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Abstract 
33 
34 
35 BACKGROUND:  Recent epidemiological  studies have suggested that phenolic compounds 
36 
37 present in grapefruit play an important role in the bioactive properties of this fruit. However, 

38 
39 the consumption  of fresh  grapefruit  is low. Freeze  dried  powdered  grapefruit  can be an 

40 

41 alternative  to promote  this fruit  consumption.  To improve  the quality  and  stability  of the 

42 

43 powdered  fruit, the addition  of encapsulating  and anticaking  agents  can be used. In this 

44 
work, different  grapefruit  powders  obtained  by freeze  drying  with addition  of gum arabic 

45 
46 

(1.27 g/100 g), and bamboo fibre (0.76 g/100 g) with and without a pre-drying  microwave 
47 
48 treatment  were  compared  with the fresh  and freeze-dried  fruit  with no carriers  added  in 

49 
50 order to evaluate the effect of these preservation processes on phenolics content and on its 

51 

52 antioxidant  (DPPH,  ABTS  and  FRAP)  and  anti-inflamatory   (evaluated  in  RAW  264.7 

53 

54 macrophages) capacities. 

55 

56 
57 
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2 

3 RESULTS: Freeze drying and gum arabic and bamboo fibre addition significantly increased 

4 

5 the  total  phenolics,  and  antioxidant   and  anti-inflammatory   activities  (by  inhibiting  NO 

6 
production of LPS activated RAW 264.7 macrophages) of grapefruit. An additional increase 

7 
8 in these parameters was obtained with a microwave pretreatment before freeze-drying. 
9 
10 

11 CONCLUSIONS:  The combined addition of gum arabic and bamboo fibre to the grapefruit 

12 
13 puree and the application of a microwave pretreatment improve the functional properties of 

14 

15 the fruit without showing cytotoxicity in vitro. 

16 

17 

18 Keywords:  freeze-drying;   shell  biopolymers,   microwave   pretreatment;   phenolics;   anti- 

19 

20 
inflamatory activity; grapefruit powder.

 

21 
22 
23 
24 

INTRODUCTION 
25 
26 
27 Epidemiological   studies  indicate  that  frequent  consumption   of  natural  antioxidants   is 
28 
29 associated  with  a lower  risk  of cardiovascular  disease  and  cancer.  As  a result,  natural 

30 
31 antioxidants,  particularly  those  of  fruits  and  vegetables,  have  gained  increasing  interest 

32 

33 among consumers  and the scientific community.
1   

In fact, European and American Dietary 

34 
Guidelines encourage the consumption of at least two servings of fruit per day.

2,3
 

36 

37 
Grapefruit, as oranges and other citrus fruits, contributes to human health with remarkably 

38 
39 high amounts of ascorbic acid and phenolic compounds.

4,5   
According to Murphy et al.

6  
the 

40 
41 daily  value  provided  by  one  serving  of  pink  or  red  grapefruit  (which  corresponds  to 

42 
43 approximately  154  g),  is  100%  for  vitamin  C,  35%  for  vitamin  A,  8%  for  fibre,  5%  for 

44 

45 potassium, and less than 5% for other vitamins and minerals. Moreover, grapefruit is also 

46 

47 rich in other important  phytochemical  compounds,  particularly  carotenoids  like β-carotene 

48 

49 and   lycopene,   terpenes   (such   as  limonoids),   pectins,   furocoumarins   and   phenolics 

50 
(flavonoids, phenolic acids and coumarins).

7,8 

51 
52 

53 It is also worth noting that grapefruit major phenolics (naringin and naringenin flavanones) 
54 
55 have shown relevant biological activities in vitro, acting as inhibitors of the enzymes nitric 
56 
57 oxide  synthase  (iNOS),  cyclooxygenase-2  (COX-2)  and  chemokines  via the  inhibition  of 
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1 

2 

3 MAPK signalling  pathway and NF-κB blockade.
9-12   

Moreover,  beneficial  effects have also 

4 

5 been reported in vivo, showing that naringenin prevents the loss of bone mineral content
13

, 

6 
modulates neuroinflammation

14,15  
and is able to relax colon smooth muscle, being useful in 

8 
gastrointestinal  disorders.

16   
Other studies have recently demonstrated  that grapefruit juice 

9 
10 also prevents the development of colon cancer in a murine model of azoxymethane-induced 
11 

12 colon aberrant crypt formation.
17   

All of these beneficial effects associated with polyphenol 
13 
14 consumption have an antioxidant component. The antioxidant activity of phenolics is mainly 

15 

16 due  to  their  redox  properties,  which  allow  them  to  act  as  reducing  agents,  hydrogen 

17 

18 donators, singlet oxygen quenchers, and also to their metal chelation potential.
18

 

19 

20 

21 
Despite the high functional value of grapefruit and the advances in the scientific knowledge

 

22 
of  consumers  regarding  the  binomial  health-diet,  the  consumption  of  grapefruit  is  low, 

23 
24 probably due to its bitter taste. Powdered grapefruit  can be an alternative  to promote this 
25 
26 fruit  consumption  among  the  population.  In this  sense,  it would  be of interest  obtaining 
27 
28 processed grapefruit products that, while maintaining most of their functional value, could be 

29 

30 mixed with other foods or added as an ingredient. Some other advantages of this product 

31 

32 format are the much greater product stability and the convenience of its handling, relative to 

33 

34 
its   easier   transport   and   storage.   Nowadays,   the   fruit   processing   industry   requires

 

35 
techniques that guarantee a high-quality stable product with a prolonged shelf life. Freeze- 

36 
37 drying is considered as a reference process to obtain high quality food products, including 
38 
39 fruit powder. The sublimation of ice achieved at a low processing pressure and temperature 

40 

41 preserves  flavour,  colour  and  minimizes  thermal  damage  to  heat  sensitive  nutrients.
19

 

42 

43 Moreover, freeze-dried fruit powders can be easily reconstituted to a good quality product or 

44 
served as a functional  ingredient  for various food systems and new products.

20   
However, 

46 
freeze-drying is an expensive and lengthy dehydration process because of low drying rates, 

47 
48 which lead to relatively small throughputs and high capital and energy costs generated by 
49 
50 refrigeration  and vacuum  systems.

21   
As  such,  the use  of freeze-drying  on the  industrial 

51 
52 scale is restricted to high-value products. In this sense, the reduction of fruit water content 

53 

54 through the implementation  of pretreatments  may contribute to obtaining products of lower 

55 

56 cost in a shorter  time.  Some  researchers  have shown  that microwave  drying  used as a 
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1 

2 

3 pretreatment in freeze drying process is one of the most promising techniques to accelerate 

4 
the drying process and to enhance overall quality.

22
 

6 

7 
To improve  the quality and stability  of the powdered  fruit, the addition  of high molecular 

8 
9 weight solutes with encapsulating and anticaking effect to the product before drying can be 
10 
11 used.

23  
Gum arabic and bamboo fibre are some of these solutes. Gum arabic is an edible 

12 
13 biopolymer  obtained  as  exudates  of  mature  Acacia  trees.  It  is  a  complex 

14 

15 heteropolysaccharide   with  a  highly  ramified  structure,  consisting  of  a  1,3-linked  β-D- 

16 

17 galactose  core  with  extensive  branching  through  3-and  6-linked  galactose  and  3-linked 

18 

19 arabinose.  Constituent  units  include  galactopyranose,  arabinopyranose,  arabinofuranose, 

20 

21 
rhamnopyranose,  glucuropyranosyl  uronic  acid,  and  4-O-methyl  glucuropyranosyl  uronic

 

22 
acid.

24  
In the pharmaceutical  industry,  it is used in pharmaceutical  preparations  and as a 

23 
24 carrier of drugs since it is considered a physiologically harmless substance. Additionally, it is 
25 
26 a good  emulsifier,  has a bland  flavor  and  prevents  water  adsorption,  oxidation  and the 
27 

28 volatilization  of  compounds.
25,26   

Recent  studies  have  highlighted  gum  arabic  antioxidant 

29 

30 properties,
24,26-28   

its role in the metabolism  of lipids
28   

and its positive  results when being 

31 

32 used   in  treatments   for   several   degenerative   diseases   such   as  kidney   failure,   and 

33 
cardiovascular and gastrointestinal diseases.

29-31  
In the last years, bamboo (Dendrocalamus 

34 
35 

strictus) fibre has been recognized  as a dietary fibre that could open new possibilities  for 
36 
37 designing fibre enriched products. The chemical composition of Dendrocalamus strictus has 
38 
39 been  studied,  and it was found that it mainly contains  cellulose  together  with lignin  and 

40 

41 hemicellulose.
32  

Bamboo leaf has been used as food and medicine in China and Southeast 

42 

43 Asia  for  2000  years.  Some  biologically  active  components  in  bamboo  leaves  and  their 

44 

45 potential  health benefits  have been widely studied.  Many of these studies have revealed 

46 
that a flavonoid-rich  bamboo  leaf extract has multiple biological  effects, such as anti-free 

47 
48 radical,  anti-oxidation,  anti-aging,  anti-fatigue,  anti-bacteria,  anti-virus  and  prevention  of 
49 
50 cardiovascular   diseases.

32    
It  can  be  used  as  a  pharmaceutical   intermediate,   dietary 

51 

52 supplement, cosmetic ingredient and food additive.
33

 

53 

54 
55 
56 
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1 

2 

3 With all of this in mind, in this work, the effect of freeze drying, microwave pretreatment and 

4 

5 biopolymers  (gum  arabic  and  bamboo  fibre)  addition  on total  phenolics  content  and  on 

6 
antioxidant and anti-inflamatory capacities of grapefruit has been studied. 

7 
8 

9 
10 
11 
12 
13 
14 
15 EXPERIMENTAL 

16 

17 

18 Raw material 

19 
20 

21 Grapefruits  (Citrus  paradise  var.  Star  Ruby)  were  purchased  in  a  local  supermarket 

22 
(Valencia,  Spain). They were selected  on the basis of a similar degree of ripeness (ratio 

23 
24 °Brix/acidity  ≈ 4) and apparent fruit quality (firmness,  size, color and absence  of physical 
25 
26 damages). Fruit was processed in the laboratory immediately after being purchased. Gum 

27 
28 arabic (Scharlau, Spain) and bamboo fibre (VITACEL®, Rosenberg, Germany) were added 

29 

30 to some of the samples of the grapefruit pulp as shell materials for the drying process as 

31 

32 described in the following section. 

33 

34 

35 
Sample preparation

 

36 

37 Grapefruits were peeled with careful removal of the albedo and the seeds in order to obtain 
38 
39 the pulp. The pulp was cut and blended in a bench top electrical food processor (Thermomix 

40 

41 TM 21, Vorwerk, Spain). Part of the blended pulp (sample G1) was used as control for the 

42 
43 analytical  determinations   described  later.  Another  part  of  the  puree  was  freeze-dried 

44 

45 (sample G2). The rest of the blended pulp was mixed with gum arabic (1.27 g / 100 g fruit) 

46 

47 and bamboo fibre (0.76 g / 100 g fruit) using the same Thermomix TM 21 processor. A part 

48 
of this mixture was freeze-dried (sample G3) and the rest was subjected to a partially pre- 

49 
50 drying pretreatment with microwaves (Moulinex Ultymis duocombi, 2W / g) in order to get a 
51 

52 74.4% water content in the mixture before being freeze-dried (sample G4). Before freeze- 
53 
54 drying (Telstar  Lioalfa-6  Lyophyliser)  at 0.026 mBar and -56.6 °C for 48h, samples  were 

55 

56 placed in aluminum pans in thin layers (approximately  250 g in 0.5 cm thick per pan) and 
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1 

2 

3 ground in an electric grinder (Moulinex, Moulinette-320, France) and sieved to obtain a fine 

4 

5 powder with a particle  size lower than 0.7 mm. Powders were analyzed  as for the water 

6 
content  and the phenolic  compounds  were extracted  to be characterized  as for the total 

7 
8 phenol content and antioxidant capacity and the anti-inflammatory activity. 
9 
10 

11 Phenolic extractions 

12 
13 
14 Fruit extracts  used for the quantification  of total phenolics  and antioxidant  capacity were 

15 

16 prepared by mixing 1 g of grapefruit samples with 20 mL methanol and homogenized under 

17 

18 magnetic   stirring  (400  rpm,  Multistirrer   Velp  Scientifica,   Italy),  in  darkness,   at  room 

19 

20 
temperature,  for 30 minutes. The homogenates  were centrifuged  at 5,867xg, 4 °C, for 10

 

21 
min (Selecta Medifriger-BL) and the supernatants were collected and filtered through a 0.45 

22 
23 µm nylon filter. 
24 
25 

26 ANALYTICAL DETERMINATIONS 

27 
28 

29 Water content 

30 
31 

32 Water content was analyzed in samples G1, G2, G3, G4 by vacuum drying at 60 ± 1 °C 

33 
(Vacioterm, J.P. Selecta, Spain) under a pressure of < 100 mm Hg until constant weight.

34 

34 
35 

36 
Total phenolics 

37 
38 
39 Total  phenolics  were  analyzed  using  the  Folin-Ciocalteu  method,

35   
which  involves  the 

40 

41 reduction of the reagent by phenolic compounds with the concomitant  formation of a blue 

42 

43 complex. 15 mL of distilled water and 1.25 mL of Folin-Ciocalteu  reagent (Sigma-Aldrich, 

44 
45 Germany)  were added to 250 µL of the methanol  extract.  The samples  were mixed  and 

46 

47 allowed to stand for 8 min in darkness before 3.75 mL of 7.5 % sodium carbonate aqueous 

48 

49 solution was added. Water was added to adjust the final volume to 25 mL. The samples 

50 
were allowed  to stand  for 2 h at room temperature  in darkness  before  absorbance  was 

51 
52 measured  at  765  nm  in  a  UV-visible  spectrophotometer  (Thermo  Electron  Corporation, 
53 
54 USA). To make the results comparable, as samples do not present the same composition in 

55 
56 solutes, the total phenolics content was expressed as mg of gallic acid equivalents (GAE) 
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1 
2 

3 per 100 g of grapefruit’s own solutes (GS),
36  

using a standard curve range of 0-800 mg of 

4 

5 gallic acid (Sigma-Aldrich, Germany)/mL. 

6 

7 
Antioxidant capacity determinations 

8 
9 

10 Three different assays, DPPH, ABTS and FRAP, were used to test the antioxidant capacity 
11 
12 of the samples. 

13 
14 
15 The DPPH assay was carried out according  to Bondet et al.

37  
Briefly, 30 µL of grapefruit 

16 
17 methanol  extract  was added  to 3 mL of DPPH•  (0.030  g/L, Sigma-Aldrich,  Germany).  A 

18 

19 Thermo   Electron   Corporation   spectrophotometer    (USA)   was   used   to   measure   the 

20 

21 absorbance at 515 nm at different time intervals until the reaction reached a plateau (time at 

22 
the steady state). The changes in absorbance were measured at 25 °C. The percentage of 

23 
24 DPPH• (%DPPH•) was calculated as equation (1): 
25 
26 
27 Ainitial -Asample

 

28 
% DPPH •=

 
29 
30 

Ainitial

 

(1) 

31 Where Ainitial is the absorbance at 0 min and Asample the absorbance at the steady state. 

32 

33 
Trolox  Equivalent  (TE)  standard  solution  (Panreac,  Spain)  was  prepared  to quantify  the 

34 
35 antioxidant capacity. Results were expressed in mM TE/100 g GS. 
36 
37 

38 For  ABTS  assay,  the  procedure  followed  the  method  of  Pellegrini  et  al.
38   

ABTS  was 

39 
40 dissolved in water to a 7 mM concentration. ABTS radical cation (ABTS•+) was produced by 

41 

42 reacting ABTS stock solution with 2.45 mM potassium persulfate (1:0.5 v/v) and allowing the 

43 

44 mixture to stand in the dark at room temperature for 12–16 h before use. This solution was 

45 

46 
then  diluted  by mixing  with ethanol  to obtain  an absorbance  of 0.7 at 734 nm (Thermo

 

47 
electron corporation spectrophotometer).  After addition of 1.0 ml of diluted ABTS•+ solution 

48 
49 to 10 µL of G1 to G4 methanol extracts the absorbance  reading was taken exactly 1 min 
50 
51 after mixing. The percentage inhibition of absorbance at 734 nm was calculated and results 
52 
53 were expressed in mM TE/100 g GS. 

54 
55 

56 The FRAP assay was done according to Benzie and Strain
35  

with some modifications. The 
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1 

2 
3 TPTZ  (2,4,6-tripyridyl-s-triazine)  solution  in 40 mM  HCl,  and 2.5  mL 20mM  FeCl3⋅6H2O 

4 

5 solution and then warmed at 37 °C before using. G1 to G4 methanol extracts (30 µL) were 

6 

7 allowed to react with 900 µL of the FRAP solution for 30 min at 37 °C. Absorbance readings 

8 

9 of the colored  product  [ferrous  tripyridyltriazine  complex]  were taken at 593 nm (Thermo 

10 

11 
electron corporation spectrophotometer).  Results were expressed in mM TE/g 100 g GS.

 

12 

13 
Biological assays 

14 
15 
16 Cell cultures 

17 
18 
19 All in vitro experiments were carried out using the murine macrophage cell line RAW 264.7 

20 

21 (European Collection of Cell Cultures-ECACC,  Salisbury, UK). The cells were maintained at 

22 

23 37 °C (Thermo  Scientific  Forma  Steri-Cycle,  Ohio,  USA)  in Dulbecco’s  modified  Eagle’s 

24 

25 medium supplemented with 10% fetal bovine serum, penicillin (100 U/mL) and streptomycin 

26 
sulfate (100 µg/mL) (Life Technologies,  Grand Island, NY, USA) in a humidified  5% CO2

 

27 
28 atmosphere. 
29 
30 

31 Preparation of samples for biological assays 

32 
33 
34 Two sets of samples were prepared, one with G1 and rehydrated freeze-dried G2, G3 and 

35 

36 G4  samples  and  the  other  one  with  the  corresponding  phenolic  extract  of the  samples 

37 

38 prepared as described before. Rehydration of freeze-dried powder samples G2, G3 and G4 

39 
was carried out in glass beakers of standardized  dimensions  (diameter  and 6 cm 4.2 cm 

40 
41 high), at 20 °C and under magnetic stirring (400 rpm, Multistirrer Velp Scientifica, Italy) for 
42 
43 20 minutes. Distilled water was added to each sample to obtain the corresponding  soluble 

44 
45 solids  content  of  the  initial  sample.  Moreover  a  fifth  sample,  (G1n)  was  obtained  after 

46 
47 neutralizing  the pH of sample  G1.  Finally,  all the samples  were filtered  through  0.2 µm 

48 

49 sterile PTFE filters and 25 and 50 µg/mL dilutions in sterile phosphate buffered (pH= 7.4) 

50 

51 saline (Gibco, Life Technologies, UK) were prepared. 

52 
53 

Cell viability assay 
54 
55 
56 The  effect  of  each  prepared  sample  on  cell  viability  was  evaluated  with  the  3-[4,5- 
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1 

2 

3 metabolically  active  living  cells.  In  brief,  culture  murine  RAW  264.7  macrophages  were 

4 

5 exposed to 25 and 50 µg/mL dilutions of each sample in a 96-well microplate. After 24 h, 20 

6 
µL per well of a 5 mg/mL solution of MTT (Sigma-Aldrich,  Germany) was added and cells 

7 
8 were  incubated   for  40  min  at  37  °C  until  blue  deposits   of  formazan   were  visible. 
9 
10 Metabolically active cells are able to transform MTT into formazan; therefore, the greater the 
11 
12 cell viability, the larger will be the blue formazan deposits. Acid isopropanol  (0.04 N HCl) 

13 
14 was added to dissolve this coloured metabolite. After 1 h incubation at room temperature, 

15 

16 absorbance was measured at 570 nm subtracting the absorbance at 630 nm with a Bio-Rad 

17 
iMark

TM  
microplate reader (Herts, UK). A decrease in absorbance reveals a reduction in cell 

19 
viability. 

20 
21 

22 Anti-inflammatory activity 
23 
24 
25 Nitric  oxide  (NO)  levels  were  assessed  by nitrite  quantification,  the  end  product  of NO, 
26 

27 following  the  protocol  described  by Grisham  et  al.
40   

Briefly,  culture  murine  RAW  264.7 

28 

29 macrophages  were mixed with different concentrations  of each prepared  sample in a 96- 

30 

31 well microplate. 1 h after the treatment, cells were stimulated with lipopolysaccharide  (LPS) 

32 

33 
(Sigma-Aldrich,  Germany)  for 24 h. Cell supernatant  (100  µL) was mixed  with an equal

 

34 
volume of Griess reagent (Sigma-Aldrich, Germany); the latter reacts with NO present in the 

35 
36 medium  to  give  a  red  color.  Absorbance  was  read  at  540  nm  with  a  Bio-Rad  iMark

TM
 

37 
38 microplate  spectrophotometer.  Therefore,  the absorbance  values give an indication of the 

39 

40 amount of NO present in the medium. 

41 
42 

43 Statistical analysis 

44 

45 

46 
All the results were expressed as the mean ± standard error values. Significant differences

 

47 
among samples were calculated by means of an analysis of variance (ANOVA). Differences 

48 
49 of p<0.05 were considered to be significant. Means separation was performed according to 
50 
51 the t-Student test. Furthermore, a correlation analysis between antioxidant capacity and all 
52 
53 the total phenols content with a 95 % significance level was carried out. Comparison of nitric 

54 
55 oxide production after LPS stimulation of RAW 264.7 macrophages to non-treated controls 

56 

57 was  performed   with  a  Dunnett’s   multiple   comparison   test.  Statistical   analyses   were 
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1 

2 

3 performed  using  Statgraphics  Plus  5.1  and  GraphPad  Prism  6 for  Windows  (GraphPad 

4 

5 Software, La Jolla, California, USA). 

6 

7 
RESULTS AND DISCUSSION 

8 
9 

10 Total phenols and Antioxidant capacity of the grapefruit samples 
11 
12 

13 The fresh grapefruit  batch used in this study showed 88.1 ± 0.1 g water/100  g and after 

14 
freeze drying grapefruit powders presented a water content around 3.0 ± 0.3 g water/100 g, 

15 
16 moisture values of the order of those suggested by other authors for freeze dried foods.

41 

17 
18 Table  1  shows  the  concentration  of  total  phenol  compounds  and  antioxidant  capacity 

19 
20 present  in  the  fresh  grapefruit  and  in  the  different  grapefruit  powders.  Results  were 

21 

22 expressed  in grapefruit’s  own solutes  (GS) for comparative  purposes.  In general,  values 

23 

24 obtained  were similar to those shown in the bibliography  for grapefruit  
42-45  

and for other 

25 
citrus fruits.

46  
Freeze dried samples contained significantly (p<0.05) higher quantity of total 

 

27 
phenolics than fresh fruit (G1). It was observed an increase till 21.25 % referred to G1. The 

28 
29 increase  in phenolic  compounds  due to the freeze drying process  has been observed  in 
30 
31 other studies.

47,48  
This increase could be explained because during the freezing step prior to 

32 
33 freeze drying, ice crystals formed can break the remaining cellular structure of the fruit. This 

34 

35 could  facilitate  the subsequent  entry of the solvent  and consequently  could  improve  the 

36 

37 extraction of the phenolic compounds. In this sense, Spigno et al.
47 

observed an increase in 

38 

39 
the phenol content of freeze dried grape extracts in relation to the fresh sample extract. The

 

40 
high  porosity  and  low  particle  size  of the  powder  samples  increase  the  superficial  area 

41 
42 available for mass transfer, favours the surface of contact with the solvent and then causes 
43 
44 an  increase  yield  extraction.  These  same  authors  made  an  extensive  compilation  of 
45 
46 literature supporting this fact. 

47 
48 Also, a positive effect of gum arabic and bamboo fiber addition was observed,  exerting a 
49 
50 protective  role  of  phenolic  compounds  during  the  freeze-drying  process.

23    
Respect  to 

51 
52 microwave  pretreated  sample,  G4,  had  the  highest  phenol  content  (p<0.05).  Microwave 

53 
54 pretreatment  could induce the breakdown  of the polyphenolic  chains and the consequent 

55 

56 liberation  of free  phenolic  groups,  as most  of the  phenolic  acids  in the  citrus  fruits  are 

57 
present  in bound  forms,  mostly in the form of amides,  esters  and glycosides.

49   
Phenolic 
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1 

2 

3 compounds  are  composed  of two  benzene  rings  and  one  heterocyclic  ring  with oxygen 

4 

5 forming   a   phenyl-2-benzopyrone    nucleus,   which   are   joined   together   forming   long 

6 
polyphenolic chains.

50 
The increase of temperature during the microwave drying can induce 

7 
8 the rupture between the group bonds and the consequent liberation of phenolic compounds 
9 
10 and   the   formation   of   other   phenolic   substances.

49     
Other   authors   also   state   that 

11 
12 temperatures  during microwave drying may cause cell disruption, facilitating the extraction 

13 

14 of these compounds.
51, 52

 

15 
16 

17 The antioxidant capacity of fruits is important for assessing their functional value. Since the 

18 

19 antioxidant   capacity   of  a  sample   is  due   to  synergistic   reactions   between   different 

20 
compounds (vitamins, polyphenols, minerals, Maillard compounds, etc.), it is recommended 

21 
22 to use more than one method to correctly  measure  this activity.

53   
Several methods  have 

23 
24 been developed to evaluate the total antioxidant activity of fruits, but its values should only 

25 
26 be compared  if the measurements  have been made by the same method.

54  
In this study, 

27 

28 the  antioxidant  activity  of  grapefruit  samples  was  evaluated  using  the  ferric  reducing 

29 

30 antioxidant  power  (FRAP)  and  the  free-radical  scavenging  capacity  (DPPH  and  ABTS) 

31 

32 
assays.  These  methods  are  recommended  by  many  authors  as  easy  and  accurate  for

 

33 
measuring  the antioxidant  activity of fruit products.

55   
With all these three methods, all the 

34 
35 freeze-dried  samples  showed  greater  antioxidant  capacity  that  the  fresh  one,  this  being 
36 
37 greater in samples with gum arabic and bamboo fibre and the greatest in G4 sample. These 
38 
39 results  are  in  agreement  with  the  total  phenolics  content  of  the  samples.  The  higher 

40 

41 antioxidant capacity of G4 may be also due to the production of melanoidins  generated in 

42 

43 the Maillard reactions during microwave processing. These compounds have been found to 

44 

45 
have  antioxidant  activity,  so  their  presence  could  have  also  increased  the  antioxidant

 

46 
activity of the samples.

56 

47 
48 

49 A statistical correlation was carried out to explain the relationship among the total phenolic 

50 
51 compounds  quantified  in  the  samples  with  the  antioxidant  capacity.  Table  2  shows  the 

52 
53 Pearson  correlation  coefficients  between each pair of variables. Correlations  between the 

54 

55 antioxidant   capacity  obtained  from  all  assays  and  total  phenols  were  positively  high 

56 

57 (0.74<r<0.85, p<0.05), especially between total phenolics and antioxidant capacity based on 
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1 

2 

3 ABTS (r =0.85) and FRAP assays (r =0.84). This indicates that total phenolics are important 

4 

5 contributors  to  antioxidant  activity  in  grapefruit.  The  results  obtained  in  this  work  are 

6 
consistent  with some other studies in different fruits,

57  
as phenolic compounds,  which are 

7 
8 known  as  important  hydrophilic  antioxidants,  are  secondary  metabolites  that  are  most 
9 
10 abundant  in  fruits.  The  high  correlation  between  antioxidant  capacity  determined  by  all 
11 
12 assays  with  the  total  phenols  content  in  grapefruit  samples  suggested  that  it  could  be 

13 
14 feasible to use total phenolics screen for antioxidant capacity. Correlation between all pairs 

15 

16 of antioxidant  capacity  assays  were  positively  high  (0.78<r<0.93,  p<0.05)  indicating  that 

17 

18 grapefruit samples had comparable activities in all three assays. 

19 

20 
21 
22 
23 

24 

25 
Biological activity of the grapefruit samples

 

26 

27 
Inflammation    is   a   very   complex   process   in   which   different   mediators,   such   as 

28 
29 prostaglandins,   cytokines   and   NO,   and   cells,   such   as  macrophages,   are   involved. 

30 
31 Macrophages  play a key role, as they are responsible for releasing these proinflammatory 

32 
33 mediators.  On  the  other  hand,  an  increased  production  of  NO  is  associated  with  both 

34 

35 cardiovascular  diseases  and  chronic  inflammatory  disorders.
58    

Dietary  polyphenols  are 

36 

37 being actively studied and are of great interest as they exhibit beneficial biological activities, 

38 
such as free-radical scavenging, regulation of enzymatic activity and modulation of several 

39 
40 cell-signalling   pathways,   which  explain  their  proven  antioxidant   and  anti-inflammatory 
41 

42 effects.
59

 

43 
44 

45 In order to determine  the effect of each sample in NO production,  we first evaluated  the 

46 
47 possible toxicity of the tested samples in vitro to determine the non-toxic dilutions. To do so, 

48 

49 the cell viability  of RAW  264.7  macrophages  after 24h of cell culture  in fresh  grapefruit, 

50 

51 
water-reconstituted  freeze-dried samples and methanol-extracted  samples was determined.

 

52 
A fifth G1n sample in which G1 pH was neutralized was also tested to make sure that the 

53 
54 pH did not affect the results. As shown in Figure 1, none of the grapefruit samples tested 
55 
56 showed toxicity at the evaluated concentrations of 25 and 50 µg/mL. 
57 
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1 

2 

3 The inhibitory effect of grapefruit samples on NO production of LPS activated RAW 264.7 

4 

5 macrophages  is shown  in Figure  2. NO production  after LPS activation  of macrophages 

6 
revealed that the first set of grapefruit  samples tested, which consisted of fresh grapefruit 

7 
8 (G1 and G1n) and freeze-dried reconstituted in water samples G2, G3 and G4, (Figure 2A) 
9 
10 had no inhibitory effect. However, the methanol extracts of samples (Figure 2B) did prevent 
11 
12 NO production  in a dose dependent manner. This difference can be explained by the fact 

13 
14 that  in the  water  reconstituted  freeze-dried  samples  there  was  not a step  of extraction. 

15 

16 Therefore,  only  water-soluble  components  of  grapefruit  (mainly  sugars,  organic  acids, 

17 

18 vitamin C, etc.) were getting in contact with cells. Although the strong anti-oxidant capacity 

19 
of  vitamin  C  is extensively  described  and  it has  also  been  demonstrated  to  have  anti- 

20 
21 inflammatory properties,

60  
it is very likely that the concentration of vitamin C in the inoculum 

22 
23 is  not  enough  for  an  antioxidant   effect  to  be  seen.  In  fact,  previous  papers  which 

24 
25 demonstrate   the   protective   effect   of   vitamin   C   against   cytotoxicity   in   RAW   264.7 

26 

27 macrophages,  use  doses  which  are  almost  4000  times  higher  than  those  used  in  this 

28 

29 experiment.
61  

In the other hand, as a step of extraction was not done, these samples exhibit 

30 

31 lower  concentration  of  phenolics  which  have  been  shown  to  inhibit  LPS-induced  NO 

32 
production.

58 

33 
34 

35 Figure 2B demonstrates  that all of the methanol  extracts tested at 50 µg/mL significantly 
36 
37 inhibited NO production in about 50% and that methanol extracts of samples G2, G3 and 
38 
39 G4  even  exerted  a significant  inhibition  at the  lowest  dose  tested  (25  µg/mL).  With  the 

40 

41 extraction  process,  phenolic  substances  remain  in  the  methanol  phase,  ensuring  their 

42 

43 presence  in the  cell  medium  when  cells  are  inoculated  with  the  corresponding  sample. 

44 

45 
Therefore,  this NO inhibition is probably due to the effect of grapefruit  phenolics  such as

 

46 
naringin  and naringenin.  These results  are in agreement  with previous  studies  that have 

47 
48 demonstrated the inhibitory effect of flavonoids present in grapefruit.

10-12; 59-62 
In this respect, 

49 
50 it has been demonstrated  that naringin  inhibits LPS-induced  NO production  together with 

51 

52 other pro-inflammatory  mediators, and this inhibition probably occurs through a mechanism 

53 

54 that involves the inhibition of the transcription  factor NF-κB.
10,12  

These same effects have 

55 

56 been demonstrated  for narirutin
63     

and naringenin.
10,64   

Therefore,  it is very likely that the 
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1 

2 

3 our grapefruit extracts. Moreover, our results demonstrate that the different solutes added to 

4 

5 improve  the  quality  and  stability  of the  powdered  fruit  and the  microwave  pre-treatment 

6 
showed  no  cytotoxicity  and  did  not  interfere  with  the  beneficial  antioxidant  effects  of 

7 
8 grapefruit. 
9 
10 

11 CONCLUSIONS 

12 
13 
14 The results obtained in the present study showed that adding gum arabic and bamboo fiber 

15 

16 allows obtaining grapefruit powder with improved phenolics content and bioactive properties 

17 

18 (antioxidant  and  anti-inflammatory  action  through  the inhibition  of NO).  In particular,  the 

19 

20 
combination  of  freeze  drying  with  the  addition  of  gum  arabic  and  bamboo  fibre  and

 

21 
pretreating with microwaves was the best combination. Total phenolic compounds showed a 

22 
23 high  correlation  with  antioxidant  activity  measured  by  DPPH,  ABTS  and  FRAP,  which 
24 
25 indicated  that grapefruit  phenolics  are important  contributors  to antioxidant  activity of this 
26 
27 fruit.  The  microwave  pretreatment  before  freeze-drying  may  be  proposed  as  a  better 

28 

29 technology  than freeze-drying  alone as it has allowed obtaining  an additional  increase  in 

30 

31 grapefruit  phenolics  content  and antioxidant  activity  without  showing  cytotoxicity  in vitro. 

32 

33 
This  effect  is mainly  due  to the  increase  in yield  extraction  after  microwave  and  freeze

 

34 
drying process. Our results contribute to the improvement  of the processing  technology to 

35 
36 obtain higher functional quality products. Additional studies on different amounts of added 
37 
38 gum arabic and bamboo  and the effects of these treatments  on individual  phenolics  and 

39 
40 other   grapefruit   bioactive   compounds,   like   vitamin   C   or  carotenoids,   together   with 

41 

42 bioaccesibility  and  bioavailability  studies,  will  contribute  to  a  greater  improvement  and 

43 

44 understanding  for  the development  of improved  grapefruit  products  with  better  bioactive 

45 
properties. 
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1 

2 
3 
4 Table  1.  Mean  values  (with  standard  deviation)  of  total  phenolics  (mg  of  gallic  acid 

5 equivalents  (GAE)  / 100  g grapefruit’s  own solutes  (GS))  and  antioxidant  capacity  (mM 

6 trolox equivalent (TE)/100 g GS) 

7 
8 

9 

10 
Samples 

11 

Total phenolics 

(mg GAE/100g GS) 

Antioxidant capacity 

  (mM TE/100g GS)   

DPPH  ABTS  FRAP 
12 

G1  621 (3)
a  

2.14 (0.02)
a  

1.99 (0.09)
a  

1.61 (0.05)
a 

13 

14 G2  740 (5)
b  

2.29 (0.11)
b  

2.24 (0.12)
b  

1.76 (0.07)
b

 

15 G3  748 (3)
c  

2.58 (0.03)
c  

2.42 (0.08)
c  

1.86 (0.08)
bc

 

16 G4  767 (3)
d  

2.75 (0.05)
d  

2.63 (0.03)
d  

1.98 (0.05)
c
 

17 

18 The same letter in superscript within columns indicates homogeneous groups according to the t-Student 

19 test to a significance level of p<0.05 in the ANOVA. 

20 G1: fresh grapefruit, G2: freeze dried grapefruit, G3: freeze dried grapefruit with gum arabic and bamboo 

21 fibre, G4: freeze dried grapefruit sample with gum arabic and bamboo fibre and pretreated with 
22 microwaves. 
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1 

2 
3 
4 Table 2. Pearson’s correlation coefficients among total phenols and antioxidant capacity 

5 (DPPH, ABTS and FRAP analysis). 

6 

7 
8 

9   DPPH  ABTS  FRAP   

10 Total phenols  0.7455*    0.8583*  0.8401* 

11 DPPH  0.8019*  0.7886* 

12   ABTS  0.9310*   

13 *Correlation is significant to a significance level of p<0.05. 
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3 
4 
5 
6 

7 
8 
9 
10 
11 
12 
13 
14 
15 

16 Figure  1.  Cell  viability  of  RAW  264.7  macrophages  after  24h  of  treatment  for  fresh 

17 

18 grapefruit  (G1),  fresh  grapefruit  neutralized  pH  (G1n),  water-reconstituted   freeze  dried 

19 

20 grapefruit sample (G2), freeze dried grapefruit with gum arabic and bamboo fibre (G3) and 

21 

22 freeze  dried  grapefruit  sample  with  gum  arabic  and  bamboo  fibre  and  pretreated  with 

23 
microwaves (G4) (Figure 1A) and methanol-extracted  samples (Figure 1B). Bars represent 

24 
25 ± standard error of the mean. Doses tested: 25 and 50 µg/mL. Signification of differences 
26 
27 among samples with respect to the blank were calculated by means of an analysis of 

28 
29 variance  (ANOVA)  followed  by  Dunnett’s  multiple  comparison  test.  No  significant 

30 
31 differences were observed in any of the treatments compared to the blank. 

32 
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9 
10 
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12 
13 
14 
15 
16 
17 

18 Figure 2. Nitric oxide (NO) production  after lipopolysaccharide  stimulation  of RAW  264.7 

19 

20 macrophages  treated  with  fresh  grapefruit  (G1),  fresh  grapefruit  neutralized  pH  (G1n), 

21 
water-reconstituted  freeze dried grapefruit  samples (G2), freeze dried grapefruit  with gum 

22 
23 arabic  and  bamboo  fibre  (G3)  and  freeze  dried  grapefruit  sample  with  gum  arabic  and 
24 
25 bamboo  fibre  and  pretreated  with  microwaves  (G4)  (Figure  2A)  and  methanol-extracted 

26 
27 samples (Figure 2B). Bars represent ± standard error of the mean. B (blank, control -); C 

28 
29 (control  +).  Differences among samples with respect to the control were calculated by 

30 

31 means of an analysis of variance (ANOVA) followed by Dunnett’s multiple comparison test. 

32 

33 
Asterisks in columns indicate significant differences from the positive control (** p <0.01; ***

 

34 
p < 0.001; **** p < 0.0001). 
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