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Summary 	 Deep-fried carrot chips were packaged in layered film (metallized polyester and linear low
density polyethylene) pouches under a partial vacuum of <1 % O2 concentration, Packages 
containing chips were stored in dark chambers at three conditions: O~l 94-98%.. 
relative humidity (Lh.) (A); 22-23 °C, 31-45% r.h. (B); and 29-31 DC, 89-93% r.h. (C) for 
0-5 months. Retention of Ct- and l3-carotene content and vitamin A activity were >82% 
over 5 months for all conditions. Colour values (L. a, b) were unchanged over 5 months 
for A and B, but decreased gradually (P < 0.05) for C. No changes in moisture content, 
fat content, water activity, texture values and sensory values were observed over time for A 
and B, but changed (P < 0.05) for C. No sensory differences were observed by condition 
or time in colour. Carrot chips, packaged in partially vacuumed opaque pouches, can be 
stored for at least 5 months at 0-1 °C, 94--98% r.h. or 22-23 DC, 31-45% r.h. 

Keywords 	 Colour, shelf-life, storage conditions, texture, vitamin A activity, water. 

tion programmes to combat vitamin A deficiency. 
Introduction 

As carotenoids are very susceptible to environ
Carotenoids are the primary source of vitamin mental conditions such as oxygen, light and heat 
A for most people living in developing coun (Ramakrishnan & Francis, 1979; Rodriguez
tries (Boileau et ai., 1999), where vitamin A Amaya, 1993), proper packaging and storage is 
deficiencies are still highly prevalent (Chakravarty, important to maximize the provitamin A benefits 
2000). Carotenoids also are thought to have a of carrot chips. Moreover, the fat content in this 
variety of different actions that are related to product may increase the carotenoid bioavailabil
the decreased risk of some degenerative diseases ity (Jala\ el al" 1998), but may also reduce the 
(Institute of Medicine, National Academy of shelf-life of this product because of lipid oxidation 
Sciences, 2000). (Min & Schweizer, 1983). 

Deep-fried carrot (Daucus carota) chips have Gee (1979) reported that l3-carotene could be 
high carotenoid concentrations, mainly in the protected from light by opaque packaging mater
forms of Ct-carotene, l3-carotene and cis-9-I3-caro ial and protected from O2 in vacuum, nitrogen or 
tene (Skrede el ai., 1997; Sulaeman et ai., 200Ia), CO2 atmospheres. Baloch et al. (1977) reported 
thus having high vitamin A potency. Deep-fried that increasing nitrogen levels in the atmosphere 
carrot chips may potentially be used in interven- improved the p-carotene stability in model sys

tems containing sulphite. Emenheiser et al. (1999) 

tPresent address: Department of Community Nutrition and reported that p-carotene retention was enhanced 
Family Resources, Bogor Agricultural University, IPS incrementally as the apparent availability of 
Darmaga Campus, Bogor 16680, Indonesia. O2 was reduced. The purposes of this study were 
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values of packaged deep-fried carrot chips during 
0-5 months storage, and to estimate their shelf
lives under different storage conditions: 0-1 DC, 
94-98% relative humidity (r.h.) (A); 22-23 DC, 31
45% r.h. (B); and 29-31 dc, 89-93% r.h. (C). 
These conditions were chosen to simulate the 
weather conditions in both developing and devel
oped countries. 

Materials and methods 

Deep-fried carrot chip preparation and packaging 

Deep-fried carrot chips were prepared according 
to the procedures of Sulaeman et ai. (200Ia,b) 
from fresh jumbo carrots (D. carola cv. Navajo; 
Grimmway Farms, Bakersfield, CA, USA), using 
partially hydrogenated soybean oil (PHSO, melt
ing point 41.7 DC, 13.5% trans fatty acids; Bunge 
Food, Bradley, IL, USA) as frying oil. These 
carrot roots had been stored in the dark at 0-1 °C 
and 98% r.h. for about 8 months. Briefly, carrots 
were trimmed and cut into 55 mm lengths and 
mechanically peeled using a Hobart Peeler 
Machine (Hobart Manufacturing Co., Troy, OH, 
USA) at the lowest speed for I min (only to 
remove the outer layer of the carrots) and sliced 
into 1.5 mm thickness using a Dito Dean Slicer 
(Model TR-22; Dean Food Preparation, Los 
Angeles, CA, USA). The carrot slices were 
steam-blanched in a blancher (made and designed 
in our pilot plant) for 4 min, cooled under running 
tap water for 4 min, soaked in 0.2% sodium 
metabisulphite (w(v) solution for 15 min, drained 
and deep-fried (500 g drained carrot slices per 
batch) in PHSO using a Toastmaster Fryer 
(Model 1427; Elgin, IL, USA) at 165°C for 
5 min or until there were no visible bubbles 
because of residual water. The fried carrot chips 
were drained on paper towels, and shaken with 
1.0% (w(w) salt. 

The carrot chip products were then packaged 
(30 g per bag) in layered film (2.50 mil or 
0.063 mm thick, metallized polyester and linear 
low-density polyethylene) pouches (16.5 cm x 
20.3 cm o.d.; Kapak Co., Minneapolis, MN, 
USA) using a Multivac AG500/AG900 (Multivac 
Inc., Kansas City, MO, USA). The moisture and 
oxygen permeabilities of this pouch were 
0.837 g m-l 24 h-I (at 37.8°C, 100% r.h.) and 

1.2 cm3 m-2 24 (at 22.8 DC, 0% r.h. and 100% 
O2), respectively, according to the manufacturer. 
A partial vacuum was drawn on the pouches, and 
they were flushed with nitrogen gas until the O2 

concentration in the pouches was <I % (Emen
heiser et ai., 1999). The packages were then stored in 
dark chambers at three storage conditions: 0-1 
94-98% r.h. (A); 22-23 DC, 31-45% r.h. (B); and 
29-31 DC, 89-93% r.h. (C) for 0-5 months. The 
chambers were equipped with temperature and 
humidity controllers and both were monitored 
twice daily, morning and afternoon. At the end of 
each monthly storage period, the pouches were 
removed from the chambers and stored at -50°C 
until ready for carotenoid, physicochemical and 
sensory analyses. At this temperature, we assumed 
no chemical, physicochemical and sensory changes 
would happen (Lee, 1986). The carrot chips were 
removed from the freezer 18 h prior to sensory 
and physicochemical analysis and the analyses 
were done at room temperature (Melton et ai., 
1993). 

HPLC analyses of carotenoids 

Carotenoid analyses were performed using high
performance liquid chromatography as previously 
described (Sulaeman et ai., 200Ia). The system 
consisted of the following Waters Associates, 
Inc. (Milford, MA, USA) equipment: a 600E 
solvent delivery system, a U6K injector, a 484 UV 
deteetor, and a 5200 printer-plotter. The caroten
oids were separated by using a reversed-phase 
Microsorb-MV (5 Ilm 250 x 4.6 mm i.d.) CIS 

column (Rainin, Woburn, MA, USA), which was 
protected with a guard column of C I8 material 
(30 mm length x 4.6 mm i.d.) packed with spheri
5-C18 (5 Ilm particle size). The methods used 
for extracting and measuring the carotenoids 
have been described previously (Sulaeman et al., 
200Ia). 

Vitamin A activity was calculated as retinol 
activity equivalents (RAE) using 12 Ilg per RAE 
for all-trans p-carotene and 24 Ilg per RAE for all
trans ((-carotene (Institute of Medicine, National 
Academy of Sciences, 2(01). The retention values 
(%) of carotenoids in the carrot chips, as affected 
by storage, were calculated by comparing the 
carotenoid contents at certain storage times with 
those at the 0 storage time as control. 
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Physicochemical analyses 

Physicochemical parameters of the carrot chips 
including colour, texture, water activity, moisture 
and fat content were measured using instruments 
and methods as previously described (Sulaeman 
et al., 200Ia). Peroxide values were measured 
using the method of Asakawa & Matsushita 
(1980). Headspace O2 and CO2 concentrations of 
the pouches were measured using a Pac Check® 
650 Dual Headspace Analyser (Mocon, Minnea
polis, MN, USA). 

Sensory analyses 

Twelve trained panellists evaluated the sensory 
values of carrot chips using the modified method 
of Reilly & Man (1994). Prior to the testing, the 
panellists were trained (Carpenter et aI., 2000) to 
evaluate the attributes of the chips measured in 
this study. Several training sessions were included 
so that the panellists became proficient. The 
panellists were asked to score chips for colour, 
crispness, odour, sweetness, flavour and overall 
acceptability directly against the control (no stor
age) on a 1~7 scale, where 7 = equal or better than 
the control, 6 slightly different from the control, 
5 more distinct difference but still acceptable, 
4 beginning to lose acceptability, 3 = more 
distinct loss of acceptability, 2 = very distinct loss 
of acceptability and I unacceptable. The chips 
used as control had been placed into a freezer 
at -50°C immediately following processing and 
packaging. In this evaluation, the control was 
assumed as representing the best and most accept
able for each parameter (score 7), based on our 
previous study in which this carrot chip product 
was judged as acceptable (Sulaeman et al., 2001b). 
Carrot chips were removed from the freezer 18 h 
before testing (Melton et al., 1993), and the chips 
were kept at room temperature when tested. 
Testing was conducted in individual booths 
equipped with white fluorescent lights. 

Shelf-life determinations 

Shelf-life determinations of the stored carrot chips 
were determined based on the degradation of total 
carotenes (Arya et al., 1979) and the degree of loss 
of sensory attributes. It was assumed that each 
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parameter followed first order kinetics (Haralampu 
& Karel, 1983), which is given by the following 
equation (Singh, 1994): 

In -kt (I)
Qo 

where Qo is the initial value of the quality 
attribute, Q is the value of the quality attribute 
left at time t, and k is the rate constant. At the end 
of shelf-life, ts, for a certain final level of quality 
attribute Qe, the equation can be written as 

In Qo -kts (2) 

If we define shelf-life as the time required to 
elicit a 50% decrease in the quality attributes, 
Qe 0.50Qo, then: 

ts 0.693jk (3) 

Statistical analyses 

Statistical analyses of data were performed using 
the General Linear Model (GLM) procedure in 
SAS version 6 (SAS Institute Inc., Cary, NC, USA) 
to determine the effects of storage conditions and 
storage times. Significant differences among means 
for the storage condition~storage time interaction 
were determined by the PDIFF option ofGLM. A 
two-way analysis of variance (ANOVA) with treat
ments and judges as sources of variation was used 
on sensory data to determine differences among the 
treatments (Shamaila et al., 1996). Correlations 
between observed parameters were also determined 
(Steel et al., 1997). For all analyses, differences 
were considered significant at P < 0.05. 

Results and discussion 

Carotenoid content and vitamin A activity 

Carotenes are very unstable compounds, being 
highly oxidizable, and their preservation in foods is 
necessary to ensure a stable amount of vitamin A 
during storage (Desobry et al., 1998). Our results 
for packaged deep-fried carrot chips (Table 1) 
indicate that storage condition and storage time 
significantly affect (P < 0.05) a-carotene, fl-caro
tene, cis-9-fl-carotene, and total carotene, as well as 
vitamin A activity. Carotenoid contents of the 
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Table 1 Carotene concentration (f.1g per 100 g chips) and vitamin A activity (f.ig RAE per 100 g chips) of deep-fried carrot 
chips stored at different storage conditions and times 

Storage Storage Total Vitamin 
condition'" time (month) a-Carotene JI-Carotene cis-9-Il-Carotene carotenest A activity:\: 

A 0 
1 
2 
3 
4 
5 

15844a 

15200·b 

15 178ab 

14894ab 

14877ab 

14723abo 

30420· 
29275bc 

28743bcd 

28717bcd 

28621 bcd 

27980d 

9624b 

9682b 

9746b 

10 124a 

10081a 

10 117" 

55887a 

54157bc 

53666bcd 

53735bcd 

53578bcd 

528200d• 

3195a 

3073bC 

3028cd 

301400 

30050d 

2945d 

B 0 

2 
3 
4 
5 

15844a 

15625ab 

15528ab 

15627ab 

15636ab 

15658ab 

30420" 
30555" 
30867' 
30627' 
30561· 
30844" 

9624b 

83930 

7302d 

6417e 

6026' 
5777' 

55687" 
545730b 

53697bcd 

52 5710de 

52223d • 

52279d• 

3195" 
3198" 
3220' 
3204" 
3199" 
3223" 

C 0 15 844" 30420· 9624b 55887" 3195" 

2 
3 
4 
5 

15214"b 

15 116ab 

14959ab 

14558bc 

13745" 

30708" 
30390" 
30309" 
29348b 

28511"d 

6008' 
4582g 

3898h 

3634h 
3821h 

51 592e
' 

500a7 f 

49165' 
475399 

460779 

3193" 
3163" 
3149ab 

3053" 
2949d 

Significance P-values 

Storage condition (SC) 0.0075 0.0001 0.0001 0.0001 0.0001 
Storage time (ST) 0.0337 0.0001 0.0001 0.0001 0.0001 
Interaction (Se x ST) 0.5634 0.0009 0.0001 0.0002 0.0018 

Values within a column with the same letters are not significantly different (P ;;, 0.05). 

*A = 0-1 "C, 94-98% r.h.; B = 22-23 'C, 31-45% r.h.; C 29-31 ce, 89-93% r.h. 

tTotal carotenes = ct-carotene + p-carotene + cis-9-p-carotene. 

:\:j.lg retinol activity equivalent (RAE) = (j.lg ct-carotene/24) + (j.lg l3-carotene/12). 


carrot chips, especially those stored at condition C, 
were significantly decreased during 5 months stor
age. Nevertheless, the changes in concentrations of 
ex-carotene, l3-carotene, total carotenes and vitamin 
A activity were minimal (Table 1). The retention of 
l3-carotene was >90%; ex-carotene, >87%; total 
carotenes, >82%; and vitamin A activity, >92%, 
over 5 months for all the conditions. 

The high retention of carotenoids in the current 
study may be attributed to beneficial factors in the 
carrot chip processing (Sulaeman et al.. 200Ib). 
Blanching of carrot slices provided positive effects 
on the preservation of carotenoids because of the 
inactivation of peroxidase and Iipoxygenase, 
which catalyse the destruction of carotenoids and 
lipids during storage (Rodriguez-Amaya, 1993). 
Baloch et al. (1987) found that sulphiting had a 
marked effect on the stability of carotenoids in 
both unblanched and blanched carrots during 
dehydration and storage at 37°C. 

The packaging and storage systems applied in the 
present study probably contributed to the high 
retention of carotenoids in the carrot chips. As 
mentioned earlier, the deep-fried carrot chips were 
packaged in pouches that have very low moisture 
and oxygen permeability. In addition, a partial 
vacuum was drawn on the pouches, and they were 
flushed with nitrogen until the O2 concentration in 
the pouch heads pace was < I%. The pouches were 
then stored in the dark. Gee (1979) found that dried 
carrots packaged in foil~polycster~polyolefin ink 
laminated pouches and flushed with nitrogen lost 
only 8% ~-carotene after 5 months storage. The 
findings indicated that the packaging system and 
the dark storage applied in the present study 
protected the carotenoid content of the carrot chips. 

Carotenoid cis-isomers may play a role in 
radical chain-reaction termination (Boileau et al., 
1999). cis-9-~ -carotene has been shown in vivo and 
in vitro to be a better free radical scavenger than 
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the all-trans form (Levin et al., 1997). The current 
data indicated that cis-9-p-carotene was signifi
cantly increased in condition A, indicating the 
high degradation of trans p-carotene, but signifi
cantly decreased in Band e storage conditions. As 
in Band e conditions the temperatures were 
higher and the r.h. lower than A, the degradation 
of cis-9-p-carotene perhaps took place first, before 
the trans-isomer, and this protected the other 
carotenes. 

More (X-carotene, p-carotene and vitamin A 
activity were retained under storage condition B 
than A and e. It was expected that in e the 
destruction of carotenoids would be higher than 
in B as the storage temperature was increased 
(Rodriguez-Amaya, 1993; Wagner & Warthesen, 
1995). However, we expected the destruction in A 
to be lower than B as A had a lower temperature. 
The high r.h. in A perhaps promoted lipid 
hydrolysis, which then induced the oxidation of 
carotenoids. Negi & Roy (2000) found that 
dehydrated carrots packed in double layers of 
high-density polyethylene film and stored at 
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7.5-8.5°e and 70-75% r.h. retained higher 
p-carotene content after 3 and 9 months storage, 
but at the end of 6 months of storage, the 
p-carotene content was similar to samples stored 
at higher ambient temperatures (15.0-37.5 °e, 
40-85% Lh.). 

Colour 

The orange colour of carrot chips was described 
by the lightness (L), redness (a), yellowness (b) and 
hue angle (Hue 0) parameters. The L, a and b 
values of stored carrot chips were statistically 
unchanged over 5 months for conditions A and B, 
but decreased gradually for e, whereas the Hueo 

values were unchanged for all storage conditions 
(Table 2). This implies that only the intensity of 
the colour (a, b), and not the relation between 
red and yellow, is changed during storage. There 
were positive correlations between the decreased 
redness value and the decreased concentrations 
of (X-carotene (r = 0.65, P < 0.05), j3-carotene 
(r = 0.34, P < 0.05), cis-9-p-carotene (r = 0.49, 

Table 2 Colour values (Hunter L, 
Storagea. b and Hue 0) of deep-fried carrot 

Storage condition* time (months) L 8 b Hueo
chips stored at different storage 
conditions and times 

A 

B 

c 

Significance 

0 39.65" 22.77""" 19.90' 41.168b 

39.51 8b 22.51 8"" 19.318b 41.138b 

2 39.23abc 22.748bo 19.35ab 40.400 ""do 

3 39.468b 22.478bo 19.63ab 41.14ab 

4 39.00abo 22. 17bcd 19.42·b 41.228 

5 39. 18abo 23.01 ab 19.55·b 40.36bod• 

0 39.65a 22.77abo 19.90· 41.16ab 

1 39.01"bo 22.70abc 19.57ab 
40.770 

"" 

2 39.00abo 22.42abc 19.28ab 40.70·OOd 

3 39.04abc 22.30abco 19.17·b 40.61 abcd 

4 38.4000 22.83abc 19.22ab 39.97odol 

5 39.13abc 23.30a 19.48ab 39.88dolg 

0 39.65a 22.77abc 19.90· 41.16ab 

1 38.53bcd 22.72abc 18.88bc 39.74olg" 
2 37.7600 22.5gebc 18.300d 39.Q1" 
3 37.29ef 21.84cd 17.97d • 39.44Ig" 
4 36.571 21.34" 17.3401 39.10

g
" 

5 35.159 19.76" 16.841 40.48abcd 

P-values 

Storage condition (SCI 0.0001 0.0005 0.0001 0.0001 
Storage time (ST) 0.0001 0.0661 0.0001 0.0009 
Interaction (SC x ST) 0.0006 0.0010 0.0024 0.0042 

Values within a column with the same letters are not significantly different (P ;;a-. 0.05). 

*A Q...1 °C, 94-98"/0 r.h.; B = 22-23 °C, 31-45% r.h.; C 29-31 °C, 89-93% r.h. 
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P < 0.05), total carotenes (r = 0.70, P < 0.05) 
and vitamin A activity (r = 0.45, P < 0.05) in the 
current study. The decreased colour values in C 
seemed to be reflecting the degradation in caro
tenoid content of the carrot chips. As the 
carotenoid content in the chips decreased, the 
colour values, mainly the redness (a) and yellow
ness (b), also decreased. Wagner & Warthesen 
(1995) reported that the yellow and red colour 
reflected the carotenoid content of carrot slices. 
Lin et al. (1998) found that a decrease in redness 
values in air-dried and vacuum microwave-dried 
carrot slices compared to freeze-dried slices corre
lated with the loss of rJ.- and p-carotenes. As in our 
previous study (Sulaeman et al., 2001a), the HueO 
values did not reflect the decrease of carotenoid 
content in the carrot chips during storage. 

Increasing the storage temperature increased 
the colour degradation, perhaps because of the 
increased carotenoid oxidation. Wagner & 
Warthesen (1995) reported that an increase in 

storage temperature led to an increase in the rate 
constant (k) for both rJ.- and p-carotene degrada
tion in all hydrolysed starch-encapsulated carrot 
products. Lee et al. (1992) also found that colour 
deterioration increased with the storage tempera
ture in ground red peppers at temperatures vary
ing from 5 to 40°C. 

Headspace gas and peroxide values 

No significant changes in the headspace O2 con
tent were observed during storage (Table 3). There 
were significant changes in headspace CO2; how
ever, the magnitude of the changes was relatively 
low (Table 3). These facts indicated that no major 
chemical changes related to O2 or CO2 occurred in 
the packaged carrot chips. This also indicated that 
the packaging materials used in the current 
experiment were able to maintain the headspace 
O2 at < 1%. Goldman et al. (1983) found the 
presence of O2 in the headspace to be a crucial 

Table 3 Moisture content, water activity, fat content, peroxide value, headspace O2 and headspace CO2 of deep-fried 
carrot chips stored at different storage conditions and times 

Storage Storage time Headspace Headspace Peroxide Moisture Water Fat content 
condition* (months) O2 (%) CO2 (%) value (meq g-') content (% w/w) activity (%w/w) 

A 0 
1 
2 

3 
4 

5 

0.467" 

0.7158 

0.4008 

0.7098 

0.7218 

0.6378 

0.41 8f 

0.50d 

0.468 

0.54d 

0.56d 

0.488 

1.158d8f9 

1.2568bod8 

1.2938bod 

1.3058bod 

1.4578bo 

1.5168 

3.30f9 

3.23f9h 

3.28fg 

3.28fg 

3.24f9h 

3.31 f 

0.44d8 

0.418 

0.43od8 

0.43d8 

0.418 

0.418 

57.25b 

57.71 8b 

57.34b 

57.508b 

58.538 

57.25b 

B 0 
1 
2 
3 
4 

5 

0.467" 
0.669· 

0.5608 

0.497" 
0.4348 

0.5608 

0.41f 

0.58d 

0.56d 

0.56d 

0.58d 

0.50d 

1.158d8f9 

1.0128fg 

0.975fg 

0.915g 

1.0028f9 

0.970fg 

3.30f9 

3.14gh;; 
3.06;; 
3.11 h;; 

2.98; 
3.16fgh ; 

0.44od8 

0.428 
0.428 
0.428 

0.428 

0.438 

57.25b 

57. 69·b 

57.23b 

57.17b 

57. 29b 

57.488b 

C a 
1 
2 

3 
4 

5 

0.467" 
0.5898 

0.8998 

0.397" 

0.287" 

0.6638 

0.41 8f 

0.760 

0.760 

0.92b 

1.02b 

1.30· 

1.158d8fg 

1.244bod8f 

1.163d8fg 

1.142d8fg 

1.203Od8f 

1.4788b 

3.30fg 

4.228 

4.61 d 

5.100 

5.44b 

5.678 

0.44Od8 

0.46od 

0.470 

0.5 1b 

0.53b 

0.588 

57.25b 

57.43b 

56.84bo 

56.01 od 

55.900d 

55.74d 

Significance P-values 

Storage condition (SC) 0.0809 0.0001 0.0001 0.0001 0.0001 0.0001 

Storage time (ST) 0.7448 0.0001 0.1327 0.0001 0.0036 0.1324 

Interaction (SC x ST) 0.6460 0.0001 0.2151 0.0001 0.0001 0.0540 

Values within a column with the same letters are not significantly different (P ;. 0.05). 
*A = 0-1 °C, 94-98% r.h.; B = 22-23 oC, 31-45% r.h.; C = 29-31 °C, 89-93% r.h. 
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factor in p-carotene degradation. Even low con
centration (I ~2%) led to significant losses of 
pigments. The shelf-life, defined by degradation 
time at 50% retention of p-carotene, was 37, 25, 
10, 7 and 5 days at I, 2, 10, 15 and 20.9% oxygen, 
respectively. When O2 was excluded from the 
headspace, p-carotene deterioration was only 12% 
after 60 days of storage. 

Peroxides are primary intermediates of lipid 
autoxidation (King et al., 1993; Nawar, 1998). 
Factors influencing lipid oxidation include free 
fatty acids, O2 concentration, temperature and 
water content. The availability of O2 clearly plays 
a critical role in determining competitive oxidative 
pathways. Rates of reaction increase with 
increased temperature (Nawar, 1998). The perox
ide values (meq kg-I) of stored carrot chips in the 
current study were 1.16 initially, and after 
5 months were 1.52 for A and 1.48 for C, but 
were unchanged for B (Table 3). Min & Schweizer 
(1983) reported a negative correlation between 
peroxide values and headspace O2 content of 
stored potato chips. Peroxide values increased as 
the O2 content in the headspace decreased, which 
suggested that peroxides were formed by the 
reaction of O2 and potato chips. In the current 
study, where the headspace O2 was little changed, 
no such relationships were found. The very low O2 

concentration in the headspace presumably pre
vented lipid oxidation in the packaged carrot 
chips. In addition, the carotenoids contained in 
the carrot chips as well as the antioxidants 
contained in the frying oil may also prevent lipid 
oxidation. Carotenoids have been shown to be an 
ex.cellent antioxidant in singlet O2 oxidation (King 
et aI., 1993). 

Moisture content, water activity and fat content 

The initial moisture content (% w/w) and water 
activity (aw ) of stored carrot chips were 3.30 and 
0.44, respectively (Table 3). This lower moisture 
content and water activity may help the carrot 
chips maintain carotenoid content during storage. 
Arya et al. (1979) reported that carotenoids are 
relatively more stable in the range of 0.32~0.57aw, 
the maximum stability being near 0.43aw ' Below 
and above this level the rates of carotenoid 
destruction were observed to increase signifi
cantly. After 5 months of storage in the present 

study, no significant changes in moisture content 
and water activity were observed for A and B, but 
both were significantly increased for C (Table 3). 
The high temperature and high r.h. in C may have 
caused migration of water into the pouch, increas
ing the moisture content and water activity of the 
carrot chips. The fact that the water permeability 
of this pouch was quite high made this migration 
possible during 5 months storage. 

The moisture content of carrot chips after stor
age was inversely correlated (P < 0.05) with 
(X-carotene(r = ~0.59),cis-9-p-carotene(r = -0.75) 
and total carotene (r -0.86) content. Increased 

moisture content during storage decreased the 
carotenoid content of the chips, probably because 
of less concentration or accelerated degradation. 
As the colour was influenced by the carotenoid 
content. the increased moisture content and water 
activity also significantly decreased the colour 
values (L, a. b and Hue 0) of the stored carrot chips, 
The moisture content and water activity inversely 
correlated (P < 0.05) with the L (r = ~0.91 
and r = ~0.92, respectively), a (r = ~0.68 and 
r -0.77, respectively), b (r -0.94 and r = 
~0.91, respectively) and Hueo (r -0.63 and 
~0.50, respectively) values. 

The initial mean fat concentration of stored 
carrot chips was 57.3% (w/w) and remained 
unchanged over time for A and B, but significantly 
decreased for C after 2 months (Table 3). This 
may be related to the increased moisture content 
of the chips stored in C that changed the propor
tion of fat in the chips Cfable 3). 

Texture values 

The textural values, as measured by fracturabil
ity, peak force or maximum force (F) and work 
(W) from deformation curves required to break 
the chips on a T AXT2 Texture Analyser (Texture 
Technologies Corp., Scarsdale, NY, USA), may 
reflect the crispness of the chips (Sulaeman et at., 
2001b). A crisp food should be firm and snap 
easily when deformed, emitting a crunching 
sound (Moreira et at., 1995). No differences were 
observed over time in crispness values (force and 
work) for conditions A and B, but the F and W 
values for condition C immediately increased 
significantly, indicating that the chips became less 
crispy (Table 4). Katz & Labuza (1981) reported 
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Table 4 Texture values of deep-fried carrot chips stored at 
different storage conditions and times 

Storage 

Storage condition· time (months) Fmax (g) Wlgmm) 

---_. 

A 0 502.55c 370.30c 

553.60bc 330.65c 

2 560.70bc 400.95c 

3 572.50bc 448.35c 

4 575.85bc 414.45c 

5 549.90bc 447.95c 

B 	 0 502.55c 370.30c 

506.20c 346.00c 

2 517.05bc 400.95c 

3 499.30c 448.35c 

4 505.50c 414.45c 

5 549.90bc 447.95c 

C 	 0 502.55c 370.30c 

1 597.00b 624.05b 

2 685.85a 776.90a 

Significance 	 P·values 

Storage condition (SC) 0.0019 0.0001 
Storage time (ST) 	 0.0563 0.0026 
Interaction (SC x ST) 0.2252 0.0062 

Values within a column with the same letters are not 

significantly different (P ;" 0.05). 

*A ~ 0-1 "C, 94-98% r.h.; B ~ 22-23 "C, 31-45% r.h.; C ~ 


29-31 "C, 89-93% r.h. 


that the peak force (F), work (W) or cohesiveness 
were indicators of crispness for puffed corn curls. 
In the curren t study, the increased F and W values 
were significantly correlated with the increased 
moisture content (rF = 0.85; rw = 0.93) and 
water activity (rF = 0.51; rw = 0.73). 

Sensory values 

The sensory quality of a packaged food is the 
result of complex interactions between the food, 
the packaging and the environment (Stallman 
et al., 1994). Trained panellists indicated that 
there were no changes over time in crispness, 
odour, sweetness, flavour and overall acceptability 
in conditions A and B, but significant changes in 
these variables were noted over time for C 
(Table 5). No differences were observed by condi
tion or time in colour (Table 5). At 5 months of 
storage, chips stored in conditions A and B were 
still acceptable for all sensory attributes. However, 

C chips became less acceptable after 2 months of 
storage especially for crispness, sweetness, flavour 
and overall acceptability. 

Significant negative correlations were observed 
between the crispness score from sensory evalu
ation and maximum force (r = -0.94) and work 
(r = -0.93) values from texture analyses. This is in 
agreement with the findings of Seymour & 
Hamann (1988) that the maximum force and work 
necessary to break the food correlated inversely 
with crispness and crunchiness for low-moisture 
foods. Park et al. (1996) reported that storage 
temperature and time had negative effects on the 
crispness of potato chips. Crispness decreased 
sharply as storage temperature and time increased. 
In the current study, similar effects were observed 
in carrot chips stored at 29-31 °C and 89-93% 
r.h. (C). 

Fried-food flavour intensity was the best 
indicator of overall flavour quality in fresh 
potato chips (Warner et al., 1997). This seemed 
also to be true for carrot chips in the current 
study. For the three storage conditions, signifi
cant positive correlations were observed between 
overall acceptability and the scores for crispness 
(r = 0.98), odour (r = 0.94), sweetness (r = 0.98) 
and flavour (r = 0.99), which meant that chips 
that were more acceptable in crispness, odour, 
sweetness and flavour also had higher overall 
acceptability. However, the acceptability of col
our did not reflect the overall acceptability of the 
carrot chips. As shown in Table 5, until 
5 months of storage, the colour acceptability 
for C was still high, but the overall acceptability 
was very low. 

Estimated shelf-life of deep-fried carrot chips 

The shelf-life of a packaged product will depend 
upon a series of variables associated with the 
product's composition and processing, its pack
aging material and storage conditions (Hernandez 
& Giacin, 1998). The package is a functional 
barrier, regulating the transfer of gases, vapours, 
water vapour and other low-molecular-weight 
compounds, as well as the transfer of heat and 
penetration of electromagnetic radiation of vary
ing wavelengths. As the pouches were stored in the 
dark, any effects of light on the packaging material 
were not tested in the present study. 
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Table 5 Sensory values· of deep-fried carrot chips stored at different conditions and times 

Storage Storage Overall 

conditiont time (months) Colour Crispness Odour Sweetness Flavour acceptability 

A 0 

1 

2 

3 
4 

5 

7.00" 

6.75" 

6.63" 
6.75" 

6.88a 

6.75' 

7.00· 
6.38"be 

6.25be 

6.25bc 

6.00e 

6.25bc 

7.00" 
6.75"b 
6.69"be 

6.19bcd 

6.69"be 

6.638be 

7.00" 

6.06b 

6.06b 

5.31 ed 

6.06b 

5.69 be 

7.00· 

6.00 be 

6.19b 

5.25ed 

5.94bed 

5.63bed 

7.00" 

6.00b 

6.00b 

5.56b 

5.94b 

5.88b 

B 0 

2 

3 
4 

5 

7.00" 
6.81" 

6.758 

6.88" 
6.56" 

6.75" 

7.00" 
6.38"be 

6.50·be 

6.6~be 

6,69ab 

6,38"bC 

7.00· 

6.44abcd 

6.50·bed 

6.44"bcd 

6,19bed 

6.13"d. 

7.00" 

6.06b 

5.75be 

6.00b• 

5,81bc 

6.13b 

7.00' 

5.94bed 

5.69b• 

5.75OOd 

6,Q6b 

6,13b 

7.00" 
6.19b 

5.56b 

5,75b 

5,94b 

6,06b 

C 0 
1 

2 

7,00" 
6.81a 

6.94" 

7,00' 

5.19d 

3.75" 

7.00ab 

5.94d • 

5.94de 

7.00· 
5,69be 

4.63d 

7,00· 

5.19d 

4,38" 

7.00" 
4,81c 

3.69d 

3 

4 

5 

6,56a 

6,81" 

6.63" 

2,44' 

2.251g 

1.759 

5,31' 

4,259 

4,259 

3,63" 
3,1gel 

2.631 

3,13' 
2,751g 

2.31 9 

2.81" 

2.44" 
2,19" 

Significance P·values 

Storage condition (SC) 1,0000 0,0001 0.0001 0.0001 0.0001 0.0001 
Storage time (ST) 0.0994 0.0001 0.0001 0.0001 0.0001 0,0001 

Interaction (SC x ST) 0.5136 0,0001 0.0001 0.0001 0.0001 0,0001 

Values within a column with the same letters are not significantly different (P ;. 0.05). 

*7 equal or better than the control, 6 slightly different from the control, 5 more distinct difference but still acceptable, 
4 beginning to lose acceptability, 3 more distinct loss of acceptability, 2 = very distinct loss of acceptability and 
1 unacceptable. 
tA 0-1 cC, 94-98% r.h.; B 22-23 cC, 31-45% r,h.; C = 29-31 cC, 89-93% r,h. 

Degradation of carotenoids has been reported 
to play an important role in determining the 
overall storage-life of dehydrated carrots (Arya 
et al., 1979). Reportedly, off-flavours became 
noticeable when about 20-45% of total carote
noids had been destroyed (Arya et al., 1979). 
Figure 1 shows that the degradation of total 
carotenes in stored carrot chips follows a first 
order reaction. Increasing storage temperature 
significantly increased (P < 0.05) the rate con
stant (k) of the reaction. The rate constants (k) 
for A, Band C were 0.0089, 0,0140 and 
0.0360 month-I, respectively. From these k val
ues, the estimated shelf-lives of carrot chips, 
defined by degradation time at 50% retention of 
total carotenes, for A, Band C storage conditions 
were 52.5, 44.4 and 17,3 months, respectively, 
from eqn 3, However, if we consider the accep
tability of the stored carrot chips (Reilly & Man, 
1994), the shelf-life, defined by degradation time 

10.95 

10.9 

~ 
" ~ 10.85 .... 
! 10.8 

r::: .... 
10.75 

10.7 

• 
• 

Loy ~ 10,91 - 0,036< 
eo.cml 

• 

0 2 3 4 5 
Storage time (months) 

Figure 1 Apparent first order degradation of total 
carotene of deep-fried carrot chips at different storage 
conditions: • A = 0-1 °C, 94-98% r,h.; • B 22-23°C, 
31-45% r.h.; • C = 29-31 °c, 89-93% r.h. Each point 
is the mean of duplicate samples, 
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1.85 Ln v = 1.86 - 0.0240x 

is 
~ • • Ln y ~ 1.87 - 0.0286x 
~ 1.65 

~ 
~ 1.45 

= = •~ 1.25 
> = 
~ 1.05 	 • Ln ~ 1.84 - 0.2334x_s 
! _CmJ.5 0.85 • 

0.65 

0 	 2 4 
Storage time (months) 

Figure 2 Apparent first order loss of overall sensory 
acceptability of deep-fried carrot chips stored at different 
storage conditions: • A = 0-1 DC, 94-98% r.h.; • 
B = 22-23 DC, 31-45% r.h.; • C = 29-31 DC, 89-93% r.h. 
Each point is the mean scores from 12 panellists. 

at 50% loss of overall acceptability, for A, Band 
C were 15.8, 16.8 and 2.7 months, respectively 
(Fig. 2). As the sensory qualities were more likely 
to determine whether a product will be acceptable 
than nutritive values, shelf-life should be based 
on the loss of sensory acceptability. These find
ings indicate that for extended shelf-life, deep
fried carrot chips should be stored refrigerated or 
at ambient temperature with low humidity. 

Conclusions 

Deep-fried carrot chips, packaged in opaque pou
ches under partial vacuum, can be stored for at least 
5 months at 0-1 DC, 94-98% r.h. or 22-23 DC, 31
45% r.h., with only small losses of carotenoid, 
physicochemical and sensory properties. The deg
radation of carotenoids and acceptability during 
storage followed first order kinetics. Storing at 
higher temperature and relative humidity reduced 
the shelf-life. To maximize provitamin A activity, 
the deep-fried carrot chips should be packaged 
properly and stored at temperatures and relative 
humidities that optimize retention of provitamin A 
carotenoids as well as the sensory qualities. The 
optimal long-term storage condition for the carrot 
chips was, therefore, 22-23 °C and 31-45% r.h. 
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