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Abstract:

Background:

The by-products of red chicory leaves are a valuable source of bioactive compounds that can be exploited in the development of functional foods.

Objective:

This work aimed to combine healthy properties of red chicory by-products with other ingredients in the formulation of a functional jam, which is
easy and safe to swallow, especially for people suffering from dysphagia.

Methods:

The physicochemical parameters, as well as the total polyphenols content (TPC), was assessed in the obtained product.

Results:

The TPC (549.44 mg GAE/100 g) was higher than the values reported in other jams, and it remained stable along with the colour during six weeks
of storage. Within the carbohydrates, 0.4% of the prebiotic fibre inulin has been detected, suggesting that this jam formulation is a promising
delivery system of phenols and fibre. From the sensorial point of view, the functional jam obtained an overall good acceptability judgment. The
bitterness of the red chicory is persistent, which helps people with dysphagia swallow more easily.

Conclusion:

The functional jam, based on chicory by-products, could be a good source of bioactive compounds, which are helpful even in the disabled subjects’
diet.
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1. INTRODUCTION

Cichorium intybus L. belongs to the Asteraceae family, and
it  is  commonly  named  chicory.  This  plant  is  of  great
commercial  interest,  and  its  farming  is  widely  distributed  in
Asia,  North  America,  and  Europe.  Almost  8,500  ha  are
cultivated  in  north-eastern  Italy,  with  red  chicory,  and  the
harvested production is about 280,000 tons per year (ISTAT),
where the cultivar Chioggia is the most representative variety
[1, 2].
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Viale  dell'Università,  16,  35020Legnaro,  PD,  Italy;  Tel:+39 049  8272920;  E-
mail: anna.lante@unipd.it

Besides  its  economic  and  culinary  features,  chicory  is
noteworthy for other reasons. Firstly, it belongs to traditional
medicine since all parts of this plant contain potentially healthy
bioactive compounds [3]. Chicory has been demonstrated to act
as  a  prebiotic  in  animal  models  [4]  on  bifidobacteria  and
lactobacilli populations as a consequence of the concentration
of  fermentable  fibre  substrates.  Inulin  is  present  as  a  plant
storage  carbohydrate  in  more  than  30,000  plant  species,
including  chicory,  where  a  range  from  10.65  to  44.69%  has
been  reported  in  leaves  and  roots,  respectively  [5].  Also,
chicory  is  a  source  of  antioxidant  molecules  [6],  such  as
flavonoids,  which  were  reported  in  the  range  5-110  mg
quercetin/kg,  according  to  the  chicory  variety  [7].  These
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bioactive compounds are described to protect the body not only
from bacterial and viral infections but also from degenerative
and  age-related  pathologies  [8].  Antioxidant,  anti-
inflammatory,  hypolipidemic,  gastro-protective,  and
antidiabetic have been some bioactivities related to this plant
[9]. In addition, the bitter compounds present in chicory such
as  sesquiterpene  lactones  have  proved  its  antimalarial  and
anthelmintic activity [10] as well as its antimicrobial potential
[11]. Therefore, the consumption and the production of chicory
should be encouraged, as proposed by the Chicory Innovation
Consortium [12]. From the circular economy point of view, it
must  be  considered  that  chicory  crops  produce  many  by-
products that might be valorised. It was calculated that residues
(leaves, stems, etc.) constitute about 40-50% of the harvested
material  [13].  These  by-products,  rich  in  healthy  bioactive
substances,  could  be  considered  a  promising  ingredient  for
functional foods formulations. Jam is a type of food consumed
by a large part of the population, from children to the elderly.
In  addition,  the  jam  processing  parameters  could  not  only
preserve several bioactive compounds such as total phenolics,
flavonoids, and betalains but also improve their bioaccessibility
[14].  Moreover,  due  to  its  particular  texture,  jam  is  a  food
administrable to long-term hospitalized people who frequently
suffer  from  dysphagia,  which  is  a  disorder  characterised  by
difficulty in swallowing, associated with several pathological
conditions, including neurological disorders like dementia and
stroke  [15].  In  this  regard,  dysphagia  may  result  in  severe
consequences, such as nutritional and respiratory complications
and even death.

To  our  knowledge,  there  is  little  information  about  the
processing of red chicory by-products within the food industry.
Therefore,  this  paper  aims  to  carry  out  a  preliminary
characterisation and to assess the possible acceptability of an
innovative  functional  jam  formulated  with  red  chicory  by-
products  and  other  natural  ingredients.

2. MATERIAL AND METHODS

2.1. Materials and Reagents

The red chicory (Cichorium intybus var. Chioggia) leaves
by-products  were  collected  by  a  local  farmer  in  Legnaro
(Padova, Italy), located in the Veneto region, and the Golden
Delicious  apple  (Malus  communis  var.  Golden  Delicious),
lemon, and pineapple were purchased from a local supermarket
in  the  same  location.  All  chemicals  and  solvents  were  of
analytical grade and purchased from Sigma (Sigma Chemical
Co., St. Louis, MO, USA).

2.2. Jam Formulation

Red chicory pinstripes (about 10 cm in length and 1 cm in
width)  were  mixed  with  apple  cubes  of  1  cm per  side.  They
were blanched (2 minutes at 75 °C) in water containing 0.2%
w/v of citric acid and 0.2% w/v of ascorbic acid. Lemon juice
was obtained by manually squeezing the fruits. Pineapple juice
was extracted by cutting the fruits in two halves, eliminating
the  peel,  and  recovering  the  juice  in  a  centrifugal  juicer
(Moulinex JU655,  Group SEB,  Ecully,  France).  Apple  food-
grade  pectin  and  sugar  were  added  at  the  concentration
reported in Table 1. The jam obtained was stored for 6 weeks

at 10 °C in glass containers.

Table 1. List of ingredients, proportion, and weight used in
the jam elaboration.

Ingredients Proportion (%) Weight (g)
Red chicory 29.2 146

Apple 29.2 146
Sugar 30 150

Pineapple juice 7 35
Lemon juice 3.5 17.5

Pectin 1.87 9.35
Total 99.9 500

2.3.  Water  Activity  (aw),  Total  Solid  Soluble,  and  pH
Measurement

After the centrifugation (2370 g at 4 °C for 10 min) of the
sample, the aw, the total solid soluble as Brix degrees, and the
pH value were detected in the red chicory Jam Supernatant (JS)
by using the Lab Master-aw instrument (Novasina AG, Lachen
Switzerland)  at  20  °C  [16],  the  K71601  RM  45  digital
refractometer  (Optech)  (AOAC  932.12)  [17],  and  the
potentiometer  HI221  (Hanna)  at  10  °C,  respectively.

2.4. Stability of the Colour Along the Time

The colour (n = 3) of the jam along 6 weeks of storage was
analysed weekly on a spectrophotometer (Minolta CM-508C).
Before  each  series  of  measurements,  the  spectrophotometer
was calibrated on a standard white tile, as reported by previous
research [18]. The whole visible spectrum (400-700 nm) was
recorded  (∆λ  =  2nm),  and  the  illuminant  was  “natural  light”
D65/10°55,56. The results are expressed as L*(lightness, where
100 is a perfect reflecting diffuser and zero is black), a* (+a* is
redness while –a* is greenness), b* (+b* is yellowness and –b*
is blueness). Additionally, ∆E is the sum of the total changes,
and it was calculated as follows: (∆L2 +∆a2 +∆b2)1/2.

2.5.  Determination  and  Stability  of  Anthocyanins  at
Different pH Values

The  total  anthocyanin  concentration  in  the  JS  was
calculated at 535 nm, according to previous research [19], by
using a calibration curve of cyanidin 3-glucoside and expressed
in  µmol/g.  In  addition,  the  JS  was  resuspended  in  a  citrate-
phosphate  buffer  solution  (0.1  M  citric  acid  and  0.2  M
Na2HPO4) in order to assess the stability of the anthocyanins at
pH values ranging from 3.0 to 7.0.

2.6. Total Polyphenols Content (TPC)

The TPC of the jam was determined as reported previously
[20]  and  expressed  as  mg  gallic  acid  equivalents/100g  (mg
GAE/100g). The TPC was monitored along 6 weeks of storage.

2.7. HPLC Determinations

The polyphenols were evaluated according to the method
previously reported [21] by using the HPLC Thermofinnigan
Spectra  System UV6000LP with  detector  Diode  array  in  the
200 to 600nm range. The LC-18 Supelco-sil column was used
at  the  following  operating  conditions  [22]:  the  mobile  phase
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was a mixture of water acidified with sulfuric acid (pH 2.5) and
methanol at different elution gradients and flow rates, at 40°C,
and with a run time of 100 min.

The  carbohydrates  were  determined  by  using  the  same
HPLC system reported before and an Aminex HPX87-C anion
exchange column [23]. The mobile phase was deionised, using
0.22 µm of filtered water, with a flow of 0.6 mL/min, and the
time  of  analysis  was  40  minutes  at  80°C.  In  both
determinations,  the  analysis  was  made  by  injecting  20  µL
filtered  samples  from  both  Jam  Precipitate  (JP)  and  JS
resuspended  in  1:2  distilled  water.

2.8. Acceptability Evaluation

In order to evaluate the overall acceptability of the chicory
jam, a tasting test based on a consensus approach was used to
allow  further  discussion  on  the  jam  samples.  Ethical  review
and approval were waived for this study since the participation
was voluntary. In addition, all data were anonymous.

The  evaluation  of  the  jam  samples  was  performed  in
tasting booths, with controlled environmental conditions [24],
by  ten  volunteers  (students  and  personnel  working  at  the
laboratory, 6 females and 4 males within the age ranging from
22 to 55,  media 30) identified as regular consumers of jams.
Informed consent was obtained from all  subjects involved in
the  study.  The  volunteers  were  instructed  to  define  the
descriptors “bitterness” and “colour” of the product. Based on
these  attributes,  they  were  asked  to  determine  the  overall
acceptability  of  the  jam on  a  5-point  hedonic  scale,  where  1
corresponded  to  “completely  refused”  and  5  to  “completely
accepted.”

2.9. Statistical Analysis

The  data  shows  the  mean  ±  standard  deviation  of  three
independent experiments (n = 3) by using one-way analysis of
variance (ANOVA), followed by the post-hoc Bonferroni test
(p < 0.05) in the Statgraphics Centurion XVI (StatPoint Inc.,
Rockville, MD, USA) software.

3. RESULTS AND DISCUSSION

3.1.  Water  Activity  (aw),  Total  Solid  Soluble,  and  pH
Measurement

The aw,  total  solid  soluble,  and pH values of  the jam are
0.91  ±  0.02,  3.61  ±  0.06,  and  46.3  ±  0.03  Brix  degrees,
respectively. These data are in agreement with the values found
in jams obtained from other by-products [25]. At the pH from
this  study  (3.61  ±  0.06),  the  activity  of  polyphenol  oxidase,
which  is  involved  in  enzymatic  browning  and  phenols
nutritional value loss, slows down [21]. In addition, according
to  (Fig.  1),  the  highest  absorbance  of  anthocyanins  was
reported at pH 3.0, with these molecules being more stable at
that  value.  Low pH amounts  are  related  to  a  high  extraction
yield  of  bioactive  compounds  such  as  anthocyanins  [19].
Therefore,  the  jam  from  this  study  has  preserved  the
concentration  of  this  bioactive  compound,  which  was  1.25
µmol/g. The presence of ascorbic acid has an influence on the
stability of anthocyanins [26]. Therefore, the presence of lemon
juice in  the jam may contribute  in  this  regard.  Anthocyanins

have been responsible for the high antioxidant activity found
previously in red chicory [27]. Several glycosylated forms of
cyanidin  (representing  the  main  fractions  of  anthocyanins),
such  as  cyanidin-3-malonyglucoside  (177.3  µg/g)  and
cyanidin-3-O-glucoside (14.4 µg/g), were previously found in
the red chicory variety Chioggia [13].

3.2. Stability of the Colour Along the Time

Table 2 shows the variation of different colour parameters
along the time of the jam storage. There was a small increase in
L* (p > 0.05), with the jam being lighter after 6 weeks than at
T0, which is consistent with a previous report indicating that
storage increases lightness [28]. In addition, the change in L*
values has been related to the change in the jam consistency
during processing (26). A lighter colour could represent a loss
of redness due to the degradation of the bioactive compounds
during the jam processing since some of them are sensitive to
heat [28]. However, the redness from this study was improved
by  3.34%,  as  the  a*  value  has  increased  (p  >  0.05)  after  the
sixth  week.  The  presence  and  stability  of  anthocyanins  and
other  phenols  from  the  red  chicory  and  the  rest  of  the
ingredients  could  impact  the  preservation  of  the  redness,  as
mentioned  in  previous  research  [29].  Moreover,  the  initial
values  of  a*  and  b*  were  similar  to  the  ones  reported
previously  in  another  jam  from  an  underutilized  fruit  [30].
Regarding the ∆E (distance between two colours), this was not
visually perceptible since a value of 1.42 was found, according
to the literature [18].

Table 2. Colour measurements.

Week L* a* b* ∆E
0 63.83 ± 1.46a 7.19 ± 0.44a 27.32 ± 0.97ab -
2 63.58 ± 2.40a 6.50 ± 0.53a 26.05 ± 1.22b 1.47
4 65.87 ± 1.58a 6.78 ± 0.47a 26.66 ± 1.39ab 2.18
6 64.87 ± 0.89a 7.43 ± 0.53a 28.25 ± 0.42a 1.42

Data are expressed as the mean ± standard deviation (n = 3). Different letters in
the  same  column  indicate  statistically  significant  differences  (p  <  0.05),
according  to  ANOVA  (one-way)  and  the  Bonferroni  test.

3.3. Quantification and polyphenols profile

Polyphenols were other bioactive compounds detected at
the  end  of  the  jam  processing  before  the  storage  (T).  Six
substances  were  detected  (Table  3),  and  epigallocatechin-
gallate had the highest concentration (23.78 ± 0.49 mg/L) of all
the  phenols  assessed.  Catechin,  epicatechin,  and
epigallocatechin-gallate have been previously detected in red
chicory (9). On the other hand, the content of chlorogenic acid
(75.71 ±  0.73  mg/L)  could  be  related  to  the  presence  of  this
phenolic  acid  in  Chioggia  red  chicory  variety  [31],  whose
concentration  in  this  plant  is  interesting  for  human  food
fortification [9]. Hypoglycaemic and hypolipidemic properties
in chicory have been previously associated with the content of
chlorogenic  acid  [32],  while  phenols  are  related  to  being
suitable as diabetes and obesity modulators [33]. Besides red
chicory, apples can contribute to the TPC since they have been
reported  to  present  epicatechins  and  catechins  [34].  This
finding could be of great interest from the nutritional point of
view since those compounds are considered natural inhibitors
of  the  enzyme  α-glucosidase,  which  is  involved  in

Corrado
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carbohydrate  dysmetabolism  [35].  The  amount  of  phenolic
compounds was reported to remain unchanged during the jam
processing, preserving the bioactivity in the final product [36].
The  TPC reported  at  T  was  719.27  ±  39.94  mg GAE/100  g,
while a significant decrease (p < 0.05) of the content of TPC
was observed in the first four weeks of storage of the jam (Fig.
2).  The  reduction  in  the  TPC  could  be  explained  by  their
function  as  protein  glycation  inhibitors  and  scavengers  of
dicarbonyls [37, 38]. In addition, the polymerization of phenols
could  be  another  explanation  for  the  decrease  in  their
concentration,  resulting  in  high  molecular  and  insoluble
polymers [39]. In the following time, the polyphenols did not
show a considerable reduction, and after six weeks of storage,
the TPC obtained the lowest concentration (492.75 ± 30.18 mg
GAE/100  g),  in  comparison  to  T  (p  <  0.05).  However,  this
value was higher than the values reported in grape (449.2 mg
GAE/100g),  ground  raisin  (274.9  mg  GAE/100  g),  bilberry
(450 mg GAE/100 g), and bilimbi (23.65 mg GAE/100 g) jams
[30, 40, 41] in previous research. In addition, even the TPC at
the  end  of  the  storage  time  was  higher  than  the  range
previously found in chicory leaves from several varieties [7].

Table 3. Polyphenols profile of the red chicory jam.

Polyphenols mg/L
Epigallocatechin 23.78 ± 0.49

Catechin 0.83 ± 0.05
Epigallocatechin-gallate 134.78 ±1.15

Epicatechin 2.44 ± 0.02
Epicatechin gallate 26.66 ± 0.22
Chlorogenic acid 75.71 ± 0.73

Data are expressed as the mean ± standard deviation (n = 3). All the measures
were carried out in the jam supernatant.

3.4. Determination of Carbohydrates

Regarding the content of carbohydrates in the jam (Table
4), sucrose has obtained the highest value (31.80%) of the total
sugars  evaluated.  This  compound  was  added  during  the  jam

processing,  and  it  is  important  for  the  pectin  gelation  [42],
which could also be related to the high content of calcium of
the chicory leaves, according to the literature (292.61 mg/100
g) (5). Conversely, lower concentrations of sucrose have been
reported in red chicory leaves (2.6-11.1%), where fructose and
glucose  are  the  main  carbohydrates  found,  even  in  higher
amounts than in other parts of the plant such as roots, seeds,
and  peel  [9].  On  the  other  hand,  fructose  and  glucose  have
reached 4.6 and 4.4% of the jam, respectively, and the sum of
the simple total sugars found in the jam (40.8%) is lower than
those registered in the majority of commercial jams [43].

Table 4. Concentration of carbohydrates in the red chicory
jam.

Carbohydrates g/L
Inulin 3.99 ± 0.2

Sucrose 318.4 ± 0.3
Glucose 44.2 ± 0.4
Fructose 45.7 ± 0.2

Data are expressed as the mean ± standard deviation (n = 3). All the measures
were carried out in the jam supernatant.

The content of inulin detected in the jam was about 0.4%
of  the  carbohydrates  assessed.  This  content  is  in  the  range
reported in  chicory leaves [5].  Inulin  has  been recognized to
present  functional  properties  such  as  cholesterol-reducing
ability  [44],  and  it  presents  prebiotic  characteristics  since  it
resists digestion in the upper digestive tract, being hydrolysed
and then fermented by colonic bacteria [45]. Moreover, the jam
from this study reached 1.16% of total dietary fibre, based on
the  Nutrisurvey  software  [46].  According  to  the  European
Union legislation, the food label can mention “source of fibre”
or  “high  fibre”  if  it  contains  at  least  3  or  6  g  of  dietary
fibre/100 g of product, respectively [47]. Despite the fact that
the values found in the jam are low, according to the current
legislation, supplementation with other inulin and fibre sources
could be suggested in order to increase the concentration of this
compound.

Fig. (1). Absorbance of anthocyanins at 535 nm related to pH values (n = 3). Different letters in the figure indicate statistically significant differences
(p < 0.05), according to ANOVA (one-way) and the Bonferroni test.
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Fig. (2). Changes in the total phenolic content during 6 weeks of storage. Different letters in the figure indicate statistically significant differences (p
< 0.05), according to ANOVA (one-way) and the Bonferroni test.

On the other hand, as far as we know, the supplementation
of inulin has never been considered in jams before. Regarding
the  fibre  added  to  the  jam,  the  supplementation  with  inulin
extracted from chicory roots could be suggested, as reported in
a  previous  study  in  the  elaboration  of  yoghurt  [48].
Furthermore,  promising  by-products  have  already  been
employed to enrich food products in dietary fibre content, such
as the water-extraction residue from maize milling as well as β-
glucan fractions from barley and mushroom [49, 50].

3.5. Acceptability Evaluation

The  bitter  taste  of  phytochemical  compounds  or
phytonutrients,  such  as  antioxidants,  is  considered  the  main
cause  of  the  rejection  of  vegetables  and  their  derivatives  by
consumers  [51].  For  this  reason,  the  food  industry  and  the
breeders usually try to decrease the content of bitterness and
thus  healthy  substances  from  their  products  [52].  In  this
context, chicory species represent a peculiar case since they are
well-known  for  their  mild  bitter  taste,  which  is  usually
appreciated  by  consumers  [53].  In  the  case  of  raw  chicory,
bitter notes are attributed mainly to sesquiterpene lactones [54].
The specific bioactivity of these substances is related to their
capacity  to  activate  taste  bitter  receptors  type  2  (TAS2R)
family present in the mouth [55]. The chicory jam received an
overall good acceptability judgment (about 4 on a scale from 0
to 5) from the volunteers (Table 5).

This fact may be related to the jam inulin content since this
compound has been used in previous research to improve the
sensory  properties  in  a  different  food  matrix  [56,  57].
Moreover,  in  the  evaluation  of  these  preliminary  results,  it
must  be  taken  into  account  that  within  the  chicory  jam
preparation, the cooking procedure, and the addition of sugar
have  partially  hidden  the  original  bitter  taste  of  the  raw
vegetable, whose persistent bitterness [58] could be functional
in  subjects  with  dysphagia  problems.  A  specific  therapeutic
program (called deep pharyngeal  neuromuscular stimulation)
based on the use of  thickening lemon juice has been used to
improve pharyngeal swallowing, and it is demonstrated that the

stimulation  of  the  taste  buds  of  bitter  and  base  of  tongue
improve  tongue  retraction  [15].

Table 5. Overall acceptability score of the red chicory jam.

Volunteers Sex Age Final hedonic judgement
1 Feminine 23 5
2 Feminine 24 4
3 Masculine 25 5
4 Feminine 35 3
5 Masculine 27 2
6 Feminine 55 4
7 Masculine 22 5
8 Feminine 30 3
9 Masculine 25 4
10 Feminine 34 4

CONCLUSION

The  present  research  has  explored  the  possibility  of
obtaining a functional basilar jam containing about 30% of red
chicory  leaves  by-products.  Our  preliminary  data  confirmed
that  this  jam  is  a  promising  delivery  system  of  wholesome
bioactive compounds, such as polyphenols and inulin. Also, the
total  phenolic  compounds  have  not  presented  a  substantial
change  after  6  weeks  of  storage.  A  preliminary  tasting  test,
indicating  the  good  overall  acceptability  of  the  product,  was
performed. The functional jam, based on chicory by-products,
resulted  in  food  that  could  be  useful  even  in  the  disabled
subjects’ diet. The basilar recipe could be further functionally
improved by using other ingredients, e.g., inulin, that could be
recovered  from  other  vegetable  by-products  as  the  chicory
roots.

LIST OF ABBREVIATIONS

FOS = Fructooligosaccharides

GAE = Gallic Acid Equivalents

JP = Jam Precipitate
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JS = Jam Supernatant

TPC = Total Polyphenols Content

ETHICS  APPROVAL  AND  CONSENT  TO  PARTI-
CIPATE

Not applicable.

HUMAN AND ANIMAL RIGHTS

Not applicable.

CONSENT FOR PUBLICATION

Not applicable.

AVAILABILITY OF DATA AND MATERIALS

None.

FUNDING

This work was supported by the University of Padova prot.
DOR 2032990 and University of Verona prot. JPVR18ZW52.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ACKNOWLEDGEMENTS

The authors are thankful for the skillful technical support
of Stefania Zannoni, Federico Zocca, and Roberto Conter.

REFERENCES

Pimpini  F,  Chillemi  G,  Lazzarin  R,  Bertolini  P,  Marchetti  C.  Il[1]
radicchio  rosso  di  Chioggia:  Aspetti  tecnici  ed  economici  di
produzione  e  conservazione.  Veneto  Agricoltura  Settore  Ricerca  e
Sperimentazione  Agraria  ed  Ittica,  con  il  contributo  del  progetto
comunitario Leader II (Gal Delta Po) 2001; 1-89.
Bortolini L, Tolomio M. Influence of irrigation frequency on radicchio[2]
(Cichorium Intybus L.) yield. Water 2019; 11(12)
[http://dx.doi.org/10.3390/w11122473]
Satmbekova  D,  Srivedavyasasri  R,  Orazbekov  Y,  Omarova  R,[3]
Datkhayev U, Ross SA. Chemical and biological studies on Cichorium
intybus L. Nat Prod Res 2018; 32(11): 1343-7.
[http://dx.doi.org/10.1080/14786419.2017.1343319]  [PMID:
28629227]
de  Godoy  MRC,  Mitsuhashi  Y,  Bauer  LL,  Fahey  GC  Jr,  Buff  PR,[4]
Swanson  KS.  In  vitro  fermentation  characteristics  of  novel  fibers,
coconut  endosperm  fiber  and  chicory  pulp,  using  canine  fecal
inoculum.  J  Anim  Sci  2015;  93(1):  370-6.
[http://dx.doi.org/10.2527/jas.2014-7962] [PMID: 25403197]
Nwafor  IC,  Shale  K,  Achilonu  MC.  Chemical  Composition  and[5]
Nutritive  Benefits  of  Chicory  (Cichorium  intybus)  as  an  Ideal
Complementary and/or Alternative Livestock Feed Supplement.  Sci
World J 2017; 2017
Innocenti M, Gallori S, Giaccherini C, Ieri F, Vincieri FF, Mulinacci[6]
N. Evaluation of the phenolic content in the aerial parts of different
varieties of Cichorium intybus L. J Agric Food Chem 2005; 53(16):
6497-502.https://pubs.acs.org/sharingguidelines
[http://dx.doi.org/10.1021/jf050541d] [PMID: 16076140]
Sinkovič L, Hribar J, Demšar L, Vidrih R, Nečemer M, Kump P, et al.[7]
Bioactive  compounds  and  macroelements  of  chicory  plants
(Cichorium intybus L.) after hydroponic forcing in different nutrient
solutions. Hortic Environ Biotechnol 2017; 58(3): 274-81.
[http://dx.doi.org/10.1007/s13580-017-0178-1]
Mainente F, Menin A, Alberton A, Zoccatelli G, Rizzi C. Evaluation[8]
of  the  sensory  and  physical  properties  of  meat  and  fish  derivatives
containing  grape  pomace  powders.  Int  J  Food  Sci  Technol  2019;
54(4):
952-8.https://onlinelibrary.wiley.com/doi/abs/10.1111/ijfs.13850

[http://dx.doi.org/10.1111/ijfs.13850]
Perović  J,  Tumbas  Šaponjac  V,  Kojić  J,  et  al.  Chicory  (Cichorium[9]
intybus L.) as a food ingredient - Nutritional composition, bioactivity,
safety, and health claims: A review. Food Chem 2021; 336127676
[http://dx.doi.org/10.1016/j.foodchem.2020.127676]  [PMID:
32768902]
Pouille CL, Jegou D, Dugardin C, Cudennec B, Ravallec R, Hance P,[10]
et al. Chicory root flour – A functional food with potential multiple
health  benefits  evaluated  in  a  mice  model.  J  Funct  Foods  2020;
74104174
[http://dx.doi.org/10.1016/j.jff.2020.104174]
Jaśkiewicz A, Budryn G, Nowak A, Efenberger-Szmechtyk M. Novel[11]
Biodegradable  Starch  Film  for  Food  Packaging  with  Antimicrobial
Chicory  Root  Extract  and  Phytic  Acid  as  a  Cross-Linking  Agent.
Foods  2020;  9(11):  1-21.  Available  from:
www.mdpi.com/journal/foods
[http://dx.doi.org/10.3390/foods9111696] [PMID: 33228075]
CHIC  Project  -  CHIC  Project.  2020.  Available  from:[12]
http://chicproject.eu/
Lante A, Nardi T, Zocca F, Giacomini A, Corich V. Evaluation of red[13]
chicory  extract  as  a  natural  antioxidant  by  pure  lipid  oxidation  and
yeast oxidative stress response as model systems. J Agric Food Chem
2011; 59(10): 5318-24.
[http://dx.doi.org/10.1021/jf2003317] [PMID: 21488640]
Wang  T,  Liu  L,  Rakhmanova  A,  Wang  X,  Shan  Y,  Yi  Y,  et  al.[14]
Stability of bioactive compounds and in vitro gastrointestinal digestion
of  red  beetroot  jam:  Effect  of  processing  and  storage.  Food  Biosci
2020; 38100788
[http://dx.doi.org/10.1016/j.fbio.2020.100788]
Wirth  R,  Dziewas  R,  Beck  AM,  et  al.  Oropharyngeal  dysphagia  in[15]
older  persons  -  from  pathophysiology  to  adequate  intervention:  a
review and summary of an international expert meeting. Clin Interv
Aging 2016; 11: 189-208.
[http://dx.doi.org/10.2147/CIA.S97481] [PMID: 26966356]
Tinello  MD, Lante  A.  Effect  of  Dipping Pre-treatment  with  Unripe[16]
Grape  Juice  on  Dried  “Golden  Delicious”  Apple  Slices.  Food
Bioprocess  Technol  2018;  11(12):  2275-85.
[http://dx.doi.org/10.1007/s11947-018-2186-2]
AOAC. Official Methods of Analysis AOAC International. In: 20th[17]
Editi.  Maryland,  USA:  AOAC International.  2016.  Available  from:
https://www.techstreet.com/standards/official-methods-of-analysis-of-
aoac-international-20th-edition-2016?product_id=1937367
Lante  A,  Zocca  F.  Effect  of  β-cyclodextrin  addition  on  quality  of[18]
precooked  vacuum  packed  potatoes.  Lebensm  Wiss  Technol  2010;
43(3): 409-14.
[http://dx.doi.org/10.1016/j.lwt.2009.09.002]
Rossetto M, Lante A, Vanzani P, Spettoli P, Scarpa M, Rigo A. Red[19]
chicories as potent scavengers of highly reactive radicals: a study on
their phenolic composition and peroxyl radical trapping capacity and
efficiency. J Agric Food Chem 2005; 53(21): 8169-75.
[http://dx.doi.org/10.1021/jf051116n] [PMID: 16218660]
Cisneros-Yupanqui  M,  Zagotto  A,  Alberton  A,  et  al.  Study  of  the[20]
phenolic profile of a grape pomace powder and its impact on delaying
corn  oil  oxidation.  Nat  Prod  Res  2020;  •••:
1-5.https://www.tandfonline.com/doi/full/10.1080/14786419.2020.177
7414
[http://dx.doi.org/10.1080/14786419.2020.1777414]  [PMID:
32552183]
Tinello LA. Evaluation of antibrowning and antioxidant activities in[21]
unripe grapes recovered during bunch thinning.  Aust  J  Grape Wine
Res 2017; 23(1): 33-41.http://doi.wiley.com/10.1111/ajgw.12256
[http://dx.doi.org/10.1111/ajgw.12256]
Hu J,  Guo Z,  Glasius  M,  Kristensen  K,  Xiao  L,  Xu X.  Pressurized[22]
liquid  extraction  of  ginger  (Zingiber  officinale  Roscoe)  with
bioethanol:  an  efficient  and  sustainable  approach.  J  Chromatogr  A
2011; 1218(34): 5765-73.
[http://dx.doi.org/10.1016/j.chroma.2011.06.088] [PMID: 21782193]
Tinello Vendramin V, Barros Divino V. Co-fermentation of onion and[23]
whey: A promising synbiotic combination. J Funct Foods 2017; 39:
233-7.
[http://dx.doi.org/10.1016/j.jff.2017.10.018]
ISO. Sensory analysis – General guidance for the design of test rooms[24]
2007.
Belović M, Torbica A, Pajić-Lijaković I, Mastilović J. Development of[25]
low calorie jams with increased content of natural dietary fibre made
from tomato pomace. Food Chem 2017; 237: 1226-33.
[http://dx.doi.org/10.1016/j.foodchem.2017.06.045]  [PMID:

http://dx.doi.org/10.3390/w11122473
http://dx.doi.org/10.1080/14786419.2017.1343319
http://www.ncbi.nlm.nih.gov/pubmed/28629227
http://dx.doi.org/10.2527/jas.2014-7962
http://www.ncbi.nlm.nih.gov/pubmed/25403197
https://pubs.acs.org/sharingguidelines
http://dx.doi.org/10.1021/jf050541d
http://www.ncbi.nlm.nih.gov/pubmed/16076140
http://dx.doi.org/10.1007/s13580-017-0178-1
https://onlinelibrary.wiley.com/doi/abs/10.1111/ijfs.13850
http://dx.doi.org/10.1111/ijfs.13850
http://dx.doi.org/10.1016/j.foodchem.2020.127676
http://www.ncbi.nlm.nih.gov/pubmed/32768902
http://dx.doi.org/10.1016/j.jff.2020.104174
http://www.mdpi.com/journal/foods
http://dx.doi.org/10.3390/foods9111696
http://www.ncbi.nlm.nih.gov/pubmed/33228075
http://chicproject.eu/
http://dx.doi.org/10.1021/jf2003317
http://www.ncbi.nlm.nih.gov/pubmed/21488640
http://dx.doi.org/10.1016/j.fbio.2020.100788
http://dx.doi.org/10.2147/CIA.S97481
http://www.ncbi.nlm.nih.gov/pubmed/26966356
http://dx.doi.org/10.1007/s11947-018-2186-2
https://www.techstreet.com/standards/official-methods-of-analysis-of-aoac-international-20th-edition-2016?product_id=1937367
https://www.techstreet.com/standards/official-methods-of-analysis-of-aoac-international-20th-edition-2016?product_id=1937367
http://dx.doi.org/10.1016/j.lwt.2009.09.002
http://dx.doi.org/10.1021/jf051116n
http://www.ncbi.nlm.nih.gov/pubmed/16218660
https://www.tandfonline.com/doi/full/10.1080/14786419.2020.1777414
https://www.tandfonline.com/doi/full/10.1080/14786419.2020.1777414
http://dx.doi.org/10.1080/14786419.2020.1777414
http://www.ncbi.nlm.nih.gov/pubmed/32552183
http://doi.wiley.com/10.1111/ajgw.12256
http://dx.doi.org/10.1111/ajgw.12256
http://dx.doi.org/10.1016/j.chroma.2011.06.088
http://www.ncbi.nlm.nih.gov/pubmed/21782193
http://dx.doi.org/10.1016/j.jff.2017.10.018
http://dx.doi.org/10.1016/j.foodchem.2017.06.045


Preliminary Characterization of a Functional The Open Biotechnology Journal, 2021, Volume 15   9

28763974]
Martinsen BK, Aaby K, Skrede G. Effect of temperature on stability of[26]
anthocyanins,  ascorbic  acid  and  color  in  strawberry  and  raspberry
jams. Food Chem 2020; 316126297
[http://dx.doi.org/10.1016/j.foodchem.2020.126297]  [PMID:
32044703]
Frond AD, Iuhas CI, Stirbu I, et al. Phytochemical Characterization of[27]
Five  Edible  Purple-Reddish  Vegetables:  Anthocyanins,  Flavonoids,
and  Phenolic  Acid  Derivatives.  Molecules  2019;  24(8):
1536.https://www.mdpi.com/1420-3049/24/8/1536
[http://dx.doi.org/10.3390/molecules24081536] [PMID: 31003505]
Rababah  TM,  Al-U’Datt  M,  Al-Mahasneh  M,  Yang  W,  Feng  H,[28]
Ereifej  K,  et  al.  Effect  of  Jam  Processing  and  Storage  on
Phytochemicals and Physiochemical Properties of Cherry at Different
Temperatures.  J  Food  Process  Preserv  2014;  38(1):
247-54.http://doi.wiley.com/10.1111/j.1745-4549.2012.00770.x
[http://dx.doi.org/10.1111/j.1745-4549.2012.00770.x]
Holzwarth M, Korhummel S, Siekmann T, Carle R, Kammerer DR.[29]
Influence  of  different  pectins,  process  and  storage  conditions  on
anthocyanin  and  colour  retention  in  strawberry  jams  and  spreads.
Lebensm Wiss Technol 2013; 52(2): 131-8.
[http://dx.doi.org/10.1016/j.lwt.2012.05.020]
Anuar  NA,  Salleh  RM.  Development  of  fruit  jam  from  Averrhoa[30]
bilimbi  L.  J  Food  Process  Preserv  2019;
43(4)e13904https://onlinelibrary.wiley.com/doi/abs/10.1111/jfpp.1390
4
[http://dx.doi.org/10.1111/jfpp.13904]
Maucieri C, Nicoletto C, Schmautz Z, Sambo P, Komives T, Borin M,[31]
et  al.  Vegetable  intercropping  in  a  small-scale  aquaponic  system.
Agronomy (Basel) 2017; 7(4): 1-14.
[http://dx.doi.org/10.3390/agronomy7040063]
Jackson  KMP,  Rathinasabapathy  T,  Esposito  D,  Komarnytsky  S.[32]
Structural constraints and importance of caffeic acid moiety for anti-
hyperglycemic effects of caffeoylquinic acids from chicory. Mol Nutr
Food  Res  2017;
61(9)1601118http://doi.wiley.com/10.1002/mnfr.201601118
[http://dx.doi.org/10.1002/mnfr.201601118] [PMID: 28371117]
Mihaylova  D,  Popova  A,  Alexieva  I,  Krastanov  A,  Lante  A.[33]
Polyphenols  as  Suitable  Control  for  Obesity  and  Diabetes.  Open
Biotechnol J 2018; 12(1): 219-28.
[http://dx.doi.org/10.2174/1874070701812010219]
Francini  A,  Sebastiani  L.  Phenolic  Compounds  in  Apple  (Malus  x[34]
domestica Borkh.): Compounds Characterization and Stability during
Postharvest  and  after  Processing.  Antioxidants  2013;  2(3):
181-93.http://www.mdpi.com/2076-3921/2/3/181
[http://dx.doi.org/10.3390/antiox2030181] [PMID: 26784345]
de Oliveira Raphaelli C, Dos Santos Pereira E, Camargo TM, et al.[35]
Apple Phenolic Extracts Strongly Inhibit α-Glucosidase Activity. Plant
Foods  Hum  Nutr  2019;  74(3):
430-5.https://link.springer.com/article/10.1007/s11130-019-00757-3
[http://dx.doi.org/10.1007/s11130-019-00757-3] [PMID: 31302831]
Szychowski PJ, Munera-Picazo S, Szumny A, Carbonell-Barrachina[36]
ÁA,  Hernández  F.  Quality  parameters,  bio-compounds,  antioxidant
activity and sensory attributes of Spanish quinces (Cydonia oblonga
Miller). Sci Hortic (Amsterdam) 2014; 165: 163-70.
[http://dx.doi.org/10.1016/j.scienta.2013.11.028]
Cisneros-Yupanqui M, Zagotto A, Alberton A, et al. Monitoring the[37]
antioxidant activity of an eco-friendly processed grape pomace along
the storage. Nat Prod Res 2020; 0(0): 1-4.
[http://dx.doi.org/10.1080/14786419.2020.1815741]  [PMID:
32878452]
Zhang Q, Huang Z, Wang Y, Wang Y, Fu L, Su L. Chinese bayberry[38]
(Myrica  rubra)  phenolics  mitigated  protein  glycoxidation  and
formation  of  advanced  glycation  end-products:  A  mechanistic
investigation.  Food  Chem  2021;  361130102
[http://dx.doi.org/10.1016/j.foodchem.2021.130102]  [PMID:
34029891]
Bento  JAC,  Ribeiro  PRV,  Bassinello  PZ,  de  Brito  ES,  Zocollo  GJ,[39]
Caliari  M,  et  al.  Phenolic  and  saponin  profile  in  grains  of  carioca
beans during storage. Lebensm Wiss Technol 2021; 139110599
[http://dx.doi.org/10.1016/j.lwt.2020.110599]
Rababah  TM,  Al-u’datt  M,  Almajwal  A,  et  al.  Evaluation  of  the[40]
nutraceutical, physiochemical and sensory properties of raisin jam. J
Food  Sci  2012;  77(6):  C609-13.  Available  from:

http://doi.wiley.com/10.1111/j.1750-3841.2012.02708.x
[http://dx.doi.org/10.1111/j.1750-3841.2012.02708.x]  [PMID:
22582920]
Šavikin  K,  Zdunić  G.  Phenolic  content  and  radical  scavenging[41]
capacity of berries and related jams from certificated area in Serbia.
Plant  Foods  Hum  Nutr  2009;  64(3):  212-7.  Available  from:
https://link.springer.com/article/10.1007/s11130-009-0123-2
Bulone D, Giacomazza D, Manno M, Martorana V, Luigi P, Biagio S.[42]
Sucrose pectin interaction from solution to gel.Food Hydrocolloids:
Characteristics,  Properties  and  Function.  Nova  Science  Publishers
2010; pp. 225-41.
Mohd Naeem MN, Mohd Fairulnizal MN, Norhayati MK, Zaiton A,[43]
Norliza AH, Wan Syuriahti WZ, et al. The nutritional composition of
fruit jams in the Malaysian market. J Saudi Soc Agric Sci 2017; 16(1):
89-96.
[http://dx.doi.org/10.1016/j.jssas.2015.03.002]
Daliri  EBM, Lee BH. New perspectives on probiotics in health and[44]
disease. Food Sci Hum Wellness 2015; 4(2): 56-65.
[http://dx.doi.org/10.1016/j.fshw.2015.06.002]
Teresa  G,  Delgado  C,  Wirla  &,  Da  M,  Cunha  S,  Mário  T&,  et  al.[45]
Yacon  (Smallanthus  sonchifolius):  A  functional  food.  Plant  Foods
Hum  Nutr  2013;  68:  222-8.  Available  from:
www.motherearthnews.com/
Jati IRAP, Widmer C, Purwestri RC, et al. Design and validation of a[46]
program to  identify  inadequate  intake  of  iron,  zinc,  and vitamin  A.
Nutrition 2014; 30(11-12): 1310-7.
[http://dx.doi.org/10.1016/j.nut.2014.03.015] [PMID: 25280406]
European Parliament & Council. Regulation (EC) No. Official Journal[47]
of the European Union 2006; pp. 9-25. (Original work published 1924)
El-Kholy WM, Aamer RA, Ali ANA. Utilization of inulin extracted[48]
from chicory (Cichorium intybus L.) roots to improve the properties of
low-fat synbiotic yoghurt. Ann Agric Sci 2020.
[http://dx.doi.org/10.1016/j.aoas.2020.02.002]
Paraskevopoulou A, Rizou T, Kiosseoglou V. Biscuits Enriched with[49]
Dietary Fibre Powder Obtained from the Water-Extraction Residue of
Maize  Milling  by-Product.  Plant  Foods  Hum  Nutr  2019;  74(3):
391-8.https://link.springer.com/article/10.1007/s11130-019-00752-8
[http://dx.doi.org/10.1007/s11130-019-00752-8] [PMID: 31256321]
Brennan MA, Derbyshire E, Tiwari BK, Brennan CS. Integration of β-[50]
glucan fibre rich fractions from barley and mushrooms to form healthy
extruded snacks. Plant Foods Hum Nutr 2013; 68(1): 78-82.
[http://dx.doi.org/10.1007/s11130-012-0330-0] [PMID: 23232921]
Vecchio R, Cavallo C, Cicia G, Del Giudice T. Are (All) consumers[51]
averse to bitter taste? Nutrients 2019; 11(2)E323
[http://dx.doi.org/10.3390/nu11020323] [PMID: 30717365]
Drewnowski A, Gomez-Carneros C. Bitter taste, phytonutrients, and[52]
the consumer: a review. Am J Clin Nutr 2000; 72(6): 1424-35.
[http://dx.doi.org/10.1093/ajcn/72.6.1424] [PMID: 11101467]
Graziani G, Ferracane R, Sambo P, Santagata S, Nicoletto C, Fogliano[53]
V. Profiling chicory sesquiterpene lactones by high resolution mass
spectrometry. Food Res Int 2015; 67: 193-8.
[http://dx.doi.org/10.1016/j.foodres.2014.11.021]
Torma A, Orbán CS, Bodor ZS, Benedek CS. Evaluation of sensory[54]
and  antioxidant  properties  of  commercial  coffee  substitutes.  Acta
Aliment 2019; 48(3): 297-305.
[http://dx.doi.org/10.1556/066.2019.48.3.3]
Briand  L,  Salles  C.  Taste  perception  and  integration.  Flavor  From[55]
Food to Behav Wellbeing Heal 2016; (December): 101-19.
Pimentel  TC,  Cruz  AG,  Prudencio  SH.  Short  communication:[56]
Influence of long-chain inulin and Lactobacillus paracasei subspecies
paracasei on the sensory profile and acceptance of a traditional yogurt.
J Dairy Sci 2013; 96(10): 6233-41.http://dx.doi.org/
[http://dx.doi.org/10.3168/jds.2013-6695] [PMID: 23932139]
Iriondo-DeHond M, Blázquez-Duff JM, Del Castillo MD, Miguel E.[57]
Nutritional  Quality,  Sensory  Analysis  and  Shelf  Life  Stability  of
Yogurts Containing Inulin-Type Fructans and Winery Byproducts for
Sustainable  Health.  Foods  2020;  9(9):
1199.https://www.mdpi.com/2304-8158/9/9/1199
[http://dx.doi.org/10.3390/foods9091199] [PMID: 32878017]
Dagan-Wiener A, Nissim I, Ben Abu N, Borgonovo G, Bassoli A, Niv[58]
MY.  Bitter  or  not?  BitterPredict,  a  tool  for  predicting  taste  from
chemical structure. Sci Rep 2017; 7(1): 12074.
[http://dx.doi.org/10.1038/s41598-017-12359-7] [PMID: 28935887]

© 2021 Cisneros-Yupanqui et al.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

http://www.ncbi.nlm.nih.gov/pubmed/28763974
http://dx.doi.org/10.1016/j.foodchem.2020.126297
http://www.ncbi.nlm.nih.gov/pubmed/32044703
https://www.mdpi.com/1420-3049/24/8/1536
http://dx.doi.org/10.3390/molecules24081536
http://www.ncbi.nlm.nih.gov/pubmed/31003505
http://doi.wiley.com/10.1111/j.1745-4549.2012.00770.x
http://dx.doi.org/10.1111/j.1745-4549.2012.00770.x
http://dx.doi.org/10.1016/j.lwt.2012.05.020
https://onlinelibrary.wiley.com/doi/abs/10.1111/jfpp.13904
https://onlinelibrary.wiley.com/doi/abs/10.1111/jfpp.13904
http://dx.doi.org/10.1111/jfpp.13904
http://dx.doi.org/10.3390/agronomy7040063
http://doi.wiley.com/10.1002/mnfr.201601118
http://dx.doi.org/10.1002/mnfr.201601118
http://www.ncbi.nlm.nih.gov/pubmed/28371117
http://dx.doi.org/10.2174/1874070701812010219
http://www.mdpi.com/2076-3921/2/3/181
http://dx.doi.org/10.3390/antiox2030181
http://www.ncbi.nlm.nih.gov/pubmed/26784345
https://link.springer.com/article/10.1007/s11130-019-00757-3
http://dx.doi.org/10.1007/s11130-019-00757-3
http://www.ncbi.nlm.nih.gov/pubmed/31302831
http://dx.doi.org/10.1016/j.scienta.2013.11.028
http://dx.doi.org/10.1080/14786419.2020.1815741
http://www.ncbi.nlm.nih.gov/pubmed/32878452
http://dx.doi.org/10.1016/j.foodchem.2021.130102
http://www.ncbi.nlm.nih.gov/pubmed/34029891
http://dx.doi.org/10.1016/j.lwt.2020.110599
http://doi.wiley.com/10.1111/j.1750-3841.2012.02708.x
http://dx.doi.org/10.1111/j.1750-3841.2012.02708.x
http://www.ncbi.nlm.nih.gov/pubmed/22582920
https://link.springer.com/article/10.1007/s11130-009-0123-2
http://dx.doi.org/10.1016/j.jssas.2015.03.002
http://dx.doi.org/10.1016/j.fshw.2015.06.002
http://www.motherearthnews.com/
http://dx.doi.org/10.1016/j.nut.2014.03.015
http://www.ncbi.nlm.nih.gov/pubmed/25280406
http://dx.doi.org/10.1016/j.aoas.2020.02.002
https://link.springer.com/article/10.1007/s11130-019-00752-8
http://dx.doi.org/10.1007/s11130-019-00752-8
http://www.ncbi.nlm.nih.gov/pubmed/31256321
http://dx.doi.org/10.1007/s11130-012-0330-0
http://www.ncbi.nlm.nih.gov/pubmed/23232921
http://dx.doi.org/10.3390/nu11020323
http://www.ncbi.nlm.nih.gov/pubmed/30717365
http://dx.doi.org/10.1093/ajcn/72.6.1424
http://www.ncbi.nlm.nih.gov/pubmed/11101467
http://dx.doi.org/10.1016/j.foodres.2014.11.021
http://dx.doi.org/10.1556/066.2019.48.3.3
http://dx.doi.org/
http://dx.doi.org/10.3168/jds.2013-6695
http://www.ncbi.nlm.nih.gov/pubmed/23932139
https://www.mdpi.com/2304-8158/9/9/1199
http://dx.doi.org/10.3390/foods9091199
http://www.ncbi.nlm.nih.gov/pubmed/32878017
http://dx.doi.org/10.1038/s41598-017-12359-7
http://www.ncbi.nlm.nih.gov/pubmed/28935887

	Preliminary Characterization of a Functional Jam from Red Chicory by-Product 
	[Background:]
	Background:
	Objective:
	Methods:
	Results:
	Conclusion:

	1. INTRODUCTION
	2. MATERIAL AND METHODS
	2.1. Materials and Reagents
	2.2. Jam Formulation
	2.3. Water Activity (aw), Total Solid Soluble, and pH Measurement
	2.4. Stability of the Colour Along the Time
	2.5. Determination and Stability of Anthocyanins at Different pH Values
	2.6. Total Polyphenols Content (TPC)
	2.7. HPLC Determinations
	2.8. Acceptability Evaluation
	2.9. Statistical Analysis

	3. RESULTS AND DISCUSSION
	3.1. Water Activity (aw), Total Solid Soluble, and pH Measurement
	3.2. Stability of the Colour Along the Time
	3.3. Quantification and polyphenols profile
	3.4. Determination of Carbohydrates
	3.5. Acceptability Evaluation

	CONCLUSION
	LIST OF ABBREVIATIONS
	ETHICS APPROVAL AND CONSENT TO PARTI-CIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




