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SUMMARY

Research background. Agai berry is rich in antioxidant compounds and is
therefore closely associated with beneficial health effects. In this study, we aim
to investigate the potential of using Lacticaseibacillus rhamnosus HNOO1 as a
probiotic culture on acai flan.

Experimental approach. The chemical composition, physicochemical and mi-
crobiological characteristics, and sensory acceptance during refrigerated stor-
age (5 °C for 42 days) of flan were investigated. In addition, the consumer per-
ception of the product was evaluated using word association when consumers
were shown a photo of the product with or without the added ingredients ac-
companied with a brief description of the product.

Results and conclusions. The flan had a suitable chemical composition, main-
ly carbohydrates and proteins, probiotic viability reached 8 log CFU/g in the
product and 4 log CFU/g after gastrointestinal simulation, typical acai color-
ation, significant antioxidant activity and high sensory acceptability. The infor-
mation about the ingredients and properties of the products increased the
health value and positive feelings of the consumers towards the product.

Novelty and scientific contribution. Acai flan has proven to be a suitable car-
rier for L. rhamnosus HNOO1 as a probiotic culture, further enhancing the char-
acteristic beneficial properties of the fruit. Therefore, combining this informa-
tion with marketing strategies that inform consumers about the benefits of the
product can further improve its acceptance. As far as we know, this is the first
study on acai flan with added probiotic culture.

Keywords: Lacticaseibacillus rhamnosus; Euterpe oleracea; probiotic; dairy des-
sert; antioxidant; whey protein

INTRODUCTION

Flan-type dairy desserts are considered popular foods around the world and
have an important contribution to the diet due to their calcium and vitamin D
contents, as well as phosphorus, potassium, magnesium, riboflavin, niacin, es-
sential fatty acids and proteins (7). Acai is a berry fruit native to Brazil and Bo-
livia whose properties have received a lot of attention in recent years, mainly
due to the variety of phytochemicals such as polyphenols and its antioxidant
activity, which are associated with many beneficial effects (2,3). In addition, acai
is a source of energy, fiber, anthocyanins, minerals and fatty acids, and has there-
fore been included in the top ten superfoods (4).

Probiotics are microorganisms that confer beneficial effects to individuals
when consumed in adequate amounts. The Lactobacillus rhamnosus have re-
cently been reclassified to Lacticaseibacillus rhamnosus (5). The HNOO1 strain has
been associated with several health effects, such as modification of the intesti-
nal microbiota, reduced prevalence of gestational diabetes and allergic diseas-
es, among others (6,7).
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Studies focusing on the addition of probiotic cultures to
flans are still scarce (8-70) and, as far as the authors are aware,
there is no application of the probiotic strain L. rhamnosus
HNOO1 in flans and/or evaluation of the addition of probiotic
cultures to berry acai flans. Moreover, functional ingredients
such as acai and whey protein isolate are added to enrich the
flan. This study therefore aims to evaluate the potential of the
acaiflan as a carrier of the probiotic strain HNOO1. It also ana-
lyzed the consumer perception of the product and the im-
pact of the available information.

MATERIALS AND METHODS

Lacticaseibacillus rhamnosus inoculum

Pasteurized milk (De Leite, Londrina, Brazil) was sterilized
at 100 °C for 15 min, cooled and then 0.1 % (m/V) L. rhamno-
sus HNOOT™ (Dupont, Cotia, Brazil) was added. The mixture
was incubated at 37 °Cfor 15 h (pre-inoculum). The pre-inoc-
ulum (¢p=0.8 %) was added to the sterilized milk and incubat-
ed at 37 °C for 24 h. The pH, titratable acidity and viability of
the probiotic were analyzed after 0, 3,6, 9, 15, 18,21 and 24 h
of fermentation to determine the optimum fermentation
time.

Flan processing

The flan was prepared using the ingredientes: 23.6 %
whole milk (3.4 % protein, 4.7 % carbohydrates and 3.5 % total
fat; De Leite, Londrina, Brazil), 8 % whey protein isolate (Arte-
sana, Novo Hamburgo, Brazil), 18 % sucrose (Unido, Séo Paulo,
Brazil), 0.4 % citric acid (Anidrol, Lencéis Paulista, Brazil), 3 %
acai powder (Relva Verde, Ibipord, Brazil), 35 % acai pulp (Pura
pulp, Guaracai, Brazil), 9 % probiotic culture inoculum and 3 %
of unflavored gelatin (Green Grass, Ibipord, Brazil).

The whole milk, whey protein isolate and sugar were
weighed and heated in a water bath at 90 °C for 20 min. Then,
the mixture was cooled in anice bath to 40 °C, the other ingre-
dients (citric acid, acai powder, acai pulp and unflavored gela-
tin) were added and homogenized in a mixer (Britania, Curiti-
ba, Brazil). The inoculum of the probiotic culture was then
added and the mixture was packed in 30-mL plastic containers
with a lid (Galvanotek, Carlos Barbosa, Brazil), in which the syr-
up had already been added. The flan syrup was made using 20
% acai pulp, 0.3 % citric acid, 6 % water and 9 % sucrose. The
mixture was heated until boiling for 5 min and then refriger-
ated at 5 °C. Analyses were performed weekly for 42 days.

Viability of L. rhamnosus on flan and under simulated
gastrointestinal conditions

The viability of L. rhamnosus HNOO1 was evaluated by
plating on De Man, Rogosa and Sharpe (MRS) agar (Kasvi, Sdo
José dos Pinhais, Brazil) and anaerobic incubation at 37 °C for
72 h.The survival under simulated gastrointestinal conditions
was monitored according to the method described by
Minekus et al. (17), in which the food is subjected to different

concentrations of enzymes and specific pH values at differ-
ent times, aiming to simulate conditions in the mouth, stom-
ach, small and large intestine, and the consequent survival of
the probiotic in these conditions was measured in vitro.

Physicochemical characteristics and antioxidant activity

The pH was evaluated using a pH meter (Kasvi, Curitiba,
Brazil). Titratable acidity and chemical composition were de-
termined according to AOAC SMPR® 2016.003 (72). The texture
profile was determined using a TA3/1000 acrylic cylindrical
probe (d=25.4 mm) and CT3 Texture Analyzer (Brookfield Am-
etek, Middleboro, MA, USA). Color parameters (L*, a* and b¥)
were determined using a colorimeter (CR-400; Konica Minol-
ta, Ramsey, NJ, USA). The antioxidant activity was determined
by the ability to sequester 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical and expressed as EC,,/(mg/mL) according to
the method described by Brand-Williams et al. (13), and using
theiron reduction method (FRAP) expressed as Fe?*/(mmol/g)
according to Benzie and Strain (74). The reagents used were
of analytical grade (Sigma-Aldrich, Merck, Séo Paulo, Brazil).

Sensory analysis

The acceptance (overall impression, appearance, color,
aroma, flavor and texture) of the flan (30 g) was evaluated by
100 consumers of which 51 men and 49 women, recruited by
direct approach and invitation for sensory evaluation. This
sensory test uses a 9-point structured hedonic scale (1=very
much disliked, 9=very much liked) and the purchase intent
was assessed using a 5-point scale (T=would definitely buy,
5=would definitely not buy).

Consumer perception evaluation

The participants (N=474) received via e-mail or social me-
dia three different images (Fig. S1) and the attributed char-
acteristics. The words provided as answers were analyzed.
They were divided into three groups (N=158): group 1 (re-
ceived a photo of the product, Fig. S1a), group 2 (received a
photo of the product providing the ingredients used, Fig.
S1b), and group 3 (received a photo of the product providing
the ingredients used and a short description of the product,
Fig. S1c). All the consumers were asked to describe their opin-
ion of the product. The words, descriptions and associations
provided by the participants were considered for the analysis
as described by Pinto et al. (15).

Statistical analysis

The experiment followed a completely randomized de-
sign and was repeated three times. Physicochemical and mi-
crobiological analyses were performed in triplicate. Data
were submitted to analysis of variance (ANOVA) followed by
the Tukey’s test (p<0.05) using STATISTICA software, v. 8.0 (76).
The data of word association were analyzed according to Pin-
toetal. (15).
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RESULTS AND DISCUSSION

When selecting a probiotic microorganism to be included
in a food product, the matrix in which it will develop plays a
fundamental role in its multiplication and maintenance
throughout its shelf life. Therefore, defining the growth me-
dium can be crucial for the functionality of a probiotic strain.
The incubation of milk caused a decrease in pH from 6.6 to
4.9 and an increase in titratable acidity from 0.2 to 0.5 % lac-
tic acid over 24 h (Table 1). The decrease in pH and the in-
crease in acidity are the result of the fermentation of the milk
by the probiotic culture, which uses lactose and other sugars
present in the medium and produces lactic acid (77). The via-
bility of the probiotic culture decreased after 3 h of fermen-
tation (from 8.3 to 7.9 log CFU/qg), increasing during the incu-
bation period and reaching 8.9 log CFU/g after 24 h (p<0.05).
The initial decrease is due to the period of adaptation of the
culture to the environment. There was no significant differ-
ence in the number of probiotic culture between 15 and 24 h
of fermentation (p>0.05). Therefore, considering the time and
energy savings, it is suggested to use 15 h of fermentation to
obtain the inoculum. Here, 24 h was used to facilitate logis-
tics. Studies that used L. rhamnosus under similar conditions
reported viability of 8 and 9 log CFU/g for the used strains and
maintenance of these values until the end of the shelf life
(18,19).

Table 1. Viability of the probiotic culture and physicochemical char-
acteristics (pH and titratable acidity) of milk during 24 h of fermen-
tation

t/h  Nflog CFU/g) pH Zgzltt‘;%’

0 (8.3+0.3) (6.6+0.0)? (0.2+0.0)%

3 (7.9+0.1)¢ (6.10.2)° (0.21+0.05)¢
6 (8.4+0.1.5)¢ (6.42+0.05)° (0.22+0.01)¢
9 (8.52+0.11)°¢ (6.34+0.05)° (0.22+0.01)%
15 (8724002 (5.70+0.10)¢ (0.30+0.01)
18 (8.91+0.01)? (5.41+0.05)° (0.43£0.05)b<
21 (8.81+0.10)2° (4.90+0.05)" (0.53+0.05)*°
24 (8.90+0.04) (4.900.05) (0.50+0.05)°

Results are expressed as mean valuetstandard deviation (N=9).
Different lowercase letters in the same column denote significant
difference by the Tukey's test (p<0.05). Titratable acidity is expressed
as lactic acid

The acai flan consisted of (g/100 g): moisture 58.6, protein
15.5, lipid 0.3, ash 0.8 and carbohydrates 24. Therefore, it is
characterized as a dairy product with high protein and car-
bohydrate contents and low lipid content.

The acai flan had pH=4.6 and titratable acidity of 0.1 %
lactic acid (Table 2). During storage, the pH of the products
decreased from 4.64 to 4.57 and the titratable acidity in-
creased from 0.09 to 0.1 % lactic acid. The decrease in pH and
the increase in acidity are a result of post-acidification of the
products promoted by probiotic culture, which used lactose
and other sugars present in the medium and produced lactic
acid (17). The acidification of the product was mild (0.07 pH
units and 0.01 % lactic acid), demonstrating that the probi-
otic culture does not have high fermentative capacity at low
temperatures (78,79), which is interesting from the sensorial
point of view as well as the stability during the shelf life.

The acaiflan had a red-purple color (L¥=39.6, a*=10.9 and
b*=5.87) (Table 2), which is typical for agai pulp. During stor-
age, there was a decrease in the red color (lower values of a*,
p<0.05) and maintenance of the parameters L* and b* (p>0.05)
when comparing the products on day 1 and 42 of storage.
Red discoloration of the products during storage could be
related to a decrease in the anthocyanin concentration.

The flan was characterized as a soft and adhesive prod-
uct, with a hardness of 4.54 N, adhesiveness of 5.8 mJ, cohe-
siveness of 0.39 and gumminess of 1.99 N (Table 2). During
storage, there was a decrease in the adhesiveness and an in-
crease in the cohesiveness and gumminess (p<0.05). In addi-
tion, there was an increase in the firmness for up to 35 days
of storage with subsequent decrease, without significant dif-
ference between the freshly prepared product (day 1) and
that stored for 42 days (p>0.05). The texture parameters are
characteristic of protein gels. The addition of whey protein
concentrate improves gelatinization with protein-protein in-
teractions. Frederico et al. (9) and Costa et al. (19) also ob-
served similar properties of flans or ice cream with added
whey. The acidification of the product observed during re-
frigerated storage may have contributed to the increase in
firmness, cohesiveness and gumminess of the product, as
well as to the decrease of adhesiveness.

The flan had an antioxidant activity of EC;,=111.34-
445,50 mg/mL (DPPH method) and b(Fe*)=0.81-1.43 mmol/g

Table 2. Physicochemical characteristics and color parameters of acai flan during refrigerated storage at 5 °C

=
()

2N Titratable

E © * * %
o®T PH acidity/% L a b

wv

1 (4.64+0.07)® (0.09£0.01)° (39.6£3.9)° (10.9+1.6)* (5.9+1.6)°
7 (47£0.12  (0.09£0.01)° (37.243.1)° (4.1+1.9)° (4.6+1.8)°
14 (4.57+0.06)°* (0.09+0.00)° (33.4+2.5)> (6.5+0.5)° (8.30.7)°
21 (4.46+0.05) (0.09+0.01)° (34.3+2.7))° (7.3+0.7)> (7.0+1.3)®
28 (4.3£0.)¢  (0.11£0.01)° (33.3+2.6)° (7.2£0.9)® (7.4+0.8)*
35 (4.4+0.2)¢  (0.11740.01)° (33.7+2.8)° (6.9+1.4)° (8.2+1.4)°
42 (46200 (0.11£0.01)° (36.9+3.0)° (6.4+3.0)° (8.1%1.7)®

Hardness/ Adhesive- Cohesive-  Gummi- ECs/ FRAP:S

b(Fe?")/

N ness/mJ ness ness/N (mg/mL)

(mmol/g)
(4.5+£0.7)>  (5.841.0)2 (0.39+0.03)°> (2.0+0.5)* (111.3+2.5)¢ (1.43+0.01)
(5.3£0.6)*®  (5.5+0.4)2 (0.4+0.4)° (2.1£0.6)>  (165.7£9.9)° (1.37+0.02)
(4.6+0.6)®  (5.1+£0.8)* (0.37+0.03)° (1.9+0.7)° (170.2+5.8)> (1.33+0.02)
(6.2+0.8)*  (5.4+1.0)* (0.39+0.03)° (3.0+0.6)* (184.8+3.5)>¢ (1.31+0.01)*
(5.2+0.9)*  (5.1+0.7)* (0.38+0.07)> (2.2+1.0° (193.0+7.5)° (0.84+0.02)°
(6.3+2.3)2  (1.2+0.9)° (0.54+0.08) (4.6+1.1)2 (426.1+8.31° (0.74+0.01)°
(5.8+1.4)*  (0.3£0.3)°  (0.6£0.4)2  (4.2+1.02 (445.5+6.7)* (0.81+0.02)°

Results are expressed as mean value+standard deviation (N=9). Different lowercase letters in the same column denote significant difference according

to Tukey'’s test (p<0.05). Titratable acidity is expressed as lactic acid
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(FRAP, Table 2), which can be considered appropriate from a
health point of view. During the storage period, in the anti-
oxidant activity decreased (higher values for DPPH and lower
values for FRAP, p<0.05), which may be related to the loss of
anthocyanins.

The acai flan had probiotic culture counts of 8.43-8.60
log CFU/g during the 42 days of refrigerated storage (Table
3). The minimum number of viable probiotic cells in a prod-
uct should be in the range of 6-7 log CFU/g to observe the
beneficial effects (70). Thus, the flan prepared in the present
study can be considered as a probiotic product throughout
the storage period.

The acai flan had probiotic culture counts of 4.91-6.11,
3.17-3.60 and 4.07-4.58 log CFU/g during the gastric and en-
teric (small and large intestine) phases, respectively. Thus, the
probiotic culture L. rhamnosus was able to survive the simu-
lated gastrointestinal conditions. There was a 3 log CFU/g de-
crease during the gastric phase, with subsequent recovery of
probiotic culture in the enteric phases (~1 log CFU/g, p<0.05).
Itis possible that the probiotic was only damaged during the
gastric phase, with consequent decrease in its counts, but
when subjected to favorable conditions for its survival, the

Table 3. Viability of probiotic culture in the product and under simu-
lated gastrointestinal conditions

N(Lacticaseibacillus rhamnosus HN0O1)/(log CFU/g)

t(storage)/
day

izl Gpise::ec inig.:,?ilrte inl'zcaeggiie

1 (8.4+£0.4A  (6.11£0.01)°*  (3.2+0.2)% (4.3£0.2)
14 (8.6+0.3)* (4.9+0.3)b* (3.2+0.5)A (4.7+0.2)%A
28 (8.5+0.3)** (5.3+0.2)°* (3.6+0.3)A (417+0.2)°*

42 (8.6+0.2)**  (5.57+0.07)** (3.15+£0.01)% (4.58+0.08)

Different lowercase letters in superscript in the same row indicate a
significant difference on the same day at the different stages of
digestion (p<0.05). Different capital letters in superscriptin the same
column indicate significant differences in each phase of digestion in
the gastrointestinal tract during refrigerated storage (p<0.05)

microorganism recovered viability, showing higher countsin
the first and second enteric phases. Costa et al. (19) reported
a 5-log cycle reduction of the L. rhamnosus GG in acai ice
cream when subjected to gastrointestinal tract simulation.

The flan received scores above 7 on a 9-point hedonic
scale for aroma, flavor and texture, indicating that consumers
moderately liked these attributes in the product. In addition,
the flan received scores above 8 for the attributes of appear-
ance, color and overallimpression, indicating that consumers
liked these attributes very much. Product acceptance was 89
%. Regarding purchase intention, 60 % of consumers said that
they would certainly or probably buy the product and only 4
% said they would definitely not buy it.

Related to the consumer perception of the product, the
consumers received three different images (Fig. S1) and at-
tributed characteristics. The words they used to describe
them were considered for the analysis.

To analyze consumer perceptions, the researchers sent
invitations through social media for voluntary participation
in the survey. The participants were shown a sequence of
product images over three different weeks (Fig. S1a), an im-
age together with the ingredients (Fig. S1b), and an image
with some attributed beneficial effects (Fig. S1c). They were
asked to express their opinion of the product using a single
word and the responses received were grouped to create an
analysis map. The words associated with the product were
categorized as follows: composition, health, positive feelings,
negative feelings, sensory perception and description (Table
4). It was observed that the inclusion of the information on
the ingredients used and, especially the description of the
product (Fig. S1c) led to an increase in the perception of
health and positive feelings among the consumers. In fact,
clinical trials (20) have shown that the consumption of acai
has many beneficial effects on health. Due to its medicinal
properties and the absence of undesirable effects, acai and
foods containing it have a promising future and great eco-
nomic potential in the food and cosmetic industry.

Table 4. Contingency table showing the main sensory descriptors and the frequency of use of each by consumers

Ingredient
Attribute Example Control Ingredient and
description
Composition Caloric, fat, sugar, protein, anthocyanins, phenolic compounds, O(—)** 52(+)** 36
bioactive compounds, vitamins, lactose, fiber, flavonoids, nutrients
Health Antioxidant, healthy, nutritious, energetic, functional, probiotic, microbiota 1(=)*** 145(+)%* 165(+)***
regulation, strength, well-being, diet, fitness, supplementation, beneficial
microorganisms, metabolism, muscle, satiety, digestive, enriched, young, intestine
Positive Delicious, beautiful, pleasure, tasty, attractive, good, colorful, showy, appetizing, 61 94(-)* 130(+)*
feelings different, refreshing, fresh
Negative Strange, too industrialized, bad, unhealthy, fattening, cracked, not appetizing, anxiety, 18 23 20
feelings blood, artificial, sickening, too sweet, bitter, bland taste, residual taste, sandiness
Sensory Icy, sweet, soft, red fruit flavor, bright, chocolate, creamy, moist, juicy, firm, good 17 (4)*** 79(-)* 58(—)***
perception appearance, beautiful color, flavor, texture, acid, homogeneous, strawberry
Description Pudding-like, flan, with syrup, guava-paste like, gelatin-like, sweet cheese-like, 24(+)* 29 24

acai-like, semi-solid, dark, natural, chocolate cake-like, ice cream like

The number of citations for each sensory test and the results of the chi-squared analysis per cell are shown. (+) or (-) indicate that the observed
values are higher or lower than the expected theoretical value. Categories mentioned by at least 5 % of respondents. *p<0.05, **p<0.01,
* %%

p<0.001
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CONCLUSIONS

Acai flan can be a carrier of Lacticaseibacillus rhamnosus
HNOO1 as a probiotic culture that has a suitable chemical
composition, physicochemical properties and antioxidant ac-
tivity as well as sufficient probiotic culture counts in the prod-
uct and under simulated gastrointestinal conditions. The
methodology used to evaluate consumer perceptions, which
included voluntary participation through social media, ena-
bled a clear association of flan images and ingredients with
aspects of health and positive feelings among consumers.
The findings contribute to the evolving functional food land-
scape by combining scientific research with consumer per-
ception analysis to clarify the potential impact of probiotic
and acai-based products.
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