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ABSTRACT 
The aim of this investigation was current to expansion of carrot 

shelf life during cold storage. Gross chemical composition and 

bioactive compounds in raw carrots (Daucus Carota L.) were 

determined. Results revealed that carrot was rich in total 

carbohydrates and fibres content. In addition, carrot samples were rich 

in carotenoids and the antioxidant activity of raw carrots was 4.76 %. 

Carrots were sorted, washed, dried, separated into portions and treated 

by hot shock (55°C, 2 min.), citric acid solution (2%, 10min.) and 

steaming (70°C, 2 atm, 5 sec.) alone or in combination of hot shock + 

citric acid and citric acid + steaming compared to control. All samples 

were packed into polyethylene bags and stored at 5°C ±1 and RH 70% 

for 70 days.  During storage, pH increased in all samples with a 

relevant decrease in acidity. On the other hand, total count, 

psychrophilic bacteria, yeast and mold didn’t exceed the 

recommended limits, whereas, the steamed treatments had the most 

exceeded shelf life with the best quality attributes.  
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INTRODUCTION 

Carrot (Daucus carota L.) is a 

root vegetable which is cultivated and 

consumed throughout the world. 

Carrot is rich in functional food 

components such as vitamins (A, D, B, 

E, C, and K) and minerals (calcium, 

potassium, phosphorus, sodium, and 
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iron). The high biological value of this 

vegetable relates mainly to carotenoid 

compounds and dietary fiber, which 

are components of carrot roots tissue 

(Alasalvar et al. 2005). It has been 

noted that100g of carrot contains 

between 6mg and15mg of carotenoids, 

mainly β-carotene (2–10 mg) 

(Herrmann, 2001). Thus, an increased 

intake of carrot may favor the massive 

synthesis of vitamin A. Moreover, the 

carotenoids and other antioxidants 

present in carrot play an important role 

in the inhibition and/or interruption of 

oxidation processes, as well as in 

counterbalancing free radical activities 

(Krinsky&Johnson, 2005). Therefore, 

carrot may protect humans against 

certain types of cancer and 

cardiovascular diseases. The presence 

of high concentration of antioxidants, 

carotenoids especially β-carotene, may 

account for the biological and 

medicinal properties of carrots 

(Alasalvar et al, 2001). 

Epidemiological and clinical 

investigations have associated diets 

rich in fruits and vegetables with 

reduced risk of heart, cardiovascular, 

neurological and chronic diseases, and 

various forms of cancer (Steinmetz 

and Potter, 1991; Block et al., 1992; 

Ames et al., 1993; Joseph et al., 1999; 

and Surh, 2003). A major benefit from 

such diets may be increased 

consumption of antioxidants (Ames et 

al., 1993), including carotenoids, 

ascorbate, tocopherols and phenolics 

(Cao et al., 1996).  

Several biochemical changes 

occur in carrots during postharvest 

storage. Kader (1986) mentioned that 

discoloration, sprouting, rooting, tissue 

cavitation, altered taste as increased 

bitterness, and postharvest disease are 

quality attributes that may cause 

deterioration of the product. 

It has been determined that the 

freezing point of carrot roots is -1.68° 

C, so it is assumed that storage 

temperatures can be set higher than 

this value (Yanmaz et al. 1999). In 

addition, mature carrots can have a 

shelf life of 3 to 5 months if kept 

stored at 3-5 °C (Suslow et al, 2020). 

Because of these changes during 

storage, there is a need to treat carrot 

roots with chemicals and blanching, to 

inhibit those microbial activities. Hot 

water immersion is a heat treatment 

technology that can be used for post 

harvest pests and disease control for 

perishable commodities such as fresh 

fruits (Tsang et al., 1995). 

This study is aimed to investigate 

the effects of different treatments on 

the shelf life of carrot. Data are 

reported for several criteria such as 

pH, acidity, TSS, color parameters, 

carotenoids and microbiological status 

of whole carrot roots. 

 

MATERIALS AND METHODS:-  

Carrot roots (Daucus carota L.) 

were purchased from local market in 

Minia governorate. The mean root 

weight was found to be 105.89 gm. As 

for the root length and diameter, they 

were 15.8 and 5.7 cm, respectively. 

All chemicals and reagents were 

of analytical grade and were purchased 

from Sigema chemicals (St. Louis, 
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MQ. USA). Aldrich chemicals co. and 

Alfa Aesar (Karlsruhe, Germany). 

Preparation of Samples:- 

The root diameter and length 

were measured using calipers and the 

average root weight was also recorded. 

Roots were washed using pure 

distilled water in order to prevent any 

contamination, then several treatments 

have been implemented as shown 

below:- 

Control (C): without any treatment. 

Citric acid (CA): dipped in 2% citric 

acid solution for 10min. 

Hot shock (H): hot shock in water bath 

at 55°C for 2 min. 

Hot shock + Citric acid (HC): hot 

shock in water bath at 55°C for 2 

min then dipped in 2% citric acid 

solution for 10min. 

Steaming (S): steamed at 70 ±2°C and 

2 atm for 5 sec. 

Steaming + citric acid (SC): dipped in 

2% citric acid solution for 10min 

then steamed at 70 ±2°Cand 2 atm 

for 5 sec. 

Samples were then packed in 

polyethylene bags and stored at 5°C 

±1 and RH 70%. 

CHEMICAL ANALYSIS:- 

Moisture content, ash, total lipids, 

crude protein, crude fiber and acidity 

of fresh and stored carrots were 

determined according to the method 

described in the A.O.A.C. (2005). TSS 

was determined using Abbe' 

refractometer model 1T at 20°C and 

expressed as °Brix (A.O.A.C, 2005). 

pH value was determined by using pH 

meter with glass electrode (Model 

41250, ICM, OR, USA) (Ranganna, 

1979). 

Total phenolic compounds 

determination:- 

Total phenolic compounds were 

determined according to the method 

described by Ting and Rouseff (1986). 

A 35% saturated sodium carbonate 

solution was prepared by dissolving 

35g of anhydrous Na2CO3in 100ml of 

pure water. Heat and stirring were 

added overnight in order to facilitate 

complete dissociation. Additional 

water was added to prevent super 

saturation. Once solution was prepared 

it was left in low heat during analysis 

to prevent precipitation as solution was 

used. Analysis was performed by 

adding 3.5 ml of deionized water, 50 

µl of sample extract and Folin-

Ciocalteu reagent and 300 µl of 

sodium carbonate to cuvette. The 

reaction was left for 15 minutes and 

then absorbance was measured in 

triplicate at 730 nm using a UV/VIS 

spectrophotometer (T80, S/N, PG 

instruments, ltd). 

The blank consisted of all 

reagents excluding the sample extract. 

A standard curve was fashioned using 

tannic acid at concentrations of 0.2, 

0.4, 0.6, 0.8 and 1.0 mg/mL diluted in 

ethanol. Total phenolic concentration 

was expressed as mg of tannic acid 

equivalents via the standard curve.  

Total flavonoid determination:- 

The total flavonoid content of 

carrot roots was determined using a 

colorimetric method described by 

Zhishen et al. (1999). A 0.5ml aliquot 
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of appropriately diluted sample 

solution was mixed with 2ml of 

distilled water and subsequently with 

0.15 ml of a 10% AlCl3 solution was 

added and allowed to stand for 6 min. 

and then 2 ml of 4%NaOH solution 

was added to the mixture. 

Immediately, water was added to bring 

the final volume to 5ml, and then the 

mixture was thoroughly mixed and 

allowed to stand for another 15 min. 

Absorbance of the mixture was 

determined at 510 nm versus prepared 

water blank. Rutin was added as 

standard compound for the 

quantification of total flavonoids. All 

values were expressed as milligrams of 

rutin equiv. per 100 gram of fresh 

roots. Data were reported as means 

(SD) for three replications.  

Total carotenoid determination:- 

Total carotenoid were determined 

according to the method described by 

Umeil and Gabelman (1971) as follow: 

appropriate weight of the grated 

samples (10-15 g) were extracted and 

blended by using 50ml acetone – 

hexane (6:4, V/V) solvent, with 10ml 

water was added to prevent the 

samples from drying on the cup 

(MgCO3 added) in a waring blender, 

samples were blended for 5 minutes at 

height speed. The blended material 

was filtered and the residue washed 

with small volumes of acetone and 

hexane until colorless. It was 

sometimes necessary to repeat the 

process in order to complete the 

extraction, the acetone was removed 

from the extract by washing with 

water. The pigment solution in hexane 

was brought to constant volume, and 

measured at 450 mµ on a 

spectrophotometer. The percent 

transmission was used to calculate the 

total carotenoids as a β-carotene, using 

standard curve prepared with pure β-

carotene.  

Total antioxidant activity:- 

Total antioxidant activity was 

determined following the method of 

Su and Silva (2006). A 100µl 2.2-

diphenyl-1-picrylhydrazyl (DPPH) 

was prepared by dilution of 32 mg of 

DPPH with 800 ml of ethanol. 500 µl 

of sample extract was added to 3.0 ml 

of DPPH solution in a cuvette. After 

10 minutes the absorbance of the 

reaction mixture was measured in 

triplicate at 517 nm in a 

spectrophotometer. The control 

solution was prepared by adding 500 

µl of ethanol to the DPPH solution and 

ethanol was used as blank. The 

antioxidant activity (%) was 

determined by the following formula: 

Activity (%) = {(Abs control – 

Abs sample) / Abs control} ×100 

Where Abs. is the absorbance at 

517 nm. A 1.4 mg/ml querctin 

dehydrate standard was prepared for 

comparison.  

Microbiological assay:- 

Total count:- 

Total bacterial counts were 

determined using plate count agar 

according to the methods described in 

APHA (1976) and Difco (1984). 

Psychrophilic count:- 
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Psychrophilic counts were 

determined using plate count agar 

according to the methods described in 

the standard methods of (APHA. 1985; 

and Vaderzant and splitotoesser, 

1992). 

Yeast and mold count:- 

For Yeast and mold count 

determination: triplicate plates were 

inoculated thoroughly mixed with 15 

ml portions of potato dextrose agar. 

The plates were incubated for 48 hours 

at 37°C according to APHA (1976) 

AND Difco (1984). 

 

RESULTS AND DISCUSSION 

Table 1 shows the chemical 

composition of carrot roots. The 

moisture content was 87.22%, which 

was higher somewhat than those 

reported by Arscott and Tanumihardjo 

(2010) and Moustafa et al. (2016), 

while it was a little bit lower than 

result reported by Pushkala et al. 

(2012) results also indicated that ash in 

carrot roots exist by 1.23% which is in 

approval to result conducted by 

Moustafa et al. (2016). On the other 

hand the crude protein content in 

carrots was 0.87 and this was in 

accordance to result reported by 

Ascrott and Tanumihardjo (2010) but 

much lower than reported result in the 

investigation of Azam et al. (2013). 

In addition, fibers and 

carbohydrates were found to be 2.96 

and 7.1, respectively, were correspond 

with the reported ones by Ascrott and 

Tanumihardjo (2010) (3% and 7%, 

respectively for carrot roots), Olalude 

et al. (2015) (10.6% for carrot roots). 

Lipid content in the carrot cultivar was 

(0.2%) which is typical to the result 

presented by Ascrott and 

Tanumihardjo (2010).  

Moreover, bioactive components 

have been listed in Table 2. Results for 

total phenols, total flavonoids and the 

antioxidant activity are in recognition 

with those shown by Moustafa et al. 

(2016) with values of 0.24, 1.24 and 

5.5, respectively. While total 

carotenoids (334.56 mg/100gm) was 

higher than those referred by Fikselova 

et al. (2008) and Nauman Ahamad et 

al. (2007). Velišek (1999) reported 

that the carotene content of carrots 

ranges from 60–120 mg/100g, but 

some varieties can contain up to 300 

mg/100g. 

Table 1:- Chemical composition of raw carrots:-  

Parameter Value 

Moisture (%)* 87.22 

Lipids (%)* 0.02 

Ash (%)* 1.23 

Fibers (%)* 2.96 

Protein (%)* 0.87 

Total carbohydrates (%) ** 7.71 

*Based on fresh weight   **Calculated by difference. 
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Table 2:- Bioactive compounds in raw carrots:-  

Parameter Value 

Total phenols (g/100gm)* 0.21 

Total flavonoids (g/100gm)* 1.20 

Total carotenoids (mg/100gm)* 334.56 

Antioxidant activity (%)*   4.76 

*Based on fresh weight. 

 

Results in Fig. 1 and 2 

demonstrated the pH and total acidity 

of the different samples upon storage 

for 70 days. The samples were 

characterized by an initial pH ranged 

between 6.01-6.25 and total acidity of 

0.20-0.25% depending on the 

pretreatment process. Other reports 

indicated that the pH ranged from 6.1 

to 6.5 (Rocha et al., 2007; Vibhakara 

et al. 2006) and acidity ranged from 

0.061 to 0.064 mg/100gm (Pilon et al., 

2006). An increase in pH with 

corresponding reduction in acidity was 

observed in all samples upon storage, 

similar to the findings of Phan et al. 

(1973). On the other hand, 

Mastromatteo et al. (2012) noticed no 

change in these values during the 

entire storage period. 

Fig. 3, 4 and 5 show the evolution 

of the microbial populations for all 

samples. The microbial counts of the 

control sample was higher than that of 

treated samples which indicate that the 

treatments showed detrimental effect 

upon the microbial load that resulted 

in an averaged reduction of the total 

bacterial population by 0.31 to 0.54 

log10 cfu/g. 

Regardless the different 

treatments, the microbial counts 

steadily increased during storage but 

on the other hand, none of the samples 

exceeded the recommended limit of 

7.7 log10 cfu/g for total microbial 

count (DGHM, 2002). 

Sample without treatments didn't 

show any microbial spoilage during 

the 70 days of the storage but, by the 

70
th
 day carrot roots showed some 

rooting and sprouting actions which 

may be considered some of the 

undesirable distinctiveness in fresh-cut 

produce (Snowdon, 1991) and a 

possible reason to reject the product. 

As for using citric acid as a 

postharvest chemical treatment for 

reducing microbial spoilage, in a study 

on shredded carrots implemented by 

Pushkala et al.(2012) citric acid was 

used in concentration of  0.1% that 

reduced microbial development during 

storage for 10 days in carrot shreds. 

This study indicates that dipping 

whole carrots in citric acid solution 

decreased microbial activity during the 

storage duration of 70 days. 
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Fig. 1:- Effect of postharvest treatments on pH value of carrots:- 

C= CONTROL, CA= CITRIC ACID, HS= HOT SHOCK, CH= HOTSHOCK+CITRIC ACID, SC= STEAMING+CITRIC ACID, S= STEAMING.   ND= not detected. 
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Fig. 2:- Effect of cold storage (5°C) on total acidity % (as citric acid) of carrots 

C= CONTROL, CA= CITRIC ACID, HS= HOT SHOCK, CH= HOTSHOCK+CITRIC ACID, SC= STEAMING+CITRIC ACID, S= STEAMING. ND= not detected. 
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Fig. (3): Effect of cold storage (5°C) on total bacterial count 

*Means (n=3). 

C= CONTROL, CA= CITRIC ACID, HS= HOT SHOCK, CH= HOTSHOCK+CITRIC ACID, SC= STEAMING+CITRIC ACID, S= STEAMING. 
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Fig. 4:- Effect of cold storage (5°C) on psychrophilic bacteria 

*Means (n=3). 
C= CONTROL, CA= CITRIC ACID, HS= HOT SHOCK, CH= HOTSHOCK+CITRIC ACID, SC= STEAMING+CITRIC ACID, S= STEAMING. 
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Fig. 5:- Effect of cold storage (5°C) on yeast and mold 

*Means (n=3). 

C= CONTROL, CA= CITRIC ACID, HS= HOT SHOCK, CH= HOTSHOCK+CITRIC ACID, SC= STEAMING+CITRIC ACID, S= STEAMING. 
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The onset of visual microbial 

decay was not directly related to the 

overall microbial contamination 

degree of the carrot roots. As shown 

below, the total count for HS and CH 

samples didn't exceed the 

recommended level but they showed 

visual microbial decay at the 56th and 

49th day, respectively. These results 

may be due to the affection of texture 

during thermal treatment, since the 

subjection to elevated temperatures 

entail trigger loss due to mechanical 

damage and loss of cell adhesion 

(Greve et al. 1994; Sila et al. 2006 and 

Van Buggenhout et al. 2009). This 

tissue damage caused by heat will also 

result in increased decay development 

(Jacobi and Wong, 1992; Jacobi et al., 

1993). One negative aspect of this 

treatment, is that some of the effects 

contributing to decay control may not 

persist long-term (Escribano& 

Mitcham, 2014). 

In addition, SC had the lowest 

microbial count at the initiation of the 

storage duration and due to 70 days of 

storage indicating that the combination 

treatment performed best in terms of 

reducing the total bacterial, 

psychrophilic, yeast and mold counts. 

Using steam as a postharvest treatment 

against pathogens in carrots, or may be 

in other fresh produce, is friendly to 

the environment, easy to implement 

and inexpensive.  

However, the significantly lower 

microbial development rates found in 

S and SC samples prove that steaming 

is an effective decontamination 

alternative to microbial control in 

fresh-cut carrot. 
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