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SUMMARY  

The comparison of grapefruit IntegroPectin powders isolated via 
spray drying and via freeze drying in terms of phenolic content, 
quantification of the most representative flavonoids (naringin and 
hesperidin), radical scavenging activity, total protein content and pH 
of the aqueous solutions provides relevant information. Except for 
the protein content, the two drying methods afford largely similar 
pectins. Optimization of the spray drying parameters allowed to 
maximize the yield of isolated pectin that nearly approached (>95%) 
the quantitative yield obtained via freeze drying. 
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1 INTRODUCTION 
“IntegroPectin” is the name of a new family of citrus pectins of exceptionally high 
and broad biological activity obtained via hydrodynamic cavitation of citrus biowaste 
carried out in water only.[1] Obtained from orange,[2] grapefruit[3] and lemon[4] 
industrial processing waste, the pectin powders rich in adsorbed flavonoids and  
terpenes so far described have been isolated via freeze drying.  
 
Widely used in the pharmaceutical and food industries, the latter technique to dry 
biopharmaceuticals, food and biological materials with little or no degradation 
requires very low temperature (-54 °C) and pressures (high vacuum) in order to 
achieve sufficient drying rates.[5] The technology is evolving towards continuous 
processes capable to reduce the energy consumption, shorten drying times and fit 
continuous flow synthetic processes. One such technique, combining the 
characteristics of spray drying and freeze drying, is spray freeze-drying.[6] 
 
Involving the “atomization” of a liquid to create microparticles that following quick 
solvent evaporation are separated from the drying gas (usually air or inert nitrogen) 
by means of a cyclone that deposes them in a glass collector situated in the bottom 
of the device, the spray drying technique has emerged as a less expensive and faster 
drying technique.[7] The main problem of the spray drying technique, now used in 
alternative to freeze drying whenever possible, lies in the often low yields (20-70%) of 
isolated product.[6] 
 
The present work compares grapefruit IntegroPectin powders obtained via spray 
drying and via freeze-drying in terms of phenolic content, quantification of the most 
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representative flavonoids, radical scavenging activity, total protein content, and pH 
of the resulting aqueous solutions. The optimization of the spray drying conditions, 
furthermore, allowed to maximize the yield of isolated pectin that nearly approached 
the quantitative yield obtained via freeze drying while preserving its phenolic content. 
 
2 MATERIALS AND METHODS 
2.1 Materials. The grapefruit IntegroPectin aqueous extract was obtained via the 
hydrodynamic cavitation of industrial grapefruit processing waste as previously 
reported.[3] Gallic acid, naringin, hesperidin, Bradford and Folin-Ciocalteu reagents  
were purchased by Merck (Darmstadt, Germany). Bovine serum albumin (BSA), and 
2,2-diphenyl-1-picrylhydrazyl free radical (DPPH) were obtained from Carlo Erba 
(Milan, Italy). All other chemicals and solvents, purchased from Carlo Erba, were of 
analytical grade and used without further purification. 

2.2 Grapefruit IntegroPectin via freeze drying. A 30 mL sample of the 
aqueous extract was stored at -80°C (Forma 902 ULT Freezer, Thermo Fischer 
Scientific, Waltham, MA, USA) overnight and then subjected to freeze drying using a 
FreeZone 2.5 Liter freeze dry system (Labconco, Kansas City, USA) for 3 days. The 
powder thereby obtained was accurately weighed. The yield of the freeze drying 
process was considered as reference (100%). The procedure was repeated in 
triplicate. 

2.3 Grapefruit IntegroPectin via spray drying . A Mini Spray Dryer B-290 
(Büchi, Flawil, Switzerland) equipped with an inert loop B-295 was used by setting the 
following parameters: inlet temperature of 110°C, solution flow of 200 mL/h, 
nitrogen aspiration of 100%, and cooling temperature (inert loop) of 17°C. After 
equilibrating the instrument for 10 min with ultrapure water, a 100 mL sample of the 
grapefruit aqueous extract was processed for 30 min. Finally the instrument was 
cleaned for 10 min with ultrapure water. The obtained powder was recovered and 
the yield % was calculated as follows: 

 𝑌𝑖𝑒𝑙𝑑 % =  ! (!")
! (!")

 𝑥 100  (1) 
 
where S is the milligram amount of powder obtained after spray drying and F the 
milligram amount of powder obtained after freeze drying the aqueous extract. The 
process was repeated 3 times and results are reported as mean ± SE. 

2.4 DPPH Radical Scavenging Assay . A 2 mL sample of DPPH stock solution (40 
µg/mL) was added to a quartz cuvette. Subsequently, 100 µL of ultrapure water or of 
grapefruit IntegroPectin sample solution (4 mg/mL prepared by dissolving 20 mg of 
freeze dried or spray dried powder into a 5 mL volumetric amber flask by using 
ultrapure water as solvent) were added, well mixed and immediately subjected to 
UV-Vis measurements by using a Shimadzu (Kyoto, Japan) 1700 spectrophotometer.  

The DPPH reduction over time was monitored at room temperature by analyzing 
each sample every 5 min for 1 h. Six DPPH standard solutions in methanol were 
prepared and analyzed to construct the calibration curve as follows: λmax = 515 nm; 
linearity range: 4-40 µg/mL µg/mL, regression equation: Abs = 0.018 + 28.59 x 
[mg/mL], (R = 0.999). Each experiment was performed in triplicate. Results are 
expressed as residual DPPH percentage over time ± SE. Standard DPPH curves were 
obtained by analyzing gallic acid standard solutions (0.015-0.050 mg/mL) in ultrapure 
water according to the operative method used for the freeze dried and the spray 
dried samples. The residual DPPH % at the 3 selected time points (10, 30 and 60 min) 
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was used to construct 3 calibration curves helpful to compare the grapefruit-extract 
powder to a phenolic standard both in terms of extent and rate of DPPH 
consumption. The experiments aimed at obtaining the calibration curves were 
performed in triplicate. Results are reported as mean of the equivalent in gallic acid 
concentration (mg/mL) ± SE for each selected time. 

2.5 Flavonoid quantitative analysis . A 5 mL sample of aqueous ethanol 
(EtOH/H2O 4:1, v/v) was added to 60 mg of freeze or spray dried grapefruit 
IntegroPectin powder followed by sonication for 15 min. Afterwards, the obtained 
dispersion was filtered through a 0.22 µm PTFE syringe filter and brought to volume 
with fresh EtOH/H2O (4:1, v/v). Samples were appropriately diluted and then 
subjected to quantitative analysis by using a HPLC 1260 Infinity Instrument (Agilent 
Technologies, Santa Clara, USA) equipped with a Quaternary Pump G1311B, a Diode 
Array Detector 1260 Infinity II and a computer integrating apparatus (OpenLAB CDS 
ChemStation Workstation). The following conditions were applied: injected volume: 
20 µL; column temperature: 25°C. Chromatographic separation was achieved on a 
Ace Excel Super C18 (5U, 100A, size 125x4.60 mm) reversed-phase column 
(Advanced Chromatography Technologies, Hyderabad, India). To quantify naringin 
and hesperidin a mobile phase consisting in 0.1% (v/v) trifluoroacetic acid (TFA) 
solution in ultrapure water (solvent A) and methanol (solvent B) was used according 
with the following time program: 0–1 min A:B = 70:30; 1-31 min A:B = 40:60; 31–32 
min A:B = 70:30 and 32-35 min A:B = 70:30. The flow rate was set at 1 mL/min and 
the UV wavelength at 285 nm (DAD investigation 190-800 nm). In these conditions, 
the retention times of naringin and hesperidin were 14.9 and 16.2 min, respectively. 
Naringin: linearity range: 5-250 µg/mL, regression equation: Area = 54.05 + 20477.42 
x [mg/mL], (R = 0.999). Hesperidin: linearity range: 5-250 µg/mL, regression equation: 
Area = -69.91 + 26498.71 x [mg/mL], (R = 0.997). Each extraction procedure was 
performed in triplicate. Results are presented as amount of each selected flavonoid 
(mg) into 100 mg of powder and reported as means ± SE (standard error). 

2.6 Total phenolic content. The total phenolic content was assessed by the Folin-
Ciocalteu method.[8] Sample solutions (5 mg/mL) were prepared by dissolving 25 mg 
of freeze dried or spray dried powder into a 5 mL volumetric amber flask by using 
ultrapure water as solvent. 50 µL of each clear solution were added to 2 mL of 
ultrapure water previously loaded into a 15 mL plastic tube. Subsequently, a 130 µL 
aliquot of Folin-Ciocalteu reagent was added to the tube, mixed well and left to 
settle for 5 min in the dark. Finally, a 370 µL aliquot of sodium carbonate solution in 
ultrapure water (0.2 g/mL) was added to each tube, mixed and kept at room 
temperature in the dark for 2 h. Samples were subjected to UV-Vis measurements by 
using a Shimadzu 1700 spectrophotometer (Kyoto, Japan) with the appropriate 
calibration curve and blank. Similarly, six standard solutions of gallic acid in ultrapure 
water (50-500 µg/mL) were prepared and analyzed to construct the calibration curve 
as follows: λmax = 760 nm; linearity range: 0.98-9.80 µg/mL, regression equation: Abs 
= 0.039 + 65.08 x [mg/mL], (R = 0.999). Each experiment was performed in triplicate. 
Results are expressed as equivalents of gallic acid (mg) found in 100 mg of grapefruit 
IntegroPectin powder ± SE. 

2.7 Total protein content. The total protein content was assessed by the 
Bradford assay.[9] Sample solutions (10 mg/mL) were prepared by dissolving 10 mg of 
freeze dried or spray dried powder into 1 mL of ultrapure water as solvent. A 400 µL 
aliquot of each clear solution was added to 400 µL of ultrapure water previously 
loaded into a 2 mL plastic vial (Eppendorf, Hamburg, Germany). A 200 µL aliquot of 
Bradford reagent (B6916, Sigma Aldrich, St. Louis, USA) was thus added and mixed 
well. The mixture was kept in the dark at room temperature for 30 min. The resulting 
sample was subjected to UV-Vis measurements by using a Shimadzu 1700 
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spectrometer (Kyoto, Japan) with the appropriate calibration curve and blank. 
Similarly, five BSA standard solutions in ultrapure water were prepared and analyzed 
to construct the calibration curve as follows: λmax = 595 nm; linearity range: 2-7 µg/mL, 
regression equation: Abs = 0.1700 + 0.0332 x [µg/mL], (R = 0.998). Each experiment 
was performed in triplicate. Results are expressed as equivalents of BSA (mg) found 
in 100 mg of grapefruit IntegroPectin powder ± SE. 

2.8 pH evaluation of the re-dispersed powders . Sample solutions (5 mg/mL) 
were prepared by dissolving 25 mg of freeze dried or spray dried grapefruit 
IntegroPectin powder in 5 mL ultrapure water kept in a volumetric amber flask. The 
pH of the resulting solutions was measured using a HI 2211 pH/ORP Meter (Hanna 
Instrument, Woonsocket, RI, USA). Each experiment was performed in triplicate. 
Results are reported as means ± SE. 

2.9 Data analysis . Data were expressed as means ± SE. All differences were 
statistically evaluated by the Student’s t-test with the minimum levels of significance, 
with p < 0.05. 

3. RESULTS AND DISCUSSION  
3.1 Spray drying optimization . Since some relevant parameters such as the inlet 
temperature and the starting solution concentration were not modifiable due to their 
reliance on the aqueous matrix to be dried, the spray dryer flow rate was the main 
adjustable instrument parameter. A flow rate range between 50 and 250 mL/h was 
evaluated (instrument’s maximum: 1000 mL/h). The highest applicable process rate 
turned out to be 200 mL/h. This flow rate allowed to keep a relatively small 
difference between the inlet and outlet temperatures, and thus an effective and 
efficient removal of water, at the highest process rate. Eventually, this allowed to 
achieve a very high IntgroPectin isolated yield of 95.03 ± 6.79% when compared to 
the 100% yield of the freeze drying process in which no pectin is lost during the 
drying process. However, while drying of 30 mL of aqueous extract via freeze drying 
took 3 days, the spray drying allowed to dry 100 mL in 30-50 min (30 min of actual 
drying procedure of the sample + 10 min of starting equilibration and 10 min of final 
cleaning).  
 
Table 1. Main features of grapefruit IntegroPectin drying techniques  

Freeze drying Spray drying 

Yield %: 100% Yield %: 95.03 ± 6.79% 

30 mL à 3 days 100 ml à 30-50 min 

Difficult to scale up and expensive Easy scale up and low capital and 
operational costs 
 

Appearance: light yellow, vaporous and 
needle-like powder 

Appearance: light yellow, fine powder 
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Table 1 summarizes the main features of both drying processes. Figure 1 shows the 
yellow powders isolated via the two techniques. The visual appearance was clearly 
different. Whereas the freeze dried sample results in a light yellow, vaporous and 
needle-like powder, the spray dried sample is made of a light yellow, fine powder.  

 
Figure 1. Freeze dried (left) and spray dried grapefruit IntegroPectin (right).  
 
3.2 DPPH assay . Figure 2 shows the residual DPPH (per cent) as a function of 
incubation time after sampling the DPHH assay solution containing the IntegroPectin 
every 5 min for 1 h. Clearly, the spray dried sample (red curve) had a slightly higher 
antioxidant activity than the freeze dried (black curve) IntegroPectin. This is even 
more evident when looking at the curve between 20 and 60 min in the semi-
logarithmic scale (Figure 2, right).  

 
Figure 2 . Residual DPPH (%) as a function of incubation time when evaluating 
freeze (black dots) and spray (red) dried grapefruit IntegroPectin ( left plate). 
Detail of the semi-logaritmic curves and linear curve fitting (linearity range: 
20-60 min, right plate).   
 
The slope of the linear plots obtained allows to appreciate the rate at which the two 
IntegroPectin powders dissolved in solution exert their antioxidant activity. A larger 
slope points to a quicker consumption rate of the DPHH reagent. Clearly the spray 
dried samples is a quicker antioxidant agent (angular coefficient of 18.08 vs. 16.67 for 
the freeze dried sample). 
 
To gain a broader molecular view of the antioxidant activity of the newly obtained 
IntegroPectin powders, we first repeated the DPHH assay with five gallic acid (GA) 
solutions of known concentration used as standards (Figure 3). 
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Figure 3. Residual DPPH % as a function of incubation time of gallic acid 
solutions at different concentrations: 0.050 mg/mL (black dots), 0.035 mg/mL 
(red), 0.025 mg/mL (blue), 0.020 mg/mL (pink) and 0.015 mg/mL (green).   
 
Hence, the residual DPPH concentration at 10, 30 and 60 min for each gallic acid 
solution was plotted vs. its concentration (Figure 4). Using the outcomes of the 
resulting calibration curves, and knowing the amount of residual DPPH for the 
grapefruit IntegroPectin powders at each time, it was possible to evaluate the 
equivalent antioxidant power compared to a known GA concentration (Table 2).  
 

 
 
Figure 4. DPPH standard curves for gallic acid standard solutions at fixed 
time points: 10 min (black line), 30 min (red) and 60 min (blue). 
 
 
Data in Table 2 confirm what is revealed by the graphs in Figure 2 and Figure 3: the 
grapefruit IntegroPectin powders and gallic acid, a biophenol of strong antioxidant 
activity widely used in medical and nutraceutical products,[10] originate a completely 
different DPPH reduction course.  
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Table 2. Antioxidant power of freeze dried and spray dried grapefruit 
IntegroPectin in equivalent gallic acid concentration (mg/mL) ± SE at 10, 
30 and 60 min. 

 
Sample 

Calibration curve 
(10 min) 

Calibration curve 
(30 min) 

Calibration curve 
(60 min) 

y = -1153.55 x + 
90.65 

y = -1293.95 x + 
91.38 

y = -1338.35 x + 
90.65 

Freeze dried 
powder 

0.0166 ± 0.0013 0.0204 ± 0.0011 0.0231 ± 0.0009 

Spray dried 
powder 

0.0193 ± 0.0005 0.0232 ± 0.0004 0.0261 ± 0.0003 

 
 
The antioxidant power of GA tends to rapidly reach a plateau (Figure 3). The 
IntegroPectin powders show a steeper curve for both the spray dried and the freeze 
dried samples (Figure 2, left). This translated in an antioxidant power, expressed as 
equivalent gallic acid concentration, that is growing with time. Again, values in Table 
4 confirm the higher antioxidant power of the spray dried powder compared to the 
freeze dried IntegroPectin. 
 
3.3 Flavonoid content. The flavonoid content in both IntegroPectin powders was 
evaluated via HPLC-DAD using a method previously reported.[11] Flavonoids and 
other compounds soluble in aqueous ethanol were extracted as described 
elsewhere.[12] Chromatograms in Figure 5 (at 285 nm wavelength suitable for the 
detection of naringin and hesperidin) and the 3D plots in Figure 6 visualizing the 
whole chromatogram in the entire UV spectrum studied (190-800 nm) show evidence 
that the two samples originate perfectly overlapping chromatograms. This shows 
evidence that the higher drying temperatures of the spray drying process do not 
degrade the valued biophenols contained in the freeze dried IntegroPectin.  
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Figure 5. Chromatograms at 285 nm after injection of the phenolic extract 
from the A) freeze dried and B) spray dried grapefruit IntegroPectin samples. 
Details of the absorbance spectra of naringin and hesperidin.   
 

 
 
Figure 6. 3D plots after injection of the phenolic extract from the freeze 
dried (left), and spray dried grapefruit IntegroPectin samples (right).   
 
 
Indeed, the retention times were identical, and so were the absorption spectra. No 
biophenol degradation peaks were present in the chromatograms and in the 3D 
plots of the spray dried IntegroPectin sample. This is in agreement with the higher 
antioxidant power observed for the spray dried powder, and with the fact that the 
exposure of the heat-resistant biophenols to the relatively high temperatures of the 
spray drying process is so brief to not induce their molecular degradation, as 
previously noted also for resveratrol.[13]    
 
3.4 Total phenol and total protein content. Table 3 shows the outcomes of 
the Folin-Ciocalteu and Bradford assays alongside the main flavonoid content 
quantified via HPLC-DAD. The data for the Folin-Ciocalteu and Bradford assays are 
reported as equivalents of GA and BSA used as standards, respectively.  
 
  

Naringin  Hesperidin 

Naringin Hesperidin 

A 
 
 
 
 
 
 
 
B 
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Table 3. Quantitative results of the HPLC-DAD analysis, Folin-Ciocalteu 
and Bradford assays for freeze dried and spray dried grapefruit 
IntegroPectin. 

Sample Total phenolic 
contenta 

Total protein 
contentb 

Main flavonoids 
Naringin c Hesperidin c 

Freeze dried 
powder 

3.85 ± 0.31 0.246 ± 0.004 3.08 ± 0.03 1.42 ± 0.03 

Spray dried 
powder 

4.03 ± 0.07 0.062 ± 0.004 2.87 ± 0.06 1.34 ± 0.03 

aFolin-Ciocalteu assay, data as mg GA equivalent in 100 mg of recovered powder ± SE; bBradford 
assay, Data as mg BSA equivalent in 100 mg of recovered powder ± SE; cHPLC quantification, 
data in mg/100 mg 
 
The total phenolic content was slightly higher for the spray dried sample, in 
accordance with the DPPH assay results. The amount of naringin and hesperidin was 
approximately the same in both samples (7 and 6 per cent higher in the freeze dried 
powder). However, the protein content in the freeze dried sample was found to be 
nearly 4 times higher than in the spray dried sample, in agreement with the cryogenic 
temperatures of the freeze drying process ensuring retention of the protein tertiary 
structure revealed by the Bradford assay.[9] In contrast, even though the exposure 
time to high temperatures is very short, protein denaturation occurs during the spray 
drying process.[14]  
 
Among the retained proteins in the freeze dried samples there are oxidative enzymes, 
like polyphenol oxidase and peroxidase, and hydrolytic enzymes that progressively 
degrade the biophenols present in the IntegroPectn. The inactivation of these 
enzymes during the spray drying process thus protects the highly bioactive 
polyphenols from subsequent degradation. Remarkably, a similar behavior was 
recently reported after comparing phenolic compounds of freeze or spray dried 
papaya pulp.[15] Also in this case, the spray dried pulp retained a higher amount of 
phenolic and flavonoid compounds. 
 
3.5 Evaluation of pH. Dissolving equal amounts of the freeze dried and spray 
dried grapefruit IntegroPectin powders afforded mildly acidic of nearly identical pH 
(Table 4), showing further evidence that the two techniques chiefly differ in the 
amount of proteins retained. 
 
Table 4. pH of freeze dried and spray dried grapefruit IntegroPectin 
dissolved in ultrapure water. 
Sample pH 
Freeze dried powder 4.41 ± 0.06 
Spray dried powder 4.38 ± 0.03 
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4. CONCLUSIONS  
The comparison of grapefruit IntegroPectin powders isolated via spray drying and via 
freeze drying in terms of total phenolic content, radical scavenging activity, main 
flavonoid, total protein content and pH of the aqueous solutions provides valuable 
information. 
 
First, the optimized spray drying process achieves a very high isolated yield in 
IntegroPectin (>95%) in comparison to the fully quantitative yield of the freeze drying 
process with the advantage of shorter duration. 
 
Second, both freeze dried and spray dried IntegroPectin samples have a stronger 
and quicker antioxidant activity, when compared to a strong biophenol antioxidant 
such as gallic acid finding multiple medical and nutraceutical applications.[10] 
 
Third, the phenolic chromatographic profiles of the spray dried and freeze dried 
powders are identical, showing evidence that no biophenol molecular degradation 
takes place during the spray drying solvent evaporation process despite the 
exposure to a higher operative temperature.  
 
Fourth, the freeze dried powder has nearly 4 times higher amount of proteins 
compared to the powder isolated via spray drying. 
 
These results are important in light of forthcoming practical utilization of these new 
citrus pectins extracted from citrus processing biowaste via hydrodynamic cavitation 
in water only.[1] For instance, following the discovery of the powerful, broad scope 
antibacterial activity of grapefruit IntegroPectin,[3] recently cross-linked films of the 
same new biomaterial showed bactericidal activity against clinical isolates of harmful 
Klebsiella pneumoniae.[16]  
 
The spray drying technique can be readily scaled up, at a small fraction of the costs 
of the freeze drying process (one ninth of the capital cost and one sixth of the 
operational cost of the freeze drying industrial process).[17] 
 
We did not conduct the analysis of the citrus terpenes, abundant in the freeze dried 
IntegroPectin.[18] Pointing to at least partial retention of also these citrus secondary 
metabolites, however, the spray dried IntegroPectin had a delicate citrus scent. A 
future investigation will quantify the amount of terpenes in both freeze and spray 
dried IntegroPectin samples. 
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