambient temperature storage conditions have
also been reported [19], which might be due to
the absorption of moisture by carrot roundels.
There was a gradual decrease in titratable acidity
of the roundels from 0.80 to 0.65 per cent was
observed during storage, might be due to the
participation of acids in the conversion of non
reducing sugars to reducing sugars and also in
non enzymatic browning reactions [21]. A similar
result of decrease in titratable acidity in carrot
pomace powder and carrot slices has been
reported [22,19]. The pH content of the roundels
increased significantly from 5.88 to 6.25 during
storage, which might be due to the decrease in
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its acid content as a result of copolymerization of
acids with sugars and amino acids in the non-
enzymatic browning reactions. Increase in the pH
during storage has also been observed in horse
chestnut flour. Significant increase in the
reducing sugars of the roundels from 20.70 to
21.39 per cent was observed during storage [23].
The total sugars of the roundels shows that it
increased significantly from 34.80 to 35.98 per
cent during storage, which might be attributed to
the hydrolysis of polysaccharides and their
subsequent conversion to reducing sugars. The
carotenoids of the dried carrot roundels
decreased significantly from 30.10 to 28.76
mg/100g during storage. The decrease in
carotenoids content of dried carrot slices during
storage have also been observed, which might
be due to their susceptible nature towards
oxidative losses caused by air, temperature and
light [19]. A significant decrease in total phenols
of the roundels from 97.50 to 75.75mg/100g was
observed during storage, which might be
attributed to their oxidation as a result of
decreased residual SO, during storage which
lead to the participation of total phenols in
browning reactions as has clearly been reported
[24]. The crude fibres of the dried carrot roundels
show that it decreased from 4.40 to 3.90 per cent
during storage. Non-significant decrease in crude
fibres of dried chilgoza nut during storage [25].
The rehydration ratio of the roundels decreased
significantly from 8.00 to 7.60 during storage
period of twelve months, which might be due to
the changes in macromolecular components
including cellulose, pectin and hemicelluloses
content [19]. Decrease in rehydration ratio of
carrot slices and pomace powder during storage
[22]. Other reason of decrease of rehydration
ratio could be attributed to the reduction in water
binding sites due to chemical and structural
changes in major components of the product
[19]. A significant decrease in antioxidant activity
of the dried carrot roundels from 53.30 to 52.05
per cent was observed during storage, might be
due to the loss of various chemical
characteristics like carotenoids, total phenols and
ascorbic acid in dried carrot roundels and other
reason could be the non-enzymatic browning
reactions. Decrease in antioxidant activity of bael
powder during storage [26]. The SO, of the
roundels decreased significantly from 181.25 to
167.81 ppm during storage, which might be due
to its escape from the packaging material or its
involvement in the various chemical reactions.
These results for decrease in residual SO, are in
accordance with those reported earlier in dried
carrot slices [19].



The colour score of the dried carrot roundels
decreased significantly from 8.40 to 7.58 during
storage. A significant decrease in the texture
score of the roundels from 8.00 to 6.95 was
observed during storage. The taste score of the
roundels decreased significantly from 7.30 to
6.40 during storage. A significant decrease in the
overall acceptability score of the dried carrot
roundels from 8.00 to 7.03 was observed during
storage period of twelve months. Decrease in
sensory characteristics score of dried carrot
roundels observed during storage might be due
to reduction in colour intensity which could be as
a result of degradation of carotenoids of dried
carrot roundels which might have also lead to the
occurance of non enzymatic browning and
oxidation reactions. Changes in various chemical
characteristics of the dried carrot roundels might
have lead the judges to award the lower sensory
characteristics scores to the  product.
Distortion/disruption of texture of the product
could also have contributed towards the poor
scores of the product during storage. Earlier
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characteristics score have also been observed in
carrot slices [27].

While comparing different packaging material,
maximum retention of titratable acidity,
carotenoids, total phenols, rehydration ratio,
antioxidant activity and SO, were recorded in
ALP (T,) under refrigerated temperature
condition, however, the minimum were recorded
in Polyethylene pouch (T,) during storage period
of 12 months wunder ambient temperature
conditions. Among the different packaging
material, minimum increase in water activity,
moisture and reducing sugars and total sugars of
the dried carrot roundels were recorded in ALP
(T,) under refrigerated temperature condition,
however, maximum were recorded in
Polyethylene pouch (T4) wunder ambient
temperature conditions during storage period of
12 months. Results pertaining to changes
in sensory scores (colour, taste, aroma, texture
& overall acceptability) of the dried
carrot roundels during storage are presented
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Fig. 1. Effect of packaging material on physico-chemical characteristics of dried carrot
roundels during storage
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Fig. 2. Effect of packaging material on sensory characteristics of dried carrot roundels during
storage
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Table 1. Effect of packaging material on the water activity of dried carrot roundels during storage
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\'/ Ambient storage (Months) Mean Refrigerated storage (Months) Mean
SIT 0 3 6 9 12 0 3 6 9 12
T, 0.278 0.313 0.335 0.359 0.375 0.332 0.278 0.294 0.317 0.333 0.35 0.315
T, 0.278 0.298 0.321 0.343 0.351 0.318 0.278 0.283 0.303 0.319 0.328 0.302
Mean 0.278 0.306 0.328 0.351 0.363 0.278 0.289 0.310 0.326 0.341
Mean (V) 0.325 0.309
T x S interaction table CDq.05)
T 0 3 6 9 12 Mean (T) Storage period (S) 0.002
T4 0.278 0.304 0.326 0.346 0.364 0.324 Storage conditions (V) 0.002
T, 0.278 0.291 0.312 0.331 0.340 0.310 Packaging material (T) 0.002
SxV 0.004
TxV NS
Mean (S) 0.278 0.297 0.319 0.339 0.352 TxS 0.004
TxSxV NS
T1: Polyethylene pouch (PEP), T»: Aluminium laminated pouch (ALP)
Table 2. Effect of packaging material on carotenoids (mg/100g) of dried carrot roundels during storage
\'/ Ambient storage (Months) Mean Refrigerated storage (Months) Mean
SIT 0 3 6 9 12 0 3 6 9 12
T, 30.10 29.13 28.85 28.61 28.35 29.01 30.10 29.65 29.36 29.11 28.95 2943
T, 30.10 29.38 29.13 28.86 28.63 29.22 30.10 29.79 29.55 29.33 29.12 29.58
Mean 30.10 29.26 28.99 28.74 28.49 30.10 29.72 29.46 29.22 29.04
Mean (V) 29.11 29.51
T x S interaction table CDyo.05
T 0 3 6 9 12 Mean (T) Storage period (S) 0.27
T4 30.10 29.39 29.11 28.86 28.65 29.22 Storage conditions (V) 0.17
T, 30.10 290.59 29.34 29.10 28.88 29.40 Packaging material (T) 0.17
SxV NS
<V NS
Mean (S) 30.10 29.49 29.22 28.98 28.76 TS NS
TxSxV NS

T1: Polyethylene pouch (PEP), T,: Aluminium laminated pouch (ALP)
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Table 3. Effect of packaging material on the antioxidant activity (%) of dried carrot roundels during storage

\'4 Ambient storage (Months) Mean Refrigerated storage (Months) Mean

SIT 0 3 6 9 12 0 3 6 9 12

T, 53.30 52.45 52.13 51.94 51.68 52.30 53.30 52.91 52.73 52.52 52.23 52.74

T, 53.30 52.69 52.36 52.09 51.87 52.46 53.30 53.11 52.96 52.71 52.40 52.90

Mean 53.30 52.57 52.25 52.02 51.78 53.30 53.01 52.85 52.62 52.32

Mean (V) 52.38 52.82

T x S interaction table CDyg.05

T 0 3 6 9 12 Mean (T) Storage period (S) 0.25

T, 53.30 52.68 52.43 52.23 51.96 52.52 Storage conditions (V) 0.16

T, 53.30 52.90 52.66 52.40 52.14 52.68 Packaging material (T) 0.16
SxV NS
<V NS

Mean (S) 53.30 52.79 52.55 52.32 52.05 TS NS
TxSxV NS

T1: Polyethylene pouch (PEP), T»: Aluminium laminated pouch (ALP)
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4. CONCLUSION

It was concluded that the dried carrot roundels
packed in aluminium laminated pouches and
stored under refrigerated conditions showed
minimum increase in physico-chemical
characteristics like moisture content, water
activity, pH, reducing sugars, total sugars and
retained highest amounts of titratable acidity,
carotenoids, total phenols, crude fibres,
rehydration ratio and antioxidant activity,
respectively. The sensory characteristics scores
like colour (8.05), texture (7.48), taste (6.88) and
overall acceptability (7.54), respectively were
also retained highest in the aluminium laminated
pouch under refrigerated storage condition. So
dried roundels packed in aluminium laminated
pouch can be stored safely for a period of 12
months under refrigerated condition without
much changes in its overall quality. These dried
carrot roundels can further be used for
development of good quality nutritious instant
products throughout the year.

ACKNOWLEDGEMENTS

Authors convey heartfelt thanks to the
department of Food Science and Technology,
UHF, Nauni, Solan for co-operation and
providing the facilities to carry out this research.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Kalra CL, Kulkarni SG and Berry SK. The
Carrot (Daucus carota L.) - A most popular
root vegetables. Indian Food Packer.
1987a;19:46-73.

2. Manjunatha SS, Kumar MBL, Gupta DDK.
Development and Evaluation of carrot
kheer mix. Journal of Food Science and
Technology. 2003;40:310-312.

3. Bao B, Chang KC. Carrot pulp chemical
composition, colour and water holding
capacity as affected by blanching. Journal
of Food Science. 1994;59: 1159-1161.

4. Alasalvar C, Grigor JM, Zhang D, Quantick
PC and Shahidi F. Comparison of volatiles,
phenolics, sugars, antioxidant vitamins,
and sensory quality of different colored
carrot varieties. Journal of Agricultural and
Food Chemistry. 2001;49: 1410-1416.

91

10.

1.

12.

13.

14.

15.

16.

17.

Dreosti IE. Vitamins A, C, E and beta-
carotene as protective factors for some
cancers. Asia Pacific Journal of Clinical
Nutrition. 1993;2: 5-21.

Speizer FE, Colditz GA, Hunter DJ, Rosner
B and Hennekens C. Prospective study of
smoking, antioxidant intake and lung
cancer in middle aged women. Cancer
Cause and Control. 1999;10: 475-482.
Babic I, Amiot MJ, Ngugen TC and Aubert
S. Changes in phenolic content in fresh,
ready-to-use, shredded carrots during
storage. Journal of Food Science. 1993;58:
351-356.

Salunkhe MKR, Sawant PJ, Sawant DN
and Rai DC. Physicochemical analysis and
sensory evaluation of kheer fortified with
carrot shreds, Journal of Animal Research.
2015;5:849-853.

Kumar P, Thakur NS, Sharma KD, Hamid
and Thakur A. Comparison of different
drying modes for Asian carrot. International
Journal of Chemical Studies. 2018b;6:
449-453.

Kumar P, Thakur NS, Sharma KD, Hamid
and Thakur A. Effect of different pre-
treatments on quality of carrot roundels.
Journal of Pharmacognosy and
Phytochemistry. 2018a;7: 3086-3092.
Ranganna S. Handbook of analysis and
quality control for fruit and vegetable
products. Tata McGraw Hill, New Delhi.
2009;1112.

Gould WA. Food Quality Assurance. AVI
Publishing Company, Westport,
Connecticut, New York. 1978;314.
Singleton VL, Rossi JA. Colorimetry of total
phenolics with phosphomolybedic
phosphotungstic acid reagents. American
Journal of Enology and Viticulture. 1965;
16:144-158.

Brand-Williams W, Cuvelier ME, Berset C.
Use of free radical method to evaluate
antioxidant activity. Lebensmittel
Wissenschaft und  Technologie-Food
Science and Technology. 1995;28:25-30.
Amerine MA, Pangborn RM and Roessler
EB. Principles of Sensory Evaluation of
Food. Academic Press, London. 1965;
612.

Mahony MO. Sensory evaluation of food.
In: Statistical Methods and Procedures.
Marcel Dekker, Inc, New York. 1985;512.
Cochran WG, Cox GM. Completely
randomized, randomized block and Latin
square designs. In Experimental Design.



18.

19.

20.

21.

22.

Kumar et al.; CJAST, 39(7): 83-92, 2020; Article no.CJAST.56125

2" ed. John Wiley & Sons, New York.
1957;95-145.

Mansoor GJ, Khursheed A and Jairajpuri
DsS. Preparation, processing and
packaging of pre-mix for the production of
carrot dessert. IOSR  Journal of
Environmental Science, Toxicology and
Food Technology. 2013;3:38-42.

Sra SK, Sandhu KS, Ahluwalia P. Effect of
treatments and packaging on the quality of
dried carrot slices during storage. Journal
of Food Science and Technology. 2014;51:
645-654.

Miranda G, Berna A, Gonzalez R and
Mulet A. The storage of dried apricots: The
effect of packaging and temperature on the
changes of texture and moisture. Journal
of Food Processing and Preservation.
2014;38:1-8.

Karki S. Development and evaluation of
functional food products from carrot
pomace. M.Sc. Thesis Department of Food
Science and Technology, Dr YS Parmar
University of Horticulture and Forestry,
Solan; 2009.

Sharma KD, Kumar R, Kaushal BBL. Mass
transfer characteristics, yield and quality of
five varieties of osmotically dehydrated

23.

24,

25.

26.

27.

apricot, Journal of Food Science and
Technology. 2004;41:264-275.

Kumar P. Standardization of technology for
the preparation of edible flour from Indian
horse chestnut (Aesculus indica colebr.).
M.Sc. Thesis. Department of Food Science
and Technology, Dr YS Parmar University
of Horticulture and Forestry, Solan; 2013.
Cilliers JJL, Singleton VL. Non-enzymatic
auto oxidative phenolic browning reactions
in a caffeic acid model system. Journal of
Agriculture and Food Chemistry. 1989;37:
890-896.

Thakur NS, Sharma S, Joshi VK, Thakur
KS and Jindal N. Studies on drying,
packaging and storage of solar tunnel
dried chilgoza nuts. Archives of Applied
Science Research. 2012;4:1311-1319.
Sagar VR, Kumar R. Effect of drying
treatments and storage stability on quality
characteristics of bael powder. Journal of
Food Science and Technology. 2014;51:
2162-2168.

Rahman M, Kibria G, Karim Q, Khanom S,
Islam L, Islam F and Begum M. Retention
of nutritional quality of solar dried carrot
(Daucus carota L.) during storage,
Bangladesh Journal of Scientific and
Industrial Research. 2010;45:359-362.

© 2020 Kumar et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http.//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/56125

92



