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Abstract

Whether drinking from a cup versus through a straw effects sensory perception is

inconclusive, as is whether such differences hold across and within multiple sips. This

study aimed to determine if product profiles and product discrimination varied

depending on whether a product was sipped from a cup or through a straw. An expert

panel (n = 9) investigated differences in temporal profiles of six milkshakes across sip-

ping methods. Temporal discrimination across eight attributes was analyzed on

selected time slices, across eight sips using generalized linear model Analysis of Devi-

ance. Sweetness, vanilla, astringency, and liquorice attributes were cited significantly

more often sipping through a straw, however sipping from a cup showed more signifi-

cant attribute discriminations across products. Attribute discrimination was increased

across multiple sips compared to sip one. Multiple sip TCATA analysis showed signifi-

cant effects of sipping method within-sips and over multiple sips emphasizing the

effects of sipping method on multiple sip TCATA product discriminations.

Practical Applications

Milkshakes are often sold in bottles (enabling consumption either directly from the bot-

tle or from a cup) or as on-the-go packs with a straw. This study showed that the sen-

sory profile of milkshake varied depending on whether sipped from a cup or through a

straw. However, often-sensory evaluations of beverages are performed by tasting from

a cup. This indicates an important practical consideration in terms of sensory study

design regarding evaluating products in the intended consumption format or formats.

The findings also highlighted the importance of evaluating product volume (or weight)

equivalent to single serving size to capture consumer experience closer to actual con-

sumption occasions, as differences in response to one sip changed across multiple sips.

1 | INTRODUCTION

Sensory product experience is affected by the receptacle in which a

beverage is served, such as a ceramic versus a glass cup (Raudenbush,

Meyer, Eppich, Corley, & Petterson, 2002; Spence & Wan, 2015), and

if used, the diameter of a straw (Akiyama et al., 2012; Lin, Lo, &

Liao, 2013) and straw material. Akiyama et al. (2012) showed

increased flavor and aftertaste intensities of chilled coffee beverages
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with decreasing diameters of straws from 7.3 to 5 mm. Pramudya,

Singh, and Seo (2020) showed liking of cold tea increased when

sipped through a copper or stainless steel straw compared to a paper

straw. Physical changes in drinking behavior such as sip time and flow

rate (Lin et al., 2013), and changes in mass transfer of tastants in-

mouth and oropharynx (Salles et al., 2010; Selway & Stokes, 2014)

have also been reported to alter sensory perception due to changes in

the drinking receptacle. Furthermore, Hashimoto, Inami, and Kajimoto

(2008) highlighted the significance of pressure, vibration, and auditory

cues in product experience when drinking through a straw using an

audio-tactile straw-like user interface based on these cues to create a

more natural auditory sensation of drinking with a straw. Many bever-

ages can be consumed either via direct sipping from a cup/glass/bot-

tle or via a straw but resulting variation in sensory perception has not

been investigated.

Effect of receptacle on sensory perception has only been studied

using single sip evaluations with static sensory techniques (Akiyama

et al., 2012; Lin et al., 2013; Pramudya et al., 2020; Raudenbush

et al., 2002; Spence & Wan, 2015). However, actual beverage con-

sumption occasions generally occur over multiple intakes resulting in

dynamic sensory perceptions (Hort, Hollowood, & Kemp, 2017). Pro-

gressive profiling evaluates multiple intakes/sips/bites by design (Jack,

Piggott, & Paterson, 1994), however, other methods have been

adapted to include multiple intake evaluations for a few sips or bites,

for example time intensity (Guinard, Pangborn, & Lewis, 1986),

sequential profiling (Methven et al., 2010) and temporal dominance of

sensation (Silva et al., 2018). These studies revealed buildup of attri-

bute perceptions over multiple sips, for example astringency in wine

(Guinard et al., 1986; Silva et al., 2018).

TCATA (Castura, Antunez, Gimenez, & Ares, 2016) enables simul-

taneous evaluation of attributes. Panelists select and de-select attri-

butes during the evaluation as they evolve. Citation proportions for

each attribute are calculated and plotted against time to create

TCATA curves. TCATA curves illustrate the dynamics of all product

attributes of interest over time. Oliveira et al. (2015) applied a multiple

sip TCATA approach to investigate the dynamics of sweetness, bitter-

ness, and thickness of chocolate drinks. Weerawarna, Godfrey, Ellis,

and Hort (2021) also highlighted the importance of multiple sip

TCATA methodology to capture adaptation or buildup effects of milk-

shake attributes. Additionally, the researchers presented a novel

approach to interpret dynamic TCATA data providing insights within a

sip as well as across sips. TCATA provides an expedient opportunity

to compare within-sip and across-sip attribute dynamics of a product

using different ingestion methods used by the consumer or directed

by packaging, for example, straws provided for drinking “on the go”
beverage packs. Investigating the effects of sipping method in a man-

ner closely representing actual consumption, that is, over multiple

sips, may also provide closer insights into actual consumer product

experiences.

Consequently, this study aimed to study the effects of cup versus

straw sipping on TCATA sensory profiles of vanilla milkshake in terms

of citation proportions and product discrimination at the first sip. Sec-

ond, the consistency of sipping method effects on citation proportions

and product discrimination over multiple sips was also investigated.

The composition of the milkshakes was varied in product formulations

only to acquire a range of sensory experiences. The impact of product

composition on temporal sensory profiles was out of scope for this

study.

2 | MATERIALS AND METHODS

This study was evaluated by peer review and judged to be low risk via

the Massey University Human Ethics Committee process (application

ID 4000019630). All product preparation, panel training and sample

evaluation was carried out in the Product Development and Sensory

Testing Laboratory, at Massey University, Palmerston North campus,

New Zealand.

2.1 | Panel

Seventy-six volunteers aged 18–55 from Massey University Palmer-

ston North Campus and Palmerston North city completed a pre-

screening questionnaire and three screening sessions according to

ISO3972:2011(E); ISO5496:2006(E); ISO22935-1:2009(E) standards

on general guidelines for expert sensory panel recruitment. Nine pan-

elists (seven females; aged 26–52 [mean age 37 years]) were selected

based on their sensory acuity and ability to articulate sensory attri-

butes. The selected expert panel trained to evaluate vanilla milkshakes

following a modified QDA approach (Weerawarna, 2021) was

engaged to carry out product evaluations for this research. Assessors

were offered a voucher as an inconvenience allowance for their time.

2.2 | Products

Six model vanilla milkshakes were developed to elicit a range of differ-

ent sensory attributes with final product compositions as shown in

Table 1. Sensory profiles determined by the panel using QDA and

sipped from a cup in a previous study (Weerawarna, 2021) are shown

in Table 2.

Whole milk powder, skim milk powder, thickener blend (micro-

crystalline cellulose, carboxy methyl cellulose and carrageenan)

(Fonterra, New Zealand); A1 sucrose, yellow coloring (Davis Food

Ingredients, New Zealand); stevia (Stevita, New Zealand); vanilla fla-

vor, vanilla cream flavor (Invita NZ Ltd., New Zealand); and filtered

water (chlorine, taste and odor removal carbon cartridge filter at

1 μm) was mixed using a Thermomix (TM5, Vorwerk Electrowerke

GmbH & Co. KG, Germany) in the Product Development Laboratory

at Massey University Palmerston North campus.

Filtered water was heated to 60�C. The dairy ingredients and A1

sucrose were combined in the Thermomix set at 60�C, speed 2.5 for

5 min. The thickener blend and 60�C filtered water were mixed using

a hand blender (Kenwood HDP306WH, China) at speed 1 for 2 min.

The thickener mixture was then added to the Thermomix and
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combined with the dairy ingredients. The contents were heated to

90�C and held for 2 min at a mixing speed of 2.5 in the Thermomix.

The heat-treated mixture was immediately transferred into a

stainless-steel beaker and cooled to 60�C using an ice water bath

(0�C) followed by addition of vanilla flavors using a pipette. The vanilla

milkshakes were packaged in PET containers and stored under refrig-

erated conditions (5�C). Microbial testing confirmed that products

were safe for human consumption for up to 4 days from preparation

and all products were assessed within that period.

2.3 | Sensory lexicon development and expert
panel training

A lexicon previously developed by the panel as described in Weera-

warna (2021) was adopted (Table 3). The panel was previously trained

to evaluate milkshake whilst sipping from a cup (15 mL served in

30 mL cup), further instruction was given on a protocol to sip (15 mL

served in a 30 mL cup) through a 6 mm � 70 mm recyclable polypro-

pylene (PP) white color straw (Davis Trading Ltd., Palmerston North,

New Zealand). The straw was selected to represent take away straws

served with milkshakes in New Zealand and was used in preliminary

experiments conducted to determine a representative sip volume and

sipping time for this study (data not shown). The panel was trained to

sip 15 mL through a straw without slurping to avoid ingestion of air.

The TCATA protocol (Figure 1a) was introduced to the panel during a

familiarization session. Eight attributes (Table 3) were presented to

panelists using Compusense® Cloud on iPads. Attributes were ran-

domized and presented in two columns on the iPad screen, according

to a balanced William Latin Square design to avoid attribute position

and order related confounding effects. However, attribute order was

fixed for a given panelist for all the evaluations (Meyners &

Castura, 2016). Panelists were instructed to sip the whole product

volume in one intake and sample cups and straws were inspected

after the evaluations to confirm this occurred. Thereafter, a multiple

eight sip evaluation protocol was introduced to the panel (Figure 1b,c)

with individual 15 mL sips served in eight separate 30 mL cups on

a tray.

2.4 | Product evaluations

The panel evaluated the vanilla milkshakes (n = 6, 15 ± 1�C) following

the protocol in Figure 1 in duplicate for each sipping method; first

from a cup (15 mL per sip x eight sips) and second through a straw

(15 mL per sip � eight sips), over six 2 h sessions. Sample replicates

were presented according to a balanced William Latin Square design

and the panel evaluated four samples in each 2 h session. The panel

TABLE 1 Composition of model
vanilla milkshake

Product

Abbreviations for

milkshake formulation

Composition (w/w %)

Fat Sucrose Stevia Thickener

P1 HFHSLT 6 6 0 0.1

P2 HFLSLT 6 4 0 0.1

P3 LFHSLT 0.1 6 0 0.1

P4 LFLSLT 0.1 4 0 0.1

P5 LFLSHT 0.1 4 0 0.3

P6 LFLSSHT 0.1 1 0.007 0.3

Abbreviations: F, fat; H, high level; L, low level of each F, S, S ingredient; S, sucrose; S, stevia; T,

thickener.

TABLE 2 Mean attribute intensity and observed SE scores of the milkshakes for panel-defined attributes at sip 1 from cup

Product

Sensory attributes

Sweetness Vanilla Creamy flavor Creamy mouthfeel Thickness Mouthcoating Astringency Liquorice

Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE

P1 13.8a 0.3 10.7a 1.3 13.9a 0.3 13.4a 0.4 13.2a 0.4 13.3a 0.4 1.4b 0.5 0.1b 0.0

P2 10.3ab 1.1 10.0a 1.1 13.4a 0.4 13.1a 0.5 12.8a 0.5 12.6a 0.6 2.2b 0.9 0.1b 0.0

P3 11.0ab 1.1 10.1a 1.1 3.5b 0.7 3.2c 0.5 3.1c 0.8 3.5bc 0.7 8.0a 1.2 0.5b 0.2

P4 8.7b 1.0 8.8a 1.2 3.0b 0.8 2.3c 0.5 3.1c 0.8 2.4c 0.6 8.2a 1.3 0.3b 0.1

P5 7.0b 1.0 8.4a 1.0 4.9b 1.0 5.4b 0.9 5.5b 1.0 4.5b 0.8 8.3a 1.4 0.2b 0.1

P6 7.7b 1.2 8.6a 1.2 3.4b 0.8 3.2bc 0.6 4.7bc 1.1 3.9bc 0.6 8.2a 1.3 13.5a 1.0

Note: Data are means of nine panelists and SE of duplicate. Products: P1 (HFHSLT), P2 (HFLSLT), P3 (LFHSLT), P4 (LFLSLT), P5 (LFLSHT) and P6

(LFLSSHT). The superscripts letters “abcd” indicates products within a column with different lowercase letters, are significantly different from each other

on one sip from cup (Holms, p < .01).
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were given a forced 20 min break between each eight-sip sample

evaluation and were instructed to cleanse the palate with a bite of

water cracker (Arnott's water cracker original, Australia) and filtered

water to minimize carryover effects. No palate cleansing was per-

formed between the eight sips of the same sample to mimic normal

consumption. Samples were evaluated in isolation in sensory booths

at 21 ± 1�C under red light to mask visual differences between

samples.

2.5 | Data analyses

Statistical analyses were performed using R software, version 4.0.0

(R Core Team, 2020) in RStudio (2019) with α = .05, unless specified

otherwise. Package dplyr (Wickham, François, Henry, &

Müller, 2020) was used for data handling. TCATA data were analyzed

following Weerawarna (2021) as detailed below.

2.5.1 | Effect of sipping method on sip one

To investigate the impact of sipping method on sensory profiles (cita-

tion proportions) of products and level of product discrimination on

first sip, and then to compare if differences existed across multiple

sips, sip one data were extracted and analyzed separately. Mean cita-

tion proportions and observed SE were calculated for each sipping

method for each product and within-sip time points. Mean citation pro-

portions were plotted against sample evaluation time (package

ggplot2 [Wickham, 2016]) for each sipping method at sip one for

data visualization with TCATA curves. Generalized linear models

(GLM) with default functions (function = glm, family=”bino-
mial”, Link = Logit) (Montgomery, Peck, & Vining, 2012) were

used to model the citation proportions of the three factors (sipping

method, product and within-sip) with three-way interactions for each

attribute at sip one to investigate their effects on temporal sensory

perceptions. Analysis of Deviance (González Chapela, 2013;

Montgomery et al., 2012) was used to determine which main and

interaction effects were statistically significant. Associated interaction

plots were created to visualize observed responses against time for

the relevant experimental effects and statistical effects. Posthoc tests

were used to make pairwise comparisons of citation proportions

among experimental factors for which there was a significant main

effect (Shaffer, 1995). Holm's adjusted significance levels

(Holm, 1979; Wright, 1992) were used to eliminate lack of indepen-

dence in pair-wise comparisons.

As a key objective of this study was to determine if sipping

method impacted temporal sensory product profiles (citation propor-

tions) and the level of discrimination between the products at sip one,

each sipping method was also considered separately in this analysis.

Data was split by sipping method and Analysis of Deviance was per-

formed for each attribute using a two-factor (product and within-sip)

GLM with two-way interactions for sip one data.

2.5.2 | Effect of sipping method on multiple
sips data

Mean citation proportions were plotted against sample evaluation

time (package ggplot2 [Wickham, 2016]) for each sipping method

across eight sips for data visualization with TCATA curves. Citation

proportions across eight sips were also modeled using four-factor (sip-

ping method, product, sip and within-sip) GLM with four-way interac-

tions to investigate their effects on temporal sensory profiles across

multiple sips. Analysis of Deviance, interaction plots and post hoc

comparisons were performed as explained for sip one data in

Section 2.5.1.

As a key objective of this study was to determine if sipping

method impacted temporal sensory product profiles (citation propor-

tions) and the level of discrimination between the products over mul-

tiple sips, each sipping method was also considered separately in this

analysis. Data was split by sipping method and Analysis of Deviance

TABLE 3 Vanilla milkshake lexicon and associated reference
products

Attribute Description Reference productsa

Sweetness Sweet taste

stimulated by sugar

4% A1 sucrose in

water

Vanilla Natural vanilla flavor

with a chemical

note

0.03% vanilla and

0.12% vanilla

cream flavors in

water

Creamy flavor Retronasal perception

of creamy flavor

Fresh cream: 36.9%

(w/w) fat

(Anchor™, New

Zealand)

Creamy mouthfeel In-mouth sensation of

smooth, thick

texture and

moderate melting

rate

Fresh cream: 36.9%

(w/w) fat

(Anchor™, New

Zealand)

Thickness Resistance to flow in

mouth

Vanilla custard

(Anchor™, New

Zealand)

Mouthcoating Anything that is

coating/leaving a

film in mouth after

the swallowing, but

not necessarily

creamy

90% full cream milk

with 10% fresh

cream (Anchor™,

New Zealand)

Astringency The feeling of drying/

lack of moistness

resulting in friction

throughout the

mouth

2 g green tea (Dilmah

Ceylon Green Tea,

Sri Lanka) brewed

in 400 mL filtered

water at 100�C/
10 min

Liquorice Sweet and long lasting

aftertaste

0.007% stevia in

filtered water

aReference products were developed based on ISO3972:2011(E)

standards and in tandem with the panel.
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was performed for each attribute using a three-factor (product, sip and

within-sip) GLM with three-way interactions for multiple sip data.

3 | RESULTS

Figure 2 exhibits the TCATA curves and post hoc mean citation pro-

portion comparisons of the milkshakes at the first sip by sipping

method. Although the patterns are similar, visible differences are evi-

dent. Figure 3 shows the TCATA curves and post hoc mean compari-

sons across the multiple sips. Again, although similar patterns are

observed for each sipping method, some differences can be observed.

Table 4 lists the deviances and associated p values from the Analysis

of Deviance for all the sensory attributes at sip 1 using a three-factor

(sipping method, product and within-sip) GLM with three-way interac-

tions. Table 5 summarizes the deviances and p values from Analysis of

Deviance at sip 1 using two-factor GLM (product and within-sip) with

two-way interactions, for each sipping method. Table 6 lists the devi-

ances and associated p values from the Analysis of Deviance for all

the sensory attributes across multiple sips using a four-factor (sipping

method, product, within-sip and sip) GLM with four-way interactions.

Table 7 summarizes the deviances and p values from Analysis of

Deviance across multiple sips using three-factor GLM (product, within-

sip, and sip) with three-way interactions, for each sipping method. The

findings are discussed below.

3.1 | Effects of sipping method on one sip data

3.1.1 | Sipping method and attribute citation
frequency

At sip 1, attributes were generally cited more often when sipped

through a straw than from a cup (Figure 2). Analysis of Deviance

highlighted that the sipping method effect was significant for sweet-

ness, vanilla, astringency, and liquorice (Table 4). Within the sip, the

dynamics of citation proportions primarily followed a similar pattern

in both sipping methods. However, there was a significant within-sip

effect for all the attributes due to magnitude differences in citations

across cup and straw. For example, mouthcoating has generally higher

magnitude increments of citations after 8 s when sipped from a straw

than from a cup (Figure 2, A5). Statistical analysis also highlighted a

significant within-sip:sipping method interaction for creamy mouthfeel

(Table 4). The interaction was primarily due to an increased

(a) Single sip evalua�on 

(b) Eight sips evalua�on of a sample

(c) Eight sips each of four samples evalua�on during one 2 h session

Sample 1

x 8

Sample 2

x 8

Sample 3

x 8

Sample 4

x 8

20 min
break
Palate

cleansing

20 min
break
Palate

cleansing

20 min
break
Palate

cleansing

t=24 s t=0 s 

Place whole 
volume of the 
sample in mouth 
and immediately 
click Start bu�on

t=t=20 s 

End of the 
evalua�on 
of one sip

t=8 s 

‘Swallow’ prompt

= one sip of 15 mL
‘Take a sip’ prompt in 
mul�ple sip evalua�ons 

t=179 s

Sip 1 Sip 2 Sip 3 Sip 4 Sip 5 Sip 6 Sip 7 Sip 8

t=0 s t=21 s t=45 s t=70 s t=95 s t=120 s t=145 s t=165 s

F IGURE 1 Sipping Protocol
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magnitude in citation increments from 3 to 7 s when sipped from a

cup than through a straw. However, the interaction was small in

effect size (about a 10% citation increment) (Supplementary

material 1).

3.1.2 | Sipping method and product discrimination

Generally, Analysis of Deviance (Table 5) indicated that products were

discriminated more across more attributes when sipped from a cup

F IGURE 3 TCATA curves for sensory attributes (A1–A8 in columns) of milkshakes (P1–P6 in rows) by cup and straw sipping across eight sips.
“ABCD” (Citation proportions from cup) and “abcd” (citation proportions through straw) different letter codes indicate significant attribute
difference between products (Holm's, p < .01). Products: P1 (HFHSLT), P2 (HFLSLT), P3 (LFHSLT), P4 (LFLSLT), P5 (LFLSHT), and P6 (LFLSSHT)

F IGURE 2 TCATA curves for sensory attributes (A1–A8 in columns) of milkshakes (P1–P6 in rows) by cup and straw sipping at the first sip.
“ABC” (Citation proportions from cup) and “abc” (citation proportions through straw): different letter codes indicate significant attribute
difference between products (Holm's, p < .01). Products: P1 (HFHSLT), P2 (HFLSLT), P3 (LFHSLT), P4 (LFLSLT), P5 (LFLSHT), and P6 (LFLSSHT)
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than through a straw (Figure 2). For example, from the cup, products

were significantly discriminated to some degree by all attributes,

except vanilla. Through a straw, products were not significantly dis-

criminated by sweetness and astringency, or vanilla (Figure 2, A8,

A6, A1).

3.2 | Effect of sipping method on multiple
sips data

3.2.1 | Sipping method and attribute citation

Similar to sip 1, Analysis of Deviance revealed significantly higher cita-

tions for all attributes except thickness and mouthcoating across mul-

tiple sips when sipped through a straw (Table 6 and Figure 3).

Significant sipping method:product interactions were identified for

sweetness, vanilla, creamy flavor, creamy mouthfeel, mouthcoating

and astringency (Table 6). However, the effect sizes of the interac-

tions were generally less than 10%. For example, sipping from a straw

still led to increased sweetness citations regardless of the minimal

effect of the product:sipping method interaction caused mainly by simi-

lar citations for P3 (Supplementary material 2).

Significant sipping method:sip interactions showed an effect of

sipping method on the magnitude of citation dynamics across the sips

on creamy mouthfeel, thickness, mouthcoating and astringency

(Table 6 and Figure 3). Mouthcoating citations across sips for P3 and

P4 were higher from a cup than through a straw (Figure 3, A5P3 and

A5P4) for the later sips. Astringency of low-fat products (P3–P6) was

cited increasingly over multiple sips through a straw, resulting in larger

citation proportion differences sip to sip than when consumed from a

cup (Figure 3, A1P3–A1P6). Analysis of Deviance also revealed a sig-

nificant sip:product:sipping method interaction for astringency

(Table 6). P5 only received higher magnitude citations for astringency

through a straw on sips 6 to 8 (Figure 3, A1P5) however no clear cita-

tion differences across sips based on sipping method were noted for

P1 and P2 (Figure 3, A1P1 and A1P2).

3.2.2 | Effect of sipping method on product
discrimination across multiple sips

Significant product main effects were evident for all attributes, but sip-

ping method was involved in significant interactions with product for

all attributes except thickness and liquorice (Table 6). In depth, analy-

sis of product effects for each sipping method was required to deter-

mine if sipping method affected level of discrimination. Analysis of

Deviance showed significant product effects for all attributes for each

sipping methods (Table 7). Post hoc testing on mean citation propor-

tions of attributes revealed a general increment in product discrimina-

tion by both sipping methods over multiple sips compared to one sip

(Figure 3). However, products were more discriminated sipped from a

cup than from a straw (Figure 3). For example, sweetness of high

sucrose P1 and P3 versus low sucrose P2 and P4 products within each

fat level was only differentiated when sipped from a cup (Figure 3).

Similarly, higher citation proportions for vanilla differentiated P3 from

the remaining products when sipped from a cup, but not through a

straw (Figure 3).

The sipping methodmain effect was involved in significant interac-

tions with temporal factors sip and within-sip (Table 6). Further investi-

gations were performed to understand sipping method dependent

impacts of these temporal factors on product profiles. Closer inspec-

tions revealed that the sip:sipping method interactions were, as shown

in supplementary material 3 for creamy mouthfeel, very minimal, a

slight drop in citation proportion (less than 5%) when sipping from the

cup for sips 7 and 8. Lower citation proportions for creamy mouthfeel

at sip 7 were discriminated from higher citation proportions at sip

1 from cup. In fact, sipping method did not appear to influence dis-

crimination of mouthfeel over sips on average to any important practi-

cal level. Regardless, it is interesting that the expert panel was

sensitive to slight differences in perception dynamics for some attri-

butes across sips such as from sip 6 to 8 for creamy mouthfeel from a

cup (Supplementary material 3).

Sipping method caused variations in within-sip dynamics but was

only significant for sweetness and liquorice (within-sip:sipping method

interaction, Table 6). Sweetness was cited less often sipped from a

cup after-swallowing at 8 s than through a straw, but at similar rates

in-mouth (Figure 4). The difference was less than 5% in citation pro-

portion and barely impacted the level of attribute discrimination

within-sip based on sipping method.

All attributes revealed significant within-sip:sip interactions (Table

6), emphasizing the inconsistency of within-sip experience over multi-

ple sips. Regardless of the small size effects, attribute citation propor-

tions were generally most different across sips at 7 s (just before

swallowing at 8 s) and showed decreasing citation proportions across

sips (for example sweetness: Figure 5). Exceptionally, mouthcoating

and astringency were better discriminated at 3 s and showed increas-

ing citation proportions across sips in-mouth at both 3 s and 7 s

(astringency for example in Figure 6).

F IGURE 4 Interaction plot of sipping method:within-sip for
sweetness. Citation proportions “ABCD” from cup and 'abcd' through
straw with different letters are significantly different (Holms, p < .01)
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Variation in the within-sip experience across sips was different

from a cup versus through a straw (within-sip:sip:sipping method 3-way

interaction) for mouthcoating and liquorice (Table 6) but the interac-

tions only revealed small or barely noticeable effect sizes across sip-

ping methods (for example for mouthcoating in Figure 7). This

indicated that, depending on the sipping method in general, within-sip

dynamic experience did not change markedly for each additional sip

evaluated.

Significant product:within-sip interactions for creamy flavor, thick-

ness, mouthcoating, and liquorice (Table 6) indicated that within-sip

dynamics for these attribute citations were product specific. To fur-

ther clarify this interaction, data from each sipping method was

looked at separately. Analysis of Deviance on separate sipping

method data showed significant product:within-sip interactions on

thickness and mouthcoating (Table 7). For example, for mouthcoating

sipping from a cup in particular drove the interaction effect observed

across products, that is, increased discrimination in mouthcoating

between products after-swallowing at 19 s (Figure 8).

4 | DISCUSSION

This study aimed to investigate the effects of cup versus straw sipping

on TCATA sensory profiles and discrimination of vanilla milkshake on

single versus multiple sips.

4.1 | Effects of sipping method based on one
sip data

The results revealed impacts of sipping method on perception of the

same milkshake stimulus. Flavor release varies depending on physical

and physiological parameters in-mouth and in the oropharynx

(Selway & Stokes, 2014). These parameters alter the fundamentals of

mass transfer (i.e., diffusion and convective surface transfer) of aroma

compounds at the food-air interface and taste compounds at the food-

saliva interface (Salles et al., 2010). Further, physical changes in drinking

behavior such as sip time, flow rate (Lin et al., 2013), pressure, vibration

and auditory cues (Hashimoto et al., 2008) have been reported to

impact flavor and texture perceptions. For example, bitterness of cof-

fee was perceived more from 5 mm diameter straw than from 7.5 mm

(Akiyama et al., 2012). In the present study, cup versus straw sipping

would have altered the fundamental mass transfer of flavor and taste

compounds resulting in higher citations of attributes when sipped

through a straw. Additionally, the difference in flow rate, pressure,

vibration and auditory cues through the straw (Hashimoto et al., 2008)

perhaps caused panelists to cite attributes generally more often. In

comparison, using a cup with product delivering to a wider area of the

mouth and hence more mass transfer of stimulus, panelists would have

focused more on attribute differences across products and reported

higher citation differences and product differentiations from the cup.

As found in mouthcoating, these differences in citations and product

differentiations from cup would have further varied across attributes as

well as product formulation. In fact, different levels of product discrimi-

nation, even at a single sip evaluation, would be expected where a par-

ticular sipping method is chosen. This implies that during product

development, or in consumer studies, tasting protocols for sensory

evaluations should be adjusted to reflect the format/s in which the

product is to be consumed for example, using a cup, glass, a bottle or

through a straw. Moreover, impacts of sipping method could also be a

result of physicochemical interactions within the product, however this

such an investigation was out of scope for this experiment.

4.2 | Effect of sipping method based on multiple
sip data

A key objective of this study was to investigate if sensory perception

from whole product serving of milkshakes across multiple sips differs

in comparison to traditional single sip evaluations. Multiple sip data

revealed attribute differences between the products that were not

evident from single sip data. Interestingly, attributes were generally

cited more often when sipped through a straw but discriminated more

when sipped from a cup. These findings may indicate that the delivery

F IGURE 5 Interaction plot of within-sip:sip for sweetness.
Citation proportions “abcde” with different letters in a row for each
within-sip time point are significantly different across sips
(Holms, p < .01)

F IGURE 6 Interaction plot of within-sip:sip for astringency.
Citation proportions “abcdef” with different letters in a row for each
within-sip time point are significantly different across sips
(Holms, p < .01)
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of milkshake to a smaller and/or different area of the mouth through

a straw results in attributes being more noticeable. Further, wider

spread delivery of milkshake from a cup to the mouth would cover

more receptors enabling better opportunity for product discrimina-

tion. However, to date, this is the first evidence to the authors' knowl-

edge of the impact of different sipping methods on sensory

perceptions.

Sipping from a cup across multiple sips discriminated more prod-

ucts on sweetness and vanilla. As the same amount of vanilla was

added into each product formulation, increased discrimination of

products for vanilla was probably an indication of perceptual interac-

tions where increasing sweetness enhanced the vanilla perception

across multiple sip evaluation (Bertelsen et al., 2021; Sikorski,

Pokorny, & Damodaran, 2007). In comparison, products were

discriminated into four groups when sipped through a straw for

creamy flavor as opposed to only two from sipped from a cup. This

higher discrimination was likely caused by buildup of differences in

mass transfer and hence higher flavor release from the straw

(Hashimoto et al., 2008; Lin et al., 2013) than from a cup over multiple

sips. Mouthcoating of high-fat products was more differentiated dur-

ing cup sipping, and low-fat products sipping through a straw. de Wijk,

Kapper, Borsboom, and Prinz (2009) showed that mouthfeel of semi-

solid desserts was dependent on product composition and oral move-

ment before swallowing affecting the coating created in oral cavity.

However, in the current study, differences in oral behavior from cup

versus straw sipping, and subsequent differences in oral coating and

mouthfeel across cup versus straw sipping were potentially downsized

by perceptual interactions of varying fat content on mouthfeel per-

ception for the high fat versus low-fat milkshakes from a cup versus

through a straw. Perceptual interactions of varying fat contents across

milkshakes were not captured until sip 6 or 7, indicating a risk of los-

ing detailed understanding of actual consumer product experience if

the products were evaluated only on one sip. Differentiation of prod-

ucts on liquorice flavor was not impacted by sipping method but as it

was only perceived in P6 (Figure 2) this was not unexpected.

Impacts of sipping method on within-sip perceptual variations

were also considered. It was interesting to note when sipped from a

cup, products displayed higher magnitude in the increase of citations

in mouth from 3 to 7 s and is likely a consequence of increased prod-

uct spread across oral cavity than when sipped through a straw. The

within-sip difference in attribute citations across sipping methods

increased after swallowing. As noted earlier, the physical (Hashimoto

et al., 2008; Lin et al., 2013) and physiological (Selway &

Stokes, 2014) changes in drinking behavior may explain the higher

citation proportions observed for attribute perception through the

straw, and the increased difference of citations across sipping

methods after-swallowing with more tastants reaching taste receptors

F IGURE 7 Interaction plots of within-sip:sip for mouthcoating (a) from cup and (b) through straw. Citation proportions “abcd” with different
letters in a row for each within-sip time point are significantly different across sips (Holms, p < .01)

F IGURE 8 Interaction plot of product:within-sip for mouthcoating
from cup. “abc” Products with different letters in a column for each

within-sip time point are significantly different (Holms, p < .01).
Products: P1 (HFHSLT), P2 (HFLSLT), P3 (LFHSLT), P4 (LFLSLT), P5
(LFLSHT) and P6 (LFLSSHT)
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(Salles et al., 2010). This within-sip citation difference across the two

sipping methods showed an overall reduction over multiple sips.

Increasing tastants concentration over multiple sips may have led to

adaptation (Bartoshuk, Duffy, Hayes, Moskowitz, & Snyder, 2006;

Keast & Roper, 2007) resulting in an overall decrease of citation dif-

ferences from a cup and through a straw across sips. Sweet taste

receptors are located on the tongue, soft palate, and oropharyngeal

areas (Breslin & Spector, 2008) and swallowing may have assisted

buildup of sweet tastants in saliva over multiple sips to increasingly

activate the taste receptors resulting in an increase of sweetness per-

ception after-swallowing. Also, after-swallowing, in-mouth residues,

or changes resulting in mouthcoating and astringency perceptions

may undergo saliva dilution or breakdown with time (Chen &

Engelen, 2012; Salles et al., 2010). Subsequent drops in mouthcoating

and astringency perception could result in increased sweetness per-

ception after swallowing.

Generally, the within-sip experience of products varied across

multiple sips with small size effects, which were attribute dependent.

However, multiple sip evaluations, without using palate cleanser

between sips of the same product, enabled the capture of adaptation

and buildup effects providing closer insights into an actual product

consumption occasion that consumers might experience. Therefore, it

is important to adjust product evaluation protocols with appropriate

sipping methods and over multiple sips where insights into actual con-

sumption occasions are required. However, findings varied depending

on attributes and hence more research is required with different prod-

uct/ beverage categories to understand the wider effects of multiple

sip evaluations on cup and straw sipping experiences.

The panel discriminated within-sip changes over multiple sips and

the TCATA technique was sensitive enough to capture these dynamic

differences across sipping method. Generally expert assessors are

considered more sensitive in product discrimination due to their

higher sensory acuity (Everitt, 2018; Kemp, Hollowood, & Hort, 2009)

and training (Lawless & Heymann, 2013) in comparison to consumers

(Ares & Varela, 2017). Further, attribute training and consistency of

the analytical approach of experts in product evaluation (Ares &

Varela, 2017; Lawless & Heymann, 2013; Stone & Sidel, 2004) may

have been reflected in smaller size effect citation differences across

sipping methods in multiple sip evaluations of the milkshakes. How-

ever, consumers are not expert panelists and so it is important that

future work is carried out to understand if the differences observed

here relate to consumer perception across multiple sips, and is partic-

ularly relevant to product development and optimization settings.

5 | CONCLUSIONS

Sipping method influenced citation proportions and product discrimi-

nation. Generally, higher citation proportions were given when sipped

through a straw. However, products were discriminated with larger

size effects when sipped from a cup. Consequently, single and multi-

ple sip TCATA temporal profiles of products and attributes are likely

to be affected by sipping method selected by the panel. Moreover,

sipping method-based citation differences were more evident across

further attributes and products when evaluated across multiple sips

than on single sip. This increased attribute and product discrimination

emphasizes the importance of multiple sip evaluations when wanting

to represent perception on the whole product consumption experi-

ence to capture actual consumer product experience. Nevertheless,

these findings cannot yet be generalized as they are product and attri-

bute specific and further studies with different product matrices and

different sensory characteristics will be required. Sipping method

order was not balanced across sessions in a compromise to streamline

logistics during a session and could be noted as a limitation of this

study. The size effects of sipping method interactions were small, but

it was interesting that the panel was sensitive enough to capture such

marginal differences. A key question is whether insights from an

expert panel using multiple sips TCATA is similar to what is perceived

by consumers and, although not covered in this study, it should be

considered for future studies.
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