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RESUMO

SOUZA, Louise Bergamin Athayde de, D.Sc., Universidade Federal de Vigosa, novembro de
2022. Produtos lacteos: Iogurte com reducio de sacarose e qualidade do leite em pé como
ingrediente. Orientador: italo Tuler Perrone. Coorientadores: Anténio Fernandes de Carvalho
e Rodrigo Stephani.

Os produtos lacteos: iogurte e o leite em po sdo amplamente consumidos no Brasil € no mundo
e possuem uma grande importancia econOmica para o pais. Aumentar a qualidade desses
produtos por meio de alteragdo de composicao, parametros de producao, tecnologia empregada
e outros € uma maneira dos fabricantes se manterem no mercado, atrair consumidores e
atenderem demandas exigidas. No primeiro artigo da tese, o tema abordado ¢ sobre a alteragio
do teor de acticar em iogurte. A redugdo de aglcar, apesar de necessaria e eficaz para combater
doencas atreladas ao seu excesso, acarreta modificagdes sensoriais nos alimentos que podem
levar a rejei¢do dos consumidores e prejuizos as industrias. Estimar o teor maximo de sacarose
a ser reduzido sem gerar prejuizos sensoriais ¢ uma alternativa segura para que as industrias
comecem desde j& a reduzir esse item dos seus produtos. Neste estudo, a Metodologia dos
Limiares Hedonicos (MLH) ¢ utilizada a fim de verificar o teor de sacarose no qual comega a
ocorrer comprometimento da aceitacdo sensorial (Limiar de Aceitagdo Comprometida - LAC)
e o teor de sacarose no qual leva a rejeicao sensorial (Limiar de Rejeicao Hedonica - LRH) em
iogurte de morango, visto que, no Brasil houve um acordo para redu¢do de acticar em diversos
produtos industrializados e o iogurte foi um deles, devendo obter teor méaximo de agtlicar de
12,8% no produto final. O LAC foi de 9,13% de sacarose e o LRH foi de 6,36% der sacarose,
comparados a uma amostra controle contendo 10,64% de sacarose. Ao fornecer aos
consumidores a informagdo que o iogurte possuia mais de 14% de redugdo de agucar foi
possivel aumentar a aceitacao sensorial do produto, evidenciando que a informagao pode ser
utilizada juntamente com a Metodologia dos Limiares Hedonicos para melhorar a experiéncia
hedodnica dos consumidores. No segundo artigo da tese, ¢ feita uma revisao bibliografica sobre
a gordura superficial em leite em p6. Quando o leite ¢ desidratado e chega a forma em po, ha
uma estabiliza¢do dos seus constituintes pela reducdo da atividade de 4gua e aumenta-se sua
vida de prateleira e seu armazenamento ¢ facilitado, gerando, portanto, um produto muito
valioso e nutritivo que € muito utilizado como ingrediente na formulacao de diversos produtos.
Durante as etapas de seu processamento geralmente ocorre uma camada indesejada de gordura

sobre a superficie das particulas, sendo composta por fragdes de gordura livre que leva a efeitos



prejudiciais nas propriedades do pd, incluindo solubilidade reduzida na dgua, oxidagdo de
lipidios, aumento de viscosidade, perda da qualidade do produto. Conhecer as caracteristicas
dessa gordura e procurar maneiras de reduzi-la se faz necessario para aumentar a qualidade do
leite em po e outros produtos lacteos, que apresentam esse mesmo problema. Essa revisao tem
como foco abranger as caracteristicas do leite em pd, de sua gordura, os relatos sobre esse
acumulo superficial de gordura, além disso indicar algumas alternativas para redu¢do do

problema trazido.

Palavras-chave: Redug¢do de acucar. logurte de morango. Limiares Hedonicos. Consumidores

de iogurte. Leite em p6. Gordura superficial. Gordura Livre.



ABSTRACT

SOUZA, Louise Bergamin Athayde de, D.Sc., Universidade Federal de Vicosa, November,
2022. Dairy products: Sucrose reduced yoghurt and quality milk powder as ingredient.
Adviser: Italo Tuler Perrone. Co-advisers: Antonio Fernandes de Carvalho and Rodrigo
Stephani.

Dairy products: yogurt and powdered milk are widely consumed in Brazil and in the world and
have great economic importance for the country. Increasing the quality of these products by
changing the composition, production parameters, technology employed and others is a way for
manufacturers to remain in the market, attract consumers and meet required demands. The topic
of the first manuscript of this thesis regards the modification of sugar concentration in yoghurt
fabrication. Sugar level control in fact, is not only necessary and efficient to obstacle health
diseases related to its excessive consumption, but it is also deeply interconnected to sensorial
and technological modifications which can impact consumer acceptance and brand
consideration. In this context, the estimation of the maximum level of sucrose reduction that
doesn’t impact sensorial properties can be considered as a good starting strategy for diary
companies to control its levels into their final products. Brazil has recently agreed to put an
effort in sugar reduction in many processed foods such as yoghurt, in which maximum
concentration of sugar has been fixed to 12,8%. In this study regarding strawberry yoghurts
fabrication, hedonic threshold methodology (HTM) was employed to evaluate the minimum
sucrose level that doesn’t compromise product acceptance (Compromised acceptance threshold
— CAT), as well as the level responsible for sensory rejection (hedonic rejection threshold —
HRT). It was discovered that CAT and HRT values were respectively of 9,13% and 6,36%
when compared to a product reference of 10,64% of sucrose. Moreover, the information that
the strawberry yoghurt has been manufactured with 14% less of sugar allowed to further
increase sensorial acceptance of the product, highlighting that such claim could be employed
synergistically with the hedonic threshold methodology (HTM) to improve the hedonic
experience of the consumers. In the second manuscript of the thesis, a bibliographic review on
superficial fat content in milk powder is discussed. When milk is subjected to a flow of dry and
hot air is dehydrated to a powder state. The reduction of its water activity allows an increased
stabilization of its constituents, producing a valuable and nutritive product characterized by
higher shelf life and facilitated storage which is largely employed as ingredient in many food
products formulations. However, on the different stages of its production, an undesired free fat

layer may migrate to the surface of the powder and may be responsible for quality reduction of



the product, causing defects including lower power solubility, rehydration, lipid oxidation and
increased viscosity among the others. It is thus necessary to comprehend and evaluate different
strategies to reduce the presence of this free fat layer and control the overall quality of milk
powder as well as other milk products which may be affected by the same problem. This review
focuses on the characteristics of milk powder, on its fat content and on the problem related to
its surface migration. At the same time, some strategies to retain this defect are presented and

discuss.

Keywords: Sugar content reduction. Strawberry yoghurt. Hedonic thresholds. Yoghurt

consumers. Milk powder. Superficial fat layer. Free fat content.
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1. INTRODUCAO GERAL

Os produtos lacteos iogurte e o leite em pd sao amplamente consumidos no Brasil e no
mundo e possuem uma grande importancia economica para o pais. Aumentar a qualidade desses
produtos por meio de alteracdo de composi¢do, pardmetros de producao, tecnologia empregada
e outros ¢ uma maneira dos fabricantes se manterem no mercado, atrair consumidores e
atenderem demandas exigidas. Neste estudo, por meio de dois artigos, sera abordada a demanda

de alteracdo para os produtos lacteos iogurte e o leite em po.

No primeiro artigo da tese sera abordado a reducdo de agucar em iogurte. A demanda
por essa modificagdo vem de um acordo assinado no Brasil entre o Ministério da Saude e as
industrias de alimentos para a redu¢do de mais de 144 mil toneladas de agucares em produtos
industrializados (Brasil, 2018a). Tal acordo tem como objetivo reduzir a ingestdo de agucar
pelos brasileiros, visto que, esse consumo ja ultrapassa 50% a quantidade recomendada pela
Organizacao Mundial da Satde (OMS) e vem corroborando para o aumento da incidéncia de
doencas como diabetes, obesidade, doengas cardiovasculares, céaries e outras (Organizagdo
Mundial da Saude, 2015). Para o iogurte foi estipulado, por meio deste acordo, uma redugao
que gere um produto final com teor maximo de 12,8% de agucar total (Brasil, 2018), porém um
dos grandes desafios ao reduzir o a¢ticar ¢ manter a qualidade sensorial do produto, ja que o
acucar impacta diretamente a percepcao do gosto doce (Markey, Lovegrove & Methven, 2015)
e no iogurte a dogura ¢ um dos fatores mais relevantes para sua aceitagdo sensorial. (Bayarri,
Carbonell, Barrios, & Costell, 2011; Thompson, Lopetcharat, & Drake, 2007; Routray &
Mishra, 2011).

Nesse contexto, uma metodologia de resultado rapido e que se mostrou eficaz na
reducdo de sacarose em alimentos foi a Metodologia dos Limiares Hedonicos (MLH) que ¢
capaz de estabelecer uma relacao direta entre a aceitacao sensorial de um produto e variagao de
um estimulo especifico, auxiliando dessa forma na redugao de acgticar em até certo nivel sem
prejudicar a aceitagdo sensorial do produto (Lima Filho et al., 2015). A MLH permite a
determina¢do do Limiar de Aceitagio Comprometida (LAC) - que indica a intensidade de
estimulo no qual a aceita¢do sensorial do produto comega a ser significativamente menor em
relagdo a uma amostra controle - ¢ o Limiar de Rejeicdo Hedonica (LRH) — que se refere a
intensidade de estimulo no qual comega a ocorrer rejeigdo sensorial do produto, indicando a

transicdo entre aceitacao e rejei¢ao sensorial - (Lima Filho et al., 2015).
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Juntamente com a MLH a inclusdo de informagdes nutricionais nas embalagens pode
possibilitar escolhas alimentares mais saudaveis (Grimes, Riddell, & Nowson, 2009; Grunert
& Wills, 2007; Lytton, 2010; Kim, Nayga, & Capps, 2020; Shangguan ef al., 2019), pois apesar
de as percep¢des dos consumidores de iogurte serem impulsionadas principalmente por sua
aceitacao hedonica o contetido nutricional e as propriedades funcionais dessas bebidas também

influenciam a escolha do consumidor (Ares, Giménez & Gambaro, 2008; Johansen, Nas,

Oyaas, & Hersleth, 2010).

Em 2020, a ANVISA publicou a RDC N° 429, uma nova regulamentagdo sobre a
rotulagem nutricional dos alimentos embalados que entrou em vigor dia 09 de outubro de 2022
essa normativa propde facilitar a compreensdo das principais propriedades nutricionais dos
alimentos, reduzir as situagdes que geram engano quanto a composi¢ao nutricional, facilitar a
comparagdo nutricional entre os alimentos, aprimorar a precisdo dos valores nutricionais
declarados e ampliar a abrangéncia das informag¢des nutricionais em alimentos (Brasil, 2018b;
ANVISA 2020). Umas das mudangas inovadoras propostas ¢ a adocdo de um modelo de
rotulagem frontal, em formato de lupa, que tem por objetivo fornecer uma informagao
simplificada e padronizada no painel principal do rétulo do alimento, de fécil identificagdo e
compreensdo pelo consumidor, que indicara se o alimento tem alta concentracao de nutrientes
de preocupacao a saude humana (ANVISA, 2019ab). Presume-se que com a implementagao
dessa nova diretriz o consumo de alimentos ricos em nutrientes potencialmente prejudiciais a
satde caia drasticamente, ao passo que alimentos reduzidos ou isentos em agucares e sodio,
como iogurtes com reducdo se sacarose, tenham cada vez mais visibilidade no mercado

(ANVISA, 2019ab).

O objetivo do primeiro artigo foi usar a Metodologia dos Limiares Hedonicos para
reduzir o teor de sacarose em iogurte de morango sem comprometer a aceitabilidade sensorial
ou causar rejeigdo sensorial e também avaliar as expectativas dos consumidores, comparando a
aceitabilidade sensorial das amostras em testes cegos e informados, para verificar se os niveis
de aceitacao para uma amostra comprometida (CAT) aumentariam ou diminuiriam quando a
informacgao de teor reduzido de agucar fosse indicada no rotulo do produto. Por fim, verificar
se por meio dessas metodologias seria possivel produzir um iogurte sensorialmente aceito que

atendesse aos novos requisitos nacionais de teor de agucar.

No segundo artigo da tese, aborda-se o tema de acimulo de gordura superficial em leite

em po, que ¢ um defeito ocasionado durante sua producdo e maneiras de evita-lo ou reduzi-lo
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¢ uma demanda crescente. O leite em p6 ¢ um produto lacteo com longa vida 1util (18 a 24
meses), produzido principalmente a partir de concentrado de leite por secagem por
pulverizacao. Na industria alimenticia, a forma desidratada ¢ preferida devido a sua facilidade
de transporte, processamento e uso em formulagdes de alimentos. E um alimento muito valioso
e nutritivo, que pode ser usado como ingrediente na formulagdo de uma gama enorme de

produtos, incluindo produtos de confeitaria, molhos, massas e até produtos farmacéuticos.

Para uma adequada reconstituicao do leite em pd € necessario que o produto possua as
caracteristicas de: molhabilidade; dispersibilidade; solubilidade e penetrabilidade, que
dependem de diversos fatores, entre eles as caracteristicas da superficie da particula (Carvalho
et al., 2020). Ocorre que durante as etapas de processamento acumula-se uma camada
indesejada de gordura na superficie das particulas, onde parte dessa gordura encontra-se na
forma livre tornando as particulas hidrofobicas, e dessa maneira, dificultando a hidrata¢ao do
po. Além disso, a gordura livre na superficie ¢ um facil alvo para a oxidagdo, podendo levar o
produto a rancidez hidrolitica, aumento de viscosidade, redu¢do das caracteristicas de
reconstituicdo (molhabilidade, penetrabilidade, dispersibilidade e solubilidade) e perda de
qualidade do produto, dentre outros (Pisecky, 2012; Veja & Roos, 2006; Kim et al., 2005a; Kim
et al., 2005b; Nijdam & Langrish, 2006). Isso pode significar uma qualidade de produto
deteriorada para o usudrio final e uma reducdo na efici€ncia durante a fabricag¢do devido a perda
significativa do produto. Maneiras de fazer com que essa gordura esteja protegida, encapsulada

seria uma alternativa para maior qualidade do produto final.

O objetivo do segundo artigo foi abranger as caracteristicas do leite em pd, de sua
gordura, os relatos sobre esse acimulo superficial de gordura, relatar os problemas causados e
possiveis alternativas para reducao desse acimulo de gordura na superficie das particulas de

leite em p6 durante a sua fabricagao.
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1 | INTRODUCTION

Excessive sugar consumption is a public health issue associated with
several comorbidities including obesity, hypertension, Type 2 diabetes,
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italo Tuler Perrone?

Abstract

Sugar reductions in processed foods can impact a product's sensory aspects and lead
to financial losses for the companies that produce them. The aim of the present study
was to determine sucrose levels in strawberry yogurt production that would not com-
promise acceptance (compromised acceptance threshold [CAT]) or result in sensory
rejection (hedonic rejection threshold [HRT]). Second, the consumers' expectations
were assessed by comparing sensory acceptability of the samples in blind and
informed tests to verify the impact of reduced sugar content information on con-
sumer perceptions. The ideal sweetness level of the sampled products was also evalu-
ated. Finally, reduced sugar samples were evaluated with regards to meeting the new
national requirements for reduced sucrose yogurts. Samples with a 9.13% sucrose
concentration CAT and a 6.36% HRT were obtained when using the hedonic thresh-
old methodology (HTM), from a control sample containing 10.64% sucrose. Over
14% of the sucrose in yogurt can be reduced without altering sensory acceptance,
but a 40% or greater reduction in sucrose content may lead to sensory rejection of
strawberry yogurt. The present study demonstrated that reductions which meet the
required Brazilian standards can be made without affecting sensory acceptance.

Practical Applications

This was the first study to use the HTM to study sucrose reduction in dairy products.
The results presented herein could have an important impact on industry, public pol-
icy makers, and consumers and may help dairy manufacturers meet established sugar
reduction goals without affecting sensory acceptance. The effects are an important
contribution to food science even when there are no sugar reduction requirements in
play. Companies that have tested the impact of sugar reduction and studied how
much sugar can be appropriately removed will be ahead of their competitors when

these dietary requirements are implemented.

cardiovascular diseases and other noncommunicable diseases (Wang,
Coxson, Shen, Goldman, & Bibbins-Domingo, 2012; WHO, 2015).
Effective public policies and strategies aimed at reducing the sugar
added to foods, which in turns reduces the overall sugar consumption,
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are in high demand (Buckton et al., 2017; Grummon et al., 2019; Hag-
mann, Siegrist, & Hartmann, 2018; Stacey et al., 2019; Vreman
et al., 2017). Over the last decade, the incidence of diabetes has
increased by 54% in men and 28.5% in women. Obesity has also risen
more than 60% in Brazil. It is estimated that sugar consumption in
Brazil is 50% higher than established by the World Health Organiza-
tion (WHO) guidelines, or the equivalent of an 80 g daily intake of
sugar per person. A significant portion of this ingested sugar comes
from processed foods (Brasil, 2018). These statistics have led the Bra-
zilian Ministry of Health and the Brazilian Association of Food Indus-
tries (ABIA) to sign an accord aimed at reducing over 144 thousand
tons of sugar in processed foods. Cookies and dairy products have
been targeted for the highest reduction percentages. In the case of
yogurt, the goal is to reach a maximum total sugar content of 12.8%
in the final product by the end of 2022 (Brasil, 2018). Although yogurt
is widely consumed and has many health benefits, yogurt products
sweetened with sucrose generally contain high sugar contents and
can have negative health impacts (Pohjanheimo & Sandell, 2009).

Reducing sugar in foods is a necessary and effective means of dis-
ease control; however, it can negatively impact food quality. The main
challenge is product sensory modification (Markey, Lovegrove, &
Methwven, 2015; Raaij, Hendriksen, & Verhagen, 2009). Regarding
strawberry yogurt, the sensory attributes most important to con-
sumers are aroma and taste, including sweetness, which is one of the
key factors for acceptance of yogurt and similar products (Bayarri,
Carbonell, Barrios, & Costell, 2011; Routray & Mishra, 2011; Thomp-
son, Lopetcharat, & Drake, 2007). Reducing the sugar content without
sacrificing taste or negatively affecting sales has proven to be a chal-
lenge, and the reduction in sweetness can cause major financial losses
in the dairy industry (Biguzzi, Schlich, & Lange, 2014).

One means of reducing the sugar content in processed foods has
been the use of low-calorie sweeteners. It is widely accepted that
aspartame, neotame, stevia, and sweetener blends play an important
role in the sensory aspects of acceptance and consequently affect the
consumers' hedonic response to vyogurts (Hernandez-Morales,
Hernandez-Montes, & Villegas-de Gante, 2007; Kalicka, Znamirowska,
Buniowska, Esteve Mas, & Canoves, 2017; King, Arents, &
Duineveld, 2003; King, Lawler, & Adams, 2005; Miele et al., 2017;
Pinheiro, Oliveira, Penna, & Tamime, 2005; Tan, Wee, Tomic, &
Forde, 2020). These substances deliver high levels of sweetness with-
out increasing the caloric intake (Carocho, Morales, & Ferreira, 2017).
However, through sensory analyses such as temporal dominance of
sensations (Wagoner, McCain, Foegeding, & Drake, 2018) and
descriptive analyses (Cadena, Cruz, Faria, & Bolini, 2012; Keefer,
Nishku, Gerard, & Drake, 2020), it has already been found that the
use of non-nutritive sweeteners can alter the sensory profile in dairy
products. This includes modifying the texture of whey protein-based
products (Wagoner et al, 2018), causing bitter and metallic flavors in
protein bars (Keefer et al., 2020) and adding bitter taste and altering
the creaminess intensity in ice cream (Cadena et al, 2012). Some con-
sumers have also reported a negative perception of alternative sweet-
eners because they confer a residual artificial sweetness that may also
bitter (Chattopadhyay, Raychaudhuri, &

be metallic and/or
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Chakraborty, 2014; Schiffman, Booth, Losee, Pecore, &
Warwick, 1995; Shim et al,, 2011); it is believed that this is character-
ized by the taste resulting from the sweetener's ability to interact with
multiple binding sites within the taste receptor (Allen, McGeary, &
Hayes, 2013), providing different residual sensations on the palate.

The simple reduction of sugar in yogurt products is a viable alter-
native, since it does not call for replacing it with other ingredients. The
reduction can be carried out gradually, reducing sugar in small percent-
ages over time, thus making them imperceptible to consumers
(MacGregor & Hashem, 2014; Oliveira, Galhardo, Ares, Cunha, &
Deliza, 2018). However, this gradual reduction method requires a long
time period before a significant reduction in sugar content is reached,
as well as a commitment to a gradual reduction strategy; regular use of
new reduced-sugar products is also important to obtain success in
“healthier” innovations (Ma, He, Yin, Hashem, & McGregor, 2016). The
hedonic threshold methodology (HTM) can generate faster results and
has already been proven effective in reducing sucrose in grape nectar
and sodium in beef hamburger (Lima Filho et al., 2019; Lima Filho,
Minim, Navarro, Della Lucia, & Minim, 2015). The HTM establishes a
direct relationship between a product's sensory acceptance variations
with regards to a specific stimulus and then quantifies the magnitude
of the differences between the samples {Lima Filho et al., 2015; Lima
Filho et al., 2017; Lima Filho et al., 2018; Lima Filho et al., 2019). Unlike
other threshold methods (e.g., difference threshold, detection thresh-
old), the HTM does not infer that varability in the perceived intensity
of certain attributes results in an alteration of food sensory acceptance
without further investigating the effects on the sample's sensory
acceptance (Boring, 1946). The HTM includes two hedonic thresholds:
the compromised acceptance threshold (CAT) and the hedonic rejec-
tion threshold (HRT). The former indicates the intensity of the sample
stimulus, where sensory acceptance of the product starts to signifi-
cantly decrease. The latter refers to the intensity of the sample stimulus
where product sensory rejection begins to occur, indicating a transition
between sensory acceptance and rejection (Lima Filho et al.,, 2015).

Food industries are often required by health agencies and regula-
tory measures to reduce ingredients that impact the sensory guality
of their products. When these reductions achieve CAT levels, the sen-
sory acceptance levels decrease. Companies should seek extrinsic
resources to improve consumer experience and reduce or avoid finan-
cial losses. Providing nutritional information can increase the accep-
tance levels of an otherwise unaccepted sample and even make it as
acceptable to consumers as the original product.

Providing information to health-conscious consumers can further
the acceptability of low-sugar products (Capacci et al., 2012; Reis,
Alcaire, Deliza, & Ares, 2017). Including nutritional information on
food packaging has been considered one of the most important public
policies for enabling informed, healthy food choices (Grimes, Riddell, &
Nowson, 2009; Grunert & Wills, 2007; Kim, Nayga, & Capps, 2020;
Lytton, 2010; Shangguan et al., 2019). The perceptions of yogurt con-
sumers are mainly driven by their hedonic acceptance, but the nutri-
tional content and functional properties of these beverages heavily
influence consumer choice (Ares, Giménez, & Gambaro, 2008). It has
also been found that strawberry yogurt consumer acceptance levels



18

ET AL Journal of T )
i Sensory Studies ik -W[ LEYJﬂ

tend to increase when consumers are provided with health informa-
tion (Johansen, Nzes, @yaas, & Hersleth, 2010).

The aim of the present study was to use the HTM to reduce the
sucrose content in strawberry yogurt without compromising sensory
acceptability or causing sensory rejection. Second, the expectations of
consumers were assessed by comparing sensory acceptability of the
samples in blind and informed tests to verify whether the acceptance
levels for a compromised sample (CAT) would increase or decrease
when reduced sugar content information was indicated on the prod-
uct label. The ideal sweetness level of the sampled products was also
evaluated. Finally, the reduced sugar samples were evaluated with
regards to meeting the new national requirements for reduced sucrose
yogurts, thus providing consumers with new, healthier food options.

2 | MATERIALS AND METHODS

2.1 | Sample preparation

Six strawberry vyogurt samples were produced and formulated
according to the following sugar/yogurt volume ratios (w/v): 10.64%,
9.64%, 7.64%, 5.64%, 3.64%, and 1.64%. The sample with the highest
sucrose content was used as the control sample (10.64%). The protocol
for determining the CAT and HRT was conducted in accordance with
the procedures proposed by Lima Filho et al. (2015). The control sam-
ple must be the most accepted and the stimuli must be in an appropri-
ate range that includes the individual sensitivity of the evaluators and
the threshold to be determined. Other samples were referred to as
stimulus samples, following an arithmetic reduction in relation to the
control (2.00%). Additionally, the 9.64% sample was inserted as the
most similar stimulus to the control sample in terms of better accep-
tance (data not shown). In threshold determination, it is necessary to
use a stimulus intensity range that includes the threshold to be deter-
mined (Lawless & Heymann, 2010) and use of the 9.64% sample
increases the confidence that the calculated thresholds were higher
than the chosen lower limit. Only then is it possible to find a wide range
of stimulus concentrations where it is possible to obtain the CAT and
HRT. In the second step of this experiment, two yogurts with a sugar
concentration equal to the control sample (10.64% w/v) and a sample
corresponding to the CAT sample (9.13% w/v) were selected in order
to verify how far the ideal sweetness is from the compromised sample,
and what is the ideal sweetness level of the control sample. Next, con-
sumer expectations were assessed in a three-session acceptance test
(A B, and C). CAT and control samples were evaluated with regards to
meeting the new national requirements for reduced sucrose yogurts.
The strawberry flavor was selected because it is a familiar flavor that is
widely accepted by most yogurt consumers (Pinto et al,, 2020).

2.2 | Materials

Pasteurized milk and commercial sugar were purchased from retail
brands commonly found in Vigosa, Minas Gerais, Brazil. Milk with a
30% fat content was pasteurized. The dairy culture for the

fermentation stage was provided by DSM. It was composed of Strepto-
coceus salivarius subsp. thermophilus and Lactobacillus delbrueckii subsp.
bulgaricus DELVO FRESH YS-131 (DSM, Delft, the Netherlands). Straw-
berry syrup containing 41% sucrose (w/v) was supplied by AVANTE
{Juiz de Fora, Minas Gerais). This value was taken into account when
calculating the final sucrose content of the yogurt samples.

2.3 | Sucrose syrup preparation

Sucrose syrup was prepared by dissolving 65% sugar in 35% distilled
water. The syrup underwent heat treatment at 90°C for 5 min in an
industrial steam cooking pot. The syrup mass was weighed before being
added to each sample and it was added only at the end of production.

24 | Formulation

A single heat treatment, a single fermentation step, and a single straw-
berry syrup addition were performed for optimal sample standardiza-
tion. These three treatments are extremely important in determining
the texture, flavor, and aroma of yogurt products (Hutkins, 2006; Lab-
ropoulos, Collins, & Stone, 1984; Lee & Lucey, 2003; Parnell-Clunies,
Kakuda, deMan, & Cazzola, 1988; Sodini, Lucas, Oliveira, Remeuf, &
GCorrieu, 2002) and may impact sample acceptance. Thus, a single
fermented base was obtained for all treatments.

Heat treatment was applied to the milk in an industrial steam
cooking pot at 90°C for 5 min, then the milk was cooled to 42°C and
DELVO FRESH YS-131 was added. The milk was then placed in stain-
less steel vats set in a water bath at 42°C. The pH was measured over
time until it reached 4.6 on a pHmeter (Kasvi pH meter, Curitiba, Bra-
zil). The yogurt was broken up by hand, cooled to 30°C and the straw-
berry syrup was added according to manufacturer guidelines (4%),
which supplied 1.64% (w/v) of sucrose to all samples. During the last
step, sucrose syrup was added to the yogurts to complete each for-
mulation. Two yogurt productions campaigns (repetitions) were car-
ried out for both parts of the experiment.

2.5 | Physicochemical analysis

251 | Centesimal composition

The moisture content was determined using a gravimetric scale, pro-
tein levels were determined by the Kjeldahl method, fat was measured
using the Gerber method, ash content was determined by muffle
incineration at 550°C (AOAC, 2014} and carbohydrates were deter-
mined in the yogurt samples as the difference.

252 | Titratable acidity analysis

Titratable acidity was determined by titration with a NaOH 0.111 M
solution, expressed in % lactic acid; and pH measurements were
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carried out using a pH meter (Kasvi pH meter, Curitiba, Brazil). The
yogurt samples were evaluated after 1, 14, and 28 days
(AOAC, 2016).

2.6 | Sensory analysis

This study was approved by the Research Ethics Committee for
Human Beings at the Federal University of Vicosa (UFV) (n®
3.924.235). Sensory evaluations were conducted at the UFV Techno-
logical Innovation Laboratories, in individual booths under white light.
In the first part, the samples were presented in order of decreasing
sucrose concentrations between sessions, and the position of the con-
trol sample within each pair was randomized. A total of five accep-
tance test sessions were carried out (Lima Filho et al., 2015). In the
second part, the samples were presented monadically and randomized
according to a balanced experimental design. Sensory analysis was
performed in individual booths with white light and under controlled
sample temperatures (7-10°C). Participants tasted samples served in
transparent, odorless plastic cups (50 ml) encoded with three random
digits, and were instructed to drink the sample (15 ml per sample),
followed by water to cleanse their palates between samples. Each par-
ticipant represented one repetition of the design.

261 | Firstpart: CAT and HRT

A total of 121 regular yogurt consumers were recruited for a study to
determine the hedonic thresholds. The group was composed of
64 women and 57 men with an average age of 23.8 + 7.4. Individuals
answered recruitment questionnaires with regards to the sensory
analysis sessions, and the criteria for selection of the participants
were: consume yogurt at least once a month, declare that like the
strawberry flavored beverage, have a habit of observing food labels
and be at least 18 years old. More details on the participants' charac-
teristics are shown in the Appendix A. At the end of the assessment,
individuals were asked to complete the Health Consciousness Scale
questionnaire approved for the Brazilian population {Dantas, Minim, &
Deliza, 2003).

Consumers received two samples, in pairs (control and stimulus
samples), for each acceptance test session: a control sample (10.64%
sucrose) and a stimulus sample (9.64%—Session 1; 7.64%—Session 2;
5.64%—Session 3; 3.64%—Session 4; 1.64%—Session 5). During the
sessions, the stimulus samples were presented in decreasing order of
sucrose concentration and the position of the stimulus sample within
each pair was randomized. A total of five acceptance test sessions
were carrfied out (Lima Filho et al, 2015). During the sessions, con-
sumers were asked to taste the samples from left to right and rate
them on a scale of 1 to 9 (1: extremely dislike; 9: extremely like). After
each session, consumers were asked to rinse their mouths with fil-
tered water and wait 5 min before tasting a new pair of samples.

At test was administered for paired samples to determine their
CAT thresholds. This test was used to calculate the hedonic result
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differences between the control and the stimulus samples for each
session. A regression model was adjusted to the experimental data,
which included t values and the yogurt sucrose content. The model
was chosen based on the parameter significance (p < 05) and the
highest coefficient of determination values R? (SQregression/SQtotal).
The CAT was calculated using the model equation and corresponded
to the point at which the calculated t value was equal to the tabulated
t value. At this point, a significant change in yogurt sensory accep-
tance occurs as a result of sucrose reduction (Lima Filho et al., 2015).

The HRT refers to the stimulus intensity of a product which
reaches a mean hedonic score of 5 on a 9-point hedonic scale. This
score refers to the term “indifferent,” and it was chosen because con-
sumer indifference can cause individuals not to purchase a product
(Della Lucia, Minim, Silva, Minim, & Cipriano, 2013; Della Lucia,
Minim, Silva, Minim, & Cipriano, 2014). A regression model was
adjusted to the experimental data to include hedonic scores and the
yogurt sucrose concentration to determine the HRT. The model was
chosen according to the parameter significance (p <.05) and the
highest coefficient of determination values R? (SQregression/SQtotal).
The HRT was calculated using a model equation, where the HRT and
sucrose content meet at a point where the mean hedonic score
reaches 5. At this point, sensory rejection of the yogurt is observed
due to sucrose reduction (Lima Filho et al., 2015).

A graph showing the t values of each session (Y1 axis) was con-
structed using model equations as a function of the sucrose content
(X axis) and hedonic scores (Y2 axis). The region where significant sen-
sory acceptance differences occurred between the yogurt samples
was shown on the graph by a dashed line and refers to the tabulated
t-value (1.9799), at a 5% level of significance, for GL = n-1 consumers.
The HRT cut-off point was shown as a dashed line on the graph at a
hedonic score of 5 (hedonic term “indifferent”).

2.6.2 | Second part: Ideal sweetness determination
for the CAT samples and influence of label information
on consumer expectations

Ideal sweetness and expectation tests were performed using only the
control and CAT samples. The CAT samples were determined in the
first experimental stage (determination of hedonic threshold) to repre-
sent the stimulus intensity level (sucrose) at which a yogurt sample
has a lower acceptance level than the control sample, that is, a sample
less accepted than the control sample. The goal here was to under-
stand how consumers evaluated the CAT sample sweetness and how
their expectations may affect acceptance levels.

Ideal sweetness determination for the CAT samples

To determine the CAT ideal sweetness, 112 regular yogurt consumers
were recruited. The group was composed of 50 women and 62 men,
who were on average 23.7 + 7.2 years old. Next, 118 regular yogurt
consumers that included 60 women and 58 men with an average age
of 22.6 + 6.4 were recruited to assess the effect of their expectations
on reduced sucrose yogurt. The inclusion criteria were: an interest in
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participating in the study, minimum strawberry yogurt consumption of To determine the ideal sweetness, a questionnaire with seven
once per month, and age of 18 or older. Participants comprised con- categories was administered using the JAR scale (Just-about-right-
sumers living in Vicosa city, including university students, professors, scale). This category scale ranged from “Mot sweet at all” to “Much
and employees. too sweet”. The assessment was both monadic and randomized.
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FIGURE 1 (a) Control strawberry yogurt sample label {10.64% sucrose). (b) Compromised acceptance threshold (CAT) strawberry yogurt

sample label (9.13% sucrose) with added information 14% less added sugar than traditional yogurt products”
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Influence of label information on consumer expectations

Blind and informed tests were carried out to determine whether product
labels indicating the reduced sugar content would alter consumer opinion
of the CAT yogurt sample (9.13% sucrose). Two strawberry yogurt labels
(Figure 1) were printed to include all regulatory nutritional information
(Brasil, 2003). The difference between the control sample and the CAT
sample was 14.2% sucrose but for practical reasons related to legislation
on the label the value presented was 14%. The CAT label read: “14% less
added sugar than traditional yogurt.” In addition, the nutritional label
indicated minor differences from the control sample (10.64% sucrose).
The 18- x 10-cm labels were printed by a local printer, made of coated
paper, and affixed to 500 ml empty white plastic bottles made of high-
density polyethylene (HDPE), then presented to the subjects.

The procedures for the blind, packaging and informed tests are
described below:

First session (A): Subjects received control and CAT samples with-
out prior knowledge of formulations and were asked to rate them on
a 9-point hedonic scale (1: extremely dislike; 9: extremely like).

Second session (B): Subjects received two vyogurt labels
(Figure 1a,b) and were asked to rate them and the information they
contained on a 9-point hedonic scale.

Third session (C): Subjects were given yogurt samples with
corresponding labels. Subjects tasted samples and responded how
much they liked or disliked them with prior knowledge of label
information.

All samples were served monadically and randomly in Sessions A,
B, and C.

2.7 | Statistical analyses

Regression models for each nutritional component (fat, protein, mois-
ture, ash, and carbohydrate) were adjusted for sucrose concentration
to evaluate the effect of sucrose content on the yogurt components.
The models were chosen based on parameter significance (p < .05)
and higher coefficient of determination values R® (SQregression/
SQtotal). pH and acidity were also submitted to regression analysis to
evaluate the effect of sucrose content over time (data not shown).

T tests were performed and a regression model of the t value was
adjusted for sucrose content to determine the CAT sample. To deter-
mine the HRT, a regression model of hedonic means was adjusted for
sucrose content. The models were chosen based on parameter signifi-
cance (p<.05) and higher coefficient of determination values R?
(SQregression/SQtotal).

An analysis of variance was performed on the data from each of
the sessions (A, B, and C) to identify differences between mean
hedonic scores of the yogurts (Control and CAT). In order to evaluate
the expectations generated by the label and the effect of nutritional
information on yogurt acceptance, differences between the hedonic
scores for the label test and the blind test (Session B — Session A),
and the informed test and blind test (Session C — Session A) were cal-
culated for each yogurt (Control and CAT).

Statistical tests were performed using the SAS software
(Statistical Analysis System—SAS), version University Edition.
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3 | RESULTS

31 | Physicochemical analysis

A centesimal composition analysis was carried out on yogurt samples
to ensure that the sucrose content met the limits established by the
Ministry of Health and the food manufacturer standards for total
sugars in yogurt products (Brasil, 2018). The carbohydrate levels
therefore accounted for the highest percentage of the sugar levels.
For the purposes of this study, the carbohydrate content is considered
the total sugar content, because carbohydrates in yogurt are almost
exclusively mono- and disaccharides.

All models were significant (p < .01) and established component
variations according to the sucrose content (Table 1). The addition of
sucrose (sucrose syrup) reduced all component amounts except carbo-
hydrates. The yogurt sample fat content varied from 2.08% to 2.75%,
protein content varied from 2.71% to 3.12%, and carbohydrate con-
tent varied from 5.40% to 14.24%.

A reduction in fat, protein, moisture, and ash content was
expected due to the choice of a single base rather than attempting
to standardize dry extracts for all formulations during yogurt
production.

The pH and acidity levels (Figure 2ab)) and regression analysis
(data not shown) demonstrated similar behavior for all treatments.
Acidity levels increased during 28 days of storage (Figure 2b); pH
values decreased but remained within the Brazilian regulatory stan-
dards before reaching the expiration date (Brasil, 2007). The fact that
all samples obtained similar behavior of these measures (pH and acid-
ity) is very important, since the acidity in fermented dairy products
can mask the perception of other attributes related to flavor, including
sweetness and consequently the acceptance of the samples, since the
acceptability levels of yogurt are primarily a function of sweetness
and acidity (Barnes, Harper, Bodyfelt, & McDaniel, 1991a).

3.2 | First part: Hedonic thresholds for sucrose
reduction in strawberry yogurt

The paired t test was performed using hedonic means obtained during
each session (Table 2). Sensory scores obtained from stimulus samples

TABLE 1 Regression models for fat, protein, moisture, ash and
carbohydrates as a function of sucrose content (x), regression
coefficients, and significance

Regression models R? pif)
1) Fat = ~0.07879x + 2.89673 9858 <p01”
2) Protein = —0.04414x + 3.18071 9941 <001"
3) Moisture = —0.82169 + 89.34246 9947 <001"
4) Ash = —0.01402 + 0.86253 9320 <p01”
5) Carbohydrates = 0.95915x 9956 <001”
+3.70941

“Significant at 1% (p < 01).
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(10.64% and 9.64%—Session 1, 10.64% and 7.64%—Session
2, 10.64% and 5.64%—Session 3, 10.64% and 3.64%—Session
4, 10.64% and 1.64%—Session 5) decreased as the sessions
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FIGURE 2 (a) Yogurt pH for different sucrose levels over time

(b) percentage of lactic acid in yogurts over time. (m) 10.64% sucrose,
() 9.64% sucrose, (@) 7.64% sucrose, () 5.64% sucrose, (@) 3.64%
sucrose, (0) 1.64% sucrose

TABLE 2 Hedonic scores for each session and significance (p = .01)
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progressed, which was expected due to sucrose reduction. A signifi-
cant difference (p < .05) between the samples (control and stimulus
sample) was found in the second session, indicating that the control
sample was significantly more accepted than the stimulus sample
(7.64%), and the CAT was located between the 7.64% sample and the
9.64% sample. For the two data sets (calculated t values and average
hedonic scores), the model that showed the best fit was linear, with
significant regression coefficients (p < .05) and coefficients of deter-
mination {r?) greater than .98 (Table 3). In the Y1 regression model
presented in Table 3, when replacing “Y1" with 1.9799 (tabulated
t value, o = .05; n = 120), it is possible to calculate the compromised
acceptance threshold (CAT), that is, calculate the sucrose content at
which a change in sensory acceptance of strawberry yogurt equivalent
to 9.13% sucrose begins to occur. Any sucrose content equal to or
less than 9.13% is less accepted than the control sample. In the third
session (5.64% sucrose), the hedonic mean was less than 5, indicating
that the HRT was between the samples of 5.64% and 7.64%. From
equation Y2 (Table 3), it is possible to calculate the hedonic rejection
threshold, that is, the sucrose content at which the sensory rejection
of yogurt begins to occur. This is done by substituting *“Y2" for 5. The
value found for the HRT was 6.36% sucrose, indicating that sucrose
contents equal to or less than 6.36% would lead to sensory rejection
of the product.

As shown in Figure 3, yogurts with sucrose contents greater than
9.13% are below the dashed line of t = 1.97 (Equation (Y1)), indicating
that these samples will have the same sensory response as the control
sample; in contrast, samples and yogurts with sucrose contents
greater than 6.36% are above the dashed line representing the
hedonic mean 5 (Equation (Y2)) and represent samples which are sen-
sorially accepted.

Session Hedonic means (n = 121) T value p value
1 10.64% sucrose 9.64% sucrose

6.7+ 1.62 6.6+ 145 04 .8241267°
2 10.64% sucrose 7.64% sucrose

69+ 161 59+176 6.1 <001
3 10.64% sucrose 5.64% sucrose

7.0+ 185 4.8+ 209 1.7 <.001”
4 10.64% sucrose 3.64% sucrose

6.9+147 3.2+206 19.8 <.001”
5 10.64% sucrose 1.64% sucrose

7.3+153 2.6+229 28 <.001”

“Not significant

“'Significant at 1% (p < .01).
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3.3 | Second part: Determination of the CAT ideal
sweetness and influence of label information on
consumer expectations

3.31 | Determination of the CAT ideal sweetness
The control sample showed a mean value of 4.25 + 1.00 for ideal
sweetness and the CAT sample had a mean value of 3.80 + 0.95. The
two ideal sweetness scores differ at a 5% significance level according
to the ANOVA test. The control sample obtained a higher mean score,
425, which fell between “slightly too sweet” and “just sweet
enough,” and the CAT sample obtained a mean score of 3.80, which
fell between “Not quite sweet enough™ and “just sweet enough.”

A frequency chart was created to show the mean sweetness and
more clearly demonstrate subject preference (Figure 4). The graph
shows that 50% and 45% of subjects found the control sample and
the CAT samples, respectively, “just sweet enough.” Nearly 20% of
the subjects found the control sample “not quite sweet enough™ and
this percentage rose to 27% for the CAT sample. This indicates that
some of the subjects tested preferred higher levels of sweetness. 15%
of the subjects felt that the CAT sample was “a little too sweet.” Addi-
tionally, 18% of subjects rated the sample with 9.13% sucrose
“slightly more intense than desired,” which demonstrates that some
consumers prefer less sweetness.

TABLE 3 Regression models for t (Y1) and hedonic mean (Y2)
values as a function of sucrose content (x), regression coefficients,
and significance

Regression models R? p(f)
Eq. (A1) Y1 = —292.07x + 28.647 .9865 <.001"
Eq (A.2) Y2 = 54.835x + 1.5106 .9833 <.001"
“Significant at 1% (p < .01).
30
25 y =-292.07x +28.647
R? = 0.9865

20

Calculated value ¢ (Y1)
=

ttab=1.9799
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3.3.2 | Influence of label information on consumer
expectations

Table 4 shows the differences between the scores obtained in the
three test sessions. Hedonic means were obtained during the differ-
ent sessions (A, B, C) as well as t values for both the control (10.64%
sucrose) and CAT sample (9.13% sucrose) yogurts, reflecting differ-
ences obtained for the label test and the blind test (Expectation—
Column 5), and the informed test and blind test (Perceived
Healthiness—Column 6). The control sample with 10.64% sucrose
obtained a mean hedonic score that was significantly higher (7.5) than
the CAT sample (7.1} in the first blind test session. These results were
to be expected, because the CAT sample sucrose content was at a
threshold level where sensory acceptance becomes compromised.

In the second session, samples with informative labels describing
the CAT sample sugar reduction obtained significantly higher hedonic
scores (6.8) than the control sample (6.4). The negative t values
(Table 4) obtained by subtracting the difference between the second
and first sessions (Expectation), where lower sensory scores were
found for the first labeled products, reveal that the labeled samples
incurred lower acceptance levels than the samples from the first ses-
sion (p < .01) (Perceived Healthiness).

Results showed t value for yogurts where it was observed that
nutritional information had a positive and significant impact (p < .05)
on sensory acceptance of the CAT sample. Higher values for the con-
trol sample in Sessions A (Blind Test) and C (Informed Test), when
compared to the CAT sample, indicated that the hedonic values were
not less important than nutritional information. As expected in the
first session, the CAT sample was less likely accepted than the control
sample in the blind test. The ANOVA showed that nutritional informa-
tion was able to improve acceptance of the CAT sample, so the con-
trol and CAT samples did not significantly differ in Session C. The
positive t value for the CAT sample indicates that scores obtained in

y =54.835x + 1.5106
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FIGURE 3

Calculated t-values and hedonic mean scores as a function of sucrose content in strawberry yogurt
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TABLE 4 Hedonic means and t values for blind test, label test, and informed test

Sample  Mean £ SD
Session A (Blind Session B (Label Session C (Informed
test) test) test)
Control  7.5*+1.3 64"+ 16 7.6°+13
CAT 71°+£1.3 68°+ 16 74713

Tvalue

Session B — Session A Session C — Session A (Perceived

(Expectation) healthiness)
-6.689" 0.276™
-1.825" 2,549

Note: Means followed by the same letter in the column do not differ according to the F-test at 5% significance. ™Not significant (p > .05).

‘5% significance level (p < .05).
1% significance level (p < .01).

Session C were higher than those obtained in Session A, reflecting
that perceived healthiness improved its sensory acceptability.

4 | DISCUSSION

One of the most important attributes of yogurt is its sweet taste,
therefore reducing its sugar content without compromising its accep-
tance levels can be challenging (Barnes et al., 1991a; Barnes, Harper,
Bodyfelt, & McDaniel, 1991b; Bayarri et al, 2011; Thompson
et al., 2007). The HTM, unlike other traditional threshold methodolo-
gies (e.g., Difference Threshold, Detection Threshold),
researchers to “track” acceptance behavior according to the stimulus

allows

studied and yield high-confidence values for the stimuli that take into
account consumer opinion and therefore can be used by manufac-
turers. The CAT methodology can indicate stimulus limits which help
avoid changes in acceptance when compared to control samples. It
was found that samples with sucrose content exceeding 9.13% (CAT)
in strawberry yogurt will yield the same sensory acceptance response
as the control sample (10.64%) (t < 1.9799), at a 5% significance level
(Figure 3). Therefore, the sucrose content in strawberry yogurt may
be reduced by up to 14.1% without affecting consumer acceptance
levels.

The Ministry of Health and Brazilian dairy manufacturers have set
a maximum content of 12.8% sugar in yogurts to be implemented by
2022 (Brasil, 2018). To attain this goal, strawberry yogurt must have a

maximum addition of 9.42% sucrose when it is made (Table 1). This
sucrose level is above the CAT sample results in the present study
and therefore will lead to a similar sensory acceptance response as
found for the control sample. It can be applied without reducing
acceptance levels.

Although stimulus variability has not still been accurately
established as a function of sensory acceptance, other studies have
been able to reduce the sucrose content in foods without incurring
sensory acceptance loss (Hoppert, Zahn, Puschmann, Ullmann, &
Rohm, 2012; Li, Lopetcharat, Qiu, & Drake, 2015; Oliveira
et al, 2018; Pineli et al., 2016). Although Oliveira et al. (2018) did not
find a significant difference in the overall taste of fruit nectars with a
20% sugar reduction, there is a great heterogeneity in hedonic reac-
tions in relation to sugar reduction, which depend mainly on the prod-
uct. Dias, Sajiwani, and Rathnayaka (2020) reported that reducing
sugar in probiotic yogurt to less than 3.5% is unacceptable from a sen-
sory standpoint, and consumers are more tolerant of reducing fat than
reducing sugar. Even so, Dias et al. (2020) reported that there is
potential for reducing the total sugar by 7% (w/w) and the present
study corroborated this result.

In a study by Oliveira et al. (2016), the difference threshold
method was shown to be very conservative, because while consumers
did detect differences between samples, the differences did not have
an impact on sensory acceptance. They studied the difference thresh-
old for sucrose in chocolate milk and compared a 64% reduced
sucrose sample to a 9% sucrose control sample. When evaluating the
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sensory characteristics of the samples certain attributes were found
to differ, including the samples' chocolate flavor, sweetness and bit-
terness. However, for general acceptance purposes, both samples
were deemed acceptable. The HTM establishes a direct relationship
between stimulus intensity and sensory acceptance and does not infer
that differences perceived by consumers will interfere with the sen-
sory acceptance of a food. The method is useful in test situations and
provides more accurate information on sensory acceptance. The pre-
sent study showed that the production of strawberry yogurt with a
sucrose concentration equal to or less than 6.36% (HRT) should be
avoided (Figure 3), because these samples were sensorially rejected
by evaluators. These low sugar levels in yogurt may generate losses in
the dairy industry. Although they had lower acceptance levels than
the control sample (10.64%), yogurt samples with sucrose contents
between 6.36% and 9.13% still fell in the area of sensory acceptance.
Thus, these percentages can be used in production, when necessary
(Figure 3). Chollet, Gille, Schmid, Walther, and Piccinali (2013)
obtained results that corroborate the findings of this article. The
authors evaluated the sensorial acceptance of yogurt containing 10%,
7%, and 5% added sucrose. They found that yogurt with 7% sucrose,
while deemed less acceptable than yogurt with 10% sucrose, also fell
within an acceptance range, while yogurt with only 5% sucrose was
rejected (Chollet et al., 2013).

In the present study, the control sample containing 10.64%
sucrose was significantly sweeter than the CAT sample (ltem 3.3.1).
However, both samples obtained mean scares very close to 4 (almost
perfectly sweet), suggesting that intermediate sucrose concentrations
would also correspond to ideal sweetness levels. When Vickers, Hol-
ton, and Wang (1998) analyzed the sweetness of lemon yogurt, they
obtained similar results and concluded that yogurt with a 9.3%
sucrose content resulted in ideal sweetness scores. Despite these
results, more studies are necessary to consider cultural differences
among consumers and product differences.

Corroborating the findings of Chollet et al. (2013), the present
study also showed that the ideal sweetness may vary among con-
sumers. In order to study the ideal sweetness, these authors found
that strawberry yogurt with 10% sugar was considered “very sweet”
by 48% of consumers. It was found to be “almost perfect” by 44%
and “not sweet enough” by less than 8%. Yogurt containing 7% sugar
was also perceived as “almost ideal” by 44% of consumers. This
means that yogurts with a different degree of sucrose can be per-
ceived as ideal by different consumer groups. We also perceived that
the CAT sample had lower acceptance levels than the control sample,
but the sweetness level is close to the ideal sweetness, since 44% of
consumers considered this sample to be ideal. Thus, it was seen that
external factors improve the consumer experience and reduced the
distance to the ideal sweetness, because nutritional information
(expectation) was able to improve acceptance of the CAT sample, so
that the control and CAT samples did not significantly differ regarding
sensory acceptance.

In addition to adopting formulation and technological strategies,
the inclusion of nutritional information on food labels is one of the
most effective public policies for making informed and healthy food
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choices (Grunert & Wills, 2007; Tértora, Machin, & Ares, 2019). It is
also a powerful tool that allows manufacturers to communicate with
consumers (Celhay & Remaud, 2018). In the present study, it was
shown that even a small amount of relevant information can improve
consumer perceptions (Table 4). Because subject acceptance levels
were lower for labeled samples than blind session samples (Session B
- Session A), it can be inferred that the brand and label design were
not responsible for the increase in acceptance levels of the CAT sam-
ples in Session C. Therefore, information on sugar reduction was the
only possible factor. The second test session also makes it clear that
products with labels which induded information on sugar reduction
had significantly higher acceptance levels than the control samples.

The test, which included information on sugar reduction, had a
positive impact on acceptance levels of the CAT samples, whereas the
information furnished with the control sample had no impact on its
acceptance levels (p > .05). As a result, it was found that samples
determined to be sensorially compromised (CAT) may reach the
acceptance levels of the control sample when information on sugar
reduction is provided (Table 4).

When it comes to stimulating the consumption of yogurt with
reduced sugar and improving its perception, Hall, Lazard, Grummon,
Mendel, and Taillie (2020) showed that health claims and health warn-
ings compete in the perception of sugary drinks, where consumers
direct more attention to health warnings information. This is espe-
cially important for marketing and to encourage more conscious
choices for low or zero sugar yogurts. However, Lima, de Alcantara,
Ares, and Deliza (2019) reinforced that although FOP labeling (front
of the packaging) encouraged the selection of products with reduced
sugar content, the hedonic experience in drinks with high sugar con-
tent remained more important at the time of selection because the
hedonic experience nullified the effect of nutrition labeling on the
front of the package. Dias et al. (2020) reported that sugar reductions
to less than 3.5% compromised the sensory quality of yogurt because
there was high sensory rejection at this concentration. Our study
found that a sugar reduction of 14% sucrose can be adopted without
compromising sensory acceptability. Torrico, Tam, Fuentes, Viejo, and
Dunshea (2020) managed to further reduce sugar in strawberry
yogurt, showing that analysis of the consumer rejection limit allowed
for reducing sucrose to less than half of the initial concentration with-
out affecting consumer preferences. In other food categories, Pineli
et al. (2016) reported that sugar reductions could be up to 15% in nec-
tar juice, while Oliveira et al. {2016) identified a sugar reduction of up
to 29% in chocolate milk without affecting sensory acceptability. In
order to elucidate safe reduction levels for industry and the consumer,
additional studies with yogurt and other food categories in different
cultures are needed, because to date the consumer appears to be
more tolerant to fat reduction in yogurt than to sugar reduction (Dias
et al., 2020). For example, Torrico et al. (2020) reported that the ideal
level of sugar reduction in yogurt highly depends on the impact cau-
sed to its physicochemical properties, which in tum strongly interfere
with preference and sensory acceptability.

It is worth noting that in addition to the sucrose concentration,
the sweet taste can be further impaired by other factors such as
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viscosity and fat content (Malone, Appelgvist, & Norton, 2003}, which
influence the perception process by facilitating (or not) the release of
flavorings, their mixture with saliva and their interaction with taste
receptors (Bayarri, Rivas, lzquierdo, & Costell, 2007). According to
Kistler, Pridal, Bourcet, and Denkel (2020), it is possible to adapt the
spatial and textural properties of products to modulate the sensory
perception of taste, and sucrose and salt concentrations have already
been successfully reduced to decrease, maintain or increase the inten-
sity of sweetness and saltiness, respectively. Aaltonen, Kytd,
¥lisjunttila-Huusko, and Outinen (2020) and Bertelsen et al. (2020)
also highlighted the improved acceptance of reduced sugar products
when textural improvements were made to the products. Mosca, van
de Velde, Bult, van Boekel, and Stieger (2012) highlighted that the
perception of sweetness can be increased by modulating the struc-
tural properties of food matrices since the firmness and homogeneous
or heterogeneous distribution of sugar in the obtained gel promote a
combined effect of texture and spatial distribution of sucrose that can
generate healthier products with lower sugar contents. In addition,
strategies for improving the perception of low sugar foods have also
been significantly effective in leading consumers to repeated expo-
sure to healthy stimuli (Lima, Ares, & Deliza, 2019), which may be a
second way to popularize the consumption of low-sugar yogurt.

Packaging information can help companies leverage sucrose
reduction when labels are used to draw consumers' attention to this
feature and help influence product selection (Clement, Kristensen, &
Grgnhaug, 2013). The present study confirmed that labeling informa-
tion may be succinct (Figure 1), and even when the label is superflu-
ous (design, brand) the information helps improve consumer
acceptance. It is important to consider that individuals with different
degrees of health concem may counter or corroborate our findings. In
addition, the effect of verbal and nonverbal information depends on a
series of sociodemographic variables and social representations that
may improve or worsen sensory acceptance. Pinto et al. (2020) per-
ceived that the functional properties of Kefir were sufficient to
improve the emotional profile of mixed yogurt and kefir beverages,
but its influence on sensory acceptance also depended on the degree
of kefir added to the mixed beverage and the degree of health
concern.

Finally, it is worth noting that the CAT sample yogurt contained
12.46% carbohydrates (total sugars) (Table 1),which is lower than the
regulatory levels that will come into effect in Brazil in 2022 (12.8%),
with the potential to be commercialized.

5 | LIMITATIONS AND FUTURE
PROSPECTS

The evaluation team utilized in the present study was made up of low
health-conscious consumers, which complicates an analysis of their
real health expectations (Appendix A). Participant age was a limitation
because more than 64% of the participants were 18-25, and this age
group is generally more likely to choose high-sugar products (Banik,
Naher, Pervez, & Hossain, 2020; Dave, An, Jeffery, & Jasjit, 2009;
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Schroder, Fito, & Covas, 2007; Valente, Stangadin-Fiori, Seiscentos,
de Souza, & Opolski, 2019). In this sense, research with eldery people
is necessary since this age group is often more health conscious (Ares,
Gimenez, & Gambaro, 2009; Baglione, Tucci, & Stanton, 2012;
Cavaliere, Ricci, & Banterle, 2015; Karelakis, Zevgitis, Galanopoulos, &
Mattas, 2019; Pinto et al., 2020) and may represent a new contrast
between sensory acceptance and health expectations. According to
Dematté et al. (2013), smell or taste loss in elderly individuals is one
of the factors that causes a decline in their sensory perception, mak-
ing them less intolerant to new foods (e.g., low-sugar products). The
hedonic thresholds found in this study may thus be conservative, con-
sidering that older consumers who are more health-focused and
aware of the effects of certain food ingredients may accept yogurts
with lower sucrose levels.

The second limitation is conceming the flavor of the samples
because strawberry corresponds to a popular flavor; future studies on
uncommon flavors may counter or corroborate our findings. Third, the
importance of considering the comparison between naturalistic envi-
ronments would be interesting to assess whether there are emotions
associated with the consumption of low-sugar yogurts since sadness
and guilt have been shown to stimulate the consumption of sugary
foods and drinks (Lefebvre, Hasford, & Wang, 2019). Assessing the
extent to which emotions interfere with hedonic thresholds would be
important to assist decision making regarding the safe level of sugar
reduction to avoid economic and sensory losses for the industry. Only
the reduction of sucrose was interpreted as a change in sensory
acceptance, but small variations in the content of the other yogurt
constituents could influence sensory characteristics and this needs to
be evaluated in future studies.

It is worth mentioning that it was not possible to completely iso-
late the sucrose variable in this study. All yogurt samples underwent
small changes in composition due to standardization prior to heat
treatment and fermentation (for reasons previously explained). This
may have contributed to small variations in sensory aspects. Thus,
other technological characteristics must be investigated, such as how
sugar reduction impacts yogurt viscosity and structure.

It is important to highlight other limitations of the present study
which make it difficult to generalize the results. First, sensory percep-
tion is a multimodal phenomenon (Verhagen & Engelen, 2006), which
implies that hedonic thresholds depend on different sensory charac-
teristics of the product, each of which may have a greater or lesser
impact on the compromised acceptance and rejection thresholds.
Thus, while the study evaluated only the sugar concentration to deter-
mine hedonic thresholds, it demonstrated the importance of this vari-
able in consumer hedonic acceptance and rejection. Future studies
should consider the coexistence of two or more factors of variation to
find more reliable results.

Qualitative future studies (e.g., observation research) and inter-
vention studies would be important to assess how the consumer's
attention is directed to the information present on the label, that is,
what is the determinant information that influences consumer selec-
tion when considering purchase of a low-sugar yogurt (e.g., evye-
tracking research). The results collected in the study may be used to
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reduce sucrose and other ingredients in foods and thus contribute to
nutritional improvements in Brazil and worldwide. Reducing sucrose
in processed foods while maintaining their acceptance levels will help
consumers reduce sugar intake and lead to a reduction of health risks,
such as diabetes and obesity.

6 | CONCLUSION

In this study, it was demonstrated that more than 14% of sucrose in
yogurt can be reduced without altering the sensory acceptance if
compared to the quantity of sugar in a commercial yogurt product. It
was also found that even when reductions affect consumer accep-
tance levels, including information on the label can turn an otherwise
compromised sample into a sample that will be accepted as a commer-
cial product, but a sucrose reduction of 40% or more leads to sensory
rejection of strawberry yogurt. Other technological characteristics
must be investigated, such as how sugar reduction impacts yogurt vis-
cosity and structure, and cultural differences should also be consid-
ered in future studies.
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APPENDIX A.
Profile of the participants for determination of the Hedonic
Thresholds

Among the partidpants, 69% completed high school, 0% had an
income of up to 10 minimum wages, more than 50% of the partici-
pants consumed yogurt at least twice a week, 73% stated that the
strawberry flavor is that most consumed, 77% ingested whole yogurt
(with fat) and 86% of consumers ingested the yogurt with sugar, a lit-
tle more than 50% of consumers said they frequently read the labels
of food products, 36% stated that they often worry about the guan-
tity of sugar ingested, and 23% are rarely concerned with the amount
of sugar ingested. Only 6.7% are always concerned with sugar intake.

According to the Health Consciousness Scale questionnaire,
16.53% of the participants were classified as highly concemed with
health, 17.35% had low concern for health, and 66.12% had moderate
concern for health.
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RESUMO

O leite em po6 é um produto altamente versatil, fabricado geralmente por
meio da técnica de spray drying, que consiste na remocio de grande parte da dgua
expondo o produto a uma corrente de ar quente. Esse produto possui prazo de va-
lidade superior ao leite in natura e oferece diversas comodidades, como maior
estabilidade microbiologica e quimica e condi¢des de armazenamento menos
restritas. Entretanto, um grande acimulo de gordura na superficie desses pos tem
sido vastamente documentado em diversas partes do mundo. Fragdes dessa gordura
que se apresenta na camada externa do po estdo na forma livre sendo associadas a
caracteristicas indesejaveis do produto, como dificuldades de reidratagio, oxidagéo
de lipidios, aumento de viscosidade e outros, levando a redugdo de qualidade do
produto. Maneiras de reduzir esse teor de gordura tém sido buscadas para amenizar
os efeitos indesejaveis e uma das formas promissoras parece ser pela estabilizagdo da
matriz lactea antes das etapas de atomizagédo e secagem. Nessa revisdo bibliografica
serd abordada as caracteristicas do leite em po, caracteristicas da gordura, assim
como ocorréncia da gordura superficial, os causadores e algumas das possiveis
solugdo do problema.

Palavras-chave: licteos desidratados; gordura livre; molhabilidade; pos
lacteos.

ABSTRACT

Milk powder is a highly versatile product produced by spray drying, which
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consists of removing water by exposing the product to a flow of dry and hot air. This
product has a longer shelf life than fresh milk and offers positive points, such as
greater microbiological and chemical stability and less restricted storage conditions.
However, a large migration of fat to the surface of these powders has been widely
documented in several studies. Part of this fat present on the powder surface is in
the free form and associated with undesirable characteristics of the product, such as
rehydration difficulties, lipid oxidation, increased viscosity, and others, leading to
reduced product quality. Stabilizing the milk emulsion matrix before the atomization
and drying steps is the best way to avoid free fat. In this bibliographic review, the
characteristics of milk powder, characteristics of fat, as well as the occurrence of
superficial free fat, the causes, and some of the possible solutions will be aborded.
Keywords: dehydrated dairy products; free fat; wettability; dairy powders.

INTRODUCAO

O leite e seus derivados merecem des-
taque por constituirem um grupo de alimentos
de grande valor nutricional, uma vez que
sdo fontes considerdveis de proteinas de alto
valor biologico, além de conterem vitaminas e
minerais. O consumo habitual desses alimen-
tos ¢ recomendado, principalmente, para
que se atinja a adequagdo diaria de ingestdo
de calcio, um nutriente que, dentre outras
fungdes, ¢ fundamental para a formacgdo ¢ a
manutengio da estrutura ¢ssea do organismo
(MUNIZ et al., 2013).

O leite em p6 é um derivado do leite,
sendo uma forma pratica de consumo do
mesmo, que ¢ obtido pela concentragdo e
desidratagdo do leite, que pode ser integral,
semidesnatado ou desnatado. O objetivo da
desidratagdo do leite é estabilizar os consti-
tuintes para seu armazenamento € uso pos-
terior, pela reducdo da atividade de agua do
produto, levando a maior vida de prateleira
(PISECKY, 2012).

E um alimento muito valioso e nutri-
tivo, que pode ser usado como ingrediente na
formulagdo de uma gama enorme de produtos,
incluindo produtos de confeitaria, molhos,
massas e até produtos farmacéuticos. Além
disso, ao ser reconstituido, volta a ter carac-
teristicas do leite fluido. Entretanto, para que

essa reconstitui¢do seja adequada, é necessa-
rio que esse produto atenda algumas exigén-
cias, como ter caracteristicas adequadas de:
molhabilidade, dispersibilidade, solubilidade
e penetrabilidade, que dependem de diversos
fatores, entre eles as caracteristicas da super-
ficie da particula (CARVALHO et al., 2020).

Durante as etapas de processamento
geralmente ocorre uma camada indesejada
de gordura sobre a superficie das particulas,
sendo composta por fragées de gordura livre
que leva a efeitos prejudiciais nas proprie-
dades do po, incluindo solubilidade reduzida
na agua, oxidagdo de lipidios, aumento de
viscosidade e perda da qualidade do produto
(MURRIETA-PAZOS et al., 2012).

Diversos estudos tém documentado uma
grande quantidade de gordura na superficie
dos pos, que ocorre principalmente durante
as etapas de atomizagdo e secagem, € seus
efeitos prejudiciais. Tem-se notado que
possivelmente maneiras eficientes de se re-
duzir esse teor de gordura pode ser pela es-
tabilizagdo da matriz lictea antes dela passar
por esses processos, de modo que o globulo
de gordura esteja mais protegido antes de
sofrer as alteragdes (FOERSTER et al., 2017a;
FOERSTER et al., 2016a; FOERSTER et al.,
2016b).

Conhecer as caracteristicas dessa gor-
dura e procurar maneiras de reduzi-la se
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faz necessdrio para aumentar a qualidade
do leite em po6 e outros produtos lacteos
que apresentam esse mesmo problema
(VIGNOLLES et al., 2007).

Essa revisdo tem como foco abranger as
caracteristicas do leite em p6, de sua gordura,
os relatos sobre esse acumulo superficial de
gordura e indicar algumas alternativas para
redugio do problema trazido.

REVISAO DE LITERATURA
Leite em po

Entende-se por leite em pd o produto
que se obtém por desidratagdo do leite,
integral, desnatado ou parcialmente desnatado
e apto para a alimentagdo humana, mediante
processos tecnologicamente adequados. E
classificado como integral quando o teor de
gordura for maior ou igual a 26,0%, desnatado
quando o teor de gordura for menor ou igual
a 1,5% de gordura e parcialmente desnatado
se o teor de gordura for maior do que 1,5%
e menor que 26,0%. Pode ser classificado
como instantdneo ou ndo, a depender de sua
umectabilidade e dispersibilidade, e, seu teor
de umidade deve ser de no maximo 5,0%
(BRASIL, 2018).

O leite em po, por possuir baixa ati-
vidade de agua, é considerado um produto
estavel em termos microbiologicos. Apesar do
alto custo energético do processo de secagem,
tem-se como outras vantagens o transporte
do produto que nao necessita de refrigeragdo
e ¢é facilitado devido a redugdo consideravel
de volume. Como basicamente somente a
agua € retirada do produto, a redugido de
volume ndo altera a composi¢do do extrato
seco do leite e facilita, ainda, o0 manuseio e o
armazenamento. Além disso, hda uma enorme
demanda de leite em po como ingrediente para
diversos produtos, como biscoitos, massas,
farinhas, sorvetes e diversos outros alimentos
lacteos (MEDEIROS, 2010).

A produgio mundial de leite em pod tem
aumentando constantemente nos ultimos anos
devido a diversas comodidades trazidas pela
sua fabricagdo, como: os elevados atributos de
qualidade do produto, que pode ser mantido
sem condi¢des especiais de armazenamento
preservando a funcionalidade, a seguranca
e suas propriedades tecno-funcionais para
aplica¢do; a redugdo de volume, favorecendo
etapas como transporte e estocagem; a pos-
sibilidade de oferta do produto por tempo
superior ao produto fluido, a ndo exigéncia
de embalagens complexas; a facilidade de
reconstituigdo, entre outras. (SCHUCK et al.,
2016).

As etapas de processamento do leite
em po consistem em recepgdo, clarificagdo,
resfriamento e armazenamento, padronizagao,
tratamento térmico, evaporacgdo, homoge-
neizagdo, secagem e embalagem (FENELON
etal.,2021).

Caracteristicas de reconstitui¢io

O po obtido pelo processo de secagem
deve ser de facil hidratagdo e reconstituigao.
Ao ser despejado sobre a superficie da agua
deverdo ocorrer os seguintes fendémenos:
(i) molhabilidade ou umectabilidade, que
consiste na penetragdo do liquido para o in-
terior da estrutura do po, movido por forgas
capilares; (ii) imersibilidade, que é a imersdo
das particulas ou de porgdes do pé no liquido;
(iii) dispersibilidade, ou seja, a capacidade
do po de se espalhar no liquido e a (iv) so-
lubilidade, que é a dissolugdo das particulas
pelo liquido, desde que estas sejam soluveis.
O indice de insolubilidade de um pé ¢ uma
medida do grau em que pode ser prontamente
solubilizado em agua antes da utilizagio. Esta
relacionado com a quantidade de sedimento
obtido sob condicdes definidas de mistura de
pos de leite. A fluidez também ¢ influenciada
por outros fatores, como a gordura total
no po e a quantidade de gordura livre. As
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propriedades associadas a essas quatro etapas
sio denominadas de “instantaneidade” do
produto (PISECKY, 2012).

O leite em po instantineo visa atender
consumidores que sdo exigentes quanto &
praticidade e a qualidade do produto. Diver-
sos fatores estfio relacionados com a obten-
¢do de leite em po instantdneo, dentre os
quais destacam-se gordura livre, densidade
da particula, aglomeragdo, intensidade do
tratamento térmico, presenga de lactose amor-
fa, retorno de finos para cimara de secagem,
tipo de atomizador e equipamento de secagem
empregado (SILVEIRA ef al., 2013).

Em relagdo a molhabilidade, existe uma
correlagdo inversa entre esta e o contetdo de
gordura livre. Quando maior o teor de gordura
livre mais dificil sera a penetragdo do liquido
pelas particulas, dificultando a hidratagido
(PISECKY, 2012).

Gordura livre, encapsulada e gordura
superficial

A particula de leite em pd é composta
por gordura livre e encapsulada, a gordura
livre ¢ considerada como a gordura (i) que
ndo ¢ inteiramente revestido e estabilizado
por moléculas anfifilicas, por exemplo, pela
membrana nativa do glébulo de gordura,
composta por fosfolipidios e proteinas ou
por um revestimento reconstituido de pro-
teinas adsorvidas apds alguns passos de pro-
cessamento, tais como tratamento térmico e
homogeneizagio, ou (ii) que ndo ¢ totalmente
protegido por uma matriz composta por
carboidratos amorfos (por exemplo, lactose)
e proteinas durante a secagem. Essa gordura
estd localizada tanto na superficie quanto
nas partes internas de uma particula do po
(VIGNOLLES et al., 2007).

As fragdes de gordura livre apresentam
concentragoes levemente mais altas de acidos
graxos saturados C6-C18 e concentragdes
ligeiramente menores de acidos graxos

insaturados C16-C18 em comparagdo com a
gordura total. Apresentam maior proporg¢io
de triacilglicerois de alto ponto de fusdo do
que a gordura encapsulada. Os triacilglicerois
de alto ponto de fusdo presentes nas fragdes
de gordura livre sdo levemente acumuladas
na superficie do p6 (KIM et al., 2005a). En-
tretanto, a gordura encapsulada representa
cerca de 90% da gordura total (VIGNOLLES
et al., 2007).

A gordura livre pode ser também defi-
nida como a fragdo de gordura que é extrai-
da por solventes organicos sob condigdes
padronizadas, sendo um aspecto importante
para caracterizar os pos lacteos que contém
gordura. O tempo, o solvente e a técnica deli-
mitam qual fracdo da gordura sera extraida,
fragdes internas e encapsuladas sdo extraidas
consideravelmente de forma mais lenta (KIM
et al.,2005a). Acredita-se que a gordura livre
esteja presente principalmente (e, portanto,
extraida) na superficie do p6 (VIGNOLLES
et al.,2007).

Nem toda gordura presente na superfi-
cie estara na forma livre, uma parte dela sera
encapsulada. A quantidade total de gordura
superficial livre, frequentemente expressa
pela eficiéncia de encapsulacio de uma
amostra de po, é frequentemente quantifi-
cada pela extragdo de gordura superficial.
Contudo, nenhum procedimento padrio foi
estabelecido e as técnicas na literatura variam
consideravelmente entre si, conforme resu-
mido por Vega; Roos (2006). A quantidade de
gordura extraida depende ainda do tamanho
e da porosidade da particula (VIGNOLLES
et al.,2007).

Acredita-se que uma quantidade sig-
nificativa de gordura extraivel ndo se origine
das superficies das particulas, mas da gordura
livre interna que ¢ extraida do interior das
particulas através de poros e fissuras, em
particular em misturas relativamente intensas
e longos tempos de exposi¢do ao solvente
(SCHMIDMEIER et al., 2019; BUCHHEIM,
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1982). Por essa razdo, os resultados da ex-
tra¢do de gordura das amostras de leite em
po podem, na maioria das vezes, representar
a quantidade de gordura livre em vez da quan-
tidade de gordura da superficie livre (KIM
et al., 2005b).

Nesse sentido, para caracterizar amos-
tras de pos quanto a gordura superficial,
comumente utiliza-se analise espectroscopica
de fotoelétrons de raios X (XPS), também
referida como espectroscopia de elétrons para
analise quimica, neste contexto é o método
predominante para quantificar a composigao
quimica superficial de particulas de leite
(GATANI et al., 2010; MURRIETA-PAZOS
etal.,2012; WU et al., 2014; NIKOLOVA et
al.., 2014; NIKOLOVA et al., 2015; KELLY
et al., 2015). Nesta técnica de analise de
superficie sensivel, as amostras de po sdo
irradiadas com um feixe de raios X de um
nivel de energia bem definido sob alto vacuo,
e elétrons sdo emitidos se sua energia de
ligagdo for ultrapassada pela energia do foton
(FOERSTER et al., 2017b).

Apesar da técnica ndo detectar a gordura
livre, ela é capaz de determinar a composigao
superficial do pd, que geralmente é rica por
lipideos. Como grande parte da gordura se
acumula na superficie, consequentemente
junto a ela estard a gordura livre. E de grande
importdncia medir adequadamente a com-
posi¢do superficial de pos lacteos, a fim de
prever suas propriedades de uso, pois quanto
maior o teor de gordura na superficie maior
serd o teor de gordura livre e pior sera a
qualidade do p6 (VIGNOLLES et al., 2007).

Na maioria dos casos, gordura livre é
considerado um defeito. A exce¢do é onde
gordura livre € necessaria para uma aplicagio
especifica, por exemplo, fabricagdo de cho-
colate. Uma das influéncias mais criticas da
‘gordura livre” é o teor de umidade do po. Se
a umidade for muito baixa (< 2,5%), a gordura
livre aumenta e diminui @ medida que o teor
de umidade aumenta de 2,5% para 4% a 5%,

mas aumenta novamente se o teor de umida-
de for superior a 6% a 7% (LI et al., 2019).

GORDURA SUPERFICIAL EM LAC-
TEOS DESIDRATADOS

Aspectos indesejaveis

A camada hidroféobica, formada devido
ao acumulo de gordura, torna as particulas de
p6 hidrofébicas, dificultando a hidratagdo do
pb, e, além disso, a gordura livre na superficie
€ um facil alvo para a oxidagdo, podendo le-
var o produto a rancidez hidrolitica, aumento
de viscosidade, reducdo das caracteristicas
de reconstitui¢do (molhabilidade, penetra-
bilidade, dispersibilidade e solubilidade) e
perda de qualidade do produto, dentre outros
(PISECKY, 2012; VEGA; ROOS, 2006; KIM
et al., 2005a; KIM et al., 2005b; NIJDAM;
LANGRISH, 2006).

A segregacdo de componentes do leite
em po € sistematicamente observada entre a
superficie e o nicleo, onde a gordura migra
preferencialmente para a superficie afetando
fortemente as propriedades do p6 (NIKOLOVA
et al., 2015). O actimulo de gordura na su-
perficie do pd ndo é desejado, atribuindo ao
produto algumas caracteristicas indesejaveis,
como dificuldade de reconstituigdo, aumento
da taxa de oxidagdo de lipidios, aumento da
viscosidade, perdas do produto, entre outros
(KIM et al., 2005a; KIM et al., 2005b;
VIGNOLLES et al., 2007; KIM et al., 2009;
GAITANI et al., 2010; MURRIETA-PAZOS
et al.,2012).

Ocorréncias sobre acimulo de gordura
superficial

O actmulo de gordura na superficie
tem sido documentado por diversos estudos
(GAIANI et al., 2010; MURRIETA-PAZOS
etal.,2012; WU et al., 2014; NIKOLOVA et
al.,2014; NIKOLOVA et al.,2015; KELLY et
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al., 2015) trazendo consequéncias negativas
para qualidade do po.

KIM et al. (2005a) investigaram a com-
posigdo em massa e a composicgio superficial
de pos lacteos (Tabela 1).

Como pode ser observado pela Tabela 1,
a medida que o teor de gordura do p6 aumenta,
ha um aumento acentuado na cobertura de
gordura da superficie. O leite em po integral
com composi¢do de 29% de gordura em mas-
sa apresentou uma cobertura superficial de
98% de gordura, ou seja, praticamente toda
a superficie foi formada por gordura. Mesmo
para lacteos com teor muito baixo de gordu-
ra, como leite em po desnatado, por exemplo,
com apenas 1% de gordura, sua superficie
era constituida por 18% de gordura (KIM et
al.,2005a). O comportamento de escoamento
dos pos também foi verificado, e 0 po com
menor teor de gordura superficial, o leite em
po desnatado, pode fluir mais facilmente que
os demais. A gordura na superficie dos pés
tem tendéncia a fazer com que as particulas
se colem umas as outras ou se aglomerem, di-
minuindo a fluidez deles (KIM et al., 2005a).

Mesmo para pos com baixo teor de gor-
dura como fosfato nativo, é possivel observar
sobreposi¢do de gordura na superficie dos
mesmos, fosfato nativo possuindo apenas
0,4% de lipidios em massa, possuiu 6% de

gordura em sua superficie. Apos 30 dias de
armazenado houve aumento do teor de gor-
dura na superficie sendo encontrados valores
de 13% de gordura e apds 60 dias o teor de
gordura superficial foi de 17%, evidenciando
migragdo desta para a superficie durante a
etapa de armazenamento (GAIANI et al.,
2010).

Outros estudos tém também relatado que
a gordura tende a se sobrepor na superficie da
particula em comparagio com a composi¢do
da massa (KIM et al., 2005a; KIM et al.,
2009; GAIANI et al., 2010; FYFE et al.,
2011; FOERSTER et al., 2016a; FOERSTER
et al., 2017a). Emulsdes de leite (modelo)
com teor de gordura similar ao leite integral,
apos secas, apresentaram em suas superficies
mais de 80% de gordura (KIM et al., 2005;
MURRIETA-PAZOS et al.,2012; FOERSTER
et al., 2016b; FOERSTER et al., 2017a), teor
de gordura quase trés vezes maior em relagdo
a composi¢gdo em massa. Emulsdes modelo de
leite desnatado e concentrados de proteina do
leite também obtiveram aciimulo de gordura
na superficie do po com 3,5% e 45,9% de
gordura superficial para contetido de gordura
de 0,6% e 1,5% em massa, respectivamente,
sobreposi¢do de gordura de 6 a 30 vezes
em comparagdo com a composi¢io em
massa (KIM et al., 2009; FYFE et al., 2011;

Tabela 1 — Composi¢cdo em massa e composi¢do superficial dos pos industriais lacteos secos™®
por pulverizagdo (assumindo que os pos lacteos sdo compostos por trés componentes principais:

lactose, proteina e gordura)

Composi¢do em massa (%)

Composicio da superficie (%)

Produtos Lactose Proteina Gordura Lactose Proteina Gordura
LPD 58 41 1 36 46 18
LPI 40 31 29 2 - 98
CLP 13 12 75 1 - 99
WPC 8 86 6 6 41 53

* LPD: Leite em po desnatado; LPI: Leite em po integral; CLP: Creme de leite em po, WPC: Whey protein

concentrate,
Fonte: adaptado de KIM et al., 2005a.
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MURRIETA-PAZOS et al.,2012; NIKOLOVA
etal., 2014; KELLY et al., 2015).

Processos de acimulo de gordura

Uma das técnicas de secagem mais
utilizadas para lacteos desidratados ¢ a por
atomizagdo, também conhecida como spray
drying. O leite concentrado é pulverizado em
pequenas goticulas na cAmara de secagem
que em contato com uma corrente de ar
quente e seco, seca-se instantaneamente
devido a diferenga de temperatura e pressao
parcial de vapor entre o ar e a goticula
(PERRONE et al., 2016). O processo de
secagem faz com que ocorram modificagdes
estruturais e fisico-quimicas no leite, que
por sua vez influenciara a reconstituigdo
e propriedades de manuseamento dos pos
(CARVALHO et al., 2020).

A migragdo de componentes do leite
ocorre tanto durante a atomizagao (WU ef al.,
2014; FOERSTER et al., 2016a; FOERSTER
et al., 2017a) quanto durante a secagem
(ADHIKARI et al., 2009; GAIANI et al.,
2010; FU et al., 2011; NIKOLOVA ef al.,
2014; WU et al., 2014; KELLY et al., 2015).
Durante ambos os processos, as gorduras se
acumulam preferencialmente na superficie das
goticulas de leite, levando a uma cobertura
de gordura dominante no leite em po (KIM
et al., 2009; FU et al., 2011; FOERSTER et
al.,2017a).

Os principais fatores que foram estu-
dados como causadores da segregacio durante
a secagem, onde as goticulas entram em
contato com o ar quente, foram a difusivida-
de, atividade de superficie, hidrofobicida-
de dos componentes e formagdo de crosta
(ADHIKARI et al., 2009; GAIANI et al.,
2010; FU et al., 2011; NIKOLOVA et al.,
2014; WU et al., 2014; KELLY et al., 2015).

No caso da atomizagdo propde-se
que durante esse estidgio, um mecanismo
de desintegragdo ao longo da interface

oleo-agua dos globulos de gordura cause
a predominancia superficial da gordura
(FOERSTER et al.; 2016a, FOERSTER et
al., 2017a).

O teor de gordura superficial ndo €
significativamente redutivel modificando as
condi¢des de secagem por pulverizagio, ja
que grande parte da gordura se acumula na
superficie dos pos durante a etapa de ato-
mizagdo. Pelo motivo exposto, uma forma
promissora de reduzir a quantidade de gordura
superficial é modificar a emulsdo antes da
secagem por pulverizagdo, para moderar a
segrega¢do entre o lipidio e a fase aquosa
durante a atomizagdo (FOERSTER et al.,
2016a; FOERSTER et al., 2017a).

PROCESSOS DE ESTABILIZACAO
Lecitina¢io

A lecitina tem propriedades hidrofilicas
e lipofilicas e pode ser utilizada para recobrir
a superficie das particulas do leite em po,
pois suas caracteristicas anfifilicas permitem
que elas sejam adsorvidas na interface gor-
dura/ agua, com a porg¢do hidrofilica na
fase aquosa e a porgdo lipofilica na fase
oleosa. O resultado é um revestimento em
torno da superficie das particulas de leite
em po (contendo gordura) aumentando a sua
afinidade pela dgua servindo literalmente de
ponte entre a gordura e a agua e facilitando,
assim, a dispersdo do p6 (PISECKY, 2012).
O teor maximo permitido no Brasil de lecitina
para leite em poé instantineo é de 5g/ kg
(BRASIL, 2018).

Aglomeracio

A aglomeragio em leito fluidizado €
utilizada para produzir aglomerados secos,
grandes e porosos com propriedades ins-
tantdneas melhoradas. E um processo de
transformagio do material do estado do po
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para o estado de grinulos com estrutura po-
rosa permitindo melhorias na reconstitui¢io
do leite em po. As particulas de po secas
por atomizagdo sdo umidificadas, inchando
rapidamente e fechando os capilares, de modo
que suas superficies se tornem pegajosas e
se colem umas as outras para formar aglo-
merados/ conglomerados (BARKOUTI et
al., 2013). As propriedades de reidratagiao
(por exemplo, molhabilidade, capacidade de
escoamento, dispensibilidade, solubilidade
e taxa de dissolugdo) sdo aprimoradas. Em
grandes industrias sdo as etapas de aglo-
meragdo e lecitinagio que ddo ao leite em
po seu carater instantaneo, por meio de uma
unidade de leito fluidizado adicionada ao
final da linha de secagem por pulverizagdo
(GAIANI et al., 2010).

Adicao de estabilizantes 4 emulsio

Uma forma de reduzir o teor de gor-
dura livre pode ser pela estabilizacdo da
emulsdo antes dela passar pelo processo de
secagem, que consiste no encapsulamento
eficiente da gordura (FOERSTER et al.,
2017a). Isso pode ser feito pela adigido de
agentes interfaciais, como surfactantes, po-
lissacarideos, e outros agentes interfaciais
antes do processo de atomizagdo (XU et
al., 2013; LALLBEEHARRY et al., 2014,
FOERSTER et al., 2017a).

Para emulsoes lacteas a adigdo de agen-
tes interfaciais pode ser de grande interesse,
entretanto tratando-se de leite em pd, como
aditivo, somente é permitido o uso da leciti-
na, no teor maximo de 5g/ kg para leite em
po instantineo (BRASIL, 2018). Portanto a
estabilizagdo com outros compostos ndo ¢é
possivel.

Reducio do tamanho do glébulo de gordura
por homogeneizagio

Uma forma de reduzir a ocorréncia

de gordura livre na superficie do pé é a ho-
mogeneizagdo com pressdes mais altas que
as convencionais. Havendo por esse processo
maior redugdo do tamanho dos globulos de
gordura e melhor encapsulamento desses
globulos, tornando a emulsdo mais estavel
e possivelmente com menor ocorréncia de
gordura livre na superficie do p6. A pressdo
de homogeneizagdo mais comumente utili-
zada nas industrias é em torno de 20 MPa.
No entanto, com o desenvolvimento de pro-
jetos de homogeneizadores, os processos de
homogeneizagdo podem atingir pressdes muito
mais elevadas, como 350 MPa, (MERCAN
et al., 2018) o que permite novas pesqui-
sas, desenvolvimento de produtos e area de
aplicagoes.

Durante a homogeneizagido ha defor-
macgdo e quebra de goticulas de gordura
liquida, formando goticulas menores que
sdo rapidamente adsorvidas pelo surfactante,
que no caso do leite sdo suas proteinas,
que sdo capazes de ajudar na separacgdo
das goticulas durante a homogeneizagédo
e prevenc¢do da coalescéncia das goticulas
de 6leo (FENNEMA et al., 2017). As
proteinas do leite adsorvidas aos globulos
de gordura sdo responsaveis por promover
repulsdo eletrostatica entre as goticulas e
também promover estabilizagdo estérica
(VIGNOLLES et al., 2007).

Dependendo da pressdo diferencial
utilizada no processo de homogeneizagéo,
o fluido apresenta grande cisalhamento,
cavitagdo e turbuléncia, e esses efeitos
mecanicos sdo utilizados para mistura, dis-
persio, reducido do tamanho de particulas e
emulsificagdo. A adsorgdo de proteinas e a
coalescéncia ocorrem em escalas de tempo
curtas e a faixa final de tamanho de gotas
da dispersdo coloidal e sua estabilidade ¢
governada pela entrada de energia mecénica,
tipo e concentragdo do estabilizador e pro-
por¢do de emulsificante para estabilizador
(LEE et al., 2013).
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CONSIDERACOES FINAIS

O leite e produtos lacteos em po apre-
sentam maior vida de prateleira, viabilizando
ganhos econdémicos no armazenamento
e transporte, enquanto o leite in natura é
altamente perecivel e volumoso, exigindo
embalagem, estocagem e transporte especiais.
Entretanto, a ocorréncia de gordura na su-
perficie de pos lacteos, tanto gordura livre
como gordura encapsulada, tem sido vasta-
mente documentada junto com problemas
tecnologicos que também estdo atrelados
a essas caracteristicas como maior taxa de
oxidagdo, maior viscosidade, dificuldades de
reidratagdo e outros.

Leites em pos integrais podem apre-
sentar mais de 80% de gordura em sua
composicdo superficial e para leites ou lacteos
em pos, este com teor reduzido de gordura,
ainda assim se observa predominincia desse
componente na superficie, diferindo bastante
da composi¢do em massa. As etapas mais
criticas para esse acumulo de gordura sédo
as etapas de atomizacgdo e secagem. Muitas
industrias ja usam as etapas de aglomeracéio e
lecitinagfo para reduzir os efeitos indesejaveis
da gordura superficial.

Outras propostas para menor ocorréncia
de gordura livre na superficie estdo atreladas
a melhor estabilizagdo da emulsdo antes
do processo de secagem por atomizagio,
Como no Brasil a adigdo de componentes
no leite em pé ndo € permitida, salvo os
especificados em regulamento, uma das ideias
promissoras ¢ tentar estabilizar a emulsdo com
a utilizagdo da ultra alta homogeneizagio.
Estudos sistematicos sobre o papel da alta
pressdo durante a emulsifica¢do da gordura
sdo escassos, podendo ser uma nova linha de
pesquisa a ser estudada.
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4. CONCLUSOES GERAIS

O iogurte, assim como outros produtos lacteos, foi alvo de redugdo de agticar nos tltimos
anos, levando industrias a se adequarem a padrodes exigidos pelo governo, 6rgaos de saude e
consumidores. Apesar da diminui¢do de agucar ter um impacto direto nas caracteristicas
sensoriais do produto foi possivel demonstrar que redugdes que se enquadrem as normas
exigidas podem ser aplicadas sem afetar a aceitag@o sensorial, e mesmo quando a reducgdo vier
a afetar a aceitacao de seus consumidores a inclusdo de informag¢des no rotulo pode vir a tornar

uma amostra comprometida em uma amostra igualmente aceita ao produto padrao.

Este foi o primeiro estudo em lacteos com a utilizagdo da LMH para a reducgao de
sacarose € os resultados aqui encontrados podem ajudar diversos fabricantes de lacteos a
reduzirem esse ingrediente em seus produtos sem afetar a aceitacdo sensorial e ainda se
enquadrarem nas metas estabelecidas. Mesmo para os casos em que ainda ndo ha imposigdes
de redugdo de actcar, mostra-se interessante estudar seus efeitos, pois as industrias que ja
tiverem verificado o impacto dessa reducdo e investigados os limites maximos a serem
realizados estardo a frente das demais quando essas exigéncias forem regulamentadas e a
tendéncia ¢ que seja. Com o pleno vigor da RDC 429, e a implementa¢do da nova rotulagem
nutricional frontal, presume-se que o consumo de alimentos ricos em nutrientes potencialmente
prejudiciais a satide caia drasticamente, ao passo que alimentos reduzidos ou isentos em
acucares, como iogurtes com reducdo se sacarose, tenham cada vez mais visibilidade e

atratividade no mercado.

Outra demanda existente € pela a melhoria da qualidade do produto lacteo leite em po.
Pois durante a sua fabricagdo, o leite ¢ submetido a uma série de processos como agitagao,
bombeamento, aquecimento, concentragdo, homogeneizagao e secagem por pulverizacao, esses
tratamentos causam uma série de interagdes fisicas e quimicas dos componentes do leite e no
final do processo a superficie das particulas geradas apresentam alto teor de gordura em sua
composi¢ao, diferindo bastante da composi¢ao em massa. Esse acumulo de gordura superficial,
sendo composta por fragdes de gordura livre leva a efeitos prejudiciais nas propriedades do po,
incluindo solubilidade reduzida na 4gua, oxidacdo de lipidios, aumento de viscosidade e
consequentemente perda da qualidade do produto. As etapas mais criticas para esse acimulo de
gordura sdo as etapas de atomizagdo e secagem. Nesta revisdo, os aspectos sobre o leite em po,
geracao da gordura superficial foram elucidados. Conclui-se que obter a capacidade de

controlar a composi¢ao da superficie seria muito util na melhoria da qualidade do produto e no
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desenvolvimento de novos produtos e dentre as alternativas destaca-se a estabilizacdo da

emulsdo antes do processo de secagem por atomizagao.



	fc19c18124a770351023e38b6e75132d59bbbab98ad0c52aad794a2c02269a99.pdf
	Produtos lácteos: iogurte com redução de sacarose e qualidade do leite em pó com ingrediente
	55e63c282fcc832656b59c017f932adc8f43974b8e897df4345f36cf7b4fd350.pdf
	fc19c18124a770351023e38b6e75132d59bbbab98ad0c52aad794a2c02269a99.pdf

