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The carrot leaf dehydration conditions in air circulation oven were optimized through response surface methodology (RSM) for 
minimizing the degradation of polyunsaturated fatty acids, particularly alpha-linolenic (LNA, 18:3n-3). The optimized leaf drying time 
and temperature were 43 h and 70 °C, respectively. The fatty acids (FA) were investigated using gas chromatography equipped with a 
flame ionization detector and fused silica capillary column; FA were identified with standards and based on equivalent-chain-length. 
LNA and other FA were quantified against C

21:0
 internal standard. After dehydration, the amount of LNA, quantified in mg/100 g dry 

matter of dehydrated carrot leaves, were 984 mg.
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INTRODUCTION

The actual world nutritional is a paradox involving, at the same 
time, lack and excess of foods. It is known that most essential nutri-
ents for human come from vegetal sources and that parts vegetable 
that might be used as food are wasted due to the lack of appropriate 
technologies. The development of new technologies targeting the 
use of such materials is now an important challenge for minimizing 
the squandering of food of potential-food ones as waste and, at same 
time, it is an alternative for reducing the pollution effects caused by 
food-wasting due their high organic content. Many researches have 
reported the elaboration of unconventional products as food.1-5 They 
enhance the industrial efficiency reducing the growing accumulation 
of industrial waste that constitutes a source of contamination and 
hygienic and environmental problems. 

Many vegetable leaves, including those of carrot (Daucus carota 
L.), are wasted. Carrot leaves are very rich in both nutrients such as 
vitamin C, β-carotene, fibers and several minerals such as Na, P, K, 
Ca, Mg, Mn, Zn, and Fe.6 They have a pleasant taste and character-
istics suitable for processing. They may be used as a raw basis for 
the preparation of several foods. The use of the by-products of the 
vegetable industry has presented technological viability, and they have 
been used for the formulation of cream soups made of dehydrated 
vegetable stalks.7

Plant leaf lipids usually contain large proportions of alpha-
linolenic acid (LNA, 18:3n-3), which is an important component 
of the chloroplast membrane lipids.8,9 Mammals who feed on these 
plants convert LNA by the same sequential desaturation and elon-
gation enzyme systems. It results in the production of long chain-
polyunsaturated fatty acids (n-3 LC-PUFA) which are reported to 
play an important role in human health.10

Carrot leaves, like others green leafy vegetables, are a good source 
of essential fatty acids, being LNA the predominant fatty acid. In the 
process for dehydration of carrot leaves aiming the conservation LNA 
the fresh leaves are converted in dry product rich in essential fatty acids 
that might be used as complementary food in the human nutrition. 

The goal of the present study was to optimize the carrot leaf 
dehydration conditions in air circulation oven through the response 

surface methodology (RSM). It was investigated the suitable param-
eters to avoid the degradation of polyunsaturated fatty acids (PUFA), 
especially the LNA. 

EXPERIMENTAL

Sampling

Leaves of carrot (organic, pesticide- and additive-free) were 
obtained from Paraná State producers (23°25´S, 51°22´W). Eight kilo-
grams of leaves were collected from the same lot, washed in running 
water and hygienized with sodium hypochlorite (0.005%). After the 
removal of excess water, the leaves were submitted to dehydration at 
different drying conditions, in an air circulation oven (Quimis Model 
Q-314M292). The dried leaves were ground in a knife mill, stored 
in aluminum foil-lined plastic bags in nitrogen atmosphere at -18 °C 
for later chemical analysis.

Chemical analysis

Dried leaf moisture content was determined as described by 
AOAC11 and the total lipids were determined by the method of Bligh 
and Dyer.12 The fatty acid methyl esters (FAME) were prepared by 
the method of Joseph and Ackman.13 The FAME were analyzed in a 
Shimadzu 14-A (Kyoto, Japan) gas chromatography equipped with 
a flame ionization detector (FID) and a fused silica capillary column 
CP-Select CB-FAME (100 m x 0.25 mm id., 0.25 μm film thickness, 
Varian, EUA). The operation parameters were as follows: detector 
temperature, 230 ºC; injection temperature, 220 ºC; column tempera-
ture, from 150 to 185 ºC at 2 ºC/min and to 225 ºC at 10 ºC/min, final 
holding time of 20 min; carrier gas, hydrogen at 1.2 mL/min; make-up, 
nitrogen gas at 30 mL/min; split injection at 1:100 ratio. An amount of 
2.0 μL of each sample was injected into the gas chromatograph nine 
times. Peak areas were determined in CG-300 Computing integrator 
(CG Instruments, Brazil) and FAME were identified by comparison 
with known retention times of standards from Sigma (USA). Fatty 
acid identification was based on authentic reference standards (Sigma, 
USA) and equivalent chain-length values (ECL).14,15 LNA and other 
fatty acids were quantified against C

21:0
 internal standard from Sigma 

(USA), as described by Joseph and Ackman.13
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Experimental design

A 22 center-pointed factorial design was employed to study 
response “y” (the LNA content/100 g of dried carrot leaves).16 The 
time (x

1
) and temperature (x

2
) were used in the dehydration process 

were the independent inputs studied to optimize “y”. The values for 
the two inputs used in the center-pointed 22 factorial design were 
chosen from the four preliminary runs shown in Table 1. The assay 
for which the conditions gave the best “y” response in preliminary 
runs (Table 1) was taken as the center-pointed 22 factorial (Table 2). 
The quadratic polynomial regression model
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was assumed to be suitable for predicting the response (y), where x
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parameters to be estimated. The whole design analysis (regression 
analysis, response surface, and contour plots) were developed using 
the Design-Expert Software.17

Statistical analysis

The statistical analyses were done as follow: using Statistica 
Software18 to obtain the Tukey’s test at 5% given one-way ANOVA; 
using Design-Expert Software17 for obtaining the ANOVA of factorial 
analysis. 

RESULTS AND DISCUSSION

Table 1 gives the values of inputs (time and temperature) used in 
the four runs and the obtained results as well, for the preliminary drying 

process. No significant difference in carrot leaf moisture was observed 
(Table 1) in the three samples submitted to the different drying conditions 
(runs 2-4). The largest moisture content, 10.15%, was observed for leaves 
dehydrated in run 1, at mild time and temperature conditions. 

The interaction of the times 41 and 65 h with the temperatures 
40 and 60 °C, Table 1, did not reveal significant differences between 
run 3 and run 4 (best results). On the other hand, the dehydration at 
60 °C for 41 h (run 3) was taken as the center-pointed factorial design 
further developed in this work, because run 3 conditions employed 
smaller time than run 4 ones. The best results concerning the higher 
amount of LNA, lower level of moisture and lower time employed 
indicated the run 3 (Table 1) as good experimental condition for the 
center-point 22 factorial design, further developed in this work for 
obtaining the quadratic polynomial regression model. The 22 facto-
rial was carried out using 12 h below and above the center-point of 
41 h in association with 10 °C below and above the center-point 
temperature of 60 °C. The runs from the combinations used can be 
seen in Table 2.

Response surface 

The response surface methodology (RSM) is based on the con-
struction of empiric mathematical models. Polynomial functions 
to describe the studied system are generally employed that allow 
exploring the system for optimization.16,19 This method was used to 
determine the values for time and temperature inputs that resulted in 
the best response, that is, the lowest carrot leaf LNA loss as a result 
of the dehydration during leaf drying.

Variance analysis at 5% significance level (p<0.05) showed 
that the quadratic model proposed was predictive of the LNA 
concentration in carrot leaves and the R2 value (0.9884) was 
satisfactory. The model determination coefficient, R2, demon-

Table 1. Alpha-linolenic acid (LNA) content and moisture (%) in air circulation oven-dehydrated carrot leaves in preliminary assays carried 
out with varying time and temperature

Run (x
1
, x

2
) Independent Variables [LNA]a Moistureb

Time (h) Temperature (ºC) (mg/100 g) (%)

1 (-1, -1) 41 40 571A ± 60.1 10.15A ± 0.03

2 (+1,-1) 65 40 653AC ± 37.9 7.72B ± 0.13

3 (-1,+1) 41 60 724B ± 51.2 7.65B ± 0.17

4 (+1,+1) 65 60 669BC ± 65.9 7.70B ± 0.06
a Mean values ± standard deviation (n=9). b Mean values ± standard deviation (n=3). a & b Means in the same column followed by different 
letters are significantly different (p<0.05) by Tukey’s test.

Table 2. Alpha-linolenic (LNA) content in dehydrated leaves submitted to drying under different time and temperature conditions

Run (x
1
, x

2
) Independent Variables [LNA]a

Time (h) Temperature (ºC) (mg/100 g)

1 (-1, -1) 29 50 479A ± 18.0

2 (+1,-1) 53 50 641B ± 28.1

3 (-1,+1) 29 70 645B ± 24.4

4 (+1,+1) 53 70 730C ± 31.3

5 (0, 0) 41 60 714C ± 35.7

6 (0, 0) 41 60 748C ± 29.6

7b (0, 0) 41 60 724C ± 51.2
aMean values ± standard deviation (n=9). Means in the same column followed by different letters are significantly different (p<0.05) by 
Tukey’s test. bAssay assuming center-point.
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strated that the responses observed fitted the quadratic model. 
There was no evidence of lack of fitting and the pure error was 
not significant. The ANOVA concerning the factorial analysis is 
presented in Table 3.

Both linear and the quadratic terms for the dehydration time were 
significant. For the temperature of dehydration, only the linear term 
was significant. The time and temperature interaction parameter was 
not significant at 95% confidence. 

The largest LNA concentration response in the time and tem-
perature intervals studied was considered for choosing the optimal 
drying time. The response factor studied presented a linear behavior 
as a function of the temperature. The response tended to increase 
linearly with the increase in temperature during drying. Of course, 
this trend will not be achieved at higher temperatures because the 
degradation will prevail. 

However, in relation to the time variation, the response presented 
a quadratic behavior. Time affected the LNA content inducing an 
increase in its response until it reached a maximum and decreased 
gradually afterwards. 

Equation 2 resulted from the estimation of the parameters of 
Equation 1. It represents the quadratic model 

y = 728.67 + 61.75x
1 
+ 63.75x

2 
– 104.92x

1
2 – 19.25x

1
x

2
  (2)

where x
1 
and x

2
 are the codified drying time and temperature and y is 

the response variable (LNA concentration). Thus, the mathematical 
model proposes the best experimental conditions, time and tempera-
ture, for minimizing the LNA degradation in carrot leaves as being 
approximately 43 h (x

1
 = 0.167 ) and 70 °C (x

2 
= 1.0).

Total lipids and fatty acid composition in carrot leaves 
dehydrated in optimized conditions

Ground dehydrated carrot leaves presented 33.6 mg/g total lipids 
on average. LNA predominated in carrot leaves. Research reports that 
green vegetables contain a relatively high proportion of omega-3, 
polyunsaturated fatty acids (PUFA), primarily in the form of LNA.20-

23 The mass percentage of LNA in relation to the other fatty acids 
quantified was higher than 40% (Table 4) in carrot leaves dehydrated 
at 70 °C for 43 h (optimized conditions).

Saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), 
and polyunsaturated fatty acids (PUFA) were also found. The main 
fatty acids present in carrot leaves were LNA, linoleic acid (LA, 
18:2n-6), palmitic acid (16:0), and hexadecatrienoic acid (16:3n-3). 
Similar results were reported.21-23 

The main SFA found was palmitic acid, with a concentration 
of 409 mg/100 g dry matter of dehydrated carrot leaves. Other SFA 

found were myristic acid (14:0), estearic acid (18:0), behenic acid 
(22:0) and lignoceric acid (24:0), with concentrations ranging from 
9.0 to 45.6 mg/100 g dry matter of dehydrated carrot leaves. Among 
MUFA, palmitolic acid (16:1n-7) and oleic acid (18:1n-9) were found 
in concentrations of 46.3 and 69.0 mg/100 g dry matter of dehydrated 
carrot leaves, respectively. 

The LNA concentration of 984 mg/100 g is two-fold that of LA 
at 467 mg/100 g dry matter of dehydrated carrot leaves. The presence 
of fatty acid 16:3n-3 in carrot leaves in a significant concentration, 
312 mg/100 g dry matter of dehydrated carrot leaves, raised the 
omega-3 fatty acid sum. 

Dry matter LNA was quantified in nine species of vegetables.24 
The LNA concentration varied from 478 to 1,988 mg/ 100 g dry 
matter. The carrot leaves dried in optimized conditions presented a 
LNA concentration in this range. 

The ratio n-6/n-3 fatty acids have an important role in the human 
diet. According to Simopoulos,25 human beings evolved on a diet in 
which the ratio n-6/n-3 essential fatty acids was about 1-2 /1. Today’s 
western cultures have an n-6/n-3 approximately 15 for northern 
Europe and 16.7 for current US differing from human evolution low 
ratio.26 The optimal balance between dietary LNA and LA has shown 
to reduce the potential for asthma27 and may prevent thrombosis 
and atherosclerosis.28 In contrast, a higher serum n-6/n-3 ratio may 
increase the risk of coronary heart disease.26 The ratio n-6/n-3 fatty 
acids was 0.36 in the carrot leaves studied.

Table 3. ANOVA for factorial analysis

Source Sum of Squares DF Mean Square F Value Prob > F

Model 51860.76 4 12965.19 42.46 0.0231 significant

Time 15252.25 1 15252.25 49.95 0.0194

Temperature 16256.25 1 16256.25 53.24 0.0183

Time2 18870.01 1 18870.01 61.80 0.0158

Temperature2 0.00 0

Time x Tempera-
ture

1482.25 1 1482.25 4.85 0.1584

Pure Error 610.67 2 305.33

Cor Total 52471.43 6

Table 4. Fatty acid contents in carrot leaves dehydrated in air circu-
lation oven at 70 ºC for 43 h

Fatty acids mg/100 g dry matter

14:0 16.2 ± 1.46

16:0 409 ± 13.5

16:1n-7 46.3 ± 7.01

16:3n-3 312 ± 33.1

18:0 45.6 ± 3.64

18:1n-9 69.0 ± 1.54

18:2n-6 467 ± 44.6

18:3n-3 984 ± 97.9

22:0 9.0 ± 1.16

24:0 17.2 ± 2.14

Results expressed as means ± standard deviation (n=3).
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The Institute of Medicine of the United States recommends the 
daily LNA intake of 1.6 g/d for men and 1.1 g/d for women aged 
between 19 and <70 years.29 As demonstrated in this work, carrot 
dehydrated at 43 h and 70 oC minimize the LNA loss by degradation. 
So as used as supplementary food, the dehydrated carrot leaves in 
these optimized conditions may contribute to the recommended daily 
intake by providing a considerable amount of dietary LNA.

CONCLUSIONS

In conclusion, the present study showed that carrot leaves may be 
dehydrated under optimized technological conditions. Air circulation 
oven dehydration at 70 °C for 43 h promotes good protection to the LNA 
and conserves others fatty acids as well. The average LNA content was 
determined at 984 mg/100 g of dehydrated carrot leaves. The dehydrated 
carrot leaves in the optimized conditions [70 °C for 43 h] may provide a 
considerable amount of dietary LNA as used as supplementary food.

SUPPLEMENTARY MATERIAL

Available in http://quimicanova.sbq.org.br.
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