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Abstract —In view of the growing demand for alternatives to 
animal products, this study presents the development and phy-
sicochemical, microbiological and sensory characterization of a 
yogurt-type product based on lupine milk (Lupinus mutabilis) and 
starch from arracacha (Arracacia xanthorrhiza). Three versions 
of the product were formulated with different concentrations of 
starch, evaluating its proximal composition, polyphenol content, 
rheological behavior, microbiological profile and sensory accep-
tance. The results showed that the incorporation of starch did not 
significantly affect the basic nutritional composition, maintaining 
an adequate protein and fiber profile. The formulation with 3 % 
starch (T3) presented higher viscosity, rheological stability and 
sensory acceptability analysis, standing out in attributes such as 
flavor, texture and appearance. In addition, the pseudoplastic be-
havior observed suggests a favorable texture for the consumer. At 
the microbiological level, all formulations met safety standards, 
showing an adequate presence of lactic acid bacteria with pro-
biotic potential. Therefore, this work not only highlights the po-
tential of lupin as a base for functional fermented products but 
also highlights the importance of arracacha starch as a natural 
stabilizer. The findings open new perspectives for the development 
of innovative, sustainable and nutritionally balanced plant-based 
foods, with projection towards the food industry and the growing 
market of vegan and food intolerant consumers.1
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Resumen — Ante la creciente demanda de alternativas a pro-
ductos de origen animal, este estudio presenta el desarrollo y ca-
racterización fisicoquímica, microbiológica y sensorial de un pro-
ducto tipo yogurt a base de leche de lupino (Lupinus mutabilis) 
y almidón de arracacha (Arracacia xanthorrhiza). Se formularon 
tres versiones del producto con diferentes concentraciones de al-
midón, evaluando su composición proximal, contenido de polife-
noles, comportamiento reológico, perfil microbiológico y análisis 
de aceptabilidad sensorial. Donde los resultados evidenciaron 
que la incorporación de almidón no afectó significativamente la 
composición nutricional básica, manteniendo un perfil proteico 
y de fibra adecuado. La formulación con 3 % de almidón (T3) 
presentó mayor viscosidad, estabilidad reológica y aceptabilidad 
sensorial, destacándose en atributos como sabor, textura y apa-
riencia. Además, el comportamiento pseudoplástico observado 
sugiere una textura favorable para el consumidor. A nivel micro-
biológico, todas las formulaciones cumplieron con los estándares 
de inocuidad, mostrando una adecuada presencia de bacterias 
ácido-lácticas con potencial probiótico. Teniendo que este trabajo 
no solo destaca el potencial del lupino como base para productos 
fermentados funcionales, sino que también resalta la importancia 
del almidón de arracacha como estabilizante natural. Los hallaz-
gos abren nuevas perspectivas para el desarrollo de alimentos ve-
getales innovadores, sostenibles y nutricionalmente balanceados, 
con proyección hacia la industria alimentaria y el mercado cre-
ciente de consumidores veganos y con intolerancias alimentarias. 

Palabras Clave: parecido a la leche, parecido al yogur, Arracacia 
xanthorrhiza; Lupinus mutabilis Sweet; bacterias ácido – lácticas. 

I. INTRODUCTION

THE rejection of animal-derived products has increased no-
tably in recent years, a trend closely associated with vega-

nism—a dietary practice that excludes all animal-origin foods, 
including dairy, honey, and eggs [1]. The number of individuals 
identifying as vegans continues to grow, driven by motivations 
such as improving health and avoiding animal cruelty. Within 
this context, plant-based dairy alternatives have gained sig-
nificant attention due to their suitability for individuals with 
allergies, lactose intolerance, or those transitioning to a vegan 
lifestyle [2].
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A parallel rise in the adoption of healthier lifestyles has led 
consumers to seek out plant-based and functional food options 
[3]. Among these, plant-based yogurts stand out due to their 
low cholesterol content and their suitability for individuals 
with protein allergies or lactose intolerance [4]. Moreover, the-
se yogurts retain high levels of probiotics and bioactive pepti-
des, which enhance their nutritional value [2]. The texture and 
nutritional profile of such products depend significantly on the 
type of plant-based milk used (e.g., legumes or cereals) and on 
complementary ingredients such as starch and fiber [1]. As a 
result, the food industry has increasingly focused on developing 
plant-based functional foods that promote consumer health [5].

However, studies on plant-based yogurt alternatives have fa-
ced several limitations. Some formulations derived from legu-
mes such as soy, pea, or oat often struggle to achieve desirable 
sensory attributes, particularly in terms of flavor, texture, and 
aroma, most notably the presence of off-flavors and insuffi-
cient creaminess [6]. Furthermore, the low gelling capacity of 
plant proteins compared to dairy proteins has led to the addi-
tion of stabilizers or texture enhancers, which can sometimes 
compromise the natural or clean-label appeal of the products 
[7]. Another common limitation has been the variability in the 
growth of probiotic cultures in non-dairy matrices, which can 
affect the viability and stability of probiotics over the shelf-
life of the products [8], [9]. Also considering that few studies 
have explored the use of alternative starches such as arracacha 
(Arracacia xanthorrhiza) to improve texture, focusing predo-
minantly on more commonly available sources such as corn or 
potato starch [10], [11]. These limitations highlight the need 
for further research into novel plant-derived matrices and sta-
bilizers that can improve the physicochemical, microbiological 
and sensory qualities of yogurt-like products without compro-
mising their nutritional profile or clean-label appeal [7], [12].

For this reason, the formulation of plant-based yogurts re-
quires the selection of legumes with high protein content. 
Among these, lupine (Lupinus spp.) stands out for its excep-
tional protein concentration, ranging between 40 and 50 g/100 
g dry weight [13]. Although the genus Lupinus includes nearly 
300 species, only four are of major agricultural significance: L. 
albus, L. angustifolius, L. luteus, and L. mutabilis. The latter is 
particularly noteworthy for its high protein content, adaptabi-
lity to agricultural systems, and potential health benefits [14]. 
According to the [15], lupine contains approximately 51 % pro-
tein, 21.9 % fat, 13 % fiber, 3.23 % alkaloids, 0.37 % calcium, 
0.6 % iron, and 0.3 % zinc. However, due to its elevated alka-
loid content, it must be subjected to heat treatment to reduce 
these compounds and minimize the risk of toxicity [1].

Lupine proteins include heat-stable globulins such as 
α-conglutin (11S legumin-type) and β-conglutin (7S vicilin-
type). The denaturation of β-conglutin begins at 85-89 °C, 
while α-conglutin remains stable up to 102-105 °C. Under 
high temperatures and isoelectric pH, these globular proteins 
unfold due to the disruption of hydrogen bonds and hydropho-
bic interactions, leading to the formation of protein aggregates. 
These can bind to albumins, which possess excellent interfacial 
properties, contributing to foam formation and reduced inter-
facial tension [4], [16]. Heat and bacterial proteolysis further 
induce structural changes such as denaturation, dissociation, 

and aggregation, enhancing the yogurt’s structural, functional, 
and nutritional characteristics [17]. Nevertheless, lupine has 
inherently weak gelling properties, which is why starch is of-
ten added to improve mouthfeel, viscosity, creaminess, reduce 
syneresis, and enhance gel firmness [18].

Therefore, the objective of this study was to develop a yo-
gurt-like product based on lupine milk and Arracacia starch as 
an alternative to traditional dairy products, and to evaluate its 
physicochemical, microbiological, and sensory characteristics.

II. MATERIALS AND METHODS

A. Materials
Commercial lupine grain of the INIAP-450 variety was pur-

chased from the Gralyn farm in Latacunga, Ecuador. Arracacia 
xanthorrhiza starch was provided by the Plant Genetic Resou-
rces Department of INIAP-Ecuador. Danisco (Streptococcus 
thermophilus and Lactobacillus delbrueckii subsp. bulgaricus) 
and sucrose were purchased from the chemist’s house in Lata-
cunga, Ecuador.

B. Lupine debittering 
The lupine grains were debittered using aqueous heat pro-

cessing as previously reported [19]. Briefly, grains were im-
mersed in hot water (80 ◦C) at a 1:3 ratio (grain:water) for 10 
h, then cooked at 91 ◦C for 1 h and thoroughly washed at 35 ◦C 
for 28 h with continuous changing of distilled water. 

C. Milk-like product processing
In the preparation of the lupine-based milk product, the gra-

in previously free of bitterness was used, which was ground in 
a colloid mill (Wenzhou Maolong Machinery Co., Ltd, China) 
applying a water:grain ratio of 1:4 w/v [20].

D. Yogurt-like product, lupin-based processing
For yogurt-like processing, a milk-like lupin base (1.84 % 

fat w/w) was used. Preliminary trials were conducted to defi-
ne the inclusion levels of A. xanthorrhiza starch in yogurt-like 
product and the following test formulations were established: 
T1= (90.7 % milk-like, 1 % A. xanthorrhiza starch, 8 % su-
crose, 0.3 % Danisco strain), T2= (89.7 % milk-like, 2 % A. 
xanthorrhiza starch, 8 % sucrose, 0.3 % Danisco strain) and 
T3= (88.7 % milk-like, 3 % A. xanthorrhiza starch, 8 % sucro-
se, 0.3 % Danisco strain).

All three formulations were pasteurized at 70 °C for 30 mi-
nutes and then cooled to 40 °C. They were then incubated at 
40 °C ± 2 °C for 10 to 12 hours in an incubator (Memmert, 
Germany) until the pH was adjusted to a range of 4.4 to 4.6. To 
stop the fermentation process, the yogurts were removed from 
the incubator and stored under refrigeration at 4 °C.

E. Proximal analysis
Methodologies of the AOAC were used to assess moistu-

re (930.15), crude protein (total N x 6.25) (955.39), crude fat 
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(920,39), crude fiber (978.10), and ash (942.05). The total 
carbohydrate content of the samples was calculated by the di-
fference method (subtracting the percent crude protein, crude 
fiber, crude fat, and ash from 100 %), [21]. The energy content 
was determined by applying the method described by [22].

F. Polyphenols 
The total phenolic content was determined using the Folin 

Ciocalteu 2N reagent. The absorbance was measured at 754 nm 
using an Evolution 201 spectrophotometer (Cachay-Morante 
et al., 2022) (Thermo Fisher Scientific, Massachusetts, USA), 
and the results are expressed in mg of gallic acid/100 g of dry 
sample [23].

G. pH and titratable acidity 
During fermentation, standard methodologies of the As-

sociation of Official Analytical Chemical International were 
used to assess pH (943.02) and total titratable acidity (947.05) 
[24]. The pH value and total titratable acidity were determi-
ned using 10 mL of samples which were suspended in 90 mL 
distilled water and stirred for 10 min. The pH was measured 
using a pH electrode, and total titratable acidity was expres-
sed as the amount (mL) of 0.01 mol.L-1 NaOH required to 
obtain a pH value of 8.2, and the result is reported as lactic 
acid percentage.

H. Viscosity
Measurements of viscosity were done with Brookfield (mo-

del DV II; Brookfield Engineering Laboratories, Stoughton, 
MA 02072, USA) with Helipath stand, a type D T-bar spindle 
and a speed of 5 rpm. The Brookfield measurements were per-
formed in triplicate and the mean values used for further analy-
sis were reported. All rheological measurements were made at 
5 °C Spindle No 2 from 0 to 200 rpm was used for all samples, 
as described by [25].

I. Rheological 
From the viscosity values obtained using the Brookfield vis-

cometer (model DV II; Brookfield Engineering Laboratories, 
Stoughton, MA, USA), mathematical modeling was performed 
using the power law equation [19].

The data obtained were adjusted to the following equation:

 (1)

Where:
: shear stress (Pa).
: shear rate (1/s).
: fluid consistency index (Pa.sn).

n: flow behavior index.

This model allowed us to characterize the relationship 
between shear stress and shear rate, determining whether 
the yogurt exhibited pseudoplastic, dilatant, or Newtonian 
behavior.

J. Microbiological Analysis
Microorganism enumeration was performed using the rapid 

Petrifilm methods (3M). A dilution of each sample was made 
by adding 10 g of yogurt to 90 ml of distilled water. In all cases, 
1 ml of the dilution was inoculated in duplicate and incubated 
at 25 °C for 48 h for molds and yeasts (AOAC Method 997.02) 
and 35 °C for 24 h for E. coli/total coliforms (AOAC Method 
991.14). At the end of the incubation, plates with between 15 
and 150 colonies were selected, and the result was reported 
as colony-forming units per gram (CFU/g). Microbiological 
quality was assessed by comparing the results with the require-
ments established in the Ecuadorian Technical Standard INEN 
2395 for Fermented Milks [27].

K. Sensory acceptability analysis
Sixty consumers between 18 and 60 years of age [28], all 

habitual yogurt consumers, were randomly recruited through 
advertisements at various locations on the campus of Cotopaxi 
University, La Maná, Ecuador. They were invited to participate 
in an acceptance test for four yogurt-like products with diffe-
rent concentrations of Arracacia starch. Each sample contained 
20 mL and was presented monadically in coded plastic cups 
in a randomized order. First-order and carryover effects were 
balanced using a Randomized Complete Block Design, where 
each consumer evaluated all yogurt-like samples. The test was 
conducted under controlled conditions, with water and crackers 
available to consumers. 9-point hedonic scale (1 – extremely 
disliked, 2 – very disliked, 3 – moderately disliked, 4 – slightly 
disliked, 5 – neither liked nor disliked, 6 – slightly liked, 7 – 
moderately liked, 8 – very liked, and 9 – extremely liked) [29]. 
Results were subjected to one-way analysis of variance (ANO-
VA) to identify contrasts between yogurt samples, followed by 
Tukey’s test with a significance level of 5.00 %.

L. Statistical analysis
All analyses were performed in triplicate; results are expres-

sed as mean ± standard deviation. Data were analyzed using a 
multivariate ANOVA using the INFOSTAT statistical packa-
ge (University of Córdoba, Argentina) to compare means with 
respect to the level of Arracacia starch incorporation. Tukey’s 
multiple-range test was applied to determine significant diffe-
rences at the 5 % level. For the rheological component, Python 
was used, using the numpy and matplotlib libraries.

III. RESULTS AND DISCUSSION

A. Proximal Analysis
A significant difference in moisture content was observed 

between the milk-like product made from Lupinus mutabilis 
and the three formulations containing Arracacia xanthorrhiza 
starch (p ≤ 0.05). The milk-like product showed the highest 
moisture percentage (92.20 %), which can be attributed to the 
natural moisture of lupin and the addition of water during 
processing. In contrast, moisture content decreased progres-
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sively with increasing starch concentration, with formulation 
T3 exhibiting the lowest value (85.59 %). Regarding protein, 
fat, and energy content, no significant differences were found  
(p ≥ 0.05) between the starch-containing formulations and the 
milk-like product, suggesting that the inclusion of Arracacia 
starch did not substantially alter these parameters. Ash con-
tent was higher in treatment T1 (90.7 % compared to the mi-
lk-like product, with 1 % Arracacia xanthorrhiza starch, 8 % 
sucrose, and 0.3 % Danisco culture), although the difference 
was not statistically significant (p ≥ 0.05) when compared to 
formulations T2 and T3. This trend may be related to the mi-
neral contribution of Arracacia starch. Similarly, crude fiber 
content did not show significant differences (p ≥ 0.05) among 
the three treatments. These results are consistent with those 
reported by [30], in studies of plant-based yogurts enriched 
with starch.

TABLE I 
PROXIMAL COMPOSITION AND POLYPHENOL CONTENT OF A 

MILK-LIKE PRODUCT, AND THREE FORMULATIONS OF YOGURT-
LIKE PRODUCTS, LUPINE-BASED

Milk-like T1 T2 T3

Moisture (%) 92.20 ± 0.066a 86.58 ± 0.037b 86.77 ± 0.143b 85.59 ± 0.042c

Protein (%) 2.40 ± 0.061a 2.39 ± 0.225a 2.65 ± 0.130a 2.71 ± 0.060a

Fat (%) 1.84 ± 0.050a 1.76 ± 0.027a 1.83 ± 0.009a 1.88 ± 0.001a

Crude fiber (%) 2.66 ± 0.050a 2.12 ± 0.012b 2.15 ± 0.015b 2.25 ± 0.023b

Ash (%) 0.03 ± 0.005b 0.05 ± 0.001a 0.04 ± 0.005ab 0.04 ± 0.004ab

Carbohydrates (%) 7.09 ± 0.227ab 7.08 ± 0.227ab 6.51 ± 0.022b 7.54 ± 0.100a

Energy (kcal) 59.83 ± 1.694a 58.04 ± 0.257a 57.75 ± 0.601a 62.19 ± 0.367a

Polyphenols
(mg gallic acid 

/100 mL)
3.17 ± 0.386b 3.09 ± 0.468b 3.67 ± 0.328a 3.46 ± 0.368ab

Different letters in the same row indicate significant diffe-
rences (p ≤ 0.05). Mean value ± SD (n-3) T1= (90.7 % milk-
like, 1% Arracacia xanthorrhiza starch, 8 % saccharose, 0.3 % 
Danisco starter), T2= (89.7 % milk-like, 2% Arracacia xantho-
rrhiza starch, 8 % saccharose, 0.3 % Danisco strain) and T3 =  
(88.7 % milk-like, 3 % Arracacia xanthorrhiza starch, 8 % sa-
ccharose, 0.3 % Danisco strain).

B. Polyphenols
The concentration of total phenolic compounds (Table I) 

in the yogurt-like samples ranged from 3.09 to 3.67 mg gallic 
acid/100 mL, starting from 3.17 mg/100 mL of milk-type, lupi-
ne-based. These results are in agreement with those mentioned 
by [31] for legume-based fermented products and plant-based 

fermented beverages, in which they reported 2.8- 4.2 mg gallic 
acid/100 mL. They indicate that in legumes, many polyphenols 
are bound to fiber or other macromolecules.

The enzymatic action of microorganisms during fermenta-
tion can break these bonds and release polyphenols, increasing 
their concentration in the final product, [31].

Formulation T2 showed the highest concentration of po-
lyphenols (3.67 mg gallic acid/100 mL), which could be as-
sociated with the action of lactic acid bacteria (LAB) used 
in fermentation, these metabolize certain compounds present 
in lupine and produce new polyphenols or modify existing 
ones, improving their bioavailability and antioxidant activi-
ty, as reported by [32] in yogurts with functional ingredients. 
Meanwhile, the T3 formulation (3.46 mg of gallic acid/100 
mL) presented a value lower than T2, this difference can be 
attributed to the higher starch content in its composition. The 
elevated presence of starch promotes the formation of strong 
starch–polyphenol interactions, which affect the bioaccessibi-
lity of these compounds. As a result, there is a slight decrea-
se in the number of free polyphenols available for detection 
in the analysis [33]. However, no significant differences (p ≥ 
0.05) were found between T2 and T3, suggesting that although 
the numerical values vary, the changes in polyphenol concen-
tration between these treatments are not statistically relevant. 
On the other hand, the lowest concentration (3.09 mg gallic 
acid/100 mL) showed by T1 formulation, may be due to the 
lower starch content in the formulation. According [26] the 
contribution of polyphenols to the formulation is 5.51 mg 
Trolox Eq./g. These results highlight the importance of op-
timizing the formulation to increase the content of bioactive 
compounds in yogurts. 

C. pH and titratable acidity variation
The pH decreased progressively with the fermentation time 

of milk-like product, while the acidity presented an increase, 
as evidenced in Figures 1 and 2. This behavior was determi-
ned from the first time of fermentation, which was attributed 
to a greater contact area for the growth of microorganisms and 
their metabolic activity [34]. A decrease in pH is a desirable 
result for fermentation, because the opposite effect results in 
the overproduction of ammonia resulting from the decompo-
sition of nitrogen-containing organic compounds [35]. The re-
sults are consistent with that reported by [36], who note that 
pH reduction is associated with the production of lactic acid 
and other secondary compounds. These secondary products 
include acetic, butyric and propionic acids, which contribute 
to pH decrease and acidification of the medium. The variation 
recorded was significantly (p ≤ 0.05) dependent on the formu-
lation composition. The greatest difference was observed in the 
fermentation of T2, with respect to T1 and T3, that showed 
lower pH between 4-6 h of fermentation. 
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Fig. 1. pH variation with fermentation time of three formulations of yogurt-like 
products, lupine-based.

T1= (90.7 % milk-like, 1 % Arracacia xanthorrhiza starch, 
8 % saccharose, 0.3 % Danisco starter), T2= (89.7 % milk-like, 
2 % Arracacia xanthorrhiza starch, 8 % saccharose, 0.3 % Da-
nisco starter) and T3 = (88.7 % milk-like Arracacia xanthorr-
hiza starch, 8 % saccharose, 0.3 % Danisco starter).
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Fig. 2. Titratable acidity variation with fermentation time of three formulations 
of yogurt-like products, lupine-based. 

T1= (90.7 % milk-like, 1 % Arracacia xanthorrhiza starch, 
8 % saccharose, 0.3 % Danisco starter), T2= (89.7 % milk-like, 
2 % Arracacia xanthorrhiza starch, 8% saccharose, 0.3 % Da-
nisco starter) and T3 = (88.7 % milk-like, 3 Arracacia xantho-
rrhiza starch, 8 % saccharose, 0.3 % Danisco starter).

D. Rheological Analysis
The results showed that the flow behavior index was less 

than 1.00, corresponding to non-Newtonian fluid with pseudo-
plastic behavior, characterized by variations in its viscosity as 
a function of the shear rate [37] (Table II). 

The consistency coefficient (K) in fluid rheology is a para-
meter of the power law model (Ostwald-de Waele model) that 
describes the behavior of non-Newtonian fluids [35]. The (k) 
value experienced an increased as the content of Arracacia 
starch in the formulation increased, which suggests that (K) 
depends on the chemical composition and molecular structure 
of the yogurt-like product. These results agree with those re-
ported by [37], when observed that the consistency coefficient 
(k) increased with the banana powder content in soy yogurt, 
attributing this trend to the effect of total soluble solids. [38], 
after analyzing 270 yogurt samples, concluded that the addition 
of starch increased the consistency coefficient and the character 
pseudoplastic behavior of these products.

TABLE II 
FLOW BEHAVIOR INDEX AND CONSISTENCY COEFFICIENT*  

OF THREE FORMULATIONS OF YOGURT-LIKE PRODUCTS,  
LUPINE-BASED

Formulation Consistency  
coefficient (k) (Pa.sn)

Flow behavior 
index (n)

Correlation 
coefficient

T1 1059.97 -2.11 1

T2 1414.82 0.68 0.999

T3 199.05 0.56 0.998

*According to Waele’s Ostwald power law model. T1= (90.7 % milk-like,  
1 % Arracacia xanthorrhiza starch, 8 % saccharose, 0.3 % Danisco strain), 
T2= (89.7 % milk-like, 2 % Arracacia xanthorrhiza starch, 8% saccharose, 
0.3 % Danisco strain) and T3 = (88.7 % milk-like, 3 Arracacia xanthorrhiza 
starch, 8 % saccharose, 0.3 % Danisco strain).

As observed in Figure 3, the apparent viscosity was signi-
ficantly higher (p ≤ 0.05) in the yogurt-like product with 3 % 
starch and lower in the formulation with 1 % Arracacia starch. 
This behavior is due to the increase in solids, which could have 
generated more interactions between particles and molecules, 
increasing resistance to flow and viscosity. Additionally, as the 
proportion of starch increases, its capacity for hydration too 
increases. In this manner, the gelatinized starch contributes to 
the formation of a denser and more stable matrix, enhancing 
consistency, reducing phase separation, and increasing the vis-
cosity of the product [39]. It was also observed that increasing 
shear stress (η), the viscosity of yogurt-like products decreased, 
which is characteristic of systems with pseudoplastic behavior. 
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In this regard, [40] demonstrated that carrot and Jerusalem ar-
tichoke flour, despite its low protein content and high fructose 
oligosaccharide content, generated a gel with high viscosity. 
However, it was lower than that obtained with the addition of 
buckwheat powder, which had a higher protein content. 

Vi
sc

os
it

y 
(P

a.
s)

2500

2000

1500

1000

500

0

Speed (rpm)
0 100 20050 150

T3 T1 T2

Fig. 3. Viscosity variation with shear rate of three formulations of yogurt-like 
products, lupin-based. 

T1= (90.7 % milk-like, 1% Arracacia xanthorrhiza starch, 
8 % saccharose, 0.3 % Danisco starter), T2= (89.7 % milk-
like, 2 % Arracacia xanthorrhiza starch, 8% saccharose,  
0.3 % Danisco starter) and T3 = (88.7 % milk-like, 3 % Arraca-
cia xanthorrhiza starch, 8 % saccharose, 0.3 % Danisco strain).

E. Microbiological Analysis
During the fermentation process, microorganisms that im-

pair the quality of the yogurt-like products can grow [41]. To 
ensure that their count was within the permissible limits for 
consumption, a microbiological analysis was performed, and 
the results were shown in Table III. These were compared 
with the [27], which specifies the maximum concentrations of 
pathogenic microorganisms such as E. coli, as well as the mini-
mum content of lactic acid bacteria cultures.

The concentrations of total coliforms, E. coli, molds, and 
yeasts from yogurt-like products did not exceed the permissible 
levels established by the INEN standard. The low concentra-
tion of undesirable microorganisms showed proper sterilization 
of the materials used to yogurt-like, lupine-based processing 
and monitoring at each stage of its production. Furthermore, 
lupin possesses antimicrobial activity, inhibiting E. coli strains; 
this capacity could have contributed to achieving the standards 
established by the INEN [42].

Changes in L. bulgaricus and S. thermophilus amounts in 
the yogurt-like formulations obtained from lupine milk are 
given in Table III. In the production of non-dairy yogurt-like 

products from lupine milk, the relationship between the addi-
tion of Arracacia starch and the growth of starter cultures was 
found to be significant (p ≤ 0.05). The sample with 1 % Arra-
cacia starch showed a minimal lactic acid bacteria count. In 
contrast, the samples with 2 and 3 % Arracacia starch showed 
an increased growth and higher activity of starter. [43] reported 
that a lactic acid bacteria count between 107-108 ensures the 
conversion of sugars into lactic acid, lowering of pH, causing 
protein coagulation, development of flavor, aroma and benefi-
cial probiotic effects for intestinal health; this favors the pre-
servation of yogurt by inhibiting unwanted microbial growth. 

TABLE III 
MICROBIOLOGICAL COUNT OF THREE FORMULATIONS  

OF YOGURT-LIKE PRODUCTS, LUPIN-BASED

T1 T2 T3 

Microorganisms UFC/g

Total coliforms 10 <10 <10

Echerichia Coli <1 <1 <1

Molds and yeasts 100 67 133

Lactic acid bacteria 7.9x107 4.0x108 1.8x108

T1= (90.7 % milk-like, 1% Arracacia xanthorrhiza starch, 
8 % saccharose, 0.3 % Danisco strain), T2= (89.7 % milk-like, 
2 % Arracacia xanthorrhiza starch, 8 % saccharose, 0.3 % 
Danisco strain) and T3 = (88.7 % milk-like, 3 % Arracacia 
xanthorrhiza starch, 8 % saccharose, 0.3 % Danisco strain).

F. Sensory acceptability analysis 
Formulation T3 showed the highest scores in the key attribu-

tes color, taste, texture and acceptability, consolidating its posi-
tion as the consumers’ favorite. The higher score in the attribute 
“acceptability” is relevant because it defines the acceptance or 
rejection of novel functional foods, since low acceptability can 
discourage purchase intention [44]. No significant difference 
was found in the odor attribute, which showed the lowest score 
(4.93/9.00), suggesting a lower production of aromatic com-
pounds that contribute complexity to the sensory profile with 
respect to the other sensory attributes. This result could be rela-
ted to the chemical composition of lupine milk, with a predomi-
nance of globular proteins, glutamic acid and aspartic acid [45].

V. CONCLUSION

The results of the proximate analysis showed a favorable nu-
tritional profile, with adequate protein, crude fiber and phenolic 
compound, comparable to other fermented plant-based pro-
ducts. The formulation with the highest percentage of Arracacia 
starch (T3) showed the mayor rheological stability and viscosi-
ty, suggesting that this ingredient not only contributes to texture 
but may also influence the preservation of yogurt’s functional 
benefits. Microbiological analyses confirmed the presence of 
lactic acid bacteria at an adequate count, which guarantees the 
probiotic function of the yogurt for intestinal health.
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Sensory analysis showed that (T3) was the best rated by con-
sumers in the attributes and acceptability. This demonstrates 
the potential of this formulation as an innovative alternative 
in the yogurt-like, lupine-based range. Consequently, future re-
search could focus on smell optimization and shelf-life analysis 
for large-scale commercialization.
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