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Materials and Methods 
Raw matter 

Pre-processing conditioning 
Two goldenberry fractions were dried either frozen or as a slurry. 

To prepare the slurry, water was added to form a mix suitable for 
drum drying. �e selected solid to water ratio was 100 g frozen fruit 
to 60 mL distilled water. For this purpose, a Waring blender (51 BL 32, 
Torrington, CT, USA) with variable speeds was used. An important 
factor that needed to be controlled during the pre-processing step was 
the level of polyphenoloxidase (PPO) activity, as goldenberries are 
moderately susceptible to enzymatic browning that could a�ect the 
level of antioxidant compounds. For this reason, a�er homogenization 
with water, 5 g/kg ascorbic acid was added to the mix to inactivate PPO 
[46]. �is anti-browning agent was chosen because it proved to be the 
most e�cient compound for decreasing PPO activity and avoiding the 
loss of phenolics compared with 20 g/kg ascorbic acid, 5 g/kg citric acid, 
2 g/kg citric acid, or blanching (data not shown). Blanching decreases 
the total phenolic content, most likely due to leaching in the water or 
enzymatic oxidative damage catalyzed by PPO [42,46-48].

Drying of frozen fruit 
A goldenberry fraction (such as frozen or slurry) was dried using 

three di�erent systems: an Oven dryer (Tau Steril Automatic, Momasco, 
Como, Italy) at 60°C until the peel reached a constant weight; a Double 
drum dryer (ADD, Food & Chemical Equip. Inc., Bu�alo, New York, 

A number of epidemiological studies and clinical trials have 
established that a high dietary intake of fruits and vegetables is strongly 
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E�ect of the drying method on the total antioxidant content 
and capacity

�e total phenolics content in the dried goldenberry fruit 
ingredients obtained using di�erent drying systems are shown in �gure 
1. �e total phenolics in the raw matter were 2.46 and 8.27 g GAE/100 
g DW for fresh and slurry fruit, respectively. �e phenolic levels in the 
ingredients obtained from the slurry goldenberry fruit were higher 
(3-fold) in comparison with the fresh fruit because ascorbic acid was 
added to inactivate PPO and avoid the loss of phenolics during the pre-
processing stage. �is result demonstrates that it is possible to retain a 
high proportion of these putatively bioactive compounds during the 
drying process [58].

�ere was a signi�cant reduction in the amount of phenolics during 
the drying process. �e samples dried as fresh fruit reached 1.31, 1.24 
and 0.33 g GAE/100 g DW for lyophilized, drum-dried and oven dried 
samples, respectively. �e loss of phenolics ranged from 47 to 86% for 
freeze and oven drying, respectively. In contrast, in the samples dried 
as fruit slurry, the total phenolics content ranged from 4.72 to 7.35 g 
GAE/100 g DW, depending of the drying system used. In these samples, 
the loss ranged between 11.12% and 42.00%. �us, the reduction in 
phenolics observed in the ingredients developed from fresh fruit was 
higher; in addition, the samples produced from the fruit slurry showed 
higher antioxidant content than those dried as frozen fruit, with values 
that were 2.5-334 and 3.2-fold higher in the freeze- and oven-dried 
products, respectively (p<0.05). �ese data indicate that freeze drying 
retained most of the phenolics contained in the raw matter. �e drum-
drying system allowed for the retention of over 70% of the phenolics 
and is also the most economical system. Other reports indicate that the 
drying processes applied to di�erent products resulted in signi�cant 
declines in total phenolics [39,40,55,59]. Phenolics are highly unstable 
to thermal processes because they are rapidly transformed into various 
products, mainly due to plant cell damage that causes biochemical 
and chemical changes [22,56]. �e loss of phenolics could also be a 
result of thermal instability or enzymatic oxidation, especially during 
the pre-processing operations [40]. �e mechanisms that cause the 
reduction of these phytochemicals include chemical decomposition, 
enzymatic and non-enzymatic degradation, and the formation of 
insoluble oxidation and polymerization products, among others [59]. 
Our results indicate that the greatest loss of phenolic compounds was 
associated with oven drying, most likely due to the length of the drying 
period, which allows aerial oxidation and enzymatic degradation, 
while enzymatic inactivation may have occurred in the lag phase [60]. 
�e level of ascorbic acid determined in fresh fruit was 32 mg 100 g-1 
(Figm(plant )-[59]. 
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�e correlation analysis between all the samples indicates a strong, 
positive and signi�cant correlation between the antioxidant capacity 
(DPPH assay) and the total phenolic content (r=0.99, p<0.01). �is 
result indicates that the radical scavenging activity depends on the 
phenolic content and could partially determine the antioxidant 
capacity due to the synergistic e�ects of the phenolic compounds that 
constitute the apple sample. Di�erent authors have also observed a 
high correlation between the total phenolic content and the antioxidant 
capacity as evaluated by the DPPH assay in fruits [37,39,40,45]. 

Conclusions 
�e drying system used to obtain goldenberry fruit ingredients 

modi�ed a series of chemical parameters, color, and putatively health-
promoting properties, such as the antioxidant content and capacity, 
thus a�ecting the quality of the �nal product. As expected, freeze drying 
retained most of the phenolic compounds present in fruit at the fresh 
state. Our results indicate that drum-drying, a simple, energy e�cient, 

low capital investment approach, is an attractive drying system that can 
retain over 70% of the phenolic compounds in goldenberry fruit. 

�e goldenberry powder ingredients developed may be used in the 
formulation of functional foods and beverages as they contain nutrients 
and bioactive phytochemicals with potentially bene�cial health e�ects.
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