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ABSTRACT

This study evaluated the suspension stability of passion fruit nectar formulated with different concentrations of
carboxymethyl cellulose (CMC). Passion fruit nectars with 0, 0.02, 0.1 and 0.2% (w/v) CMC were placed at rest in test
tubes at room temperature (~25 °C) to measure the phase separation height for 87 h. Passion fruit nectars with 0 and
0.02% (w/v) CMC showed notable phase separation, while those with 0.1 and 0.2% (w/v) CMC were relatively stable
suspensions. The analysis of sedimentation kinetics revealed that passion fruit nectars with 0 and 0.02% (w/v) CMC
presented respectively: maximum sedimentation velocity of 0.426 m/s and 0.260 m/s, equilibrium sedimentation index of
46.494% and 20.434%, and sedimentation rate speed of 0.0362 and 0.0556%/s. A concentration of 0.2% (w/v) CMC is
recommended in passion fruit nectar to maintain the appearance of a stable suspension, which is a characteristic desired
by the consumer.
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RESUMEN

Este estudio evalud la estabilidad de suspensién del néctar de maracuya formulado con diferentes concentraciones de
carboximetilcelulosa (CMC). Néctares de maracuyé con 0, 0.02, 0.1 y 0.2% (m/v) de CMC fueron colocadas en reposo
en probetas a temperatura ambiente (~25 °C) para medir la altura de separacién de fases durante 87 h. Néctares de
maracuya con 0 y 0.02% (m/v) CMC presentaron notoria separacion de fases, mientras que aquellos con 0.1y 0.2%
(m/v) de CMC fueron suspensiones relativamente estables. El analisis de la cinética de sedimentacion reveld que los
néctares de maracuya con 0y 0.02% (m/v) CMC presentaron respectivamente; velocidad maxima de sedimentacion de
0.426 m/s y 0.260 m/s, indice de sedimentacion de equilibrio de 46.494% y 20.434%, y velocidad de indice de
sedimentacion de 0.0362 y 0.0556%/s. Se recomienda una concentracion de 0.2% (m/v) CMC en el néctar de maracuya
para que mantenga apariencia de suspensién estable, la cual es una caracteristica deseada por el consumidor.

Palabras clave: néctar de fruta, estabilizantes, hidrocoloides, sedimentacion, suspension de particulas.
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1. Introduction

Passion fruit (Passiflora edulis) is a fruit native of
tropical America that contains valuable
compounds for human nutrition such as vitamin C,
dietary fiber, vitamin B, iron, and phosphorus (He
et al., 2020; Zhang et al., 2023). This fruit is of
interest to the food industry, particularly in ready-
to-drink products such as nectar, since its pulp has
an intense characteristic acidic flavor that allows it
to be diluted and sweetened, achieving high
sensory acceptability (Soares et al., 2024; Honorio
et al., 2021). Fruit nectar formulated with pulp
contains suspended solids with a density greater
than that of water. These solids are prone to
sedimentation when the product is at rest, which is
perceived as a notable separation of phases,
causing rejection by consumers (Laz et al., 2018).
The most practical way to prevent this defect is by
adding hydrocolloids to the formulation that
physically stabilize the suspension of solid
particles mainly by increasing the product viscosity
(Silva et al., 2019; Contreras-Lozano et al., 2019).
The evaluation of the use of hydrocolloids for
physical stabilization in fruit nectar remains a topic
of current interest, for example, the following
applications have been studied: carboxymethyl
cellulose (CMC), carrageenan and pectin in nectar
from Citrus nobilis L. (Aini et al., 2022), mucilage
of Dioscorea rotundata and CMC in nectar of
Mangifera indica L. (Lozano et al., 2020), xanthan
gum and CMC in mixed nectar of Citrus sinnensis
and Citrus reticulata (Andrade et al., 2022),
mucilage of Theobroma cacao in nectar of
Artocarpus heterophyllus (Flor et al., 2023), and
mucilage of Salvia hispanica in nectar of
Passiflora edulis (Soares et al., 2024), gum of
Caesalpinia spinosa, CMC and xanthan gum in
mixed nectar of Passiflora edulis and Daucus
carota (Prado & Cangana, 2021). Among the
hydrocolloids of interest for this practical
application, CMC stands out in the food industry
for its high commercial availability, low cost and
improvement in the acceptability of sensory
attributes related to consistency (texture) of fruit
nectars (Akkarachaneeyakorn & Tinrat, 2015;
Lozano et al., 2020; Aini et al., 2022).

This research aimed to evaluate the suspension
stability of passion fruit nectar formulated with
different concentrations of CMC based on the
analysis of sedimentation kinetics.

2. Methodology

Nectar production

The passion fruit nectar production process
followed in this research (Figure 1) is based on the
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processes described by Laz et al. (2018) and
Prado & Cangana (2021).
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Figure 1. Flowchart for the production of passion fruit
nectar.

The yellow Creole passion fruit (Passiflora edulis)
fruits, without mechanical damage or the presence
of pests, were purchased at the 27 de octubre
market in San Juan de Lurigancho (Lima, Peru).
The fruits were washed to remove impurities and
disinfected with sodium hypochlorite (100 ppm) for
5 minutes. Subsequently, the fruits were cut in half
to extract the pulp and seeds. The size of the pulp
and seeds was reduced with a household blender
(Oster, Professional series 700W BLSTBPST,
China) for 50 seconds at the single speed level.
Then the pulp with seed fragments was filtered
through a polypropylene strainer (1 mm? fissure)
(Rey, Peru) to obtain pulp with minimal seed
fragments. The filtered pulp was diluted in hot
boiled water (80°C) in a pulp/water ratio of 1:3 v/v.
The diluted pulp was pasteurized (70-80°C for 10
min). At minute 8 of this heat treatment, a known
amount of white sugar (Paramonga, Peru) was
added to reach the desired °Brix, 0.05% wiv
potassium sorbate (Marva, Peru), and 0, 0.02, 0.1
or 0.2% (w/v) CMC (Marva, Peru) were added
slowly with constant stirring to facilitate
dissolution. Finally, the nectar was hot-packed and
quickly cooled with water at room temperature to
improve microbiological stability.

Physicochemical parameters such as °Brix and
pH were analyzed during the production of
passion fruit nectar. The °Brix were determined
with a refractometer (SBR0080, Lumen Optical
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Instrument Co., Ltd, Beijing, China) and pH was
measured with pH test strips (pH X®, ColorKim,
Turkey). The °Brix value of passion fruit nectar
was set at the value of 14 considering
recommendations for similar products since this
parameter can be set at the value of 15 (Curo and
Ibafiez, 2017), 18-19 (Laz et al., 2018), 12.8
(Prado and Cangana, 2021) or 14.5 °Brix (Codex
Alimentarius). The pH value of passion fruit nectar
was 4.5, it did not require adjustment with the
addition of citric acid because this value is similar
to the pH of 4 reported in a similar product (Laz et
al., 2018) and did not exceed the pH of 4.5
recommended by Peruvian regulations (Norma
Técnica Peruana, 2009). It is worth mentioning
that the final addition of CMC in the different
concentrations evaluated did not alter the °Brix
value and the pH of the passion fruit nectar.

Sedimentation analysis

This analysis was based on the visualization of the
sedimentation phenomenon (Figure 2). For this,
the passion fruit nectars with different
concentrations of CMC  upon leaving
pasteurization were deposited in 1L graduated
glass cylinders, which were covered in the mouth
with aluminum foil to avoid contamination. Cooling
was carried out with water at room temperature for
3-5 minutes. Finally, the graduated cylinders
containing the passion fruit nectar remained at rest
at room temperature (~25 °C) to evaluate
sedimentation for 87 hours (Figure 2a).

(a) Passion fruit nectar with CMC
(0, 0.02, 0.1 and 0.2% wiv)

In 1 L graduated

| Conditlioning I } glass cylinders
0 :87h
| Repose | | Tt:25°¢

[ Kinetic modeling ||

|
| [
| I

|

Interpretation | |

Figure 2. Sedimentation analysis of passion fruit nectar
with different CMC concentrations (%) w/v: (a) flowchart
and (b) visualization of phase separation.
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This evaluation was based on the Coe and
Clevenger (1916) method cited by Parsapour et al.
(2014). This consisted of recording pairs of values
(height of the solids-rich phase, time) that make up
the sedimentation curve (Figure 2b). The analysis
of sedimentation kinetics was substantiated on the
equations used by Silva et al. (2010) and
Contreras-Lozano et al. (2019): V; = -dht/dt, Sl =
(ho = h)*100/ho and SI=Sleq*(1-exp(-vsi*t)); where
Vi sedimentation velocity (cm/h), t: time (h), hs:
height (cm) of the sediment at the time “t”, hy: initial
height (cm), SI: sedimentation index, Sleg: Sl
equilibrium, vsi: Sl velocity constant.

3. Results and discussion

The sedimentation analysis for 87 hours (Figure
3a), in terms of phase height, revealed that the
higher the concentration of CMC, the sedimen-
tation is lower to the point of not being relevant in
passion fruit nectars with 0.1 and 0.2% w/v of
CMC, which can be considered relatively stable
solutions. The typical sedimentation profile was
observed at concentrations of 0 and 0.02% wi/v
CMC, which consists of a period of maximum
sedimentation velocity (0.426 and 0.260 m/s at 0
and 0.02% w/v CMC, respectively) in the first 22
hours with a subsequent gradual decrease in
velocity until approaching equilibrium (sedimen-
tation velocity = ~ 0) (Figure 3a). Thus, a low
concentration of CMC (0.02% wi/v) significantly
decreases the maximum sedimentation velocity in
passion  fruit nectar without stabilizer.
Sedimentation kinetics can also be studied
regarding the sedimentation index to obtain
complementary information when the typical
sedimentation profile is observed (Figure 3b). The
sedimentation index values observed at
concentrations of 0 and 0.02% w/v CMC were
successfully described by the kinetic model
(R2>0.99) based on equations by Silva et al.
(2010) and Contreras-Lozano et al. (2019). The
equilibrium sedimentation index was 46.494 and
20.434% for 0 and 0.02% w/v CMC, respectively.
This parameter can be understood as the
maximum achievable sedimentation index value,
so it can be stated that a low concentration of CMC
(0.02% wiv) in passion fruit nectar can reduce the
maximum sedimentation index to less than half
compared to no using stabilizer. The
sedimentation index velocity was 0.0362 and
0.0556% m/s for 0 and 0.02% w/v CMC,
respectively. This reveals that when no stabilizer
is used, passion fruit nectar is slow to reach the
equilibrium sedimentation index compared to
using of a low CMC concentration (0.02% w/v).
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Figure 3. Kinetic analysis of the sedimentation of passion fruit nectar formulated with different concentrations of CMC (w/v): (a)

sediment height vs time and (b) sedimentation index vs time. Note: The fitted models are: in a) ht,0% wv cuc = -0.426%(t) + 34.718 (R?
0.989, 0 <t <22), and ht0.02% wiv cme = -0.260*(t) + 34.699 (R2=0.986, 0 < t < 22); in b) Slov wiv cmc = 46.494*(1-exp(-0.0362*t)) (R?

0.996), and Slooasw cvic = 20.434%(1-exp(-0.0556*)) (R2= 0.991).

It is important to highlight that this work establi-
shed that the sedimentation velocity and
sedimentation index velocity provide different
information, consequently there is a broadening of
the analysis perspective.

The results of the analysis of sedimentation
kinetics of in passion fruit nectar with different
concentrations of CMC are consistent with other
investigations where a higher concentration of
hydrocolloid  decreased the intensity of
sedimentation phenomena in this product, as is
the case of the study carried out by Laz et al.
(2018), where they used xanthan gum and highly
esterified pectin (ceam pectin VIS 4110) to provide
better stability; and the case of the research by
Moraes et al. (2011), in which they used guar gum
and xanthan gum to achieve a more stable and
structured passion fruit pulp dispersion.

Thus, it is suggested that a higher concentration
of hydrocolloid implies a greater capacity to
capture water molecules in three-dimensional
networks and nectar components, including solid
microparticles and compounds such as the
insoluble pectate generated by the activity of
pectin methyl esterase that was solubilized by
effect of heat treatment and low pH, which leads
to an increase in viscosity, improvement in the
stability and uniformity of the suspension
(Genovese & Lozano, 2001; Caballero & Paredes,
2017; Akkarachaneeyakorn & Tinrat, 2015;
Staubmann et al., 2023; Aghajanzadeh et al.,
2017).

4. Conclusions

The sedimentation phenomenon in passion fruit
nectar was minimized when a concentration of
0.1-0.2% w/v CMC is used.
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Parameters such as sedimentation velocity,
equilibrium sedimentation index, and
sedimentation index velocity were affected by
CMC concentration. These results contribute to a
better understanding of the use of CMC to improve
the physical stability of nectar suspension and to
gain insights into the formulation and improvement
of similar products in the food industry.

It is recommended to carry out comparative
studies on sedimentation kinetics in fruit nectars
formulated with different concentrations of natural
and/or synthetic stabilizers. These studies should
include other aspects of interest to the food
industry, such as cost and effect on sensory
characteristics of the product.
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