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ABSTRACT: The effects of some different cutting shapes (whole, serrated and sliced) and moist-heat 
treatments (blanching in boiling water with or without applying pressure for different time intervals) on 
physical, chemical, sensory properties and microscopic structure of carrot (Daucus carota L) were 
investigated. Physico-chemical and sensory properties of carrot juice produced from selected blanched carrot 
in-between the investigated samples were evaluated. 

The serrated carrot samples blanched in boiling water for 10 min or for 1 min under pressure 
seemed to improved color, nutritional properties, and had higher over-all acceptability scores. Scanning 
electron microscopy showed that blanching of whole and serrated carrot samples in boiling water for 10 min. 
caused some visible changes in the cell (dense and swollen walls). Blanching of whole and serrated carrot 
samples for 1 min. under pressure resulted in more tissue disruption and caused cell separation in the middle 
lamella of the sliced carrot samples. Heat treatment made extraction more difficult and consequently less 
juice was extracted. 

Juice produced from selected serrated carrots blanched in boiling water with or without applied 
pressure had higher visual color scores. Blanching of carrot samples before juicing process could protect 
carotene against loss since their retention % were higher than those retained in fresh carrot juice samples. 
There was slight increase in total sugar contents of the tested carrot juice samples (samples C and D). 
However, blanched carrot juice samples were lower in protein and lipid than those of fresh carrots.

Key Words: Carrot, Cutting shapes, Blanching, Cell Components, Carrot Juice, Physico-chemical and 
Sensory properties. 

INTRODUCTION 
Carrot (Daucus carota L) is one of the root principle vegetable crops which is 

consumed in large quantities all-over the world; and considered to be one of the richest 
sources of   pro-vitamin A (Safia, 1997; Prakash et al., 2004). 

Minimal processing of fresh vegetables and fruits such as washing sorting, peeling, 
slicing…etc, which may be used prior to blanching, causes injury and damage to tissues 
affecting physiological activities and subsequently quality (Watoda et al., 1990). Some 
problems related to cell disruption are leakage of nutrients, enzymatic reactions, mold 
growth, lactic acid formation, loss of texture, development of off-flavor, off-odor and 
appreance defects (Carlin et al., 1990). All these factors limit the storage and market-life of 
fruits and vegetable products. Barry-Ryan and O’Beirne (1998) reported that ready-to-use 
root vegetables are typically peeled, sliced, dried or shredded prior to packing. 

Thermal treatment in forms of time and temperature is an essential step in 
preserving carrots by commercial sterilization, freezing or drying. Time-temperature may 
vary considerably depending on the purpose of the thermal treatment. Galindo et al. (2005) 
reported that blanching before freezing inactivates enzymes that may cause off-flavors and 
changes in color during frozen storage. However, blanching causes tissue cell membrane 
disruption, protein denaturation (Hansen et al., 1994), turgor loss (Greve et al., 1994), and 
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poor firmness and crispness (De Belie et al., 2000). The possibility of milder blanching 
conditions has been explored to preserve tissue integrity and improve quality (Pizzorcaro  
et al., 1995). 

Thybo et al. (1998) indicated that plant tissues subjected to thermal processing 
undergo physical and chemical changes that can be observed by microscopic studies and 
texture measurements. Prestamo et al. (1998) investigated the effects of blanching (3 mins 
in boiling water) on the microscopic structure of carrots. The authors concluded that 
blanching was better for maintaining firmness in carrots, although this treatment induces 
more cellular disruption. 
 BAO and Chang (1994a) reported that reasonable quantities of carrots are 
discarded yearly because they do not meet physical standard for fresh markets. Such 
carrots are of good nutritional quality and could be used to make carrot products e.g. carrot 
juice, which could be supplied, year-round. 

Carrot juice is one of the most popular vegetable juices and represents a rich source 
of natural β- and α-carotene (Marx et al., 2000). Therefore, developing carrot juice and 
other products to meet market standards and to preserve nutrients and overall good quality 
is important.  

The present study objectives were 1) To investigate the effect of some different 
cutting shapes and moist-heat treatments (blanching) on physical, chemical, sensory 
properties and microscopic structure of carrot; 2) To evaluate physico-chemical and 
sensory properties of carrot juice produced from selected, most preferred and overall-
accepted carrots in-between the investigated samples. 
 

MATERIALS AND METHODS 
Materials 
 Fresh carrot (Daucus caroto L.) roots of medium size (~3-4 cm diameter ) were  
purchased  from the local market, and washed with tap water several times. 
Cutting and blanching of carrots 
 Carrots (10kg) were hand peeled using a sharp knife, washed with tap water and 
left to drip-dry for 15 min. Carrots were divided into three portions for the following 
different cutting shape styles prior to moist-heat (blanching) treatments: 
i) Whole carrot., ii) Carrots were shredded and serrated longitudinally with a stainless steel 
sharp cutter into four parts, and iii) Carrots were sliced manually using stainless steel sharp 
knife (~ 5mm for each slice). 
 Each of the above-mentioned portions was divided into two lots. Samples of the 
first lot were blanched for 5, 10, 15 and 20 min in boiling water (~100 °C). The other 
samples of the second lot were blanched in boiling water in a pressure cooker (Prestige 
Smart-plus 6lt Stainless Steel Pressure Cooker , model 70021) for 1, 2 and 3 min. 
Added water was adjusted to cover the treated carrots. The investigated carrot samples 
were removed at the end of the required time interval and left to cool. Untreated (fresh) 
carrot sample was used as control. All carrot samples were packaged in polyethylene bags 
and analyzed in triplicate.   



Carrot and Carrot Juice Quality as Affected by Cutting Shapes and Heat Treatment 

J. Saudi Soc. for Food and Nutrition., Vol. 2, No. 2; 2007 

31

Carrot juice preparation 
Clean serrated carrots were subjected to moist-heat treatment (blanching) for 10 

min in boiling water or for 1 min in boiling water under pressure using a pressure cooker. 
Samples were then thoroughly drained and the juice was extracted through a juicier (Braun 
AG., Frankfurt/M-Type: MP32, 50Hz/300W, 110/220V-Nr: 4152916-Germany); equipped 
with a stainless screen with alternating round opening (0.5 mm diameter). Juice from fresh 
carrots was used as control. All Juice samples were kept in tight glass bottles and analyzed 
in triplicates. 
Analytical Methods 

pH of carrot and carrot juice samples were measured using a digital pH- meter 
(HANNA, HI 902 meter, Germany). Total solids content was calculated gravimetrically as: 
100 – Moisture % (Massri, 1996).  Total soluble solids (T.S.S) content, expressed as °Brix 
(0-32), was determined with a hand refractometer (ATAGO, Japan). 

Moisture, protein, fat, ash, fiber, and total sugars of carrot samples and carrot juice 
samples were determined according to A.O.A.C. method (1990). 
 Color measurements were made on carrot and carrot juice samples by using a 
Hunter ,Lab. Scan XE, Colormeter, calibrated with a white standard: (X=77.27, Y=81.94 
and Z= 88.14). 

The method described by Wettestein (1957) was used for the determination of 
carotenoid content (mg/L juice) of the samples under investigation.  
 Retention of carotenes in carrot juice samples was calculated as % carotenes in the 
original fresh carrots according to BAO and Chang (1994a). 
Histological examination 
 Carrot tissue for electron microscopic examinations was prepared by free hand 
sectioning. Using sharp knife, thin sections of carrot samples were sliced, fixed on a metal 
stubs. In the Central Services Lab., National Research Center, Egypt, the samples were 
coated with gold palladium for scanning electron examination using JSM-T20 ,JEDL 
electron microscope (Japan). 
Sensory Evaluation 

Samples were evaluated for sensory attributes (appearance, odor, visual color, 
consistency, taste and overall acceptability) according to Larmond (1970) .The investigated 
samples were presented in random order to 10 panelists from the staff members of Food 
Technology Dept., National Research Center, Egypt who evaluated the sensory 
characteristics  of  the tested samples on a scale of  1-10  points. 
Statistical Analysis 
 Using SPSS program (1998) all data were analyzed for standard error (SE) and 
standard deviation (SD). Also, sensory parameters and color measurement data were 
processed by one-way ANOVA using the least significant difference (LSD) as a multi-
comparison test. 
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RESULTS AND DISCUSSION 
 

Different attributes for sensory and physical properties of carrot samples (whole, 
serrated and sliced) blanched in boiling water (with or without pressure) for different time 
intervals were examined by well experienced panelists and scanning electron microscope.  

The whole carrots blanched in boiling water for 10 min without applying pressure 
(samples A) had the higher score in the overall-acceptability. Similar findings were found 
for the whole carrots (samples B) blanched for1min in boiling water under the effect of the 
applied pressure (Table 1). 

Upon comparing the blanched serrated carrot samples, the results showed that 
appearance, odor and consistency were of better characters after 10 min blanching for 
sample C.  The appearance and color of sample D after 1min blanching in boiling water 
under pressure reached the same rating scores of sample C. Highest overall-acceptability 
scores were rated for both of the aforementioned serrated carrot samples (Table 1). 

Regarding the overall-acceptability of the sliced carrot samples, the results 
indicated that appearance, odor and consistency of the 5 min blanching in water without 
applying pressure (sample E) were better than the corresponding sensory attributes after10, 
15, 20 min.; while, the sliced carrot sample, which was blanched in water under pressure 
(sample F), gained better appearance, odor, color and consistency after 1 min. 

Generally, the most preferred overall-acceptability scores could be arranged 
descendingly as: the serrated carrot sample C blanched in boiling water for 10 min (8.88) - 
whole carrot samples A blanched in boiling water for 10 min (8.75) - serrated carrot 
sample D blanched in boiling water under pressure for 1 min (8.50) – the whole carrot 
sample B blanched in water under pressure for 1 min (8.25) - sliced sample F blanched in 
boiling water for 1min. under pressure (7.50)  followed by sliced sample E blanched in 
boiling water for 5 min. (7.13) as seen in Table1. 

Statistical comparison for sensory properties of blanched carrot samples A,C and E 
(whole, serrated and sliced) blanched in boiling water (without pressure) for different time 
intervals using least significant difference (LSD) was carried out. It was noticed that there 
was no significant differences in appearance, visual color and consistency (p≤0.05). 
Regarding the overall acceptability and odor, there were significant differences (p≤0.05;
p≤0.01, respectively) for sample E compared to samples A and C. 

Also, there were no significant differences in appearance, odor, visual color and 
overall acceptability (p≤0.05) parameters for blanched carrot samples B, D and F blanched 
in boiling water under pressure for different time intervals. Meanwhile, the obtained results 
showed that there was significant (p≤0.05) difference in consistency of sample F. 

Therefore, it seemed that shredded and serrated longitudinally cutting shape may 
have slight effect on the sensory quality as compared to whole carrot samples; while 
slicing cutting shape had ≤for long time intervals can get undesirable effects towards 
sensory quality for the investigated carrot samples. 
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Table 1. Sensory parameters of carrot samples. 
 
Carrot                                                               Sensory parameters 
 Appearance            Odor            Visual Color         Consistency     Overall-acceptability 
Samples 
Whole:   

A: Boiling in water/min: 
5 8.50 (0.012) 8.00 (0.058) 8.50 (0.029) 7.00 (0.173) 8.00 (0.289) 

 10 9.00 (0.058) 9.00 (0.173) 9.00 (0.231) 8.00 (0.231) 8.75 (0.160) 
 15 8.50 (0.130) 8.00 (0.289) 8.00 (0.289) 7.00 (0.231) 7.90 (0.058) 
 20 8.00 (0.145) 7.00 (0.291) 7.00 (0.058) 7.00 (0.173) 7.25 (0.144) 
 B: Boiling in water under pressure/min: 

1 9.00 (0.144) 8.00 (0.170) 8.00 (0.088) 8.00 (0.203) 8.25 (0.144) 
 2 7.00 (0.173) 7.00 (0.144) 7.50 (0.144) 8.00 (0.173) 7.38 (0.231) 
 3 8.00 (0.144) 6.00 (0.173) 7.00 (0.260) 8.00 (0.231) 7.25 (0.160) 
Serrated: 
 C: Boiling in water/min: 

5 8.00 (0.090) 8.50 (0.271) 8.50 (0.237) 7.00 (0.202) 8.00 (0.188) 
 10  9.00 (0.168) 9.00 (0.124) 9.00 (0.180) 8.50 (0.121) 8.88 (0.052) 
 15  7.00 (0.073) 8.00 (0.084) 8.00 (0.124) 7.00 (0.081) 7.50 (0.140) 
 20  6.00 (0.751) 6.50 (0.100) 6.00 (0.118) 6.00 (0.117) 6.13 (0.810) 
 D: Boiling in water under pressure/min: 

1 9.00 (0.080) 8.00 (0.087) 9.00 (0.140) 8.00 (0.180) 8.50 (0.063) 
 2 8.00 (0.121) 7.00 (0.840) 8.00 (0.110) 7.50 (0.130) 7.63 (0.072) 
 3 7.50 (0.140)  6.50 (0.061) 7.00 (0.140) 7.00 (0.100) 7.00 (0.080) 
Sliced: 
 E: Boiling in water/min: 

5 8.00 (0.064) 6.00 (0.140) 7.00 (0.100) 7.50 (0.140) 7.13 (0.070) 
 10  7.50 (0.107) 5.00 (0.060) 7.00 (0.118) 7.00 (0.810) 6.75 (0.214) 
 15  7.00 (0.153) 5.00 (0.080) 7.00 (0.121) 6.00 (0.090) 6.25 (0.090) 
 20  6.00 (0.140) 5.00 (0.080) 6.00 (0.064) 5.00 (0.124) 5.50 (0.101) 
 F: Boiling in water under pressure/min: 

1 8.00 (0.116) 7.50 (0.121) 8.00 (0.123) 7.50 (0.084) 7.50 (0.140) 
 2 6.00 (0.084) 7.00 (0.170)   7.00 (0.144) 7.00 (0.173) 6.75 (0.160) 
 3 7.00 (0.080) 6.00 (0.100)  7.00 (0.064) 6.00 (0.085) 6.50 (0.121) 
Values between parentheses = Standard error (± S.E.) of Mean values. 
 
Color Evaluation 

Color of carrots and their products is an important quality criterion. Instrumental 
color parameters measurements of the investigated carrot samples are presented in Table 2. 
The highest lightness (L*) value was for the serrated carrot sample D blanched in water 
under pressure for 1 min; followed by the serrated sample C blanched for 10 min without 
applying pressure. In general, L*(lightness) color parameter of all tested carrot samples 
were of lower values as compared to the fresh carrot sample value (60.64). Yellowness 
(b*) color parameter of the investigated carrot samples reached its highest value (51.87) in 
case of serrated carrot sample C; followed by the serrated sample D. It was observed 
generally that b* (yellowness) color parameters of all tested carrot samples were of high 
values than those of fresh carrot sample.  Serrated carrot samples blanched in water with or  



Salama, M. F. and Ibrahim, H. M. A. 

J. Saudi Soc. for Food and Nutrition., Vol. 2, No. 2; 2007 

34

Table 2. Instrumental Color Parameters of Carrot Samples. 
 Carrot                                                    CIE* Color Parameters 
 ___________________________________________________________________ 
 samples                       L*(lightness) a* (redness) b*(yellowness) 
Whole: 

A: boiling in water/min: 
 5 53.68 (0.202) 32.56 (0.260) 47.88 (0.190) 
 10 54.29 (0.173) 33.02 (0.160) 46.01 (0.110)  
 15

20 
51.80 (0.180)       
48.30 

32.35 (0.174) 
29.81 (0.211) 

45.04 (0.210) 
43.85 (0.190) 

 B: boiling in water under pressure/min:  
 1 52.94 (0.130)  32.78 (0.160) 49.99 (0.460) 
 2 50.20 (0.124)   33.17 (0.131) 47.98 (0.150) 
 3 46.10 (0.060) 28.65 (0.110) 43.10 (0.100) 
Serrated: 

C: boiling in water/min 
5 53.44 (0.110) 33.17 (0.087) 48.35 (0.087) 

 10 54.80 (0.130) 35.98 (0.066) 51.87 (0.070) 
 15 53.02 (0.113) 34.14 (0.087) 47.42 (0.110) 
 20 48.02 (0.121) 29.51 (0.064) 46.98 (0.044) 
 D: boiling in water under pressure/min: 
 1 54.96 (0.110) 33.70 (0.081) 50.57 (0.107) 
 2 52.90 (0.121) 33.17 (0.100) 48.51 (0.113)  
 3 48.88 (0.141) 30.85 (0.090) 45.11 (0.080) 
Sliced:  
 E: boiling in water/min 

5 53.09 (0.132) 32.01 (0.153) 46.50 (0.060) 
 10 52.90 (0.070) 33.00 (0.083) 44.82 (0.116) 
 15 52.30 (0.116) 32.75 (0.144)  44.32 (0.170) 
 20 49.62 (0.124) 31.89 (0.063) 44.02 (0.070) 
 F: boiling in water under pressure/min             
 1 53.30 (0.080) 30.58 (0.090)                49.93 (0.060) 
 2 51.90 (0.113) 29.77 (0.112) 47.11 (0.111) 
 3 47.88 (0.072) 28.80 (0.116) 45.00 (0.081) 
Color parameters of fresh carrot sample:  L* = 60.64,   a* = 36.56  and   b* = 41.73 
Values between Parentheses = Standard Error (± S.E.) of Mean Value. 
CIE*: Commission International d'Eclairage. 
 
without applied pressure seemed to be of improved redness (a*) color parameters than 
other studied carrot samples. BAO and Chang (1994a) reported that all products produced 
from blanched carrots had greater redness (a*) and yellowness (b*) than those un-blanched 
carrots. Sims et al. (1993) reported that blanching before juicing gave carrot pulb products 
good color and improved the color quality of carrot juice products.  Worthy to mention that 
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color to carrot is largely due to carotenes, which are partly converted into vitamin A. 
Enzymatic discoloration and non-enzymatic browning reactions during processing also 
affected color of carrots and its products. Prakash et al. (2004) reported that blanching 
prior to preservation techniques inactivates the enzyme peroxidase, which may otherwise 
lead to formation of unacceptable color and flavor.    

It was observed from the statistical comparison for color parameters (L*, a*, b*) of
carrot samples A, C and E, that (b*) yellowness parameter had significant difference 
(p≤0.05). There were no significant differences (p≤0.05) for color parameters of carrot 
samples B, D and F. 
Compositional analyses 

Compositional analyses of the investigated carrot samples are presented in Table 3.  
pH values of whole, serrated and sliced carrot samples were slightly higher than the 
corresponding  value of  fresh carrot sample. However, the serrated sample (D) blanched in 
boiling water under pressure for 1 min was of the highest pH value (6.85). pH value of 
fresh carrots has been reported by Matuk et al. (1996) to be 6.2 . 

Slight increase in protein and fat contents was mostly noticed in the investigated 
blanched samples as compared to the corresponding contents of fresh carrots. BAO and 
Chang (1994b) reported that protein and lipid contents of the pulp of blanched carrot were 
of some-what high values than those of un-blanched carrots. 

Ash and fiber contents in fresh carrot sample were of higher % than those of carrot 
samples blanched in boiling water with or without applied pressure. The fiber content of 
fresh carrot sample was 0.83; this result accorded well the previous finding of Matuk et al. 
(1996). 

Total sugar of fresh carrots was of higher value (6.69%) relative to the 
corresponding % of other tested carrot samples. It was observed that total sugar content of 
carrot samples was affected   by heat treatment (blanching). 

Moisture content of the investigated carrot samples (whole, serrated and sliced) 
ranged from 88.3-89.21% compared to 87.22% for the fresh carrot.  Carrots have moisture 
content of 80-90% (w b) at the time of harvest, (Prakash et al., 2004). It was noticed also 
that total solid content was 12.78% for the tested fresh carrots and the lowest total solids 
content was for the sliced carrot sample blanched under pressure 10.79% for sample F. 

In the present investigation total soluble solids and total carotenoid contents of 
fresh carrot samples were 9.0% and 185 mg/L, respectively. Fresh carrot sample was of 
higher total soluble solids % than moist heat-treated (blanched) carrot samples. However, a 
reverse pattern was noticed when comparing total carotene of fresh carrot sample with 
carotene of whole, serrated and sliced carrot samples blanched in boiling water with or 
without applied pressure.  It has been reported by Paulus and Saguy (1980) and Baloch et 
al. (1977) that the thermal destruction of the carotene was obviously masked by the 
opposite effect of soluble solids leaching which may have caused such apparent increase in 
carotene content. 
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Table 3.  Compositional analyses of carrot samples (wet weight basis) 
 Carrot Samples 

 _____________________________________________________                                                                                                                      
Whole               Serrated                    Sliced              Fresh 

 ______________________________________________________
A B C D E F

Moisture (%). 88.30 
(0.145) 

88.52 
(0.116) 

88.43 
(0.237) 

88.68 
(0.015) 

89.01 
(0.058) 

89.21 
(0.115) 

87.22 
(0.116) 

T. Protein (%). 2.22 
(0.121) 

2.27 
(0.017) 

2.12 
(0.064) 

2.18 
(0.173) 

2.10 
(0.012) 

2.15 
(0.030) 

1.94 
(0.038) 

T. Fat (%). 0.71 
(0.015) 

0.72 
(0.012) 

0.70 
(0.015) 

0.73 
(0.012) 

0.60 
(0.017) 

0.65 
(0.012) 

0.63 
(0.145) 

Ash (%). 0.76 
(0.173) 

0.77 
(0.115) 

0.74 
(0.173) 

0.75 
(0.116) 

0.65 
(0.116) 

0.65 
(0.115) 

0.80 
(0.116) 

Fibers (%). 0.65 
(0.006) 

0.72 
(0.012) 

0.63 
(0.017) 

0.64 
(0.006) 

0.60 
(0.006) 

0.59 
(0.006) 

0.83 
(0.012) 

Total sugars. 6.36 
(0.087) 

6.02 
(0.012) 

6.33 
(0.020) 

6.05 
(0.173) 

6.20 
(0.058) 

6.01 
(0.009) 

6.69 
(0.012) 

Total Solids (%) 11.70 
(0.104) 

11.48 
(0.072) 

11.57 
(0.061) 

11.32 
(0.116) 

10.99 
(0.121) 

10.79 
(0.110) 

12.78 
(0.121) 

Total soluble 
Solids (%)        

8.50 
(0.064) 

8.00 
(0.116) 

8.30 
(0.116) 

8.20 
(0.058) 

7.50 
(0.015) 

7.00 
(0.064) 

9.00 
(0.058) 

Total carotene 
(mg/L). 

285 
(0.577) 

289 
(0.577) 

288 
(0.577) 

299 
0.577) 

214 
(1.15) 

220 
(1.15) 

185 
(1.15) 

pH 6.58
(0.009) 

6.69 
(0.015) 

6.69 
(0.006) 

6.85 
(0.017) 

6.57 
(0.017) 

6.57 
(0.023) 

6.43 
(0.017) 

A (whole), C (serrated) and E (sliced) carrot samples blanched in water for 10 min. 
B (whole), D (serrated) and F (sliced) carrot samples blanched in water for 1 min under 
pressure. 
Fresh = Untreated sliced carrot sample. 
Values between parentheses = Standard Error (± S.E.) of Mean. 

 
Generally, it was noticed that sliced carrot samples blanched in boiling water with 

or without applied pressure had lower nutrients content than the whole, and longitudinally 
serrated carrots. This might be due to the effects of cutting shape style and to the applied 
heat treatment.  
Electron Microscope 

Electron microscope is one of the advanced techniques as well as being a real 
important tool to analyze the effects of the different treatments on the processed vegetable 
products.

Scanning Electron Microscopy (SEM) was used to detect the histological changes 
of the investigated carrot samples. The photomicrographs reflected considerable variations 
in shape and surface structure among the occurred cell damage of carrot samples (Figs.1 
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and 2). Cell walls of fresh carrots were found to be in white color (Fig. 1[a–1] and [a-2]), 
as well as plasma membranes and cemented cell walls. The middle lamella (pectin rich) 
appeared dark at the center of the primary walls. The magnification micrograph (x 350) of 
fresh carrot sample showed that the longitudinal cell walls were quite homogeneous along 
the wall. 

Physical changes in the tissue of whole and serrated carrot samples, subjected to 
moist heat-treatment under pressure (both carrot samples blanched in boiling water for 1 
min under pressure) were shown in Figs. 1 and 2. The cell wall was of more heterogeneous 
phase, dense, black and more irregular in shape for serrated carrot sample (Fig. 2 [d –1] 
and [d – 2]) than the whole carrot sample (Fig. 1[b – 1] and [b – 2]). It is truly remarkable 
how the cells are disrupted (hallow arrow) in certain regions of the cell producing cavities, 
some of them wider than others. 

Blanching of whole and serrated carrot samples in boiling water for 10 min caused 
some visible changes in the cell components of several cells e.g. dense and swollen walls 
(Fig. 1 [c-1] & [c-2] and Fig. 2 [e-1] & [e-2]). These dark vesicles occupied the whole or 
part of the cell wall. 

The effect of blanching of whole and serrated carrot samples in boiling water for 1 
min under pressure was markedly apparent when compared with the samples blanched in 
boiling water for 10 min. On the other hand, heat-treatment under pressure resulted in more 
tissue disruption. It is well known that blanching and freezing are critical factors, which 
affect and disrupt the cell structure. Prestamo et al. (1998) reported that the correlation 
between pectic substances, firmness (shear pressure), texture (sensory test) and histological 
observations (microscopy) gives an idea of what the product is like in terms of quality.  

The effect of heat-treatment on the sliced carrot samples was shown in Fig. 2. Cell 
separation in the middle lamella was observed in sliced carrot samples blanched in boiling 
water for 1 min under pressure (Fig.2 [f-1] and [f-2] such pattern of change may be due to 
solubilizing pectic substances. The magnification (x350) micrographs showed fibrous 
components in primary cell walls and the whole cells were irregular in shape and 
compacting. The disrupted cell walls and vesicles were more clear in these samples than 
that in sliced carrot samples blanched in boiling water for 10 min (Fig. 2 [g-1] and [g-2]). 
Fuchigami et al. (1995) observed the presence of cell separation of the middle lamella 
when carrots were boiled for 6 min, frozen at -35°C and thawed.  
 The ultra structure at the cell wall of sliced carrot samples blanched in boiling 
water for 10min showed a cavity between the cells and formation of black vesicles. This 
could be explained as a gelation process of the network of cellulose microfibriles, 
hemicelluloses and polysaccharides based on pectin as explained by Prestamo et al. (1998). 
They also mentioned that the pectin particularly abundant in the middle lamella are 
negatively charged, highly hydrated and accompanied by a cloud of cations such as 
calcium. 

So, it was noticed in the present investigation that the serrated carrot samples 
blanched in boiling water for 10 min and for 1 min under pressure seemed to be of 
improved color and nutritional properties (e.g. carotene content). Therefore, it was 
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suggested to evaluate physico-chemical and sensory parameters of carrot juice produced 
from the blanched serrated carrot samples.     
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Carrot Juice 
Yield percentages of juice and pulp obtained from serrated carrot samples are 

presented in Table 4. Juice yield from serrated fresh carrots sample (53.18%) was higher 
than those obtained from carrots blanched for 10 min without pressure (sample C) or 
blanched under pressure for 1 min (sample D). These results agree with previous findings 
of Sang and Kyung (1996). Yield and pulp % obtained from blanched carrots (sample D) 
were lower than those of (sample C), meanwhile loss % of the sample D was higher than 
that of sample C. Sims et al. (1993) and BOA & Chang (1994a) reported that texture of 
carrots became soft after heat treatment, making juice extraction more difficult through the 
screen. 
 
Table 4. Yield (%) of juice, and pulp of serrated blanched carrot juice samples (wet 

weight basis). 
 

Serrated  Carrot  Samples 
 ______________________________________________

C D Fresh 
Juice 47.06 

(0.040) 
43.20 

(0.058) 
53.18 

(0.015) 
Pulp 48.04 

(0.023) 
43.69 

(0.012) 
45.46 

(0.006) 
Loss* 4.90 

(0.012) 
13.11 

(0.015) 
1.36 

(0.012) 
C = Serrated carrots blanched in water for 10 min without pressure.. 
D = Serrated carrots blanched in water for 1 min under pressure. 
Loss (%) = 100 – [juice yield %+ pulp yield %]. 
Values between parentheses = Standard error (± S.E.) of mean. 
 

Sensory properties like appearance, color, odor, consistency, taste and overall 
acceptability are all phenomenal or experiential qualities that can be correlated with some 
physical or chemical property of the stimulus. Sensory evaluation for juice produced from 
fresh carrots as well as from blanched carrot samples C and D are presented in Table 5. 
Juice produced from serrated carrots blanched in boiling water with or without applied 
pressure had higher visual color scores. Matuk et al., (1996) reported that color values of 
carrot juice were increased by blanching. Carrot juice samples C and D were preferred by 
the panelists with the same rating scores for taste, odor and overall-acceptability. O'Brien 
and Morrissey (1989) reported that Millard reaction products affected color, flavor, and 
nutritional quality of processed stored products. Sang and Kyung (1996) indicated that 
sensory evaluation of juice from carrot blanched in water for 1 min. was superior to juice 
from commercially available juice for overall-acceptance.  
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Table 5 : Sensory evaluation of carrot juice samples 
 
Sensory                                              Juice from carrot samples 

C D Fresh 
___________________________________________________ 

Parameters              Mean    S.E.    S.D.    Mean   S.E.     S.D.      Mean   S.E.    S.D.
Appearance 8.0     0.101  0.175 8.0   0.058    0.010 7.5    0.073   0.125 
Odor 8.5     0.173  0.300  8.5   0.115    0.200 9.0    0.088   0.152 
Visual Color 9.0     0.260  0.451 9.5   0.288    0.500 6.0    0.2309 0.400  
Taste 8.5     0.288  0.500 8.5   0.115    0.200 8.0    0.346   0.600  
Consistency 7.5     0.288  0.500 7.0   0.375    0.651 9.0    0.288   0.500 
Overall-acceptability 8.5     0.288  0.500 8.5  0.288    0.500 8.0    0.288   0.500 
C = Serrated carrots blanched in water for 10 min without pressure. 
D = Serrated carrots blanched in water under pressure for 1 min. 
S.E. = ± Standard error of mean value          S.D. = ± Standard Deviation.  
 
Color measurement 
 Data presented in Table 6 showed that all juices extracted from carrots blanched in 
boiling water with or without applying pressure had higher a*(redness), b*(yellowness) 
and L*(lightness) color values than juice extracted from fresh carrot sample. Sims et al. 
(1993) reported that a*(redness) and  
 
Table6. Instrumental color values, Total caroteins and Carotein retention %s of 

carrot juice samples.  
 

Juice from carrot samples 
________________________________________________________ 

C S.E.            D            S.E.         Fresh       S.E. 
L*(lightness)  48.80       0.112  47.92       0.060  43.93      0.066 
a* (redness)  39.83       0.571  39.50       0.112  33.40      0.116 
b*(yellowness)  60.93       0.050  62.66       0.121  53.46      0.120 
Total carotene (mg/L) 272.00      0.580 317.00      0.580 202.00     0.580 
Carotene Retention (%)*   64.59      0.113    64.93      0.043  44.53      0.052 

C = Serrated carrots blanched in water for 10 min. 
D = Serrated carrots blanched in water under pressure for 1 min. 
* Carotene retention % was calculated based on the amount in fresh carrot using the 
equation: 
 

[% yield (carrot juice) X % T. solid (carrot juice) X carotene content (carrot juice)] 
% Retention =   ___________________________________________________________________       
 [ %T. solid (fresh carrot) X Carotene content (fresh carrot)] 
 
S.E.= ± Standard Error  of  mean value. 
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b*(yellowness) color values of carrot juice were increased by blanching. They added also 
that pectin with low esterification would co-precipitate with carotenes to effect color 
quality of carrot juice 

The effects of heat treatment on the carotene content and carotene retention of the 
produced juice from carrot samples C and D were presented in Table 6. In the present 
investigation, results cleared that moist heat treatment (blanching) for carrots before 
juicing process could protect carotene against loss since their retention % were higher than 
those retained in fresh carrot juice. BAO (1994a) reported that, water blanching of carrots 
seemed to provide protection against loss of carotenes, since only 15.7% of carotenes were 
lost in the combination process of blanching and jucing. 
Compositional analyses of carrot juice 

The chemical analyses of the produced carrot juices were given in Table (7) 
showed the main following points: 
1- No differences in pH values (6.62) were noticed for both carrot juice extracted from the 
serrated samples C and D blanched in water with or without applying pressure; whereas pH 
values of juice obtained from fresh carrots were of higher values when compared to pH 
values of carrot juice produced from samples C and D.  Munsch et al. (1986) reported that 
blanching of carrot in water at 98 °C for 5 min lowered the pH value of the extracted juice 
from 6.3 to 6.0. 
2- Juice produced from carrots blanched in boiling water for 10 min (sample C) or 
blanched in boiling water for 1 min under pressure (sample D) had slight increase in T.S.S 
content compared to juice sample produced from fresh carrot. This finding agreed with 
Massri (1996) who reported that heating processing in the presence of lower pH of juice 
samples could involve in hydrolysis of juice components and increased the soluble solids. 
3- Total solids % in fresh carrot juice was lower than those of juice obtained from samples 
C and D. Masseri, (1996) reported that the decrease of moisture content accompanied with 
the increment of total solids in carrot juice. It is worthy to notice decreasing of moisture 
content of the investigated samples C and D when compared to the juice obtained from 
fresh carrot sample.   
4- Protein content of juice obtained from fresh carrot (1.27) was higher than that of juice 
obtained from carrots blanched in boiling water with or without applying pressure. Munsch 
et al. (1986) and Stephens et al. (1971) reported that sensitive protein was denatured as a 
result of heat treatment and remained in the pulb so less protein was extracted into carrot 
juice. The same authors noticed that nitrogen content was higher in juice from un-blanched 
carrots than in juice from blanched carrots. 
5- Heat treatment has no noticeable effects on ash content of the tested carrot juice samples 
(C and D) when compared to the fresh carrot juice sample. Massri (1996) reported that 
blanching did not affect ash content of carrot products. 
6- Regarding fiber content it was found that juice from fresh carrots contains high fiber % 
than those produced from the other two tested serrated carrot samples. 
7- A slight increase was noticed in total sugar content of juice samples obtained from both 
serrated carrot samples C and D compared to fresh carrot juice sample. This could be 
explained as a result of inversion of complex insoluble substances to soluble during heat 
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treatment. Carlton and Peterson (1963) estimated total sugars of carrot juice in the range 
from 1.9 – 6.4%.   
 
Table 7. Compositional analyses of carrot juice samples (wet. weight basis). 
 
Constituents Juice from carrot samples (%) 

___________________________________________________ 
C S.E.             D               S.E.       Fresh            S.E. 

Total solids  11.93         0.043 11.21           0.112   9.80           0.112 
Total soluble solids   8.8           0.052   8.7             0.029   8.6             0.090 
Moisture 88.07         0.116 88.79           0.060 90.20           0.116 
Total protein   0.97         0.150   0.79           0.043   1.27           0.055 
Total fat   0.40         0.029   0.43           0.026   0.56           0.023 
Ash   0.70        0.015   0.70           0.290   0.72           0.023 
Fiber   0.42        0.012   0.49           0.023   0.68           0.015 
Total sugars     5.72        0.012   5.76           0.023   5.68           0.012 
pH 6.62 0.072 6.62 0.043     6.68           0.433 
C = Serrated carrot sample blanched in water for 10 min. 
D = Serrated Carrot sample blanched in water under pressure for 1 min. 
Fresh = Serrated Raw carrot sample.   SE = ± Standard Error of mean value. 
 

CONCLOSON 
 Among all the tested carrot samples (whole, sliced and serrated), serrated carrot 
sample blanched in boiling water for 10 min. and for 1 min under pressure had the highest 
sensory and nutritional quality. Carrot juice obtained from these samples was of good and 
acceptable physico-chemical as well as sensory properties. So, these serrated carrot 
samples could be suggested to produce good quality carrot juice. 

Therefore, it seemed that shredded and serrated longitudinally cutting shape had 
slight effect on the carrot quality; while slicing cutting shape and heat treatment i.e. 
blanching in boiling water with or without using pressure, for long time intervals can get 
undesirable effects towards the investigated carrot and carrot juice samples.  
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