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Fig. 4. Electron microphotographs of dried minced strawberries, a) and b) Freeze dried raw 

samples (200X and 400X); c) 70 ºC–2 m/s–3 h (200X); d) 70 ºC-2 m/s-7h (200X); e) 55 ºC-4 

m/s- 5h (200X, inside); f) 55 ºC-4 m/s-5h (200X, outside). 

Rehydration Ability (RR) 

Microstructural Analysis 

1) Acid hydrolyzates  ( HCl 8 N,110 ºC, 23 h). 

2) RP-HPLC-UV  Analysis: C8 column (250 mm x 4.6 

mm i.d.) at 37 ºC. Detection: 280 nm. 

   Gradient elution  

  0-12 min: 100% A 

  20-22.5: 50% A, 50% B 

   24.5-30.0: 100%A. 

2-FM-AAs Maillard reaction (MR) indicators 

Rehydration Ability (RR) 

1) Inmersion in distilled water 

(Solid-to-liquid ratio 1:50). Room 

temperature, 24 hours. 

2) Rehydration ratio: RR=mr/md  (mr: 

weight of the rehydrated carrot (g) and 

md: weight of the dehydrated carrot). 

Analytical determinations 

• As expected, two different stages were observed: constant rate drying (close to 100 min) and falling rate drying 

periods. 

 

 

Drying kinetic 
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EDIBON data 

 adquisition 

Dehydrated samples 

Leaching losses (LL) Microstructural  

Analysis 
1) Gold-palladium (ratio 80:20) 

metalization. 5mA, 800V. 

2) Microstructural analysis by 

scanning electron microscopy,  

25kV. 

a) Sputter Coater SC7C40 (POLARON)            

b) Scanning Electron Microscope XL30 

ESEM (PHILIPS). 

a) b) 

a) 

c) 

b) 

Leaching Losses (LL) 

CONCLUSIONS 

RESULTS AND DISCUSSION 

a) 

b) 

MATERIALS AND METHODS 

Samples 

EDIBON Drying Cabinet 

ST4 ST6 ST2 
ST3 

ST1 ST5 ST7 

TEMPERATURE SENSORS 

WET BULB 

DRY BULB Processing conditions 

Temperature range 

55 – 75 ºC 

Air flow-rate range 

2-4 m/s 

Drying times 

3 h, 5 h and 7 h 

VITAMIN C DEGRADATION KINETIC 

FUROSINE FORMATION KINETIC 
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1st order reaction 

 Fruits, including berries are frecuently dehydrated due to their perishability to make them available to consumers for an extended period of 

time. Fresh and dehydrated berries are desirable as ingredients for dairy, bakery and beverages industries in a wide selection of foodstuffs. During the 

last years the consumption of strawberries and other berries is increasing due to their pleasant organoleptic properties and antioxidant compounds 

which are related to health benefits. Since the preservation of bioactivity and nutritional quality is of great interest, the industry is looking for the 

improvement of the processing conditions and technology of drying (Tª, air flow-rate, humidity and time) to obtain premium quality products. As far as 

we know, vitamin C is considered one of the most reported thermolabile and antioxidant compound (1). Moreover, when severe heating conditions are 

applied, Maillard Reaction (MR) can take place, 2-furoylmethyl-amino acids (2-FM-AAs) being indicators of the initial stages. Among them, 2-

furoylmethyl-lysine (furosine) has been recently proposed as an useful indicator of food quality in some dried vegetables (2). To the best of our 

knowledge not previous studies have been reported about the kinetic of vitamin C degradation and furosine formation during the drying of 

strawberries. 
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The purpose of this work was to investigate the effect of several 

drying conditions on the kinetic of vitamin C degradation and 

furosine formation of minced strawberry samples. Rehydration 

ratio (RR) and microstructure were also studied to evaluate the 

quality of dried strawberries. 

• After the maximum time of drying (7h) the vitamin C contents were 404.5 

mg/ 100 g DM, 370.5 mg/ 100 g DM and  274.8 mg/ 100 g DM at 55, 60 and 

70 ºC, respectively. 

 

• The highest retention value of vitamin C (up to 70 %) was obtained after the 

process carried out at 55 ºC–4 m/s. 

 

• Rate constants (k) values were found within the range 9 x 10-4  to 2 x 10-3 

min-1. As we expected the highest k value was observed after the most 

intense drying treatment.  
 

•An activation energy (Ea) value of 40.6 KJ/mol was obtained after the 

vitamin C degradation kinetic study. 

 

•A good fit of the Arrenhius equation was found with a R2 value of 0.9894. 

 
 

 

 

• Furosine contents up to 870 mg/100 g prot. were obtained after 7 h of drying 

at 75 ºC–2 m/s processing conditions. It was the highest value found in 

strawberry samples dried during the assayed conditions. 

 

•The lowest furosine content was obtained after 3 h of drying at 55 ºC-4 m/s (60 

mg/100 g prot.), corresponding to the mildest processing conditions assayed. 

 

• Cero order reaction kinetic of furosine formation showed constant rates (k) 

between 0.0069 to 0.0422 mg/kg prot./s. 
 

• The highest k values were observed at 70 ºC (k=0.0253 mg/kg prot./s) and 75 

ºC (k=0.0422 mg/kg prot./s) and 2 m/s air flow-rate. 

 

• Constant rates of drying assays at 70 ºC and 75 ºC and 2 m/s were three and 

five times higher than those corresponding to the mildest processing conditions.  

 

• For the furosine formation kinetic here studied, the activation energy 

 (Ea) value was 102.3 KJ/mol, with a R2 value of 0.9813. 

a) b) 

a) 

• Rehydration (RR) values were close to 5, similar to 

those  reported in the literature for this type of 

products. 

75 ºC 

70 ºC 

60 ºC 

55 ºC 

Fig. 2a) Rate constants for drying processing conditions carried out at 2-4 

m/s air flow-rates and 55 ºC-75 ºC.  

Fig. 2b) Graphical representation of Ea from the Arrenhius equation. 

• Leaching losses were in the range of 35-44 %, 

being 3 h values the highest. This is probably due to 

a mayor superficial permeability into these samples 

(see figure 4 c). 

Fresh-cut strawberries 

subjected to drying (2 

mm thickness). 

a) Control computer setpoints.  

 

b) Drying interface (control panel). 

Drying trays (mesh 1 cm)    

Drying trays, front view.    Drying  trays, lateral view.   

Dried strawberries samples 

a) 75 ºC-2 m/s, 3 h.   

b) 75 ºC-2 m/s, 5 h. 

c) 75 ºC-2 m/s, 7 h.  

Leaching losses were determined 

gravimetrically by drying the 

samples (0.5 mL of rehydration 

water) in a conventional oven at 

102 ºC (AOAC method, (3)). 

Results were referred with respect 

to the initial weight of raw carrot 

(%). 

• This study highlights the usefulness of vitamin C and furosine as quality indicators of dehydrated 

food products and the importance of kinetic studies to determine the best processing conditions to 

control the quality criteria of industrial foodstuffs. 

 

•This is the first time that a simultaneous kinetic study on the vitamin C degradation and 

furosine formation is carried out in strawberries samples dehydrated in a convective system.  
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1) Extraction with oxalic acid 0.4% (1 g 

sample/12.5 mL oxalic acid, 30 min, 0 ºC, 

darkness). 

2) Homogenization: ultraturrax 13500 rpm, 1 

min. 

3) Dilution to 25 mL with Milli-Q water and 

centrifugation  3200g, 5 min. 

4) RP-HPLC-UV: (C18 column, 245 nm) 

Detection UV under isocratic conditions  

(5 mM KH2PO4, pH 3). 

 VITAMIN C determination 

Fig. 3a) Rate constants for drying processing 

conditions carried out at 2-4 m/s air flow-rates 

and 55 ºC-75 ºC.  

Fig. 3b) Graphical representation of Ea from the 

Arrenhius equation. 

Fig . 1. Drying curves of strawberries dehydrated by convection under different operating conditions. 

 

c) 

d) e) f) 
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• As a consequence of drying 

process, the initial structure of 

strawberries is highly modified, 

under all the temperatures 

assayed, being particularly 

evident with the increase of 

drying time. 
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