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Abstract

Asparagus represents a nutritious and refined food being very popular to consumers. The effects on
the quality of spears cooked by conventional (boiling, steaming and microwaving) and different
sous vide (using hot water or microwave) methods were analyzed. Physical, chemical and sensory
traits were compared. Microwaving caused the largest weight change, the highest dry weight
increase and the highest Total Color Difference in cooked samples compared to raw asparagus
spears. Sous vide-microwaving showed an increase in greenness (the highest value of h°), better
than the raw spears, and the lowest reduction in chlorophyll contents. After sous vide microwawing
violaxanthin increased by about 42%, while after steaming neoaxanthin decreased by about 57%.
Following sensory analysis, all cooked samples generally resulted acceptable (scores > 5 in a 1-9

hedonic scale), nevertheless sous vide-microwaved asparagus satisfied consumer acceptability more
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than the other cooked samples, especially when compared to steamed samples. Results indicate the
sous vide-microwaving technique as optimal to preserve several traits, including the organoleptic
ones, essential for the quality of cook-chilled asparagus spears. They also provide product-specific
information usually required for cooking process strategies in the industrial area of ready-to-eat

vegetables.

Keywords: Asparagus officinalis L., carotenoids, colour, rutin, sensory evaluation.

1. Introduction

Asparagus is very popular to consumers due to its texture, flavor and nutritional properties. Its
consumption, still low compared to other vegetables, may be promoted through health-beneficial
properties and high-service content products. Even being low-calorie vegetables (29 kcal 100 g™
FW), soluble carbohydrates are the major components of edible spears (Parks, 2016). Asparagus is
rich in bioactive compounds such as rutin, a flavonoid, and glutathione, a biothiol. In particular,
rutin has antioxidant properties which strengthen capillary walls and protect against damage
induced by ischemia (Khan et al., 2009). Asparagus also contains ascorbic acid and carotenoids,
represented by a-, B- and y-carotene, lutein, zeaxanthin (Fanasca et al., 2009).

Asparagus is quite perishable due to its high respiratory activity (60 mg CO, kg™ h™* at 5°C), even
after harvest (Kader, 1992). There is a strong correlation between carbohydrate loss and rapid
senescence of spears after harvest, starting from the tips, where there is the highest metabolic
activity required to provide energy for growth (Verlinden, Silva, Herner & Beaudry, 2014).
Chlorophylls play a crucial role in the maintenance of a pleasant fresh aspect in asparagus spears,
decisive in the consumers’ choice. In addition, they have a relevant health protecting function
(Lanfer-Marquez, Barros & Sinnecker, 2005).

In order to extend asparagus shelf-life and postharvest uses, industrial research is developing

storage methods to obtain minimally processed (washed and cut at the base) or cook-chilled
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products. Considering that asparagus should be cooked before consumption and that consumers are
asking for high convenience products, due to time pressure (less time available for cooking, leisure
instead of cooking) (Ragaert, Verbeke, Devlieghere & Debevere, 2004), the hypothesis of obtaining
ready-to-eat product from fresh asparagus can be considered. The challenge is to define cooking
conditions suitable to minimize the alteration of the fresh product. It is known that boiling,
steaming and microwaving, the conventional cooking methods for vegetables, may alter their
quality (Vallejo, Tomaés-Barberan & Garcia-Viguera, 2003; Jimenez-Monreal, Garcia-Diz,
Martinez-Tomé, Mariscal & Murcia, 2009). Sous vide, an emerging cooking practice, is reputed to
preserve high quality in cooked vegetables due to the low amount of oxygen inside the pack
(Martinez-Hernandez, Artés-Hernandez, Gémez & Artés, 2013) and to save the nutritional value
and sensory characteristics compared to other methods (Werlein, 1998; Stea, Johansson, Jagerstad
& Frolich, 2007). In chicory stems, sous vide satisfied consumer acceptability more than other
cooking methods and preserved raw stem colour and organoleptic traits, making it possible to
obtain a ready-to-eat product minimally changed compared to the fresh product (Renna, Gonnella,
Giannino & Santamaria, 2014). Drinkwater, Tsao, Liu, Defelice and Wolyn (2015) carried out a
study on different cooking methods in asparagus, but they did not considered sous vide .

Considering the above remarks, the general goal of our study was to obtain a new retail cook-
chilled product, ready-to-eat, retaining the nutritional quality of the raw vegetable and appealing to
consumers. Specifically, the aims were to evaluate: (i) the efficacy of sous vide cooking methods on
consumers’ acceptability, compared to conventional ones; (ii) the preservation of the main quality

traits of raw asparagus spears in different cooked samples.

2. Materials and methods
2.1 Plant material
Asparagus spears (Asparagus officinalis L., cv Grande) sized 25-30 cm long were harvested in

April from open air cultivation at the Agricultural Cooperative Society P.O.A. (Foggia, 41°49° N,

3
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15°53° E, South Italy). Asparagus plants were grown according to integrated pest management
cultural practices. Immediately after harvesting, asparagus spears were transferred to the laboratory

under refrigerated conditions (4.0 £ 1.0 °C) to be processed within 24 h from harvesting.

2.2 Sample preparation and cooking treatments
Refrigerated asparagus (4.0 + 1.0 °C) were cut to 15-cm-long spears, sanitised with chlorinated
water (5°C; 100 mg L™ NaClO) for 2 min and rinsed with autoclaved tap water (5°C) for 1 min.
Cleaned spears were blotted dry with paper towels, well mixed, and divided into seven groups. One
portion was retained raw, while the others were cooked in six different ways. Cooking conditions
were determined by preliminary experiments carried out according to the judgement of a group of
semi-trained panellists. For all cooking treatments, the minimum time to reach tenderness for an
adequate palatability and taste, according to the Italian eating habits, was used (Mazzeo et al.,
2011). Three treatment series for each application (about 200 g corresponding to 10 spears) were
prepared in order to provide independent replicates for each cooking method and for the uncooked
samples (hereinafter called ‘raw’). In order to obtain samples for chemical analysis, a half portion
of each replicate was freeze-dried (as soon as samples were frozen) and ground to powder. The
freeze-dried samples were then packed in hermetic jars and stored in the dark at -21.0 + 1.0°C until
the analyses were carried out. Chemical analyses on freeze-dried samples were carried out within
ten days from their arrival at the laboratory. Meanwhile, the remaining half portions of each
replicate were used for sensory evaluation and colour analysis. The cooked samples were stored at
3.0 £ 1.0°C overnight before colour and sensory evaluation. These analyses were carried out within
36 h from the arrival of the asparagus at the laboratory. The cooking treatments were as follows:

e Boiling: spears were boiled in a steel pot with boiling distilled water (99.0 + 1.0°C) for 5

min at a spears/water ratio of 1:6.
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e Steaming: spears were placed on a tray in a steam cooker (VC 101 630 Tefal, Italy),
equipped with a tank containing 1 L of distilled water, covered with a lid and cooked with
water vapour (99.0 £ 1.0°C) for 6 min under atmospheric pressure.

e Conventional microwaving (MW): spears were cooked for 1.5 min in a microwave oven
(Kennex AG925CTW, China) with a turntable plate set at 900 W and 2450 MHz.

e Sous vide boiling (SV-boiling): spears were placed within cooking vacuum bags (OPA/PP
15/65 Orved, Italy) and packaged in a vacuum chamber (Boxer 50, Lavezzini, ltaly).
Vacuum-packaged spears were boiled as described in boiling treatment.

e Sous vide at 80°C (SV-80): spears were placed within cooking vacuum bags (OPA/PP
15/65 Orved, Italy) and packaged in a vacuum chamber (Boxer 50, Lavezzini, ltaly).
Vacuum-packaged spears were cooked in a steel pot with hot distilled water (80.0 £ 1.0°C)
for 15 min at a spears/water ratio of 1:6.

e Sous vide microwaving (SV-MW): spears were placed within cooking vacuum bags
(OPA/PP 15/65 Orved, Italy) and packaged in a vacuum chamber (Boxer 50, Lavezzini,

Italy). Vacuum-packaged spears were cooked for 1.5 min as described in MW.

2.3 Physical analyses

Colour parameters (L, a" and b") were measured setting the instrument so that each reading was an
average of five points on the peel surface. Readings were made on ten spears for each treatment
replication with a colorimeter (CR-400, Konica Minolta, Osaka, Japan) in reflectance mode using
the CIE L"a’b" colour scale. Measurements were carried out separately on the basal and medium
portions of the spears, already prepared (after cutting the white, fibrous very basal portion, normally
excluded from eating). For this work we merged the two datasets (basal and medium readings - the
tip portion was excluded from readings since not definitely differentiated in color and chlorophyll
content) in order to uniform all physical and chemical data. Before measurements, the colorimeter
was calibrated with a standard reference having values of L", 2" and b" corresponding to 97.55, 1.32

5
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and 1.41, respectively. Hue angle (h° = arctg b/a") and saturation (C = [a™ + b™]"%) were then
calculated from primary L™, a" and b readings. Total Colour Difference (TCD) was used to indicate
the magnitude of colour difference between cooked and raw samples according to Renna et al.
(2014).

To calculate the weight change after cooking, samples were weighed individually before and after
each cooking treatment. The result was expressed as percentage change compared to initial raw
material weight.

Next, in order to measure dry weight, chopped spears (raw and cooked) were maintained in a
forced-draft oven at 105°C until constant weight was reached. The result was expressed in g 100 g™

of fresh weight (FW).

2.4 Inorganic ion content and soluble sugars assay

An ion exchange chromatography (Dionex DX120; Dionex Corporation, Sunnyvale, CA, USA)
with a conductivity detector was performed as reported by D’Imperio et al. (2016). Nitrate content
was determined in 0.5 g dried sample using an lonPac AG14 precolumn and an lonPac AS14
separation column (Dionex Corporation). Cation contents (Na*, K*, Mg®* and Ca?"), were
determined in 1 g dried sample using an lonPac CG12A guard column and an lonPac CS12A
analytical column (Dionex Corporation).

In order to determine glucose and fructose contents, samples were prepared by protocols used by
Renna et al. (2014) and analysed by ion chromatography (Dionex DX-500; Dionex Corp.,
Sunnyvale, CA) using a pulsed amperometric detector. Peak separation was performed using a

Dionex CarboPac PA1 and isocratic elution with 50 mmol L™ NaOH.

2.5 Ascorbic acid content
Ascorbic acid was extracted from 0.1 g samples by 5 mL of acqueous solution of metaphosphoric

acid (10 g L™, using the method described by Ferreira, Aires, Barreira and Estevinho (2009). The
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extracts, after shaking for 45 min at room temperature, were centrifuged at 4000 g for 10 min. The
supernatants were collected and used for further analysis.

To 1 ml of supernatant, 9 ml of 2,6-dichlorophenolindophenol in acqueous solution (0.05 g L) was
added and the absorbance was measured within 30 min at 515 nm against a blank. Ascorbic acid

content was calculated on the basis of the calibration curve of L-ascorbic acid.

2.6 Carotenoid and chlorophyll content

Carotenoids and chlorophylls were extracted from 0.1 g samples by 40 mL
butylatedhydroxytoluene (BHT) in methanol and tetrahydrofuran (1:1) stabilised with BHT
acqueous solution (0.1 g L™), placed on a magnetic stirred (15 min in darkness) with sodium
carbonate (10% of the sample weight), according to Granado, Olmedilla, Blanco and Rojas-Hidalgo
(1992). Extracts were centrifuged at 5000g for 10 min at 4°C, organic phases were dried under
nitrogen, dissolved in 1 mL of ethyl acetate, filtered through a 0.45 um syringe filter (Millipore
Corporation, Billerica, MA, USA) and analyzed by HPLC.

Quali-quantitative analyses of carotenoids were carried out according to Fraser, Pinto, Holloway
and Bramley (2000), slightly modified, using an Agilent 1100 Series HPLC system equipped with a
reverse-phase C30 column (5 pm, 250x4.6 mm) (YMC Inc., Wilmington, NC, USA). To record
HPLC runs the Agilent ChemStation software was used. The mobile phases were: methanol (A),
ammonium acetate aqueous solution (2 g L™)/methanol volume ratio (20/80) (B) and tert-methyl
butyl ether (C). The gradient elution was as follows: 0 min, 95% A and 5% B; 0-12 min, 80% A,
5% B and 15% C; 12-42 min, 30% A, 5% B and 65% C; 42-60 min, 30% A, 5% B and 65% C;
60-62 min, 95% A, and 5% B. The column was re-equilibrated for 10 min between runs. The flow
rate was 1.0 mL/min and the column temperature was maintained at 25°C. The injection volume
was 10 pL. Absorbance was registered by diode array at wavelengths of 475 nm for carotenoids and

657 nm for chlorophylls. Peaks were identified by comparing their retention times and UV-Vis
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spectra to those of standards. Limit of detection (LOD), limit of quantification (LOQ), range of

concentration, calibration curve and correlation coefficient of standards are reported in Table 1.

2.7 Rutin content

Rutin content was determined as described by Fuentes-Alventosa et al. (2007). Extracts were
analyzed by HPLC using an Agilent 1100 high-performance liquid chromatography equipped with
a photodiode array detector (DAD). The wavelength used for rutin quantification was 350 nm.
Rutin identification was achieved according to Li, Shewry and Ward (2008) with some
modifications by using a Phenomenex-luna 5 pm CI18 (2) 100 A column (250x4.6 mm),
(Phenomenex, Torrance, CA, USA) and the temperature of the column was set at 30°C. The flow
rate of the mobile phase was 1.0 mL/min, and the injection volume was 20 pL. A gradient elution
program was utilized with a mobile phase consisting of acetonitrile (solution A) and acqueous
solution HsPO4 (10 mL L™ (solution B) as follows: Isocratic elution, 100% B, 0-30 min; linear
gradient from 100% B to 85% B, 30-55 min; linear gradient from 85% B to 50% B, 55-80 min;
linear gradient from 50% B to 30% B, 80—82 min; post time, 10 min before the next injection. Peak

was identified by comparing its retention times and UV-Vis spectra to that of rutin standard.

2.8 Chemicals

All chemicals were analytical grade. L-ascorbic acid, rutin, 2,6-dichlorophenolindophenol,
butylated hydroxytoluene (BHT), sodium carbonate, chlorophyll a and b as well as all solvents were
purchased from Sigma—Aldrich (Milan, Italy). Neoxanthin, Violaxanthin, Lutein, and R-Carotene
were purchased from CaroteNature (Lupsingen, Switzerland).

The ultra-pure water was obtained from a Milli-Q Element system (Millipore, Molsheim, France)

and used to prepare all solutions.

2.9 Sensory evaluation
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A selected group of twenty assessors (made up of ten females and ten males, aged between 24 and
50 years old), previously involved in a trained descriptive analysis panel for vegetables, were
trained to evaluate the attributes of asparagus spears. Colour, taste, odour, texture, and overall
acceptability of samples were evaluated using a 9-point hedonic scale (Renna et al., 2013). The
material for tasting was presented to the panellists at room temperature under normal lighting
conditions in transparent plastic glass coded with random, three-digit numbers. The average scores

of all sensory evaluations were used in the analysis.

2.10 Statistical analysis

For a visual analysis of data, Principal Component Analysis (PCA) (PRINCOMP procedure, SAS
software, Cary, NC, USA) was performed on mean centred and standardised (unit variance scaled)
data prior to analysis. The data matrix submitted to PCA was made up of seven observations (6
cooking methods plus raw products) and 21 variables.

To detect statistical significance, ANOVA was applied (GLM procedure, SAS software) and means
were separated by the Student-Newman-Keuls (SNK) test. Pearson correlation coefficients (PROC
CORR, SAS software) were used to quantify relationships between dependent variables.

In order to avoid the influence of water content changes, all data were expressed on a dry weight
basis. However, for some compounds, to report the real changes of the product nutritional value ,

data on a fresh weight basis were also included whenever necessary.

3. Results and discussions

3.1 Weight change after cooking and dry weight

Significant differences in weight change after cooking were detected among cooking treatments
(Table 2). Only for boiling a weight increase was observed, while in all the other treatments there
was a weight loss. This was more consistent in MW samples, about 12%, compared to the initial

weight of raw samples. According to Renna et al. (2014) these results suggest that microwaving is
9
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far more efficient at removing moisture from vegetables through water evaporation, whereas the
increase of weight occurring in boiled spears could be attributed to water imbibition during
cooking. In all cases, the vacuum sealing of the sous vide technique reduced loss of moisture by
evaporation during cooking compared to MW (Table 2).

Compared to the raw product, both treatments including MW (alone or with sous vide) increased
dry weight (DW) by about 15% and 5%, respectively (Table 2). Boiled spears showed a DW
content about 5% lower than raw spears, while no significant differences in DW were found in
other cooking treatments. The higher DW values in microwaved spears could be due to the
occurrence of water loss during cooking, in accordance with previous reports regarding weight loss.
By contrast, the significant reduction of DW in boiled spears may be the result of solute loss by

leaching as well as particle leakage from vegetables due to mechanical damage.

3.2 Cation and nitrate content

No cooking method affected the content of cations compared to raw samples (Table 2). Sodium and
calcium were not modified at all (on average, 0.62 and 3.39 mg g DW) while potassium and
magnesium only slightly changed (potassium ranged from 28.6 to 31.6 mg g™* DW and magnesium
ranged from 1.21 and 1.38 mg g DW) (Table 2). The only significant differences in K* and Mg
were between boiled and microwaved samples, where opposite effects were observed since in
boiling solute loss by leaching prevailed, while in MW cooking water loss by evaporation prevailed
(Vadivambal & Jayas, 2007). Indeed, using MW a concentration effect was observed for K* and
Mg®* content. Anyway, it should be noticed that the responses of the different cations to the
cooking methods were similar but the statistical significance was detected only for potassium and
magnesium, since their values were less variable within the treatment. The same concentration
effect influenced the nitrate content that was more than doubled in MW. It was almost doubled in
boiled spears andalmost unchanged by all the other cooking treatments (Table 2). However, these

NOj3 values are really very low, such that any changes can be irrelevant and unreal, though having

10
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doubling figures. When considering the FW basis contents, the real statistical difference is only that
between raw and MW samples (data not shown) and all data are below 100 mg kg™ FW (except for
MW being 138 mg kg™ FW). These levels are even within the limit imposed for nitrate content in

baby food for infants, equivalent to 200 mg kg™ FW (European Commission, 2011).

3.3 Colour traits and chlorophyll content

All cooking methods caused changes in colour parameters of asparagus compared to raw spears
(Table 3). L” values decreased from raw to cooked products which became darker, in particular in
Steaming and SV-80 treatments, where the highest lightness decrease (about 21%) was observed.
MW and SV-MW determined higher values of hue angle compared to raw spears, strengthening the
effect on greenness. Hue angle also increased with SV-boiling, though at a lower grade. The other
cooking methods caused a slight reduction of h’, through a light conversion from green to olive
green (Fig. 1) (Table 3). In green vegetables (broccoli, spinach, peas, green beans) MW cooking
increased hue angle or left it unchanged compared to raw products, unlike steaming and boiling
(Turkmen, Poyrazoglu, Sari & Sedat Velioglu, 2006). It is interesting that SV-MW showed an
increase in greenness (the highest value of h°), better than the raw spears, and the lowest reduction
in chlorophyll contents (Tables 3 and 4). Compared to raw spears, all cooking treatments caused a
significant reduction in chroma value (C), higher in Boiling and Steaming (-17.4%) and lower in
MW and SV-MW (-5.7%). TDC (calculated as total colour difference compared to raw spears)
changed less in MW cooked samples, probably due to the shortest cooking time in MW process.
Prolonged cooking time in asparagus caused colour changes from bright green to olive green,
probably due to the conversion of chlorophyll to pheophytin (Lau, Tang & Swanson, 2000).

In this study, a high correlation was found between colour parameters and chlorophyll content (r
ranging from 0.70 to 0.87 for all color parameters except for h°, p < 0.0001) (data not shown).
Actually, changes in chlorophyll contents are reflected by changes of colour parameters (Turkmen

et al., 2006). As reported in table 4 all treatments significantly reduced the chlorophyll content. An

11
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inverted ratio between chlorophyll a and b was found in accordance with Tenorio, Villanueva and
Sagardoy (2004). Chlorophyll a was drastically reduced in SV-boiling (-71.4%), while in Steaming
was more than halved (-57.1%) and reduced by 43.6% by the other cooking treatments (Table 4).
For chlorophyll b a lower reduction was measured in both treatments including MW (-33.6%),
while a more consistent decrease was caused by the other cooking methods (-62.5%). This response
was reflected in the total chlorophyll content, following a similar trend with minor change (-34.7
and -59.9%, respectively) (Table 4). The chlorophyll content of vegetables is important for both
health benefits and the visual appearance of products (Bulgari, Baldi, Ferrante, & Lenzi, 2017). Its
decrease is often used to estimate quality loss of green vegetables (Hodges, Forney, & Wismer,
2000). An overall view of the data suggests that the most substantial changes in both colour and
chlorophyll content are those involving steaming (Tables 3 and 4). This confirms that Steaming was
the cooking method most effective in altering the external aspect of products through the

degradation of chlorophylls, confirmed by the observed loss of greenness (h°).

3.4 Carotenoid content

Four different carotenoids were detected in green asparagus in this experiment. The initial values in
the raw spears were 79, 11, 230 and 42.5 mg kg DW for neoxanthin, violaxanthin and lutein
(oxygenated carotenoids) and B-carotene (precursor of vitamin A, belonging to the hydrocarbonated
carotenoids), respectively (Table 4). The total carotenoid content was 363 mg kg® DW. In
particular, neoxanthin and lutein were considerably higher than values found by Tenorio et al.
(2004) in green asparagus (7.6 and 83.6 mg kg™ DW, respectively).

However, the results in table 4 showed that only violaxanthin and neoxanthin were modified by the
cooking treatments compared to the initial values measured in raw spears. Violaxanthin
concentration statistically increased by 42%, after SV-MW treatments. Possible reason for the
statistically significant increase in violaxanthin may be a higher extraction efficiency from food

matrix because of softening or disruption of plant cell walls and the destruction of carotenoid—

12
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protein-complexes (Bernhardt & Schlich 2006; Miglio, Chiavaro, Visconti, Fogliano, & Pellegrini,
2008). In contrast, neoxanthin was reduced in the range from 25 (SV-MW) to 57% (Steaming).
Neoxanthin decrease is probably due to heat susceptibility resulting in the degradation or
isomerization of this compound. Accordingly, Passaporte, Rabaya, Toleco and Flores (2014)
reported that some non-leafy vegetables exhibited a decrease ranging from 17 to 49% in neoxanthin
content after boiling. The contents of lutein, B-carotene and total carotenoids were not affected by
cooking treatments (Table 4). The values of B-carotene found in asparagus are in agreement with
those reported in literature showing a range of 320-500 ug 100 g* FW (Granado et al., 1992;
Fanasca et al., 2009), while lutein content found in our green cultivar was far higher than values
found in literature (1,935 vs 600-700 pg 100 g FW). Overall, no statistically significant

differences were observed in the total carotenoid content after cooking treatments.

3.6 Soluble sugars, rutin and ascorbic acid content

The soluble sugars found in raw spears were fructose and glucose, respectively, at mean values of
134.2 and 113.8 mg g* DW, or 11.3 and 9.6 mg g™ FW. Sucrose was not detected. In green
asparagus the measured soluble sugars were in the same range for fructose and glucose plus minor
amounts of sucrose (164.6, 102.5 and 41.2 mg g™ DW, respectively) (Parks, 2016). Fructose is
always the predominant sugar. The content of fructose and glucose was reduced by all cooking
treatments, decreasing by 22.3 and 33.1%, respectively, compared to the raw spears. No statistically
significant differences were observed among cooking methods (Figures 2A and 2B). It is reasonable
to hypothesize that this reduction is due to leaching but a different grade among cooking methods.
In fact, looking at the effect of cooking methods on fructose and glucose content on a fresh weight
basis, large differences were observed between boiling and MW, the first method determining
reduction by 25 and 35%, in fructose and glucose content, respectively, the second one only 9 and
23%, respectively (data not shown). It is very likely that these losses are due to the leakage of

soluble sugars in boiling water, while in the scarce liquid residual after MW cooking there were
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minor losses. Soluble sugars lost in red cabbage after 3 minutes-blanching and 10 minutes-boiling
were very different (more than 40% in the first treatment, 15-20% after boiling) probably due to the
different volume of water used in the two processing methods (3000 g for blanching vs 300 g for
boiling) (Volden et al., 2008).

Rutin concentration was not statistically affected by the cooking treatments, giving an average
value of 4.2 mg g™ DW (Figure 2C), comparable with the value of 3.8 mg g™ DW found by Parks
(2016). Rutin content in raw asparagus (380 mg kg™ FW) was higher than values found in different
cultivars, ranging from 163 to 293 mg kg™ FW (Fanasca et al., 2009). Similar effects of cooking
methods on rutin concentration were reported by Drinkwater et al. (2015), except for boiling that
gave significant losses after 7.5 minutes. Rutin was not degraded by heat (no measurable losses
after 18 minutes baking at over 200°C), but was susceptible to leaching and recovered completely
in boiling water, without forming degradation products (Drinkwater et al., 2015). On the other
hand, in four genotypes of asparagus, cooking increased the rutin content by 32% compared to fresh
asparagus, when spears were subjected to boiling for 15 minutes (Fanasca et al., 2009).

Initial ascorbic acid content (8.2 mg g™ DW or 68.7 mg 100 g™ FW) was not statistically modified
by boiling, SV-80 and SV-MW, while it was slightly reduced by SV-boiling (-6.5%) and by
Steaming and MW (on average — 10.9%) (Figure 2D). Actually, boiling is considered the cooking
method that contributes to the highest loss in vitamin C in vegetables (Chuah et al., 2008). However
it depends on the cooking time (Chuah et al., 2008; Navarre, Shakya, Holden, & Kumar, 2010), the
thickness of the tissue and the amount of boiling water, since all of them can affect the three
external factors involved in the destruction of vitamin C: heat, leaching and exposure to air through
oxidation (Love & Pavek, 2008). In our processed asparagus, the ascorbic acid content was not
modified after 5 minutes-boiling. The different boiling time could explain the different results
obtained using four cultivars where the ascorbic acid concentration measured in the raw asparagus
(35 - 41 mg 100 g* FW) was halved by 15 minutes boiling, regardless genotypes (Fanasca et al.,

2009). On the other hand MW cooking involved a stronger thermal effect inside the spears together
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with a higher exposure to air. Probably, for this reason there was no effect in the SV-MW treatment.
Microwave treatment was shown to reduce the ascorbic acid in asparagus, linearly with the
application time from 1 to 4 minutes (Brewer & Begum, 2003). In comparison with water-
blanching, the microwave-blanching of asparagus showed the lowest content of ascorbic acid

(Drake, Spayd, & Thompson, 1981).

3.7 Sensory evaluation

In a scale from 1 to 9, where 6 corresponds to “like slightly”, Steaming cooked spears were
considered “neither like nor dislike” for all parameters examined, especially for Taste, Texture and
Overall acceptability (Table 5). As for Colour, the highest rank was achieved by SV-MW; for Taste
the highest ranks were given to SV-boiling and SV-MW, while for Texture the highest rank was
achieved by SV-MW. For Odor no differences were revealed, while for the Overall acceptability all
treatments were statistically not different, except for Steaming (Table 5). In general SW-MW
asparagus satisfied consumer acceptability more than the other cooked samples, especially as
compared to steamed samples. This was in agreement to Martinez-Hernandez et al. (2013) who

found an excellent overall quality score on SV-MW broccoli.

3.8 PCA

In the PCA the first two PCs explained 69.2% of the total variance, attributing 43.3% to PC1 and
25.9% to PC2 (Figure 3A and 3B). A clear separation was observed between variables placed on
the right and variables negatively or not correlated to PC1. Sugars, carotenoids, chlorophylls,
ascorbic acid, L"and C were positively correlated to PC1. All these variables were correlated to the
Raw samples and highly correlated each other (r > 0.70, P = 0.0001) especially for neoxanthin,
sugars, chlorophylls, L and C. Calcium, sodium and nitrate were negatively correlated to PC1;
while dry weight, potassium and violaxanthin did not affect sample separation on PC1. Most of

these variables were also positively correlated to PC2 together with MW samples (Figure 3A and
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3B). Dry weight, potassium and magnesium were highly correlated each other (r > 0.66, P < 0.001).
Moreover, MW was opposite to Steaming and Boiling, negatively correlated to PC2. Confirming
the ANOVA results, these two cooking methods generally altered quality of asparagus and were
directly correlated to changes in colour (h° and C in the opposite quadrant). The PCA gives a clear
separation of raw samples from the cooked ones. Among cooked samples, we can isolate MW and
Steaming and Boiling, as two separate groups. SV-80 and SV-boiling were placed close to the
origin of axes, not influencing both PCs, while SV-MW is the only one positively correlated to PC1

and to the group of parameters characterising the raw product (Figure 3B).

4. Conclusions

In this study different sous vide and conventional cooking methods were applied on asparagus
spears for obtaining a potential ready-to-eat new retail product. As regards sensory evaluation, all
types of cooked spears were considered generally acceptable, nevertheless sous vide-microwaved
spears satisfied consumer acceptability more than the other cooked samples. Moreover, sous vide-
microwaving preserved or improved some quality and nutritional traits better than other cooking
methods. It could therefore be concluded that the overall quality of asparagus spears can be best
preserved by the sous vide-microwaving technique described in this paper. In addition, this method
requires a short cooking time and may reduce the risk of recontamination after cooking and during
storage. Finally, possible next goals may be directed toward the quality change evaluation of

cooked asparagus throughout retail cold storage.
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Table

Table 1. Limit of detection (LOD), limit of quantification (LOQ), range of concentration, calibration curve and
correlation coefficient of standards.

LOD LOQ Linearity Calibration curve Correlation

Standards 1 range coefficient (r)
(Mg mL™)

Neoxanthin 0.02 0.05 0.1-20 y=97.019+43.021 0.9986
Violaxanthin 0.01 0.04 0.1-30 y=105.37+158.51 0.9985
Lutein 0.03 0.08 0.1-20 y=67.095+2.8231 0.9999
R-carotene 0.02 0.06 0.6-40 y=121.83+1.1516 1
Chlorophyll a 1.02 3.08 4.0-50 y=20.777+5.5561 0.9982
Chlorophyll b 1.44 4.38 5.0-50 y=17.978+2.2011 0.9997

Rutin 0.06 0.18 0.2-50 y=22.554+24.677 1




Table

Table 2. Weight change, dry weight, nitrate and cation content (£ standard deviation) in raw and cooked asparagus.

Weight

Dryweight  NO; Na' K Mg?* ca?
Treatments Value  change °
(%) (91009 ™ FW) (mg g™ DW)

Raw Mean — 8.39¢c 0.67b 0.59 29.6 ab 1.28 abc 3.21
SD 0.11 0.13 0.10 1.3 0.06 0.48

Boiling Mean +0.90 a 7.94d 122 a 0.61 286 Db 121c 3.26
SD 0.25 0.01 0.34 0.17 1.0 0.01 0.32

Steaming Mean -0.86b 8.40c 0.72b 0.61 29.5 ab 1.24 bc 3.30
SD 0.23 0.16 0.13 0.04 0.1 0.01 0.13

MW Mean -11.89f 9.64 a 143 a 0.69 3l6a 1.38a 3.52
SD 0.49 0.06 0.35 0.12 0.2 0.05 0.06

SV-Boiling Mean -3.18d 8.59 bc 0.75b 0.60 29.3ab 1.28 abc 351
SD 0.46 0.08 0.11 0.15 15 0.05 0.31

SV-80 Mean -2.06¢c 8.53¢c 1.02 ab 0.65 31l.1ab 133 ab 3.61
SD 0.06 0.22 0.10 0.19 0.8 0.06 0.33

SV-MW Mean -5.10e 8.81b 0.65b 0.60 304 ab 1.32 abc 3.36
SD -0.31 0.14 0.10 0.14 1.0 0.01 0.02

Significance falekl Fxk ** NS * ** NS

MW = conventional microwaving; SV-Boiling = sous vide-Boiling; SV-80 = sous vide in water at 80 °C; SV-MW
= sous vide-microvaving; FW = fresh weight; DW = dry weight. SD = standard deviation

Significance: *** P < 0.001; ** P < 0.01; * P < 0.05; NS, not significant. The same letters in the same column
indicate that mean values (n = 3) are not significantly different (P = 0.05)



Table

Table 3. CIE Lab color parameters (+ standard deviation) of raw and cooked asparagus.

Treatments  Value L* h C TCD
Raw Mean 541a 115.8d 36.2a —
SD 1.0 0.5 0.5
Boiling Mean 44.4 bc 1139e 305d 11.3a
SD 0.8 0.5 0.7 1.0
Steaming Mean 43.0c 1104 g 29.2d 135a
SD 15 0.8 0.3 15
MW Mean 456 b 118.8b 34.4Db 89Db
SD 0.4 0.5 0.2 0.5
SV-Boiling Mean 43.5 bc 1169 ¢ 318¢c 115a
SD 0.6 0.7 0.7 0.8
SV-80 Mean 426 ¢ 112.8f 32.3¢c 12.3a
SD 1.2 0.1 1.0 14
SV-MW Mean 44.6 bc 123.5a 33.8Db 109 a
SD 0.6 0.7 0.7 0.4
Slgnlflcance * k% *k*k *k*k **

MW = conventional microwaving; SV-Boiling = sous vide-Boiling; SV-80 = sous vide in water at 80 °C; SV-MW
= sous vide-microvaving; L = lightness; a” = redness/greenness; b~ = yellowness/blueness; h™ = hue angle; C =
saturation; TCD = Total Color Difference; SD = standard deviation.

Significance: *** P <0.001; ** P < 0.01. The same letters in the same column indicate that mean values (n = 3) are
not significantly different (P = 0.05)



Table

Table 4. Chlorophyll and carotenoids content (+ standard deviation) in raw and cooked asparagus.

Chiorophyll Chlorophyll Total Neoxanthin Violaxanthin Lutein B-Carotene Total

Treatments Value a b chlorophyll carotenoids
(mgg ™ DW) (mg kg ™ DW)
Raw Mean 0.35a 0.64a 0.98a 79a 11b 230 425 363
SD 0.07 0.11 0.19 5a 1 9 3.7 14
Boiling Mean 0.19 bc 0.29c 0.47 cd 43 be 11b 238 38.0 331
SD 0.03 0.06 0.09 3 2 9 0.7 14
Steaming Mean 0.15cd 0.20c 0.35d 3¢ 10b 214 30.9 289
SD 0.03 0.04 0.07 1 1 22 2.4 25
MW Mean 0.19 bc 041b 0.60 bc 40 bc 13 ab 214 395 306
SD 0.03 0.05 0.08 8 2 21 2.4 31
SV-Boiling  Mean 0.10d 0.24c 0.34d 50 bc 14 ab 239 38.3 341
SD 0.01 0.04 0.03 7 2 13 2.1 9
SV-80 Mean 0.17 bed 0.24c 041cd 50 bc 13 ab 239 36.9 339
SD 0.01 0.01 0.02 12 2 27 6.7 41
SV-MW Mean 0.24b 044b 0.68b 59b 16 a 222 35.6 332
SD 0.02 0.05 0.07 14 1 29 7.6 49
Significance fokoled fioled okl floled * NS NS NS

MW = conventional microwaving; SV-Boiling = sous vide-Boiling; SV-80 = sous vide in water at 80 °C; SV-MW
= sous vide-microvaving; DW = dry weight; SD = standard deviation.

Significance: *** P < 0.001; * P < 0.05; NS, not significant. The same letters in the same column indicate that
mean values (n = 3) are not significantly different (P = 0.05)



Table

Table 5. Sensory evaluation (scale 1-9 + standard deviation) of cooked asparagus.

Treatments Value Colour Odour Taste Texture Overa_l I.
acceptability
Boiling Mean 7.0ab 6.2 5.7ab 54 ab 5.6 ab
SD 14 1.3 15 1.9 1.6
Steaming Mean 52¢c 5.6 48Db 4.7b 4.7b
SD 1.3 1.2 1.4 1.7 1.2
MW Mean 6.9 ab 5.9 5.7 ab 6.0 ab 6.0 a
SD 15 15 1.2 1.3 1.1
SV-Boiling Mean 6.1 bc 6.4 6.5a 6.1 ab 6.3a
SD 1.0 1.6 13 1.6 1.3
SV-80 Mean 6.0 bc 6.3 5.8 ab 59ab 6.3a
SD 0.9 14 1.6 1.4 1.3
SV-MW Mean 7.4 a 6.0 6.4 a 6.8 a 6.5a
SD 1.2 1.8 1.7 1.6 15
Significance foleiel NS * * **

MW = conventional microwaving; SV-Boiling = sous vide-Boiling; SV-80 = sous vide in water at 80 °C; SV-MW
= sous vide-microvaving, SD = standard deviation. Hedonic scale: 9 = like extremely; 8 = like very much; 7 = like
moderately; 6 = like slightly; 5 = neither like nor dislike; 4 = dislike slightly; 3 = dislike moderately; 2 = dislike
very much; 1 = dislike extremely.

Significance: *** P < 0.001; ** P < 0.01; * P < 0.05; NS, not significant. The same letters in the same column
indicate that mean values (n = 3) are not significantly different (P = 0.05)
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Figure

Fig. 1. Raw (A) and cooked asparagus spears: boiled (B); steamed (C); microwaved (D); sous vide-boiled (E); sous
vide-80 (F); sous vide-microwaved (G).

Fig. 2. Content of fructose (A), glucose (B), rutin (C) and ascorbic acid (D) in raw and cooked asparagus. MW =
conventional microwaving; SV-Boiling = sous vide-Boiling; SV-80 = sous vide in water at 80 °C; SV-MW = sous
vide-microvaving; DW = dry weight. For each parameter different letters indicate that mean values are significantly
different (P = 0.05).

Fig. 3. Loading plot (A) of PC1 and PC2 describing the spatial distribution of colour and nutritional
parameters and score plot (B) for raw and cooked asparagus spears. For observations in the score plot: MW
= conventional microwaving; SV-Boiling = sous vide-Boiling; SV-80 = sous vide in water at 80 °C; SV-
MW = sous vide-microvaving; CHL = chlorophyll; DW = dry weight





