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Guava (Psidium guajava L.) is rich in vitamin C 
(ascorbic acid), vitamin E, niacin, dietary fibre 
(DF), and in bioactive compounds such as carote-
noids and polyphenols. These features make this 
fruit a functional food [1]. 

The combination of guava pulp and natural ad-
ditives for the elaboration of jams, jellies, juices, 
slices and concentrated purees can improve the 
nutritional properties and functional character-
istics that might promote health benefits [2]. The 
substitution of saccharose by different types of 
natural sweeteners such as steviols (or stevia) and 
agave syrup, have gained importance in recent 
years mainly because of a tendency to decrease 
the sugar intake in products as jams, cakes or des-
serts [3]. The incorporation of stevia increased 

the stability of the colour and some polyphenols 
such as quercetin, gallic acid and rosmarinic acid 
during the storage of a roselle beverage [4]. The 
agave syrup is greatly demanded as a sugar substi-
tute due to its low glycemic index [5]. On the other 
hand, the addition of trehalose (10 %) or glucose 
(10 %) to blackberry juices significantly reduced 
degradation of anthocyanins during the storage 
at 4 °C, whereas the opposite effect was observed 
when 10 % of fructose or saccharose was incorpo-
rated [6].

The fructans are also interesting additives 
considered as non-digestible carbohydrates, 
with prebiotic properties, being some of the 
most important ingredients used in the formula-
tion of functional foods [7]. Mellado-Mojica 
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cal and sensory parameters, as well as the con-
tent of bioactive compounds and prebiotic activ-
ity of concentrated guava purees, to which NAF 
and natural sweeteners were added, during their 
storage at 10 °C.

Materials and methods

Chemicals and raw materials
Stevia (containing 97% of rebaudioside A) was 

purchased from Metco (Mexico City, Mexico); 
agave syrup from Bioagaves de la Costa (Nayarit, 
Mexico); glucose from Ingredion (Guadalajara, 
Mexico); NAF from Agaviotica (Monterrey, 
Mexico); citric acid from Weifang Ensign Indus-
try (Shandong, China); ascorbic acid from Shan-
dong Luwei Pharmaceutical (Shandong, China). 
Lactic culture was purchased from Danisco Com-
pany (Paris, France). De Man – Rogosa – Sharpe 
(MRS) medium was purchased from BD  Mexico 
(Mexico City, Mexico).

‘Portugal’ guava (epicarp, and mesocarp 
without seeds) was used in this study and was do-

and López-Pérez [8] mentioned that the simple 
sugars and a complex mixture of fructo-oligo
saccharides (FOS) form the native agave fructans 
(NAF). They have a degree of polymerization 
(DP) ≥ 12–15, while poly-carbohydrates have DP 
from 15 to 30. DP depends upon the agave variety 
and internal (neoseries fructans) and external 
(graminans fructans) glucose units. The prebiotic 
properties of NAF were evaluated for their health 
benefits, particularly in people suffering from 
obesity and diabetes [9, 10]. Rendón-Huerta 
et al. [11] evaluated the prebiotic effect of fructans 
from Agave angustifolia measuring the microbial 
growth and reported an important increase in the 
growth of Lactobacillus acidophilus, Lb. casei and 
Bifidobacterium lactis when the fructan amounts 
were increased. Studies in vivo established that 
the addition of fructans, such as inulin, to the diet 
provides benefits on the lipid metabolism [12], 
appetite regulation [10], blood cholesterol de-
crease [13], body weight decrease and adiposity 
reduction [14]. 

This study evaluated the physical-chemical 
properties, nutritional composition, microbiologi-

Tab. 1. Physical-chemical parameters and nutritional composition of fresh guava pulp, 
native agave fructans and agave syrup.

Guava pulp NAF Agave syrup

Physical-chemical parameters

Titratable acidity [%] 0.7 ± 0.1 ND 0.2 ± 0.0

pH 4.01 ± 0.01 6.64 ± 0.14 4.35 ± 0.01

Total soluble solids [°Brix] 10.73 ± 0.05 11.03 ± 0.05 75.01 ± 0.05

Water activity aw 0.95 ± 0.04 0.41 ± 0.02 0.60 ± 0.01 

Hue angle h [°] 94.96 ± 0.25 97.03 ± 0.24 45.34 ± 2.34 

Nutritional composition [g·kg-1]

Moisture 853.7 ± 1.5 46.40 ± 2.4 252.6 ± 1.2

Total protein 6.45 ± 0.47 ND 0.17 ± 0.67

Fat 4.36 ± 0.54 ND ND

Ash 3.72 ± 0.55 1.51 ± 0.05 1.69 ± 0.16

Glucose 35.04 ± 0.09 9.06 ± 0.97 123.4 ± 2.1

Fructose 27.20 ± 0.15 290.7 ± 1.2 530.1 ± 1.1

Saccharose 15.76 ± 2.73 6.72 ± 112 ND

Soluble dietary fibre 7.43 ± 1.25 236.0 ± 2.1 18.37 ± 1.53

Insoluble dietary fibre 84.32 ± 3.67 26.13 ± 0.08 ND

Total dietary fibre 91.74 ± 4.86 262.1 ± 2.2 ND

Ascorbic acid 2.21 ± 0.35 ND ND

Total carotenoids 0.12 ± 0.05 ND ND

Total soluble polyphenols 4.10 ± 0.01 ND ND

Values are the mean ± standard deviation (n ≥ 3, p < 0.05). 
Titratable acidity was expressed as percentage of citric acid. Content of moisture, protein, fat, ash, glucose, fructose, saccha-
rose, ascorbic acid, total carotenoids and total soluble polyphenols, soluble, insoluble and total dietary fibre are expressed as 
gram per kilogram of fresh weight of pulp or agave syrup. 
NAF – native agave fructans (values are expressed in gram per kilogram of dry matter), ND – not detected.
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nated by Purees and Derivatives of Nayarit (Tepic, 
Mexico). The physical-chemical parameters and 
nutritional composition of guava fresh pulp, NAF 
and agave syrup are shown in Tab. 1.

Preparation of guava puree formulations
The guava puree elaboration process is 

a  trademark of company Purees and Derivatives 
of Nayarit. The guava purees were concentrated 
using a vacuum evaporation equipment (Model 
CV-6; Tecnodac, Queretero, Mexico), with 110  l 
capacity, operated under a reduced pressure 
(345.23 kPa), at (55 ± 3) °C for 30 min, until the 
concentrate reached 15–16 °Brix. 

Three different batches of concentrated guava 
purees were prepared by adding 20 g·kg-1 stevia, 
160  ml·kg-1 of agave syrup or 200 g·kg-1 of glu-
cose. Into each batch, 30 g·kg-1 of NAF, 2.5 g·kg-1 
of citric acid and 0.65 g·kg-1 of ascorbic acid were 
added. The control puree was a concentrated gua-
va puree without a sweetener but with NAF, citric 
acid and ascorbic acid. 

All puree formulations were packaged under 
vacuum into high-density polyethylene bags 
(0.940–0.970 g·cm-3, 445 cm3 of oxygen perme-
ability; Fast Sincere International Industrial, 
Hong Kong, China), pasteurized using a  Model 
KVV pasteurizer (Tecnodac, Monterrey, Mexico) 
at 90  °C for 10 min, and stored at 10 °C for 
6 months.

Physical-chemical analysis
Titratable acidity (TA, method 942.15), pH 

(method 981.12) and total soluble solids (TSS, 
method 932.12) were determined according to 
AOAC official methods [15]. Colour changes were 
measured directly in the purees with a Minolta 
CR300 colorimeter (Konica Minolta, Osaka, Ja-
pan) in the L* a* b* system, expressed as hue an-
gle (h) and colour difference (ΔE) was calculated.

Nutritional composition
Protein (method 978.04), ash (method 940.26), 

fat (method 950.54) and moisture (method 934.06) 
contents were determined according to AOAC 
official methods [15]. Soluble dietary fibre (SDF), 
insoluble dietary fibre (IDF) and total dietary 
fibre (TDF) were analysed using the AOAC en-
zymatic-gravimetric method (method 991.42) [15] 
modified by Mañas and Saura-Calixto [16]. All 
data were reported in grams per kilogram of fresh 
weight (FW).

Simple sugars, total soluble carbohydrates and 
degree of polymerization of fructans

In all the samples, the degree of polymeriza-

tion (DP) and simple sugars (glucose, fructose, 
and saccharose) were determined using high 
performance anion-exchange chromatography, 
coupled with a pulsed amperometric detector 
(HPAEC-PAD, Thermo Scientific Dionex-ICS 
5000 system, Thermo Scientific, Waltham, Mas-
sachusetts, USA). The analyses were performed 
according to the method of Ortiz-Basurto et al. 
[17] with slight modifications. 

The extractions were done using 0.5 g of sam-
ple and 25 ml of an ethanol solution (850 ml·l-1). 
The mixture was stirred for 2 h at 80 °C and then 
centrifuged (9 380 ×g, 40 min at 4 °C). The super-
natant was dried and re-suspended in 1 ml of Mil-
li-Q water (Merck Millipore, Billerica, Massachu-
setts, USA) for analysis. The extracts were filtered 
through a  nylon membrane (0.45  μm pore size) 
and injected into HPAEC-PAD. A  Dionex PA-
200 column (0.4 cm × 5 cm, Thermo Scientific) 
at 35 °C was used. The separation was performed 
using a sodium acetate gradient (0–600 mmol·l-1) 
in 100  mmol·l-1 NaOH with a  flow rate of 
0.4 ml·min-1. 

DP was estimated using a chicory inulin 
standard and concentrations of simple sugars were 
calculated with a calibration curve of glucose, fruc-
tose and saccharose standards. Total soluble car-
bohydrates were measured by the phenol-sulphu-
ric method [18]. All data were expressed as grams 
per kilogram of FW.

Ascorbic acid, total carotenoids and total soluble 
polyphenols

The ascorbic acid content (AA) was deter-
mined according to the method of Suntornsuk 
et al. [19]. The samples (10 g) were homogenized 
with 25 ml of sulphuric acid (1.04 mol·l-1), 25 ml of 
distilled water and 3 ml of starch solution (50 g·l-1) 
as an indicator. The mixture was titrated with po-
tassium iodide-diiodo solution (0.12 mol·l-1 and 
0.02 mol·l-1, respectively) and the results were ex-
pressed in grams per kilogram of FW.

The total carotenoid content (TC) was cal-
culated with the method proposed by Cano and 
De Ancos [20]. The samples (2 g) were homog-
enized with 10 ml of ether-acetone mixture (80 ml 
and 20 ml, respectively for 100 ml) and with 0.5 g 
of MgCO3. The mixture was stirred for 1 min and 
centrifuged at 11 000 ×g for 30 min at 4 °C. The 
supernatant was recovered and homogenized with 
15 ml of 200 g·l-1 NaCl solution. Ethereal extract 
was dried with 5 g of anhydrous sodium sulphate 
and the absorbance was measured at 448 nm 
(Model 6705; Jenway, Felsted, United Kingdom). 

Quantification was performed using a calibra-
tion curve of β-carotene standard. The results 
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were expressed as grams of β-carotene per kilo-
gram of FW.

A sequential organic aqueous extraction was 
used to evaluate the total soluble polyphenols 
(TSP) in 0.5 g of sample mixed with 20 ml of an 
acidified methanol solution (0.8 % of 72.8 g·l-1 

hydrochloric acid) and 20 ml of acetone-water so-
lution (80 : 20, v/v) according to the procedure de-
scribed by Pérez-Jiménez et al. [21]. The mixture 
was stirred for 1 h, then centrifuged (Model Z306; 
Hermle, Wehingen, Germany) at 9 380 ×g for 
30 min at 4 °C. A volume of 20 ml of acetone-wa-
ter solution (80 : 20, v/v) was added to the residue 
and the extraction was repeated. The supernatants 
from each extraction step were combined and TSP 
were measured using Folin-Ciocalteu’s reagent 
[22], with some modifications according to Alva-
rez-Parrilla et al. [23]. Aliquots (250 μl) of the 
supernatants were mixed with 1 000 μl of a 75 g·l-1 

Na2CO3 solution. After 3 min, the Folin–Ciocal-
teu’s reagent (1 250 μl) was added and the mixture 
was heated in a water bath for 15 min. A  multi-
mode microplate reader Synergy HT (Bio-Tek, 
Winooski, Vermont, USA) was used at 750 nm. 
The results were expressed as grams of gallic acid 
equivalents per kilogram of FW.

In vitro prebiotic assay
The prebiotic assay was carried out according 

to Farinha et al. [24] with some modifications. 
A lyophilized lactic culture YO-MIX205 LYO250 
DCU (Danisco), which contained Streptococcus 
thermophilus (anaerobic), Lactobacillus delbrueckii 
subsp. bulgaricus (anaerobic), Lb.  acidophilus 
(aerobic) and Bifidobacterium lactis (anaerobic), 
was used in the assay. The lactic culture was re-
activated according to attached technical instruc-
tions. In an Erlenmeyer flask, 0.05 g the lactic 
culture was dissolved in 40 ml of MRS at pH 6.60 
and incubated in a shaker (1.16 Hz) at 42 °C until 
optical density (OD) of 0.80–0.90 at 600  nm was 
reached. The prebiotic activity was measured with 
50 ml of sterile MRS medium and 1 ml of sample, 
which contained 0.2 g of guava pulp, control pu-
ree, puree formulations or NAF. The mixture was 
inoculated with 5 ml of the re-activated lactic cul-
ture and then incubated in a  shaker (1.16 Hz) at 
42 °C. OD was measured at 600 nm each hour for 
10 h. The results were expressed as OD values.

Microbiological analysis
The microbiological evaluation regarding 

yeasts and fungi, as well as the total mesophilic, 
psychrophilic and coliform bacteria counts were 
determined using the methods of Downes and Ito 
[25].

Sensory analysis
The preference level test (taste, colour and 

aroma) of the purees after storage for 6  months 
at 10 °C, was used with 100 untrained judges. The 
scale 1–4 was utilized: 1 – dislike, 2 – indifferent, 
3 – like a little, 4 – like very much [26]. For taste 
test, the eyes of the judges were covered with cel-
lophane lenses. Preference percentages were cal-
culated.

Statistical analysis
All analysis were done in triplicate and the data 

were analysed by ANOVA, using the statistical 
software Statistica v.10 (Statsoft, Tulsa, Oklahoma, 
USA), at p = 0.05. The means comparison was 
made using the least significant difference (LSD, 
α = 0.05). The sensory evaluation was analysed by 
Student’s t-test (a = 0.05).

Results and discussion

Physical-chemical analysis
Significant differences (p < 0.05) were ob-

served in TA between the control puree and the 
puree with stevia (Tab. 2) on the day of prepara-
tion (month 0). The values of TA in these purees 
were 0.9 % with a pH of 3.69–3.70, while the puree 
with agave syrup and glucose maintained lower 
TA values. The lowest TA was attributed to the 
high content of simple sugars in the purees with 
agave syrup or glucose, which could exert a protec-
tive effect on the organic acids through hydrogen 
bonds [27]. The results coincided with the report 
of Chávez-Tapia et al. [28]. However, TA values 
slightly decreased and pH increased (p < 0.05) in 
all the purees during the time of storage, probably 
due to oxidation of organic acids, such as ascorbic 
acid [29]. 

The final pH was 3.73–3.83 indicating micro-
biological stability of the purees. 

The puree with glucose had the highest 
TSS (29.43 °Brix) followed by the puree with 
agave syrup (25.33 °Brix), the puree with ste-
via (18.53  °Brix) and finally the control puree 
(18.52 °Brix). These results were dependent of 
the amount of sweetener, although there were no 
significant (p < 0.05) changes during the time of 
storage. 

Glucose and fructose have the ability to link, 
through hydrogen bonds, with the free water of 
the foods [27]. Therefore, aw was lower in the pu-
ree with glucose (0.90) and in the puree with agave 
syrup (0.92) compared to the puree with stevia and 
the control puree (both 0.95). During the time of 
storage, aw was stable in the concentrated purees, 
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which is a normal behaviour of the foods with high 
aw [27]. 

The values of pH and TA indicated that the pu-
rees were physically, chemically and microbiologi-
cally stable during the storage [27].

The guava pulp had a h value of 94.96 (Tab. 1), 
which corresponds to the yellow colour. At the be-
ginning of the processing (0 month), the h values 
were 93.73–96.16. The addition of sweeten-
ers caused significant changes (p < 0.05) in the 
colour. The puree with agave syrup had the highest 
h value due to that the agave syrup, which is yel-
lowish in colour. After 3 and 6 months of storage, 
the h values decreased (to 80.16–87.80). 

The colour change from yellow to brown-
yellow was evident during the storage and this co-
incided with the ΔE values. The greatest browning 
was observed in the control puree, which could be 
due to the high oxidation of ascorbic acid and/or 
due to photodegradation of others pigments. This 
coincided with the lack of sweeteners [29]. The 
sweeteners helped to maintain the colour of the 
purees.

Nutritional composition
The nutritional composition is shown in 

Tab. 3. The moisture content in the control puree 
was 824.11 g·kg-1, in the puree with stevia was 
823.45 g·kg-1 and in the puree with agave syrup 

was 800.13 g·kg-1, while in the puree with glucose 
was 740.35 g·kg-1 (after 6 months of storage) with 
significant differences (p < 0.05) between them. 
The differences can be attributed to the quantity 
and type of sweetener added. Fructose and glucose 
have a direct influence on the moisture because 
they are hygroscopic, with hydroxyl groups that 
can establish hydrogen bonds with the water, 
which contributes to a reduction in the moisture 
and aw [27]. 

All the purees had low protein 
(6.47–6.83 g·kg-1), fat (4.27–4.48 g·kg-1) and 
ash (3.52–3.85 g·kg-1) contents (Tab. 3). After 
6  months of storage at 10 °C, there was no sig-
nificant change (p >0.05) in the different purees. 
The data were similar to those of fresh guava pulp 
(Tab. 1). This indicates that the nutritional values 
were maintained during the storage. 

The sweeteners had no significant effect 
(p < 0.05) on the dietary fibre, because they 
are not a part of it. SDF values (Tab. 3) and 
consequently TDF values were slightly higher 
(p > 0.05) in all the purees (17.13–26.74 g·kg-1 and 
101.51–111.53 g·kg-1, respectively) after 6 months 
of storage in comparison to fresh guava pulp 
(7.43 g·kg-1 and 91.74 g·kg-1, respectively). IDF 
values were between 84.37 g·kg-1 and 84.82 g·kg-1 
and did not show significant differences among the 
different purees (p > 0.05). The increase of SDF, 

Tab. 2. Physical-chemical parameters of concentrated guava purees 
added with native agave fructans and natural sweeteners at the end of storage (6 months at 10 °C).

Parameters
Months of 

storage
Control  
puree

Puree  
with stevia

Puree  
with agave syrup

Puree  
with glucose

Titratable acidity [%]

0 0.9 ± 0.2 aA 0.9 ± 0.1 aA 0.8 ± 0.2 bA 0.8 ± 0.1 bA

3 0.9 ± 0.1 aA 0.8 ± 0.1 aB 0.7 ± 0.1 bB 0.7 ± 0.2 cB

6 0.8 ± 0.1 aB 0.8 ± 0.1 aB 0.7 ± 0.1 bC 0.6 ± 0.1 bC

pH

0 3.69 ± 0.05 bC 3.70 ± 0.05 bC 3.74 ± 0.05 aC 3.75 ± 0.01 aB

3 3.73 ± 0.02 bA 3.73 ± 0.05 bB 3.75 ± 0.05 aB 3.77 ± 0.01 aA

6 3.73 ± 0.03 bA 3.75 ± 0.01 aA 3.82 ± 0.01 aA 3.83 ± 0.05 aA

Total soluble solids [°Brix]

0 18.52 ± 0.32 cA 18.53 ± 0.15 cA 25.33 ± 0.20 bA 29.43 ±0.05 aA

3 18.43 ± 1.10 cA 19.70 ± 0.10 cA 24.97 ± 0.15 bA 29.63 ± 0.15 aA

6 18.83 ± 0.45 cA 18.57 ± 0.15 cA 24.07 ± 0.20 bA 28.97 ± 0.15 aA

Water activity aw

0 0.95 ± 0.01 aA 0.95 ± 0.01 aA 0.92 ± 0.01 bA 0.90 ± 0.01 cA

3 0.95 ± 0.01 aA 0.95 ± 0.01 aA 0.92 ± 0.02 bA 0.90 ± 0.01 cA

6 0.95 ± 0.01 aA 0.95 ± 0.01 aA 0.92 ± 0.01 bA 0.90 ± 0.01 cA

Hue angle h [°]

0 94.88±0.16 aC 93.73 ± 0.40 bA 96.16 ± 0.40 aA 94.86 ± 1.09 aA

3 85.84±0.63 aB 89.29 ± 0.44 aB 88.77 ± 0.36 aB 86.83 ± 0.14 bB

6 80.16±0.23 aA 87.80 ± 0.29 aC 85.85 ± 0.76 bC 84.55 ± 0.55 bC

Colour difference (ΔE)
3 15.01 10.99 10.45 14.99

6 20.14 12.10 11.43 19.15

Values are the mean ± standard deviation (n ≥ 3). Means with different uppercase letters in superscripts in the same column 
indicate significant difference (a = 0.05) by treatment. Means with different small letters in superscripts in the same row indicate 
significant difference (a = 0.05) by time of storage. 0 as month of storage means first day of processing.
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and consecutively TDF, in the control puree, puree 
with stevia and puree with glucose, was due to the 
concentration process and the addition of NAF. 
However, the highest value of SDF (26.74 g·kg-1) 
in the puree with agave syrup was attributed to 
NAF and agave syrup because SDF was found in 
these additives (Tab. 1) [30, 31]. In general, SDF 
has nutritional importance due to its rheological 
properties, ability to affect the gastrointestinal 
content, increasing the viscosity of the medium 
triggering satiety signals and slowing down the gas-
tric emptying. Moreover, SDF may serve as a sub-
strate for the fermentative microbiota producing 
short-chain fatty acids, and it also stimulates the 
colonic blood flow and the electrolyte uptake [32]. 
Jiménez-Escrig et al. [33] and Chávez-Tapia 
et al. [28] considered the guava fruit rich in TDF 
(83.4–118.5 g·kg-1). Thus, a portion of concentrat-
ed purees (100 g) can be classified as a source of 
DF and, in consequence, the purees are potential 
prebiotic products. 

Simple sugars, total soluble carbohydrates and 
degree of polymerization of fructans

Significant differences (p < 0.05) were ob-
served in the simple sugar and total soluble car-
bohydrate contents (Tab. 4) of the purees. This 

was due to the fact that the simple sugar content 
depended on NAF and the quantity of natural 
sweeteners added. The control puree and the 
puree with stevia had lower glucose (42.84 g·kg-1 
and 43.27 g·kg-1), fructose (51.28 g·kg-1 and 
51.39 g·kg-1) and saccharose (21.86 g·kg-1 and 
21.96 g·kg-1) contents, without significant differ-
ences between them. Stevia did not increase the 
carbohydrates content although the values were 
higher than those of guava pulp (Tab. 1). This is 
attributed to the concentration process and NAF 
addition, because NAF contains simple sugars 
(Tab. 1). The puree with agave syrup had the 
highest fructose content (98.95 g·kg-1) by the ad-
dition of NAF and agave syrup. NAF are rich in 
fructose (530.1 g·kg-1) and also contain glucose 
(123.4 g·kg-1) (Tab. 1). In the puree with glucose, 
the glucose content (166.25 g·kg-1) was the highest. 
The total soluble carbohydrates were 115.98 g·kg-1, 
116.63 g·kg-1 and 178.83 g·kg-1 for the control pu-
ree, the puree with stevia and the puree with agave 
syrup, respectively. Meanwhile, the puree with glu-
cose contained 238.92 g·kg-1 total soluble carbohy-
drates, since the weight of the added glucose was 
10 times more than at stevia and 1.5 times higher 
than at the puree with agave syrup. 

DP values of the chicory inulin standard and 

Tab. 3. Nutritional composition of concentrated guava purees 
added with native agave fructans and natural sweeteners at the end of storage (6 months at 10 °C).

Parameters [g·kg-1]
Control  
puree

Puree  
with stevia

Puree  
with agave syrup

Puree  
with glucose

Moisture 824.11 ± 0.14 a 823.45 ± 3.18 a 800.13 ± 1.75 b 740.35 ± 3.76 c

Total protein 6.56 ± 1.50 a 6.47 ± 0.28 a 6.78 ± 0.86 a 6.83 ± 0.24 a

Fat 4.27 ± 0.92 a 4.32 ± 1.94 a 4.37 ± 1.87 a 4.48 ± 0.63 a

Ash 3.22 ± 0.54 a 3.72 ± 3.00 a 3.68 ± 1.00 a 3.85 ± 1.40 a

Soluble dietary fibre 17.16 ± 1.64 a 17.19 ± 1.43 a 26.74 ± 0.26 b 17.13 ± 0.15 a

Insoluble dietary fibre 84.37 ± 2.13 a 84.40 ± 3.47 a 84.82 ± 1.42 a 84.61 ± 2.38 a

Total dietary fibre 101.53 ± 1.12 b 101.51 ± 4.21 b 111.53 ± 1.32 a 101.74 ± 1.54 b

Values are the mean ± standard deviation (n ≥ 3). Means with different small letters in superscripts in the same row indicate 
significant difference using LSD test (a = 0.05).

Tab. 4. Simple sugars and total soluble carbohydrates in concentrated guava purees 
added with native agave fructans and natural sweeteners at the end of storage (6 months at 10 °C).

Carbohydrates [g·kg-1]
Control  
puree

Puree  
with stevia

Puree  
with agave syrup

Puree  
with glucose

Glucose 42.84 ± 0.93 c 43.27 ± 0.18 c 50.87 ± 0.98 b 166.25 ± 0.70 a

Fructose 51.28 ± 1.15 b 51.39 ± 1.22 b 98.95 ± 0.71 a 50.96 ± 1.01 b

Saccharose 21.86 ± 1.63 b 21.96 ± 0.91 b 29.01 ± 0.66 a 21.70 ± 0.29 b

Total soluble carbohydrates 115.98 ± 1.22 c 116.63 ± 1.52 c 178.83 ± 3.58 b 238.92 ±7.64 a

Values are the mean ± standard deviation (n ≥ 3), expressed in gram per kilogram of fresh weight. Means with different small 
letters in superscripts in the same row indicate significant difference using LSD test (a = 0.05).
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Fig. 1. HPAEC-PAD chromatogram profiles of fructan standards, control puree and concentrated guava purees 
with native agave fructans and natural sweeteners at the end of storage (6 months at 10 °C).

A - chicory inulin standard, B – native agave fructans, C – control puree, D – puree with stevia, E – puree with agave syrup, F – 
puree with glucose; DP – degree of polymerization.
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NAF sample are shown in Fig. 1A and Fig. 1B. 
The presence of FOS, namely, kestose (DP = 3), 
nystose (DP = 4), DP = 5 and DP = 9 was de-
tected in all the purees (Fig. 1C, 1D, 1E and 1F). 
However, an increase in FOS was registered in 
the puree with agave syrup (Fig. 1E) in compari-
son to the control purees and the other puree for-
mulations. This was due to the contents of FOS 
in agave syrup and in NAF. Mellado-Mojica 
and López-Pérez [8] reported that the agave 

syrup contained little glucose, abundant fructose, 
and abundant FOS (kestose, neokestose and nys-
tose) as the outcome of hydrolysis of fructans. In 
the years later, the same authors [31] reported 
fructans of other DP in the agave syrup, such as 
inulotriose (DP = 3), kestopentaose (DP = 5) and 
DP = 6 to DP = 9. FOS with DP values 6, 7 and 8 
in the puree with agave syrup (Fig. 1E) and in the 
puree with glucose (Fig. 1F) were identified. 

The control puree and the puree with stevia 
only contained FOS with DP = 5 and DP = 9. 
It was demonstrated that pH lower than 4.0 de-
creased the fructan content due to its hydrolysis 
[34]. The control puree and the puree with ste-
via had pH of 3.73 and 3.75, respectively, after 
6 months of storage at 10 °C. Therefore, it is pos-
sible that pH affected the content of FOS. 

In all purees, low DP was observed. In com-
parison to the chicory inulin standard, this was 
because NAF are formed by a mixture of simple 
sugars, FOS and poly-carbohydrates with lower 
DP (3 to 9) in comparison with the chicory inu-
lin (3 to 50) (Fig. 1A). Besides that, the heating 
process and a low pH possibly hydrolysed NAF 
during the storage. Glibowski and Bukowska [34] 
studied the effect of pH, temperature and heating 
time on fructans. They found that inulin degrada-
tion occurred when the temperature reached 80 °C 
at pH of 4.0. Despite this, it is clear that the addi-
tion of NAF as well as of agave syrup in the purees 
was important because they increased SDF con-
tent. 

Ascorbic acid, total carotenoids and total soluble 
polyphenols

It is clear that the AA was higher in a  puree 
with stevia (5.45 g·kg-1) than in the control puree 
(5.35 g·kg-1), puree with agave syrup (4.48 g·kg-1) 
and puree with glucose (3.95 g·kg-1) at the day of 
processing (Fig. 2A). Also, the AA values were 
higher in the concentrated purees than in the 
guava pulp (2.21 g·kg-1) due to the addition of 
ascorbic acid in the formulations. It is important 
to point out that, in the control puree and the pu-
ree with stevia, the AA was higher than in those 
with of agave syrup or glucose, even though these 
sweeteners were added in greater quantity than 
was stevia. It was probably caused by the dilut-
ing effect when the agave syrup and glucose were 
added.

The AA decreased during the period of storage 
down to 52 %, 40 %, 42 % and 36 % in the con-
trol puree, puree with stevia, puree with agave 
syrup and puree with glucose, respectively, after 
6  months of storage at 10 °C. The guava pulp 
treated by heat at 80–95 °C can present losses of 
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Fig. 2. Ascorbic acid, total soluble polyphenols 
and total carotenoids in concentrated guava purees 
added with native agave fructans and natural sweet-
eners during the storage at 10 °C.

A – ascorbic acid content (AA), B – total soluble 
polyphenols (TSP), C – total carotenoids (TC).
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up to 90 % of AA, due to the lability of this vita-
min [28]. It was suggested that the guava pulp 
should be processed at temperatures below 75 °C, 
to avoid these significant losses [35]. According to 
Chávez-Tapia et al. [28], the concentrated guava 
purees lost at 45–55 °C up to 40–46% of AA. The 
foregoing indicates that the purees with natural 
sweeteners retained 58–64 % of AA after 6 months 
at 10 °C, in comparison to the control puree, thus 
a portion of 100 g can still cover the recommended 
daily intake. 

All puree formulations showed a decrease 
of TSP during the storage (Fig. 2B). The con-
trol puree presented 69 % retention of TSP, 
while all the other formulations retained 
approximately 83–88 % of TSP. In comparison 
with the guava pulp (4.10 g·kg-1) and the con-
trol puree (3.55 g·kg-1), the concentrated purees 
with natural sweeteners had higher values of TSP 
(4.28–4.66 g·kg-1) after 6 months of storage. The 
data indicate that the sweeteners played an impor-
tant role in the conservation of these compounds 
[36, 37]. Pérez-Ramírez et al. [4] reported that 
incorporation of stevia increased the stability of 
anthocyanins and some polyphenols during the 
storage of a roselle beverage, although the authors 
mentioned that this effect was not previously re-
ported. Corrêa et al. [1] reported that the gua-
va jam added with grape juice had an increased 
polyphenol content compared to the control for-
mulation, and also that, during the storage, a re-
duction (36 %) of phenolic compounds took place. 
The presence of polyphenols in processed foods is 
important from a nutritional point of view because 
they have protective characteristics such as neuro
protection, anti-inflammatory and antioxidant 

[38]. Therefore, the increase and conservation of 
TSP in the concentrated purees gives them an ad-
ditioned value.

The TC (Fig. 2C) was significantly differ-
ent among the control puree and the purees with 
sweeteners during the time of storage (p < 0.05). 
On the day of processing, the TC was greater 
in the control puree and the puree with stevia 
(0.19 g·kg-1). In the puree with agave syrup and 
the puree with glucose, the lower values of the 
TC  were determined, probably for the reasons 
discussed above. At the end of storage, a  de-
crease (p < 0.05) in TC  in all the purees was 
noted, the control puree having the lowest value 
(0.06 g·kg-1), probably due to the highest oxidation 
of carotenoids, considering that sweeteners had 
a protective effect in the other purees [37]. Nora 
et al. [39] reported that stability of carotenoids de-
pended on factors such as dissolved oxygen resi-
due in the sample, light, storage temperature and 
the food matrix.

In vitro prebiotic activity
The growth capacity of probiotic microor

ganisms varied in the different types of samples 
evaluated. The purees with sweeteners showed 
a higher growth (Fig. 3) of microorganisms than 
the control puree, while the fresh guava pulp and 
NAF exhibited the lowest growth capacity. Analys-
ing the effect of each sample, it was observed that 
the puree with agave syrup promoted the higher 
growth of probiotic microorganims. This could 
be possible due to the puree with agave syrup 
having the highest SDF content, which included 
the highest FOS content (see Fig. 1E). Farhina 
et al. [24] and Velázquez-Martínez et al. [40] 
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reported that fructans with a low DP offer better 
prebiotic activity. However, other authors re-
ported that the prebiotic effect of the fructans is 
independent of DP, since some bacterial consor-
tia showed growth depending on the size of the 
fructan chain. Also, the effectiveness depended 
on whether the microorganisms were aerobic or 
anaerobic, which in turn was directly related to the 
enzymatic capacity as well as probiotic metabo-
lism, in particular with the secretion of fructanhy-
drolases [41–43]. On the other hand, the prebiotic 
activity was lower in NAF than in all the purees, 
although without significant differences (p > 0.05) 
with fresh guava pulp. It is possible that the sum of 
SDF from guava pulp and the added NAF in the 
purees caused the difference in the prebiotic activ-
ity with respect to NAF. The fruits rich in DF with 
the addition of fructans can be utilized in symbi-
otic formulations in the functional food industry 
thanks to the fact that the combination of different 
sources of SDF could increase the prebiotic prop-
erties [43, 44].

Microbiological analysis
At 6 months of storage at 10 °C, there was no 

growth of microorganisms in the purees. The pH 
is a strong factor in suppression of the microbial 
growth, because microorganisms can proliferate in 
a pH range of 4–10 and grow faster in a pH range 
of 5–7 [34]. The pH values of all the purees ranged 
from 3.5 to 3.8 (Tab. 2), which had an important 
positive influence on the stability of the product. 
Purees were stored at 10 °C, a temperature that 
restricts microbial growth and, therefore, they 
were microbiologically stable during the time of 
storage. 

Sensory analysis
The sensory analysis demonstrated that the 

judges did not like the taste of the control pu-
ree, because of it was overly acidic. In the puree 
with stevia, the judges perceived a bitter remnant, 
but 75  % of them preferred it after 6 months of 
storage. The result of the sensory test was similar 
at the puree with agave syrup and the puree with 
glucose. The judges preferred the colour and aro-
ma of the freshly prepared purees to those that 
were stored. This was because the stored purees 
presented browning and probably some of the 
volatile compounds were lost during processing, 
although the acceptance for them was 70–73  %. 
It is important to mention that colour of the con-
trol purees was the least preferred (55 %). These 
results are useful for continuing the study on the 
shelf life and the testing of different types of pack-
aging.

Conclusions

All the formulations of guava purees added 
with NAF and natural sweeteners were physically, 
nutritionally and microbiologically stable during 
3 months of cold storage (at 10 °C), although the 
colour changes were noted probably due to oxygen 
permeability in the bags as well as dissolved oxy-
gen and gas headspace of the bags. The addition of 
NAF and natural sweeteners improved the quality 
of the purees increasing the SDF content as well as 
the retention of bioactive compounds and in vitro 
prebiotic activity. Therefore, these puree formula-
tions are an alternative for obtaining potentially 
functional products.
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