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ABSTRACT

Background. Aguaymanto (Physalis peruviana L.) is a rich source of nutrients, antioxidants, and bioactive 
compounds that provides health benefits. As such, it is considered a superfood. It can also be used in other 
foods, such as juices, liqueurs, jams, desserts, compotes, gastronomic ingredients, supplements, and dried 
fruit. The objective of this research was to evaluate the effects of three gelling agents: carboxymethylcellu-
lose, pectin, and xanthan gum, on the shelf life and the rheological, physicochemical, nutritional, microbio-
logical, and sensory characteristics of aguaymanto compote during its formulation.
Materials and methods. Three thickening agents (xanthan gum, carboxymethylcellulose, and pectin) were 
used to prepare the aguaymanto compote, whose values of shear stress and strain rate (γ) were evaluated and 
adjusted to the Ostwald de Waele model. Likewise, physicochemical characterization and sensory evaluation 
were carried out in two different environments, involving university students using a 5-point hedonic scale 
and preschool children, in which the percentage of acceptability was established. The product with the best 
sensory attributes had its proximal chemical composition, microbiological analysis, and shelf life determined.
Results. The compotes showed non-Newtonian behavior of the pseudoplastic type. Flow curves adjusted 
to the model showed that as the temperature increases (17°C, 25°C, 35°C, and 45°C) with the same con-
centration, the consistency index decreases, and the flow behavior index increases. In all the samples, as γ 
and temperature increase, the apparent viscosity decreases, and the 0.1% gelling agents generate different 
apparent viscosities (p < 0.05). Likewise, the panelists gave high scores to the compote formulated with 
carboxymethylcellulose, presenting a lower pH (3.96) and high moisture (77.49%) with an absence of total 
coliforms, molds and yeasts. In addition, the shelf life was approximately 367 days, without the addition of 
preservatives.
Conclusion. The results show that the aguaymanto compote presents a non-Newtonian behavior with pseudo-
plastic fluid characteristics, guarantees hygiene and sanitation concerning national and international technical 
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Physalis peruviana L. is a plant belonging to the ge-
nus Physalis of the Solanaceae family that is native to 
South America in the Peruvian Andes and found main-
ly in the regions of Ancash, Cajamarca, Cusco, Huánu-
co, and Junín (MIDAGRI, 2020). It is generally grown 
in tropical and subtropical countries (Mazova et al., 
2020). Goldenberry has become an economic export 
crop in many countries and is known as aguaymanto, 
Inca berry, poha berry, cape gooseberry, groundcherry, 
and husk berry (Fischer and Melgarejo, 2020).

The fruit of aguaymanto is yellow to orange, 
wrapped in a cap, and a rich source of nutrients (Cas-
tro et al., 2008) such as carbohydrates (10.52%), 
proteins (1.09%), lipids (0.51%), and fiber (0.34%), 
as well as minerals (Repo and Encina, 2008) such as 
potassium (292.65 mg/100 g of pulp), phosphorus 
(37.90 mg/100 g of pulp), calcium (10.55 mg/100 g 
of pulp), iron (1.24 mg/100 g of pulp), and zinc 
(0.40 mg/100 g of pulp). High levels of vitamins 
(Osorio and Roldan, 2003) such as A (1730 I.U.), B1 
(0.10 mg/100 g of pulp), B2 (0.17 mg/100 g of pulp), 
B3 (0.80 mg/100 g of pulp), and C (20.00 mg/100 g 
of pulp), as well as (Málaga et al., 2013) antioxidants 
(4.12 ±0.18 umol Trolox eq./g), total phenolic com-
pounds (58.60 ±1.96 mg AGE/100 g), and total ca-
rotenoids (2.94 ±0.43 mg β-carotene eq./100 g) give 
the fruit medicinal properties that make it usable as 
an anti-inflammatory, antioxidant, antidiabetic, anti-
tumor, immunosuppressive, and antiseptic (Nocetti et 
al., 2020; Oztruk et al., 2017; Shenstone et al., 2020). 
Due to its pleasant flavor, this fruit can be used in juic-
es, liqueurs, jams, salads, desserts, compotes, gourmet 
kitchen ingredients and dried fruits  (Mokhtar et al., 
2018).

Compote is a complementary food that is gradu-
ally offered to children from six months of age and 
is commonly prepared using a variety of fruit pulps 
(Aldana and Rivas, 2019; Marrugo et al., 2017). This is 

a product based on whole fruit, fruit pieces, fruit pulp, 
or fruit puree with or without fruit juice or fruit juice 
concentrate (Codex Stan 79-1981). In addition, it may 
be formulated with or without water and sweeteners 
may be added. It is hermetically heat treated before 
and after sealing (NTP 203.106:1985).

As aguaymanto fruit has benefits for human health, 
and because it is cultivated easily in large areas of 
the Peruvian Andes, its pulp can be used to develop 
a compote that provides children with a range of qual-
ity nutrients. 

Gelling agents are widely used in many food for-
mulations to improve their quality attributes and shelf 
life and to achieve an optimal texture (Saha and Bhat-
tacharya, 2010). The foremost reason to apply gelling 
agents to foods is their capacity to modify the rheol-
ogy (viscosity and texture properties) of the food sys-
tem, which helps to modify their sensory properties 
when used as important food additives. Likewise, sev-
eral food formulations and food products use gelling 
agents as additives to attain the desired viscosity and 
mouth feel.

Among the main gelling agents used in food addi-
tives are carboxymethyl cellulose (CMC), methylcel-
lulose (MC), xanthan gum, and pectin. In the scientific 
literature, various gelling agents have been used to 
enhance compotes of pineapple (Pereira et al., 2015), 
quinoa (Zambrano et al., 2019), soy milk, mango 
(Koosamart et al., 2016), peach (Marrugo et al., 2017; 
Pérez et al., 2016) loquat (Quintero et al., 2021), and 
pumpkin (Camayo-Lapa et al., 2020). 

However, there is still no research on aguaymanto 
compote in the scientific literature. Thus, this work 
aimed to evaluate the effects of three gelling agents, 
carboxymethylcellulose, pectin, and xanthan gum, on 
the formulation of aguaymanto compote and its rheo-
logical, physicochemical, nutritional, microbiological, 
sensory, and shelf life characteristics.

standards, and presents a shelf life of 367.03 days, making it an excellent alternative for large-scale applica-
tion in the food industry. In addition, values closely related to the expected values were found; therefore, the 
models were well developed.

Keywords: rheological parameters, cape gooseberry, carboxymethylcellulose, pectin, xanthan gum
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MATERIALS AND METHODS

Samples
Mature aguaymanto (Physalis peruviana L.) fruits 
were acquired from the farm “Cultivos orgánicos Doña 
Romilda” (11°19’28” S, 75°41’28” W), located in the 
town center of Picoy, Acobamba district, Tarma Prov-
ince, Junín-Peru Region. All analyses were carried out 
in the laboratories of the professional school of Agroin-
dustrial Engineering of the Faculty of Applied Scienc-
es of the National University of the Center of Peru. 

Compote preparation
The calyx of the aguaymanto was removed to obtain 
the fruits. These fruits were carefully washed and then 
disinfected by immersion in water with 50 mg·L-1 of 
sodium hypochlorite for 5 min. Then, using refining 
equipment (VULCANO, DFV 19, Peru), the fruits 
were broken down into a fine pulp. This was heated 
at 75°C for 5 min to inactivate the enzyme that causes 
browning and eliminate the air retained in the pulp. 
Three compote formulations were prepared using pulp 
and water in a 1:3 ratio (pulp:water), starch, white 
sugar, and boiled water with a cinnamon stick. To 
this, different gelling agents – carboxymethylcellulose 
(E-466, purity >99.5%), xanthan gum (E-415, purity 
>91%) and pectin (E-440, low methoxylation amidat-
ed pectin) – were added at 0.1% by weight (Table 1) 
according to the Codex standard for packaged foods 
for infants and children, Codex Stan 73-1981 (maxi-
mum permitted limit of 0.2 g of gelling agent per 100 g 
of product). This mixture was cooked at a temperature 
of 75ºC for 10 minutes. It was then packed in 4-ounce 
glass containers, which were finally subjected to a heat 

treatment of 115ºC for 26 minutes using an autoclave 
(BIOGEN, AUT-40, China) to eliminate pathogenic 
microorganisms. The product was stored for 450 days 
at room temperature (approximately 18ºC). 

Rheological analysis
Rheological measurements of aguaymanto compote 
were performed with a rotational viscometer (Brook-
field, DV III Plus, USA) operated with 500 ml of sam-
ple and spindle N°5 under the conditions of rotational 
speed (N) 0.5, 1, 2, 4, 5, 10, 50 and 100 rpm and work-
ing temperatures of 17, 25, 35 and 45°C obtaining the 
reading of % torque [α]. 

The results were adjusted to Mitschka’s methodolo-
gy, finding the shear stress τ (Pa) which is obtained from 
the readings of α multiplied by the constant Ka (1.05, 
value of spindle no. 5, eq. 1); and the strain rate γ (1/s) 
which is obtained by multiplying the rotation speed (N) 
by the constant Kn (value calculated based on the num-
ber of spindle and the slope generated between Log of N 
and Log of T, eq. 2). Being the value of T the product of 
α by 71.87 (constant assigned to the equipment).

 τ = Ka · α (1)

 γ = Kn · N (2)

With this, the Waelle’s Ostwald model is applied to 
obtain the rheological parameters: consistency index 
K (Pa·sn), flow behavior index n, and apparent viscos-
ity (cP) (Shapovalov, 2017).

Sensory analysis
The sensory evaluation was carried out in two differ-
ent environments, the first being an evaluation with the 

Table 1. The standard formulation of aguaymanto compote, %

Component Xanthan gum Carboxymethylcellulose Pectin

Pulp: water (1:3) 80.81 80.81 80.81

Starch 5.64 5.64 5.64

White sugar 12.93 12.93 12.93

Canela en rama, hervida en agua* 0.52 0.52 0.52

Gelling agent 0.10 0.10 0.10

*Cinnamon stick boiled in water for 10 min.
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participation of 30 students with average ages between 
18 and 25 years, all of whom work professionally in 
Agroindustrial Engineering for the UNCP – Tarma 
subsidiary. They received an evaluation sheet struc-
tured with hedonic scales of “I like it a lot” (5 points) 
“I dislike it a lot” (1 point), to assess color attributes, 
smell, taste, texture, and overall appearance. To do 
this, adequate spaces were used according to proce-
dures established by ISO 8589 (2007). Thus, with the 
compote of greater acceptability, the second evalua-
tion was carried out, with the participation of 30 chil-
dren of pre-school age (from 3 to 5 years old) of the 
I.E.I. “San Ramón” and I.E. “Amelia Macassi” #202, 
from the province of Tarma, Junín region, Peru. Before 
starting, permission was received from both manage-
ment and parents. Then each infant received a bottle 
of 4-ounce compote (approximately 113 g) and a tea-
spoon, with each being checked to find the percentage 
of consumption to establish the percentage of accept-
ance and percentage of rejection of the compote (Pe-
drero and Pangborn, 1989).

Physicochemical, proximate chemical 
and microbiological analysis
Titratable acidity was determined by AOAC method 
942.15 by titrating the samples with 0.1 M NaOH and 
expressed as percent citric acid (AOAC, 1996). The 
pH was determined by potentiometric method AOAC 
981.12, using a pH meter (Schott, PH11, Germany) 
at 20°C. Soluble solids (°Brix) was measured with 
an Abbe digital Abbe digital refractometer (Schmidt- 
-Haensch, DHR-60, Germany) with a scale from 0 
to 60% Brix at 20°C. Ash was calculated in a muf-
fle furnace (MF200, China) at 550°C to a white color. 
Protein was determined by the Kjeldahl method and 
calculated using a factor of 6.25 for conversion. Total 
oil was determined using a Soxhlet extractor. 

The dietary fiber content was calculated follow-
ing the method 991.43 of AOAC (2000). The mois-
ture content of the compote was determined using an 
oven (ED115 Binder, Germany) set at 110 ±5ºC until 
it reached constant weight.

The carbohydrate content was calculated by the dif-
ference between 100 and the sum of ash, oil percent-
age, moisture, and proteins (Rodrigues et al., 2009).

Microbiological parameters in the compote were 
evaluated using Petrifilm plates for rapid counts of 
total coliforms, molds, and yeasts (Bird et al., 2015).

Shelf life analysis
The shelf life of the compote was evaluated using ac-
celerated testing, with the modeling of data: Y – clarity 
values (L*), X – days of storage, a – constant, and b – 
pending of the linear regression (equation 3). The sam-
ple analyzed throughout the investigation was stored at 
a temperature of 18°C and a relative humidity of 85%. 
This was homogenized at room temperature, taking 
4 ml of sample with three repetitions to be deposited 
in glass cells, in which clarity values (L*), a*, and b* 
were determined. This was recorded between 0 and 450 
days using a colorimeter (Lovibond, RT100, Germany) 
with D65 illuminant and a standard 10º observer.

 Y = a + bx  (3)

Statistical analysis
The results obtained were expressed as mean ±stand-
ard deviation (SD) using three replicates. Differences 
among the treatments with different gelling agents (car-
boxymethylcellulose, xanthan gum, and pectin) were 
determined through analysis of variance (ANOVA) 
and subsequent POS-HOC Tukey test. A p < 0.05 value 
was significant. Sensory analysis was evaluated using 
the non-parametric Friedman test. Correlation analy-
ses were performed using the Pearson correlation. All 
data were treated with the Software SPSS v 24, and the 
free software R Project.

RESULTS AND DISCUSSION

Rheological profile
The rheological profile of the aguaymanto compote 
was formulated with 3 gelling agents, xanthan gum, 
carboxymethylcellulose, and pectin, evaluated at four 
different temperatures of 17°C, 25°C, 35°C, and 45°C. 
Adjusted to the Mitschka’s methodology and Ostwald’s 
model or Power Law, denoted to be a non-Newtonian 
fluid (exponential variation) for all temperatures and 
gelling agents studied of the pseudoplastic type by the 
non-linear trend and concave curve (Fig. 1).
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Rheological behavior depends on factors such as 
concentration, soluble solids content, particle size, and 
temperature (Balestra et al., 2011; Ramírez-Sucre and 
Baigts-Allende, 2016). 

Table 2 shows the dependence of the parameters 
of the Ostwald de Waele model (n = flow behavior 
index and K = flow consistency index in Pa·sn) for 
aguaymanto compote at four different temperatures 

(17°C, 25°C, 35°C, and 45°C) and with three gelling 
agents (carboxymethylcellulose, xanthan gum, and 
pectin). As can be observed, the Ostwald de Waele 
model fits well the measured values which are shown 
through the values of coefficient of determination R2 
(0.992–0.996). With the three gelling agents, when the 
temperature is increased, the flow consistency index K 
decreased and the flow behavior index n had a slight 

Fig. 1. Rheological curves of the aguaymanto compote with three gelling agents, xanthan gum, carboxymethylcellulose, and 
pectin, at four different temperatures (17°C, 25°C, 35°C, and 45°C)

 Xanthan gum  Carboxymethylcellulose Pectin

Table 2. Parameters n and K of the Ostwald de Waele model for the aguaymanto compote and at four different temperatures 
(17°C, 25°C, 35°C, and 45°C) and with three gelling agents (xanthan gum, carboxymethylcellulose and pectin)

Gelling agents T
°C

Flow consistency index K
Pa·sn

Flow behavior index  
(n) R2 r

Xanthan gum 17 57.88 0.32 0.994 0.998

25 20.96 0.31 0.993 0.998

35 18.40 0.31 0.994 0.999

45 16.97 0.32 0.992 0.997

Carboxymethylcellulose 17 21.52 0.34 0.993 0.996

25 32.06 0.31 0.992 0.997

35 18.85 0.35 0.994 0.996

45 17.24 0.33 0.995 0.997

Pectin 17 40.13 0.33 0.996 0.998

25 38.18 0.33 0.993 0.999

35 37.14 0.33 0.992 0.996

45 21.59 0.33 0.995 0.997
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increase. The same trends were found by Pilamala et 
al. (2018) in the compote of apple, sweet potato, and 
gooseberry, by Camayo-Lapa et al. (2020) in pumpkin 
compote, by De Hombre et al. (2017) in mango pulp, 
by Figueroa-Flórez et al. (2017) in sweetened mango 
pulp, and by Mechato and Siche (2020) in passion 
fruit juice. The flow behavior index (n) showed values 
less than the unit, confirming the pseudo-plasticity of 
the aguaymanto compote formulation. This suggests 
the presence of substances of high molecular weight, 
such as polysaccharides, solids dispersed in the liq-
uid phase, protein contents, and soluble salts (low 
concentration). 

Therefore, pseudoplastic behavior could be a con-
sequence of both the presence of starch and proteins 
(low concentration), but mainly of the gelling agents. 
Similar findings were observed by Pilamala et al. 
(2018), with n values ranging from 0.451 to 0.502 
(compote apple), while De Hombre et al. (2017) re-
ported a value of 0.31 for n (mango pulp), and Figuer-
oa-Flórez et al. (2017) reported a n value of 0.32. All 
gelling agents showed properties of pseudo-plasticity, 
with xanthan gum showing high pseudo-plasticity 
compared to the other two agents. 

Research has shown the effects of a gelling agent 
in various products, such as instant fishmeal creams, 
where the control sample had a viscosity of 0.711 cP 
and the addition of xanthan gum at 0.1% amounted 
to 0.742 cP (Barragán et al., 2016), and in the kumis 
type milk drink, where the control presented lower 

viscosity compared to the addition of a mixture of 
guar gum and xanthan gum at 0.08%, which increased 
viscosity (Gaviria et al., 2010). Other research found 
that, a fermented beverage with the addition of passion 
fruit pulp and CMC and enriched with vitamins A and 
D, the control sample presented 23 cP, and the addition 
of different trademarks of CMC at 0.1% increased the 
viscosity from 97.73 to 499.33 cP (Sepúlveda et al., 
2002). Others have also presented variations from low 
concentrations and pseudoplastic behavior. Therefore, 
there is variation in the creep limit, rheological param-
eters, and apparent viscosity, which are attributed to 
the presence of polymeric substances of high molecu-
lar weight such as xanthan gum, CMC, guar gum, and 
pectin (Saha and Bhattacharya, 2010).

Figure 2 shows the graphical dependence of the ap-
parent viscosity corrected on the shear stress recorded 
for three gelling agents (carboxymethylcellulose (A), 
pectin (B), and xanthan gum (C)) and at four differ-
ent temperatures (17°C, 25°C, 35°C, and 45°C). It was 
found that the corrected apparent viscosity decreased 
with increasing temperature and deformation rate 
(Fig. 2). Similar behaviors have been reported in pump-
kin compote (Camayo-Lapa et al., 2020), strawberry 
puree (Bukurov et al., 2012), and fruits and vegetables 
(Diamante and Umemoto, 2015). The viscosity also de-
creased over time for the three gelling agents and four 
temperatures. Similar trends were reported in acai berry 
pulp and strawberry compote (Costa et al., 2018; Obra-
dovic et al., 2020).

Fig. 2. Apparent viscosity corrected with the Ostwald de Waele model in the aguaymanto compote with three different gel-
ling agents, xanthan gum, carboxymethylcellulose, and pectin and evaluated at four different temperatures (17°C, 25°C, 
35°C, and 45°C) using the Ostwald Waele model

 Xanthan gum  Carboxymethylcellulose Pectin
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The apparent viscosities corrected showed a very 
small difference for the four temperatures studied 
and similar behavior among the gelling agents used 
for aguaymanto compote formulation. This behavior 
was corroborated by Alvarado and Aguilera (2001), 
who established that, if the temperature increases, the 
intermolecular spaces also increase. In contrast, in-
termolecular forces, viscosity (apparent or true), and 
resistance to flow decrease (Steffe, 1996).

Sensory analysis
The scores for the acceptability attributes as well as 
the Friedman test for the first stage of evaluation with 
the adult panelists are shown in Table 3. In general, the 
scores ranged from 3.53 to 4.63 on the scale “I like” to 
“I like it very much” concerning the attributes of color 
and texture when the compote was formulated with 
xanthan gum, carboxymethylcellulose, and pectin. No 
significant differences (p > 0.05) were found between 

color and texture attributes for the three formulations. 
In contrast, the smell, taste, and general acceptability 
showed a significant difference (p < 0.05), with the 
best attributes being presented by the compote formu-
lated with 0.10% of carboxymethyl cellulose (Fig. 3).

Sotomayor et al. (2018) suggest that sensory prop-
erties play an important role at the time of purchase 
because most purchasers are looking for an attrac-
tive color, smell, taste, aroma, and texture, which are 
valued through the personal appreciation of the pan-
elist. Thus, the first evaluation carried out allowed the 
aguaymanto compote formulated with 0.10% of car-
boxymethylcellulose to be preselected.

This product was tested again by the target popula-
tion “children of pre-school age”, where 86% of ac-
ceptance versus 13.30% of rejection of the compote 
consumed was reported. Quintero et al. (2021) and 
Marrugo et al. (2017) achieved an acceptability of 
70% when formulated loquat compote was gelled with 

Table 3. Friedman test for the sensory attributes of aguaymanto compote formulated with xanthan gum, carboxymethylcel-
lulose, and pectin

Attributes Formulation n Sum  
(ranks)

Mean  
(ranks) Mean T2 p

Color xanthan gum 30 55.00 1.83 4.13ns 1.28 0.28

carboxymethylcellulose 30 64.00 2.13 4.37ns

pectin 30 61.00 2.03 4.30ns

Smell xanthan gum 30 65.50 2.18 4.20a 5.76 0.005

carboxymethylcellulose 30 65.50 2.18 4.20a

pectin 30 49.00 1.63 3.73b

Taste xanthan gum 30 65.00 2.17 4.13a 5.04 0.0096

carboxymethylcellulose 30 66.00 2.2 4.27a

pectin 30 49.00 1.63 3.53b

Texture xanthan gum 30 56.50 1.88 4.13ns 0.53 0.5939

carboxymethylcellulose 30 62.50 2.08 4.30ns

pectin 30 61.00 2.03 4.17ns

General 
acceptability

xanthan gum 30 59.50 1.98 4.17b 9.23 0.003

carboxymethylcellulose 30 71.50 2.38 4.63a

pectin 30 49.00 1.63 3.90c

ns in column is not significant. a, b, c states the statistical difference between compote formulations. 
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Gracilaria debiliss agar and mango compote with Za-
ragoza bean starch thickener. Camayo et al. (2020) 
reported an acceptability of 96.67% for pumpkin 
compote formulated with 0.15% xanthan gum. This 
elevated acceptance could be due to the homogeneous 
cooking of the fruit, as reported by Gomes da Silva et 
al. (2019), who evaluated the effects of bioactive com-
pounds and the acceptability of pumpkin compote. 
Pedrero and Pangborn (1989) reported 85% of accept-
ability as a minimum to accept compotes. Thus, this 
result indicates that this product may be positioned 
within the market if working at an industrial level.

Physicochemical composition
Physicochemical parameters of aguaymanto compote 
with greater acceptability (formulated with 0.1% of 
carboxymethylcellulose) are presented in Table 4. The 
pH showed a value of 3.96 ±0.08, indicating that the 
compote is an acidic food. This acidity may be related 
to the raw material that was used. This result is simi-
lar to that found by Pereira et al. (2015) in pineapple 
compote with a pH of 3.36, and Pilamala et al. (2018), 
who reported a pH between 3.23 to 3.54 in the apple-
based compote variety Emilia. In contrast, Marrugo et 
al. (2017) and Quintero et al. (2021) found a pH of 

4.28 and 4.32 in mango compote and loquat compote, 
respectively, when using the gelling agent of bean 
starch Zaragoza.

The percentage of acidity in the compote showed 
a value of 0.51 ±0.04%. Marrugo et al. (2017) reported 
lower values of percentage acidity (0.03–0.04) in man-
go compote. In contrast, Pilamala et al. (2018) found 
a higher acidity content of 0.64% and 1.05% in apple 
sauce. The difference in acidity content may be related 
to the raw material used for compote formulation.

The soluble solid showed a value of 18.00 ±0.46%. 
This value is within the established standard NTP 
203.106 (2012) and NTE INEN 2009:95 (1995) 
INEN 1995-10 (2009), with a minimum of 16.5% and 
15.0%, respectively. A similar finding (14%) was re-
ported by Marrugo et al. (2017) in their mango com-
pote. In contrast, Pereira et al. (2015) obtained 32% 
of soluble solids in the compote of pineapple, which 
may be related to the fact that the investigations are 
from different countries whose regulations also have 
different parameters.

Table 4. Physicochemical composition of aguaymanto 
compote formulated with carboxymethylcellulose (0.1%)

Analysis Results

pH 3.96 ±0.08

Acidity (expressed in citric acid), % 0.55 ±0.11

Soluble solids, % 18.00 ±0.46

n = 3 replicates.

Proximal composition
Table 5 shows the proximate composition of aguay-
manto compote formulated with carboxymethylcel-
lulose (0.1%). The moisture content presented a value 
of 77.49% ±0.02; similar finding was reported by Pi-
lamala et al. (2018) in apple, sweet potato and currant 
compote with 79.64%. Likewise this value was higher 
in loquat compote (62.2% ±2.6 to 66.1% ±2.2) (Quin-
tero et al., 2021) and lower than pumpkin compote 
(82.45% ±0.02) (Camayo-Lapa et al., 2020). In case 
of ash content it was 0.32% ±0.03; lower value than 
reported by Quintero et al. (2021) with 0.81 ±0.11% 
to 0.85 ±0.08% and Camayo-Lapa et al. (2020) with 
1.34 ±0.02%, but similar to Pilamala et al. (2018) with 
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5,00
Color

Smell

FlavorTexture

General
acceptability

Xanthan gum
Carboxymethylcellulose
Pectin

Fig. 3. Sensory analysis of the aguaymanto compote using 
three different gelling agents (xanthan gum, carboxymethyl-
cellulose, and pectin) to establish the optimal product
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0.32%. For proteins, 0.19% ±0.02 was obtained in the 
investigation; lower result than Pilamala et al. (2018) 
with 0.73%, Quintero et al. (2021) with 0.39% ±0.02 
to 0.42% ±0.01 and Camayo-Lapa et al. (2020) with 
1.68% ±0.02. Fat was 0.02% ±0.01; lower value than 
that presented by Quintero et al. (2021) with 0.45% 
±0.04 to 0.50% ±0.01 and Camayo-Lapa et al. (2020) 
1.01% ±0.01. In fiber it was 0.43% ±0.11; lower result 
than reported in apple, sweet potato and currant com-
pote with 2.29% (Pilamala et al., 2018) and pump-
kin compote with 2.35% ±0.04 (Camayo-Lapa et al., 
2020). Finally, in carbohydrates, 21.55% ±0.18 was 
obtained; the result was higher than that of Pilamala et 
al. (2018) with 14.60% and Camayo-Lapa et al. (2020) 
with 11.17% ±0.04. The variability of the results could 
be due to the nature and composition of the raw materi-
als used.

Microbiological analysis
The count of molds and yeasts showed values <100 
ufc/ml, while total coliforms were <10 ufc/ml. These 
results indicate that the aguaymanto compote is suit-
able for human consumption since it does not present 
any microbiological risk. In addition, this compote 
complies with the standards established in the NTP 
203.106 (2012; product free of microorganisms under 
normal storage conditions), NTS 071-Minsa/Digesa 
for products with a pH of 4.6 (semi-preserved), which 
indicates a low probability of developing microor-
ganisms, and the Codex Stan 79-1981 standard. With 
this, it is possible to affirm that the product is safe for 
consumption.

Shelf life determination
In the aguaymanto compote formulated with car-
boxymethylcellulose (0.1%), the color analysis was 
performed through a colorimeter (Lovibond, RT100, 
Germany) with illuminant D 65, and a standard ob-
server of 10º through the reflection spectra of the 
samples were used to determine the coordinates of 
the CIE L*a*b*, where clarity (L) varies between 0 
and 100. Component a (yellow-blue axis) and com-
ponent b (magenta-green axis) can be between +127 
and –128 to determine the color change as detailed 
in Table 6.

From the data obtained, we sought the best cor-
relation and relationship between the days of storage 
versus the colorimetric parameters L*, a*, and b*, 
as shown in Table 7.

Table 5. Proximal composition of aguaymanto compote in 
100 g of compote formulated with carboxymethylcellulose

Parameter Wet base, % 

Moisture 77.49 ±0.02

Ash 0.32 ±0.03

Protein 0.19 ±0.02

Fat 0.02 ±0.01

Fiber 0.43 ±0.11

Carbohydrates 21.55 ±0.18

Data are expressed as mean ±standard deviation (SD), n = 3.

Table 6. Clarity values at different time intervals of the 
aguaymanto compote formulated with carboxymethylcel-
lulose (0.1%)

Time
days L* a* b*

0 33.07 ±0.01 3.54 ±0.07 20.11 ±0.01

30 32.51 ±0.02 3.51 ±0.03 20.09 ±0.06

60 32.15 ±0.05 3.48 ±0.04 18.85 ±0.03

90 31.84 ±0.06 3.46 ±0.05 18.84 ±0.03

120 31.46 ±0.06 3.41 ±0.03 18.75 ±0.04

150 31.09 ±0.07 3.39 ±0.03 18.69 ±0.06

180 30.77 ±0.04 3.35 ±0.04 18.15 ±0.01

210 30.38 ±0.05 3.32 ±0.02 18.14 ±0.05

240 29.94 ±0.04 3.28 ±0.04 17.99 ±0.04

270 29.52 ±0.03 3.24 ±0.05 17.95 ±0.03

300 29.18 ±0.04 3.18 ±0.01 17.92 ±0.04

330 28.72 ±0.03 3.12 ±0.06 15.82 ±0.03

360 28.53 ±0.02 3.09 ±0.08 15.82 ±0.01

390 28.24 ±0.01 3.04 ±0.04 15.14 ±0.02

420 27.89 ±0.04 2.17 ± 0.02 13.7 ±0.05

450 27.56 ±0.06 2.13 ± 0.07 10.01 ±0.05
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Table 7. Pearson correlation test and linear regression for 
colorimetric parameters and storage days

Independent 
variable R R2 p

L* 0.999 0.998 0.000

a* 0.825 0.681 0.000

b* 0.878 0.772 0.000

Independent variable storage days.

From Table 7, it is established that the color pa-
rameter L* presents the highest correlation coefficient, 
which is positive and highly significant (p < 0.05), so 
the inference of useful life was made using mathemati-
cal modeling between the value of clarity (L*) and the 
storage days with equation 4.

 y = –0.0122x + 32.918 (4)

where:
y – clarity (L*), 
x – storage days.

Equation 4 represents the predictive model that al-
lows establishing the shelf life of aguaymanto compote 
with a value of R2 = 0.999 (p < 0.05). This allows estab-
lishing the loss of quality in terms of color, with a clar-
ity L = 28.44 (this value is obtained by reducing the 
clarity by 14% of the initial value of L = 33.07), which 
was established as an acceptable control parameter.

In lower values than that clarity, it would degrade 
the color related to the physical attribute measured in 
the compote. Thus, a shelf life of 367 days (12 months 
approximately) was obtained, which far surpasses 
compotes made without the use of preservatives, such 
as apple with sweet potato and gooseberry, which had 
a shelf life of 24 days at 18°C (Pilamala et al., 2018), 
and pumpkin compote (Camayo-Lapa et al., 2020).

CONCLUSIONS

The aguaymanto compote had a non-Newtonian behav-
ior with pseudoplastic fluid characteristics. Preparing 
compotes based on aguaymanto pulp and determining 
their rheological behavior offers an excellent source of 
knowledge for these types of fluids and their large-scale 
application in the food industry. In addition, the product 

has a high moisture content, contains fiber and carbohy-
drates, is free of microorganisms such as molds, yeasts, 
and its total coliforms are harmless. It also complies 
with national and international technical standards. The 
shelf life obtained was 367 days under environmental 
conditions. One of the strengths of this research work is 
that aguaymanto is harvested all year round in several 
provinces of Peru. However, one limitation is that the 
Peruvian population does not have the habit of consum-
ing compotes with different nutrient-rich raw materials. 
Compote has a significant amount of sugar and its con-
sumption is aimed at different age groups since it is a nu-
tritious and functional food available to the consumer.

ACKNOWLEDGMENTS

The authors would like to thank the Research Institute 
of the Faculty of Applied Sciences and Engineering 
in Food Industries of the Universidad Nacional del 
Centro del Perú, since it allowed the registration and 
execution of the research. Through it, the registration 
and execution of the research was achieved.

REFERENCES

Aldana, H., Rivas, R. (2019). Study for the elaboration of 
baby compotes from peach enriched with maca, quinoa, 
kiwicha and cañihua. Ind. Eng., 37, 203–225. https://doi.
org/10.26439/ing.ind2019.n037.4549

Alvarado, J. D. D., Aguilera, J. M. (2001). Methods for 
determining physical properties of food industries. 
Zaragoza, Spain: Acribia.

AOAC (1996). Official methods of analysis. Rockville, 
USA: Association of Official Analytical Chemists.

AOAC (2000). Official methods of analysis of the AOAC 
(17th ed., vol. 15). Gaithersburg, MD, USA: Association 
of Official Analytical Chemists.

Balestra, F., Cocci, E., Marsilio, G., Dalla, R. D. (2011). 
Physico-chemical and rheological changes of fruit pu-
rees during storage. Proc. Food Sci., 1, 576–582. https://
doi.org/10.1016/j.profoo.2011.09.087

Barragán, K. V., Salcedo, J. M., Hernández, E. R., De Paula, 
C. D. (2016). Effect of xanthan gum on the rheologi-
cal behavior of instant fishmeal creams. Colom. Agron., 
34(1), 442–445. https://doi.org/10.15446/agron.colomb.
v34n1supl.58036

Bird, P., Flannery, J., Crowley, E., Agin, J., Goins, D., 
Jechorek, R. (2015). Evaluation of the 3MTM PetrifilmTM 

http://dx.doi.org/10.17306/J.AFS.2022.1053
http://dx.doi.org/10.17306/J.AFS.2022.1053
http://www.food.actapol.net/
https://doi.org/10.26439/ing.ind2019.n037.4549
https://doi.org/10.26439/ing.ind2019.n037.4549
https://doi.org/10.1016/j.profoo.2011.09.087
https://doi.org/10.1016/j.profoo.2011.09.087
https://doi.org/10.15446/agron.colomb.v34n1supl.58036
https://doi.org/10.15446/agron.colomb.v34n1supl.58036


303www.food.actapol.net/

Solano, M. A. Q., De La Cruz-Porta, E. A., Lapa, B. F. C., Cervantes, G. M. M., De La Cruz, A. R. H., Flores, D. D. C. (2022). Effects of 
three gelling agents on the shelf life and the rheological, physicochemical, nutritional, microbiological, and sensory characteris-
tics of aguaymanto compote (Physalis peruviana L.). Acta Sci. Pol. Technol. Aliment., 21(3), 293–304. http://dx.doi.org/10.17306/ 
J.AFS.2022.1053

rapid yeast and mold count plate for the enumeration 
of yeast and mold in food: Collaborative study, first ac-
tion 2014.05. J. AOAC Int., 98(3), 767–783. https://doi.
org/10.5740/jaoacint.15-006

Bukurov, M., Bikić, S., Babić, M., Pavkov, I., Radojčin, M. 
(2012). Rheological behavior of Senga Sengana straw-
berry mash. J. Proc. Energy Agric., 16(4), 142–146.

Camayo-Lapa, B. F., Quispe-Solano, M. Á., De La Cruz- 
-Porta, E. A., Manyari-Cervantes, G. M., Espinoza-Sil-
va, C. R., Huamán-De La Cruz, A. R. (2020). Functional, 
low-cost, preservative-free pumpkin (Cucúrbita máxima 
Dutch.) compote for infants with considerable shelf-life: 
rheological, sensory, physicochemical, nutritional and 
microbiological characteristics. Sci. Agropec., 11(2), 
203–212. https://doi.org/10.17268/SCI.AGROPECU. 
2020.02.07

Castro, A. M., Rodriguez, L., Vargas, E. M. (2008). Hot 
air drying of uchuva (Physalis peruviana L.) with os-
modeshydration pretreatment. Vitae, 15(2), 226–231.

Codex Stan 79-1981 (1981). Norma del Codex para compo-
tas (Conservas de frutas) y Jaleas.

Costa, H. C. B., Arouca, F. O., Silva, D. O., Vieira, L. G. 
M. (2018). Study of rheological properties of açai berry 
pulp: An analysis of its time-dependent behavior and the 
effect of temperature. J. Biol. Phys., 44(4), 557–577. 
https://doi.org/10.1007/s10867-018-9506-7

De Hombre, R., Panadés, G., Sardiñas, L. (2017). Rheologi-
cal properties of mango pulp processed aseptically at the 
Caujerí valley factory. Cienc. Tecnol. Aliment., 27(1), 
40–43. Retrieved from: https://www.revcitecal.iiia.edu.
cu/revista/index.php/RCTA/article/view/159/137

Diamante, L., Umemoto, M. (2015). Rheological properties 
of fruits and vegetables: A review. Int. J. Food Prop., 
18(6), 1191–1210. https://doi.org/10.1080/10942912.20
14.898653

Figueroa-Flórez, J. A., Barragán-Viloria, K., Salcedo-Men-
doza, J. G. (2017). Rheological behavior in sweetened 
mango pulp (Mangifera indica L. cv. Magdalena River). 
Corpoica Cienc. Tecnol. Agropec., 18(3), 615–627. htt-
ps://doi.org/10.21930/rcta.vol18_num3_art:748

Fischer, G., Melgarejo, L. M. (2020). The ecophysiology of 
cape gooseberry (Physalis peruviana L.) – an Andean 
fruit crop. A review. Rev. Colom. Cienc. HoRtícol., 
14(1), 76–89.

Gaviria, P. M., Restrepo, D. A., Suárez, H. H. (2010). Uti-
lization of hydrocolloids in kumis-type milk beverage. 
Vitae, 17(1), 29–36.

Gomes da Silva, M. de F., Machado de Sousa, P. H., 
Figuei redo, R. W., Gouveia, S. T., Severino Lima, J. S. 
(2019). Cooking effects on bioactive compounds and 

sensory acceptability in pumpkin (Cucurbita moschata 
cv. Leite). Rev. Cien. Agron., 50(3), 394–401. https://
doi.org/10.5935/1806-6690.20190047

Koosamart, W., Veerasugwanit, N., Jittanit, W. (2016). 
The application of tamarind kernel powder in the 
mango sauce. SHS Web Conf., 23(3), 1–8. https://doi.
org/10.1051/shsconf/20162303003

Lima, J. S. (2019). Cooking effects on bioactive compounds 
and sensory acceptability in pumpkin (Cucurbita mo-
schata cv. Leite). Rev. Ciencia Agron., 50(3), 394–401. 
https://doi.org/10.5935/1806-6690.20190047

Málaga, R., Guevara, A., Araujo, M. (2013). Efecto del 
procesamiento de puré de aguaymanto (Physalis peru-
viana L.), sobre los compuestos bioactivos y la capaci-
dad antioxidante TT – Effect of golden berry (Physalis 
peruviana L.) puree process on bioactive compounds 
and antioxidant capacity. Rev. Soc. Quím. Perú, 79(2), 
162–174. 

Marrugo, Y. A., Rios-Dominguez, I. C., Martínez, E. C., 
Severiche-Sierra, C. A., Jaimes, J. del C. (2017). Elabo-
ration of a compote-type food using Zaragoza bean 
(Phaseolus lunatus) starch as thickener. Agr. Env. Res., 
8(2), 119–125. https://doi.org/10.22490/21456453.2036

Mazova, N., Popova, V., Stoyanova, A. (2020). Phytochemi-
cal composition and biological activity of Physalis spp.: 
A mini-review. Food Sci. Appl. Biotechnol., 3(1), 56–
70. https://doi.org/10.30721/fsab2020.v3.i1.80

Mechato, A., Siche, R. (2020). Rheological properties 
of maracuya (Pasiflora edulis) juice with added di-
etary fiber. Agroind. Sci., 10(3), 229–234. https://doi.
org/10.17268/agroind.sci.2020.03.02

MIDAGRI (2020). Aguaymanto market analysis 2015–
2020.

Mokhtar, S. M., Swailam, H. M., Embaby, H. E. S. (2018). 
Physicochemical properties, nutritional value and tech-
no-functional properties of goldenberry (Physalis pe-
ruviana) waste powder concise title: Composition of 
goldenberry juice waste. Food Chem., 248, 1–7. https://
doi.org/10.1016/j.foodchem.2017.11.117

Nocetti, D., Núñez, H., Puente, L., Espinosa, A., Romero, 
F. (2020). Composition and biological effects of gold-
enberry byproducts: an overview. J. Sci. Food Agric., 
100(12), 4335–4346. https://doi.org/10.1002/jsfa.10386

NTE INEN 2009:95 (1995). Strained and chopped, canned 
foods for infants and young children. Requirements. In-
stituto Ecuatoriano de Normalización. https://www.nor-
malizacion.gob.ec/buzon/normas/2009.pdf

NTP 203.106 (2012). Compota de manzanas. Indecopi, Perú.
Obradovic, V., Ergovic, M. R., Marcetic, H., Skrabal, S. 

(2020). Properties of strawberries puree stored in the 

http://www.food.actapol.net/
http://dx.doi.org/10.17306/J.AFS.2022.1053
http://dx.doi.org/10.17306/J.AFS.2022.1053
https://doi.org/10.5740/jaoacint.15-006
https://doi.org/10.5740/jaoacint.15-006
https://doi.org/10.17268/SCI.AGROPECU.2020.02.07
https://doi.org/10.17268/SCI.AGROPECU.2020.02.07
https://doi.org/10.1007/s10867-018-9506-7
https://www.revcitecal.iiia.edu.cu/revista/index.php/RCTA/article/view/159/137
https://www.revcitecal.iiia.edu.cu/revista/index.php/RCTA/article/view/159/137
https://doi.org/10.1080/10942912.2014.898653
https://doi.org/10.1080/10942912.2014.898653
https://doi.org/10.21930/rcta.vol18_num3_art:748
https://doi.org/10.21930/rcta.vol18_num3_art:748
https://doi.org/10.5935/1806-6690.20190047
https://doi.org/10.5935/1806-6690.20190047
https://doi.org/10.1051/shsconf/20162303003
https://doi.org/10.1051/shsconf/20162303003
https://doi.org/10.5935/1806-6690.20190047
https://doi.org/10.22490/21456453.2036
https://doi.org/10.30721/fsab2020.v3.i1.80
https://doi.org/10.17268/agroind.sci.2020.03.02
https://doi.org/10.17268/agroind.sci.2020.03.02
https://doi.org/10.1016/j.foodchem.2017.11.117
https://doi.org/10.1016/j.foodchem.2017.11.117
https://doi.org/10.1002/jsfa.10386
https://www.normalizacion.gob.ec/buzon/normas/2009.pdf
https://www.normalizacion.gob.ec/buzon/normas/2009.pdf


Solano, M. A. Q., De La Cruz-Porta, E. A., Lapa, B. F. C., Cervantes, G. M. M., De La Cruz, A. R. H., Flores, D. D. C. (2022). Effects of 
three gelling agents on the shelf life and the rheological, physicochemical, nutritional, microbiological, and sensory characteris-
tics of aguaymanto compote (Physalis peruviana L.). Acta Sci. Pol. Technol. Aliment., 21(3), 293–304. http://dx.doi.org/10.17306/ 
J.AFS.2022.1053

304 www.food.actapol.net/

freezer. Ital. J. Food Sci., 32(4), 945–955. https://doi.
org/10.14674/IJFS.1858

Osorio, D., Roldan, J. (2003). Returning to the field: uchuva 
manual. Bogota: Group Latino LTDA.

Oztruk, A., Özdemir, Y., Albayrak, B., Simsek, M., Yıldırım, 
K. C. (2017). Some nutrient characteristics of golden-
berry (Physalis peruviana L.) cultivar candidate from 
Turkey. Horticulture, 61(1), 293–297.

Pedrero, D., Pangborn, R. (1989). Evaluación sensorial de 
los alimentos: métodos analíticos [Sensory evaluation of 
foods]. Alhambra: México.
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