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Dear Sirs, 

 

Please kindly find here enclosed the paper entitled: 

“Effect of cooking and packaging conditions on quality of semi-dried green asparagus during 

cold storage”.  

This is the first time that the postharvest performance of semi-dried asparagus spears was studied. 

The asparagus spears were cooked by blanching or microwave, packaged in air or in modified 

atmosphere, and then stored at 4°C for 30 days.  

The postharvest performance of semi-dried asparagus spears was evaluated through the assessment 

of changes in sensorial quality (odour, colour, taste), physical (colour, water activity, firmness) and 

biochemical (sugars, total phenols, quercetin-3-rutinoside, antioxidant activity) parameters, and 

microbiological (mesophilic bacteria, enterobacteriaceae, and yeasts and moulds) contaminations 

during the shelf life of the product.  

The results indicate that this innovative product could have great commercial value due to its 

excellent nutraceutical properties, convenience, ease of preparation, and a shelf life of about 30 

days in refrigerated conditions.  

 

I wish you could consider this paper for a publication in “LWT-Food  Science and Technology”. 

  

Yours sincerely 

Lucrezia Sergio 
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ABSTRACT 10 

 11 

Ready-to-eat asparagus (Asparagus officinalis L.) is a tasty food with excellent nutraceutical 12 

properties. In order to realize a new ready-to-eat product, in this study asparagus’s spears were 13 

cooked by blanching or microwave, and then dehydrated until they reached a weight loss of 25%, 14 

and packaged in air or in modified atmosphere (30% CO2 + 70% N2). Sensorial, physico-chemical, 15 

biochemical, and microbiological parameters were evaluated during a 30 days storage period at 4 16 

°C. The microwave cooking proved to be the most effective method to preserve green colour, 17 

improving the overall acceptability of the product. Moreover, the storage in the absence of O2 and 18 

in the presence of high CO2 percentage was the most effective method to preserve phytochemical 19 

composition, total antioxidant capacity, and hygienic quality. In conclusion, asparagus spears 20 

cooked by microwave, semi-dried, packaged in modified atmosphere and stored at 4 °C for 30 days 21 

retained their quality and sensorial properties. 22 

 23 
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1. Introduction 26 

 27 

In the last years, high-convenience foods and, in particular, ready-to-eat vegetables are getting 28 

increasing demand from consumers. For this reason, new technologies are applied to extend the 29 

shelf life of these foods and to preserve sensorial and nutraceutical quality over time. 30 

Green asparagus (Asparagus officinalis L.) is a vegetable native of European, African and Asian 31 

countries, owing to its delicate flavour and therapeutic properties. Green asparagus is a good source 32 

of phytochemicals, including flavonoids, sterols, saponins, oligosaccharides, carotenoids, sulfurated 33 

acids, amino acids (Garcìa-Herrera, Sànchez-Mata, Càmara, Tardìo, & Olmedilla-Alonso, 2013), 34 

and fibers (Fuentes-Alventosa et al., 2009). Studies on the extracts of A. officinalis revealed a wide 35 

range of therapeutic activities, including anti-diabetic (Hafizur, Kabir, & Chishti, 2012), anti-tumor 36 

(Jaramillo et al., 2016), antifungal (Wang & Ng, 2001), diuretic (Schilcher & Rau, 1988), 37 

immunostimulatory (Sharma, Kumar, Singh, Munshi, & Bhalerao, 2013).  38 

Despite health benefits of asparagus consumption, the incidence of world asparagus production, 39 

accounting to about 8 millions t (FAO, 2014), is still small compared to other vegetables (about 40 

0.8%). The short cultivation period in most of the countries, the high production cost, and also the 41 

pre-cooking procedures carried out at home level are among main reasons that limit the diffusion of 42 

asparagus cultivation.  43 

The edible portion of asparagus is its stem commonly known as spear, that is extremely 44 

perishable due to its high respiration rate (Kader, 1992). In fact, freshly harvested asparagus 45 

deteriorates rapidly leading to a short shelf life of 3-5 days at room temperature (Lipton, 1990) and 46 

14-15 days in refrigerate conditions (Simón & Gonzalez-Fandos, 2011; Villanueva, Tenorio, & 47 

Sagardoy, 2005). However, technologies such as drying, modified atmospheres packaging, and 48 

application of edible coatings have been already applied to extend the shelf life of asparagus 49 

(Nindo, Sun, Wang, Tang, & Powers, 2003; Villanueva, Tenorio, Sagardoy, Redondo, & Saco, 50 

2005; Qiu, Jiang, Ren, Huang & Wang, 2013). The combination of some of these technologies 51 
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extended the shelf life of ready-to-eat vegetables, as recently demonstrated for artichoke hearts 52 

(Sergio et al., 2016), as well the combined sous vide-microwave cooking allowed to achieve >5 log 53 

cfu/g pathogen reduction and 30 day of cold storage for ready-to-eat chicory stems (Renna, 54 

Gonnella, de Candia, Serio, & Baruzzi, 2017). 55 

To the best knowledge of the authors, the current literature has not addressed the effects of 56 

different cooking methods and storage conditions on the quality and safety of semi-dried asparagus 57 

spears (SDAS) during cold storage. Thus, in this study the changes in sensorial, physico-chemical, 58 

biochemical, and microbiological parameters, of SDAS, cooked by blanching or microwave, 59 

packaged in air or in modified atmosphere, were evaluated during 30 days of cold storage. The 60 

overall goal was to select the most appropriate processing and storage conditions to obtain a ready-61 

to-eat food with high nutritional quality and consumer acceptability. 62 

 63 

2. Materials and methods 64 

 65 

2.1  Experimental plan 66 

 67 

Fresh green spears of Asparagus officinalis L. cv Grande, an ecotype widely cultivated in 68 

Southern Italy characterised for tenderness and sweetness of its spears, were subjected to two  69 

cooking treatments: blanching (Bl) or microwave (Mw). Then, cooked spears were partially dried 70 

and stored in air or under modified atmosphere (MA) at 4 ± 1°C for 30 days. In order to evaluate 71 

postharvest performance, physico-chemical and biochemical parameters were monitored every 10 72 

days, whereas the sensorial and microbiological analyses were performed every 5 days for the first 73 

20 days and then after 30 days of storage. For each cooking method, packaging condition, and 74 

sampling time three packages (i.e. replicates), each containing 10 SDAS (about 200 g), were 75 

prepared. All analyses were performed on each replicate. 76 

 77 
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2.2  Processing and storage conditions of asparagus spears 78 

 79 

The asparagus spears were obtained from fields located close to Foggia (Apulia Region, 80 

Southern Italy) and transported to the laboratory under refrigerated conditions. Asparagus spears 81 

were trimmed, cutting 6 cm from the spear base, and washed in tap water. The vegetable material 82 

was then subjected to two different cooking treatments: Bl or Mw. The Bl cooking was realized by 83 

cooking spears in a 0.15% citric acid, 0.15% lactic acid, and 1% NaCl water solution at 99 ± 1°C, 84 

with an asparagus weight/water volume ratio of 1:5 for 10 min. Then, each single cooked spears 85 

was deposited over plastic film and cooled resting the plastic film over crushed ice. When spears 86 

reached 20 ± 1°C, samples were drained and gently blotted with paper towel. The Mw cooking was 87 

performed in a domestic microwave oven (Samsung GE102Y, Milan, Italy) at 900 W for 5 min in 88 

which 10 spears were laid in a single layer over 100 mL of pre-heated distilled water. By this way 89 

the food was cooked thank a combination of steam and microwaves. The Mw samples were then 90 

rapidly cooled on bed of ice as described above. 91 

To determine if the cooking processes duration was effective to inactivate enzymes, spot test for 92 

peroxidase (EC 1.11.1.7, POD) activity was conducted as reported by Sergio, Cardinali, De Paola, 93 

& Di Venere (2009) as the inactivation of this enzyme is usually used to indicate the adequacy of 94 

blanching treatments (Sergio, Pieralice, Di Venere, & Cardinali, 2007). 95 

Afterwards, Bl and Mw asparagus spears were dried with a heat pump technology equipment 96 

(Heat Pump Dryer, STC s.r.l., Italy) at 50 °C (air flow rate = 4 m s
-1

) until they reached a weight 97 

loss of  25%. 98 

The SDAS packaging was performed in Air and in MA (30% CO2 + 70% N2), in polypropylene 99 

(PP) trays and multilayer cover film in OPA+PP/EVOH/PA/PP (Oriented Polyamid and 100 

Polypropylene externally, Etilvinilalcool and Polyamid internally, Alpak s.r.l., Italy) with low gas 101 

permeability (at 23 °C oxygen transmission <2 cm
3
 /(m

2
 days atm), a water vapour transmission 102 

rate < 2 g/(m
2
 days atm)), and a thickness of 85 µm. Preliminary tests, performed to choose the 103 
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optimal gas mixture, showed that high CO2 concentrations were not detrimental for the product 104 

appearance. 105 

 106 

2.3 Atmosphere analysis 107 

 108 

Gas samples were taken from the package and analysed for O2 and CO2 concentrations, using a 109 

gas analyzer (Check-Point, MPIM Srl, San Giovanni Teatino (CH), Italy). Changes in atmosphere 110 

composition inside packages were measured every day during the whole storage period (30 days).  111 

 112 

2.4 Sensory evaluation 113 

 114 

To evaluate the general acceptability of the SDAS, a sensorial test was performed to determine 115 

odour, colour, taste, and overall appearance of samples during the cold storage period, adapting the 116 

procedure reported by An, Zhang, Lu, & Zhan (2006). A panel of 10 judges assessed the sensory 117 

characteristics. The panellists are all members of the CNR-Institute of Sciences of Food Production 118 

(Bari, Italy) where the test sessions were performed. The intensity of the evaluated attributes was 119 

quantified on a 5 to 1 scale, where 5=excellent, no defects; 4=very good, slight defects; 3=fair, 120 

moderate defects; 2=poor, serious defects; and 1=inedible. To score products, judges relied on their 121 

own training experience. A score of 3 was considered the limit of marketability and a score of 2 was 122 

the limit of edibility. Spears were served in a randomized order on coded plastic dishes at room 123 

temperature. Distilled water (22 °C) was presented to rinse the palate. The sensory evaluation was 124 

done on the same days as the microbial analysis. 125 

 126 

2.5 Physico-chemical traits 127 

 128 
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To determine the colour parameters: L*, a*, b*, and hue angle (h°) a colorimeter (CR-400, 129 

Konica Minolta, Osaka, Japan) was used. Ten readings, along 3 asparagus spears, were taken for 130 

colour measurements.  131 

The firmness was determined by measuring the force required by a 2-mm probe to penetrate, at a 132 

speed of 1 mm s
-1

, the surface of the asparagus spears, held perpendicular to the probe, to a depth of 133 

4 mm using a firmness tester (ZwickLine Z0.5; Zwick/Roell, Ulm, Germany). The measurements 134 

were performed on 3 spears for each of apical, middle and basal spear sections. 135 

To evaluate the dry matter (DM) percentage, about 50 g of vegetable tissue were weighed and 136 

maintained in a forced ventilation oven at 65 °C until a constant weight was achieved. 137 

For pH determination, 10 g of vegetable tissue were blended with 100 mL of distilled water. The 138 

pH of the homogenized sample was measured with a InoLab-Terminal 740 Level 3 pH meter (Wtw, 139 

Milano, Italy). 140 

Water activity (aw) was measured on 3 asparagus spears with an “AQUA LAB” (Decagon 141 

Device Inc., Pullman, WA, USA) apparatus. Measurements were performed at 25±1 °C. 142 

 143 

2.6 Biochemical traits 144 

 145 

2.6.1 Sugars 146 

 147 

Twenty-five grams of vegetable tissue were homogenized and refluxed for 1 hour with 200 mL 148 

of boiling deionized water. Vegetable debris were removed by filtration through a Whatman 1 filter, 149 

then watery extract was analyzed by HPLC for glucose, fructose, and sucrose content as reported by 150 

Cefola et al. (2014). 151 

 152 

2.6.2 Phenols and antioxidant activity 153 

 154 
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Twenty-five grams of vegetable tissue were homogenized and refluxed (twice for 1 hour) with 155 

methanol (1:5 w/v). Vegetable debris were removed by filtration through a Whatman 1 filter, then 156 

methanolic extracts were concentrated under vacuum and used for total phenolic (TP) content 157 

evaluation, antioxidant activity (TAA) assay, and HPLC phenolic compound analysis. TP 158 

concentration, expressed as caffeic acid equivalent (CAE), and individual phenols content (by 159 

HPLC) were evaluated as reported by Gatto et al. (2016). Quercetin-3-rutinoside (Q-3-rut) was 160 

quantified using a calibration curve built using a commercial standard purchased from 161 

Extrasynthèse (Genay, France).  162 

TAA was assayed by radical cation ABTS (2,2′-azino-bis-3-ethylbenzothiazoline-6-sulphonic 163 

acid) assay on the same methanolic extracts used for polyphenol analysis (Cefola et al., 2014). 164 

 165 

2.7 Microbiological analysis 166 

 167 

Microbiological analysis were performed on raw asparagus spears, immediately after Bl or Mw 168 

cooking, after drying, and during cold storage. Asparagus spears from 3 bundles of each treatment 169 

were merged in order to obtain a bulk sample, cut into pieces of 2 cm in length and mixed under 170 

sterile conditions. About 25 g of this sample, representing at least the 5% of total weight of 3 171 

bundles, was homogenized for 2 min in sterile saline solution (0.9% w/v NaCl) (1:5 w/v), using a 172 

stomacher (BagMixer, Interscience, Saint-Nom, France) and decimally diluted to enumerate total 173 

mesophilic aerobic bacteria, Enterobacteriaceae, yeasts and moulds and Escherichia coli, as 174 

previously reported (Pinto, Ippolito, & Baruzzi, 2015; Renna, Gonnella, de Candia, Serio, & 175 

Baruzzi, 2017). Results were expressed in log cfu g
-1

 FM. All microbiological media, as well as 176 

cycloheximide and chloramphenicol selective solutions, were purchased from BiolifeItaliana Srl 177 

(Milan, Italy).  178 

 179 

2.8 Statistical analysis 180 
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 181 

The effects of the cooking methods, storage conditions and time of cold storage on sensorial 182 

quality, physico-chemical and biochemical parameters, and microbial loads were tested by 183 

performing a multifactor ANOVA analysis. The mean values were separated using the Student–184 

Newman–Keuls (SNK) test. Statistical analysis was performed with SPSS software (SPSS, Inc., 185 

Chicago, IL). 186 

 187 

3. Results and discussion 188 

 189 

3.1. Raw vs. cooked asparagus spears 190 

 191 

A comparison between quality attributes of asparagus spears raw or cooked by Bl or Mw are 192 

reported in Table 1. 193 

The pH in Mw samples was the same of the raw product, while Bl samples were slightly 194 

more acid, likely to the presence of lactic and citric acids in the cooking water.  195 

Mw cooked asparagus showed greener colour than Bl cooked ones; in fact, during the 196 

blanching the colour of asparagus spears turns from bright green to dull olive green (Sun, Tang, & 197 

Powers, 2007). A brightness reduction was observed in both cooked samples in comparison to the 198 

raw product. 199 

Cooking reduced significantly firmness of asparagus spears even though different values 200 

were recorded among analysed sections. However, no difference was found between Bl and Mw 201 

average firmness values. 202 

The two cooking methods produced different effects on the total sugar content (i.e. sum of 203 

glucose, fructose, and sucrose); changes by +13% and -22% were caused by Bl and Mw, 204 

respectively. The blanching conditions used (i.e., heating in an acidic solution) promoted the 205 

formation of simple sugars from free oligosaccharides and/or cell-wall polysaccharides, that 206 



9 

 

exceeded the effect of loss caused by leaching. On the contrary, in Mw treatment, conducted at 207 

neutral pH, losses probably caused by leaching or heat degradation were more evident.  208 

Depending on the applied cooking method, differences on the content of TP and Q-3-rut 209 

were observed. In particular, Bl treatment caused changes by -66% and -14%, whereas Mw 210 

treatment by -33% and +28%, on TP and Q-3-rut content, respectively. Due to these changes, Mw 211 

samples showed a higher phenolic content than Bl samples (+100% and +48% for TP and Q-3-rut, 212 

respectively). The loss of bioactive compounds by blanching has been ascribed to the leaching of 213 

water soluble molecules (Boari et al., 2013). In fact, the higher loss of rutin (i.e., Q-3-rut) content 214 

after Bl treatment in comparison to steam-based methods was previously reported in green 215 

asparagus (Drinkwater, Tsao, Liu, Defelice & Wolyn, 2015). As effect of domestic process 216 

(boiling), Makris & Rossiter (2001) reported in asparagus, a reduction of 43.9% in rutin content. In 217 

the case of Mw cooking it can be surmised that the leaching effect was limited only to condensed 218 

vapour, then mitigating the loss of phenolic compounds. In addition, the increase of Q-3-rut after 219 

Mw cooking in comparison with raw asparagus spears could be explained thanks to a higher 220 

extractability of phenolics after the thermal process which can break down the protein and 221 

carbohydrate matrix binding these compounds into the cell (Fanasca et al., 2009).  222 

The two processing treatments produced changes in TAA values similar to those recorded 223 

for TP; in particular, Bl and Mw caused a decrease by about 55 % and 12 %, respectively.   224 

Mesophilic bacteria and Enterobacteriaceae populations enumerated in raw asparagus 225 

spears were close to 6 log cfu g
-1

 FM whereas yeasts and moulds were about 5 log cfu g
-1

 FM. Both 226 

Bl and Mw drastically reduced all microbial populations loads under the limit of detection of 20 227 

cells per gram (1.20 log cfu g
-1

 FM). Immediately after both cooking treatments, asparagus spears 228 

were subjected to dehydration. Due to the different spears’ water content, the requested times for 229 

the dehydration were 3.5 and 2.5 hours for Bl and Mw samples, respectively (Fig. 1). 230 

 231 

3.2. Characterization of SDAS under cold storage conditions 232 
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 233 

ANOVA analysis of the interactions between the different cooking methods, storage packaging 234 

conditions, and storage durations and their interaction of the evaluated SDAS quality and safety 235 

parameters are reported in Table 2. 236 

 237 

3.2.1 Atmosphere analysis 238 

 239 

During cold storage, in MA packages, the initial O2 (0.75%) and CO2 (26.34%) content did not 240 

show significant changes, due to the very low gas permeability of the plastic film used. Actually, 241 

the packaging film revealed to be useful to retain the adopted gas concentrations (MA= 30% CO2 + 242 

70% N2) inside the SDAS packaging. Instead, in Air samples, O2 was largely replaced by CO2; the 243 

concentration of this gas increased during cold storage showing average values close to 6%  at day 244 

15 and 38% at day 30.  245 

 246 

3.2.2 Sensorial scores 247 

 248 

Changes in odour, colour, taste, and overall sensorial quality of SDAS during storage were 249 

shown in Table 3.  250 

Odour, in just packaged SDAS, scored higher than 4 up to 20 days of storage for Bl samples, 251 

whereas a gradual decrease was observed mainly for Mw samples. After 30 days of storage, the 252 

odour descriptor showed a significant decrease in its score, more relevant in samples stored in air 253 

than under MA. The marked loss of good smell in samples stored in air, in comparison to those 254 

stored in MA at the end of cold storage, could be attributed to the production of off-flavours by 255 

spoilage microorganisms. 256 

A relevant colour difference was observed according to the cooking method: Mw samples 257 

showed the maximum score, whereas Bl samples reached a score of 3.5 (Fig. 2). During storage, in 258 
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all treatments, the colour of SDAS slightly worsened, but with no significant (P ≤ 0.05) changes 259 

(Table 3). After 30 days, in both storage packaging conditions, samples cooked by Bl were not 260 

marketable, showing a score of 2.5, whereas Mw samples retained their advantage, showing a score 261 

of 4.  262 

Before storage, just prepared SDAS slightly differed for taste; in particular the blanched ones 263 

found greater consensus, most likely because of the addition of citric acid, lactic acid and especially 264 

NaCl in the water of blanching that influences the taste and hedonic rating (Sharafi et al., 2013). 265 

The taste of SDAS samples was performed only up to 15
th 

day in storage to avoid any health risk for 266 

the panelists. Only in the Bl-Air treatment a considerable deterioration of taste was observed, while 267 

the other ones showed a slight worsening (Table 3). All samples showed a good overall evaluation 268 

up to 20 days in storage, but only the Mw-MA treatment after 30 days showed a score of almost 4. 269 

The worsened taste of Bl-Air samples can be partially attributed to the reduction of sugars (Fig. 3). 270 

 271 

3.2.3 Physico-chemical traits 272 

 273 

The storage duration significantly affected all colour parameters, while cooking method 274 

influenced only a* and h° values; that was reported to be well correlated with chlorophyll contents 275 

(Lau, Tang, & Swanson, 2000) unlike colour values (Mazza & Oomah, 1994). 276 

Packaging conditions did not affect colour parameters (Table 2) although h° and L* chromatic 277 

parameters changed for the combined effect of cooking and storage, as shown in Fig. 2. At the 278 

beginning of cold storage, the h° value was higher in Mw-cooked samples than in the Bl-cooked 279 

ones; however, a progressive reduction of h° was observed only in Mw-cooked samples during 280 

refrigeration. During storage a progressive increase of L* value was observed in all samples, 281 

probably due to the presence of exudates on the surface. The highest L* value was registered for 282 

Mw samples stored in MA (Fig. 2).  283 
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Cooking methods, storage conditions and storage duration significantly affected firmness (Table 284 

2). In cold stored SDAS, as well as in raw spears, texture increased from the apex to the basal part 285 

of the spear. On average, the Mw-cooked asparagus have a higher consistency than Bl-cooked; this 286 

happened because of many factors as the different Bl and Mw cooking time and the different 287 

cooking temperature reached (Kidmose, 1999).  All samples showed a progressive texture decrease 288 

during storage (Table 4), more evident in the basal section of asparagus spears. These results are 289 

consistent with those reported by Sergio et al. (2016) in semi-dried artichoke hearts. Firmness 290 

changes during storage may be a consequence of water loss and cellular breakdown due to 291 

microbial growth and biochemical activity. In our case, since enzymes were completely inactivated 292 

by blanching, and weight loss was not significantly affected by storage duration, microbial growth 293 

could be responsible of texture changes. This result could be ascribed to the absence of the 294 

lignifications process, that, instead, has been demonstrated to proceed in increase in raw spears 295 

during cold storage (Rodrìguez-Arcos, Smith, & Waldron, 2002).  296 

The initial aw value was 0.976 ± 0.005 and 0.980 ± 0.003 in Bl and Mw SDAS samples, 297 

respectively. During storage a slight increase in aw values (up to 1%) was observed in all  298 

treatments. These changes were not statistically significant. 299 

 300 

3.2.4 Biochemical traits 301 

 302 

Changes in the content of the three sugars during storage were shown in Fig. 3. A different 303 

behaviour was observed among treatments; in general, a trend to decrease or, at the most, to keep 304 

the initial values was recorded. The Mw-MA treatment showed the most stable behaviour, without 305 

significant differences in all the three sugars during the whole storage; in this case, the mild 306 

conditions of processing and the absence of oxygen in packaging probably contributed to preserve 307 

sugars from biochemical as well as microbial degradation. On the contrary, in the Mw-Air treatment 308 

a drastic decrease of all sugars was recorded, probably caused by a strong effect of microbial 309 
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degradation. However, the presence of microbial enzymes able to hydrolyze short-chain fructo-310 

oligosaccharides (Benkeblia & Shiomi, 2009) or cellulose and starch secreted by living cells or 311 

accumulated after cell lysis (Chen, 2002), could be also responsible for the increase in concentration 312 

of water soluble sugars noticed in Bl-Air treatment from 20 to 30
 
days of storage  313 

The TP and Q-3-rut content occurred in SDAS during storage are shown in Fig. 4 (a, b). Both for 314 

TP as well as Q-3-rut content, a pronounced increase was noticed in the first 10 days in storage, 315 

independently of treatment, followed by a trend toward more stable values. The TAA changes 316 

occurred during storage were reported in Fig. 4 (c). For each treatment, the trend was very similar to 317 

that shown in phenolic compounds, thus indicating such bioactives as the main responsible of 318 

antioxidant properties of SDAS, in accordance with previous findings (Sergio et al., 2016; Sun,  319 

Powers, & Tang, 2007). The phenolic compounds increase in the first days of storage was positively 320 

correlated with the strong increase in microbial load (Fig. 5) observed for the same storage period. 321 

Differently from the release of simple sugars, in this case microbial cell wall-degrading enzymes 322 

(e.g., cellulases, pectinases, proteases, glycosidases, etc.) probably caused a higher extractability of 323 

phenolic compounds, in particular flavonoids, as reported for several technological applications of 324 

enzyme assisted extraction (Chen et al., 2011;  Puri et al., 2012). 325 

 326 

3.2.5  Microbiological analysis 327 

 328 

During dehydration all microbial populations increased independently from cooking method. In 329 

particular, yeasts and moulds reached about 2 log cfu g
-1

 FM whereas bacterial microbial 330 

populations showed average values of approximately 3 log cfu g
-1

 FM. Results related to microbial 331 

counts of SDAS samples subjected to different conditions are shown in Fig 5. In particular, 332 

mesophilic aerobic bacteria and Enterobacteriaceae on air samples reached 8 log cfu g
-1

 FM from 333 

the day 5 to 10 of cold storage; bacterial loads did not change up to day 30. Bacterial populations 334 

grew on samples stored in MA starting from day 15 until the end of cold storage, never exceeding 7 335 



14 

 

log cfu g
-1

 FM, a value considered the microbiological limit for ready-to-eat asparagus spears 336 

(Simón & Gonzalez-Fandos, 2011). E. coli was never found. 337 

As concerns yeasts and moulds, viable load values showed some fluctuations remaining always 338 

lower than 3 log cfu g
-1

 FM. The main factor influencing significantly (P ≤ 0.05) viable cell load 339 

values of the bacterial populations at each sampling time was the atmosphere composition inside the 340 

package (Air vs MA); in particular, viable cell loads were found to be always significantly lower in 341 

SDAS stored under MA than the ones in air. Previous results on the application of MA packaging 342 

(O2/CO2) on asparagus spears, showed no significant changes in bacterial loads in comparison to 343 

cold storage in air (Simón & Gonzalez-Fandos, 2011; Villanueva et al., 2005). Our results can be 344 

due to the different gas composition into packages (absence of O2 and high CO2 concentration) that 345 

could limit the growth of mesophilic aerobic bacteria and Enterobacteriaceae. Furthermore, starting 346 

from day 20, some package stored in air bulged. This defect could be ascribed to  the increase of 347 

respiration rates during cold storage in air (Li & Zhang, 2015) that in turns, thanks to the 348 

accumulation of CO2, could stimulate the fermentative activity of spoilage bacteria belonging to 349 

Enterobacteriaceae (del Árbol et al., 2016). The increase of Enterobacteriaceae we found from the 350 

day 10 of cold storage in air is in accordance with these previous findings. On the contrary, bulging 351 

of packages was not detected for asparagus spears under MA throughout cold storage. Bacterial 352 

loads were not affected by cooking method (Bl vs Mw; P ≤ 0.05). This latter results could be due to 353 

the increase in viable microbial population or to environmental contamination occurred during the 354 

long time employed for drying spears. 355 

 356 

4. Conclusions 357 

 358 

Asparagus, whose consumption is much appreciated, was found to be suitable for being 359 

processed as a semi-dried “ready-to-eat” food. This innovative product could have great 360 

commercial value due to its high convenience, ease of preparation and qualitative characteristics 361 
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similar to raw asparagus, but gaining in a extended shelf life. Based on microbiological populations 362 

evaluated, as well as the comparison of packages bulging that affects spears marketability, the best 363 

result was achieved by SDAS stored under MA until the end of cold storage. 364 

The cooking by Mw combined with the storage at a low temperature (4 °C), in the absence of O2, 365 

and in the presence of a high CO2 (30%), proved to be effective to maintain the appearance of fresh 366 

spears, high nutraceutical quality, antioxidant activity, and to extend of about 15 days the shelf life 367 

of SDAS in comparison to air storage.  368 

 369 

 370 

References 371 

 372 
An, J., Zhang, M., Lu, Q., & Zhang, Z. (2006). Effect of a prestorage treatment with 6-373 

benzylaminopurine and modified atmosphere packaging storage on the respiration and 374 

quality of green asparagus spears. Journal of Food Engineering, 77, 951-957. 375 

Benkeblia, N., & Shiomi, N. (2009). Variation of fructooligosaccharide content, invertase, 1-SST, 376 

1- FFT, and 6G-FFT activities in green asparagus spears stored under different temperature 377 

regimes. Fresh Produce, 3(1), 44-50. 378 

Boari, F., Cefola, M., Di Gioia, F., Pace, B., Serio, F., & Cantore, V. (2013). Effect of cooking 379 

methods on antioxidant activity and nitrate content of selected wild Mediterranean plants 380 

International Journal of Food Science and Nutrition, 1-7. 381 

Cefola, M., Pace, B., Sergio, L., Baruzzi, F., Gatto, M. A., Carito, A., Linsalata, V., Cascarano, N. 382 

A., & Di Venere, D. (2014). Postharvest performance of fresh-cut ‘Big Top’ nectarine as 383 

affected by dipping in chemical preservatives and packaging in modified atmosphere. 384 

International Journal of Food Science and Technology, 49, 1184-1195.  385 

Chen, J. (2002). Microbial enzymes associated with fresh-cut produce. Fresh-cut fruits and 386 

vegetables: Science, technology and market, 249-266. Edited by Olusola Lamikanra, CRC 387 

PRESS. 388 

Chen, S., Xing, X.H., Huang, J.J., & Xu, M.S. (2011). Enzyme-assisted extraction of flavonoids 389 

from Ginkgo biloba leaves: improvement effect of flavonol transglycosylation catalyzed by 390 

Penicillium decumbens cellulose. Enzyme and Microbial Technology, 48, 100-105. 391 

del Árbol, J. T., Pulido, R. P., La Storia, A., Burgos, M. J. G., Lucas, R., Ercolini, D., & Gálvez, A. 392 

(2016). Changes in microbial diversity of brined green asparagus upon treatment with high 393 

hydrostatic pressure. International journal of food microbiology, 216, 1-8. 394 

Drinkwater, J. M., Tsao, R., Liu, R., Defelice, C., & Wolyn, D. J. (2015). Effects of cooking on 395 

rutin and glutathione concentrations and antioxidant activity of green asparagus (Asparagus 396 

officinalis) spears. Journal of Functional Foods, 12, 342-353. 397 

Fanasca, S., Rouphael, Y., Venneria, E., Azzini, E., Durazzo, A., & Maiani, G. (2009). Antioxidant 398 

properties of raw and cooked spears of green asparagus cultivars. International Journal of 399 

Food Science and Technology, 44, 1017-1023. 400 

FAO (2014). Food and agricultural commodities production. Part of FAOSTAT—FAO database for 401 

food and agriculture. Rome: Food and agriculture Organisation of United Nations (FAO). 402 

Fuentes-Alventosa, J.M., Rodríguez-Gutiérrez, G., Jaramillo-Carmona, S., Espejo-Calvo, J.A., 403 

Rodríguez-Arcos, R., Fernández-Bolaños, J., Guillén-Bejarano, R., & Jiménez-Araujo, A. 404 



16 

 

(2009). Effect of extraction method on chemical composition and functional characteristics 405 

of high dietary fibre powders obtained from asparagus by-products. Food Chemistry, 113, 406 

665-671.  407 

Garcìa-Herrera, P., Sànchez-Mata, M.C., Càmara, M., Tardìo, J., & Olmedilla-Alonso, B. (2013). 408 

Carotenoid content of wild edible young shoots traditionally consumed in Spain (Asparagus 409 

acutifolius L., Humulus lupulus L., Bryonia dioica Jacq. and Tamus communis L.). Journal 410 

of the Science of the Food and Agriculture, 93, 1692-1698. 411 

Gatto, M.A., Sergio, L., Ippolito, A., & Di Venere, D. (2016). Phenolic extracts from wild edible 412 

plants to control postharvest diseases of sweet cherry fruit. Postharvest Biology and 413 

Technology, 120, 180-187. 414 

Hafizur, R. Md., Kabir, N., & Chishti, S. (2012). Asparagus officinalis extract controls blood 415 

glucose by improving insulin secretion and b-cell function in streptozotocin-induced type 2 416 

diabetic rats. British Journal of Nutrition, 108, 1586-1595. 417 

Jaramillo, S., Muriana, F.J.G., Guillen, R., Jimenez-Araujo, A., Rodriguez-Arcos, R., & Lopez, S. 418 

(2016).  Saponins from edible spears of wild asparagus inhibit AKT, p70S6K, and ERK 419 

signalling, and induce apoptosis through G0/G1 cell cycle arrest in human colon cancer 420 

HCT-116 cells. Journal of Functional Food, 26, 1-10. 421 

Kader, A.A. (1992). Postharvest biology and technology: An overview. Postharvest Technology of 422 

Horticultural Crops (Vol. 3311). University of CA. 423 

Kidmose, U., & Kaack, K. (1999). Changes in texture and nutritional quality of green asparagus 424 

spears (Asparagus officinalis L.) during microwave blanching and cryogenic freezing. Acta 425 

Agriculturae Scandinavica, Section B - Soil & Plant Science,  49, 110-116. 426 

Lau, M.H., Tang, J., Swanson, B.G. (2000). Kinetics of textural and color changes in green 427 

asparagus during thermal treatments. Journal of Food Engineering, 45, 231-236. 428 

Li, T., & Zhang, M. (2015). Effects of modified atmosphere package (MAP) with a silicon gum 429 

film window on the quality of stored green asparagus (Asparagus officinalis L) spears. LWT-430 

Food Science and Technology, 60, 1046-1053. 431 

Lipton, W.J. (1990). Postharvest biology of fresh asparagus. Horticultural Reviews, 12. 432 

Makris, D.P., & Rossiter, J.T. (2001). Domestic processing of onion bulbs (Allium cepa) and 433 

asparagus spears (Asparagus officinalis): effect on flavonol content and antioxidant status. 434 

Journal of Agricultural and Food Chemistry, 49, 3216-3222. 435 

Mazza, G., & Oomah, B.D. (1994). Color evaluation and chlorophyll content in dry green peas. 436 

Journal of Food Quality, 17, 381-392. 437 

Nindo, C.I., Sun, T., Wang, S.W., Tang, J., Powers, J.R. (2003). Evaluation of drying technologies 438 

for retention of physical quality and antioxidants in asparagus (Asparagus officinalis, L.). 439 

Lebensmittel-Wissenschaft & Technologie, 36, 507-516. 440 

Pinto, L., Ippolito, A., & Baruzzi, F. (2015). Control of spoiler Pseudomonas spp. on fresh cut 441 

vegetables by neutral electrolyzed water. Food Microbiology, 50, 102-108. 442 

Puri, M., Sharma, D., & Barrow, C.J. (2012). Enzyme-assisted extraction of bioactives from plants. 443 

Trends in Biotechnology, 30(1), 37-44. 444 

Qiu, M., Jiang, H., Ren, G., Huang, J., & Wang, X. (2013). Effect of chitosan coatings on 445 

postharvest green asparagus quality. Carbohydrate polymers, 92, 2027-2032. 446 

Renna, M., Gonnella, M., de Candia, S., Serio, F., & Baruzzi, F. (2017). Efficacy of combined sous 447 

vide-microwave cooking for food borne pathogen inactivation in ready-to-eat chicory stems. 448 

Journal of Food Science, 82(7), 1664-1671. 449 

Rodriguez-Arcos, R.C., Smith A.C., & Waldron, K.W. (2002). Effect of Storage on Wall-Bound 450 

Phenolics in Green Asparagus. Journal of Agricultural and Food Chemistry, 50, 3197-3203. 451 

Schilcher, H, & Rau, H. (1988). Nachweis der aquaretischen Wirkung von Birkenblatterund 452 

Goldrutenauszugen im Tierversuch. Urologe [B], 28, 274-80. 453 



17 

 

Sergio L., Gatto M.A., Spremulli L., Pieralice M., Linsalata V., & Di Venere D. (2016) Packaging 454 

and storage conditions to extend the shelf life of semi-dried artichoke hearts LWT - Food 455 

Science and Technology, 72, 277-284. 456 

Sergio, L., Cardinali, A., De Paola, A., & Di Venere, D. (2009). Biochemical properties of soluble 457 

and bound peroxidase from artichoke heads and leaves. Food Technology and 458 

Biotechnology, 47(1), 32-38.  459 

Sergio, L., Pieralice, M., Di Venere, D., & Cardinali, A. (2007). Thermostability of soluble and 460 

bound peroxidases from artichoke and a mathematical model of its inactivation kinetics. 461 

Food Technology and Biotechnology, 45(4), 367-373. 462 

Sharafi, M., Hayes, J.E., & Duffy, V.B. (2013). Masking Vegetable Bitterness to Improve 463 

Palatability Depends on Vegetable Type and Taste Phenotype. Chemosensory Perception, 6, 464 

8-19.  465 

Sharma, U., Kumar, N., Singh, B., Munshi, R.K., & Bhalerao, S. (2013). Immunomodulatory active 466 

steroidal saponins from Asparagus racemosus. Medicinal Chemistry Research, 22,573-579. 467 

Simón, A., & Gonzalez-Fandos, E. (2011). Influence of modified atmosphere packaging and storage 468 

temperature on the sensory and microbiological quality of fresh peeled white asparagus. 469 

Food Control, 22, 369-374. 470 

Sun, T., Powers, J.R., & Tang, J. (2007). Evaluation of the antioxidant activity of asparagus, 471 

broccoli and their juices. Food Chemistry, 105, 101-106. 472 

Sun, T., Tang, J., & Powers, J.R. (2007). Antioxidant activity and quality of asparagus affected by 473 

microwave-circulated water combination and conventional sterilization. Food Chemistry, 474 

100, 813-819. 475 

Villanueva, M.J., Tenorio, M.D., Sagardoy, M., Redondo, A., & Saco, M.D. (2005). Physical, 476 

chemical, histological and microbiological changes in fresh green asparagus (Asparagus 477 

officinalis, L.) stored in modified atmosphere packaging. Food Chemistry, 91, 609-619. 478 

Wang, H., & Ng, T.B. (2001). Isolation of a novel deoxyribonuclease with antifungal activity from 479 

Asparagus officinalis seeds. Biochemical and Biophysical Research Communications, 23, 480 

120-124. 481 

  482 



18 

 

Table 1. Quality attributes of asparagus spears raw or just cooked by blanching (Bl) or in 483 

microwave (Mw). ND, not detected. ns, *, ** indicate F test not significant or significant at 484 

P < 0.05 and P < 0.01, respectively. Mean separation within columns by SNK test (P < 485 

0.05). 486 

Table 2. Effect of cooking method (Bl or Mw), storage packaging condition (Air and MA), storage 487 

duration (10, 20 and 30 days at 4°C), and their interaction on SDAS quality attributes. 488 

 489 

Table 3. Effect of cooking method (Bl or Mw), storage packaging condition (Air and MA), and 490 

storage duration (10, 20 and 30 days at 4°C) on odour, colour, taste and overall evaluation 491 

in semi-dry asparagus spears. Scale: 5=excellent, no defects; 4=very good, slight defects; 492 

3=fair, moderate defects; 2=poor, serious defects; and 1=inedible. Mean score ± SD. 493 

 494 

Table 4. Effect of cooking method (Bl or Mw), storage packaging condition (Air and MA), and 495 

storage duration (10, 20 and 30 days at 4°C) on texture (N) in apical, middle and basal 496 

section of semi-dried asparagus spears. Mean values ± SD. 497 

 498 

Fig. 1. Dehydration profile of asparagus spears cooked by blanching (Bl) or by microwave (Mw). 499 

 500 

Fig. 2. Effect of cooking method (Bl or Mw), storage packaging condition (Air and MA), and 501 

storage duration (10, 20 and 30 days at 4°C) on chromatic parameters Hue angle (h*) (a) and 502 

L* (b), in semi-dried asparagus spears. Mean values ± SD. 503 

 504 

Fig. 3. Effect of cooking method (Bl or Mw), storage packaging condition (Air and MA), and 505 

storage duration (10, 20 and 30 days at 4°C) on glucose (a), fructose (b), and sucrose (c) 506 

content, in semi-dried asparagus spears. Mean values ± SD. 507 

 508 

Fig. 4. Effect of cooking method (Bl or Mw), storage packaging condition (Air and MA), and 509 

storage duration (10, 20 and 30 days at 4°C) on total phenols (TP) content (a) estimated as 510 

caffeic acid equivalent (CAE), quercetin-3-rutinoside (Q-3-rut) (b), and total antioxidant 511 

activity (TAA) (c), in semi-dried asparagus spears. Mean values ± SD. 512 

 513 

Fig. 5. Viable cell counts (log cfu/g FW) of mesophilic bacteria, Enterobacteriaceae, and yeasts and 514 

moulds on semi-dry green asparagus cooked with blanching (Bl) or microwave (Mw) and 515 

stored at 4 °C for 30 days in air (Air) or modified atmosphere (MA). Red line indicates the 516 

detection limit of microbial protocol applied.  517 
 518 



Table 1 

 

Table



Table 2 

ns, not significant; *P≤0.05; **P≤0.01; ***P≤0.001. 

 

 

 

 

Cooking 

method 

(A) 

Packaging 

conditions  

(B) 

Storage  

duration  

(C) 

 

AB 

 

 

AC 

 

BC 

 

ABC 

Overall evaluation *** ** ** ns ns ns ns 

Flavour ** ** ** ns * * ns 

Coulor ** ns * ns * ns ns 

Taste *** *** ** ns * * ns 

L* ns ns ** ns ns ns ns 

a* ** ns * ns ns ns ns 

b* ns ns ** * ns ns * 

h° * ns ** ns * ns ns 

Firmness ** ** ** ns * * ns 

Glucose ** ** ** ns ns ns ns 

Fructose *** ** ** ns ns ns ns 

Sucrose ns * * ns ns ns ns 

Total phenols ** ** ** ns ns ns ns 

Quercetin-3-rutinoside * ** ** ns ns ns ns 

Total antioxidant activity ** ** ** ns ns ns ns 

Mesophilic bacteria *** *** *** ns *** *** *** 

Enterobacteriaceae ns *** *** *** *** *** *** 

Yeasts and mould *** *** *** *** *** *** *** 

Table



 

 

        

Bl-MA Bl-Air Mw-MA Mw-Air 

Odour 

0 4.51 ±0.20 4.49 ±0.19 4.20 ±0.19 4.17 ±0.19 

5 4.50 ±0.18 4.52 ±0.21 4.02 ±0.17 4.01 ±0.14 

10 4.50 ±0.27 4.49 ±0.19 4.04 ±0.24 3.48 ±0.19 

15 4.50 ±0.23 4.49 ±0.22 4.00 ±0.29 3.50 ±0.22 

20 4.54 ±0.26 4.47 ±0.31 4.04 ±0.33 3.49 ±0.25 

30 3.57 ±0.20 3.06 ±0.33 3.46 ±0.29 3.02 ±0.46 

Colour 

0 3.49 ±0.42 3.57 ±0.37 5.00 ±0.01 4.98 ±0.06 

5 3.49 ±0.19 3.55 ±0.22 4.95 ±0.11 5.00 ±0.01 

10 3.03 ±0.24 3.01 ±0.17 4.96 ±0.10 4.94 ±0.13 

15 3.02 ±0.23 3.06 ±0.22 4.95 ±0.11 4.94 ±0.13 

20 3.03 ±0.24 3.01 ±0.25 4.97 ±0.09 4.95 ±0.16 

30 2.48 ±0.19 2.56 ±0.27 4.07 ±0.29 3.94 ±0.36 

Taste 

0 4.52 ±0.18 4.49 ±0.28 3.99 ±0.32 4.06 ±0.34 

5 4.53 ±0.26 4.47 ±0.37 3.98 ±0.27 2.05 ±0.37 

10 4.06 ±0.26 3.94 ±0.23 4.06 ±0.24 3.98 ±0.23 

15 4.07 ±0.27 3.11 ±0.21 3.94 ±0.15 4.18 ±0.22 

20 -  -  -  -  

30 -  -  -  -  

Overall evaluation 

0 4.23 ±0.25 4.19 ±0.19 4.37 ±0.26 4.44 ±0.16 

5 4.09 ±0.37 4.19 ±0.19 4.30 ±0.19 3.76 ±0.27 

10 4.10 ±0.24 4.10 ±0.32 4.28 ±0.28 4.23 ±0.32 

15 3.88 ±0.45 3.58 ±0.43 4.36 ±0.36 4.17 ±0.35 

20 3.84 ±0.35 3.88 ±0.33 4.36 ±0.27 4.37 ±0.31 

30 3.09 ±0.44 2.91 ±0.26 3.92 ±0.33 3.61 ±0.44 

 

Table 3 

Table



Table 4 

 

Storage days 

Bl-MA  Bl-Air  Mw-MA  Mw-Air 

apical median basal  apical median basal  apical median basal  apical median basal 

0 5.6±0.8 6.2±1.4 8.0±1.0  5.9±0.9 6.4±1.7 8.8±1.3  6.2±1.1 7.7±1.5 10.5±0.9  6.8±1.0 7.8±0.9 11.0±1.2 

10 5.3±0.7 6.0±1.7 7.1±1.4  5.3±1.4 5.7±0.9 8.3±1.4  5.8±0.7 7.0±0.9 9.7±1.7  6.6±0.6 7.2±0.8 10.1±1.0 

20 4.2±0.3 5.1±1.3 6.0±1.7  4.9±0.1 5.1±0.6 7.1±0.7  5.4±1.8 6.8±1.5 9.3±0.9  5.7±1.5 6.4±1.3 9.3±0.7 

30 3.6±1.3 4.9±0.8 5.8±1.3  3.1±0.6 4.0±0.8 4.6±1.3  5.1±0.7 6.3±1.4 8.6±1.6  4.7±0.5 5.2±0.4 7.4±1.3 

 

Table
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