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Abstract: Vanilla, a quintessential flavoring agent, experiences burgeoning demand globally, par-
ticularly for natural variants. In response, Taiwan has ventured into vanilla cultivation, aiming to
reduce the energy consumption associated with international transportation by fostering domes-
tic production. This study investigates the sensory attributes of Taiwan and Madagascar vanilla
beans amid increasing global demand for natural vanilla. We extended our sensory evaluations
to vanilla ice cream products to assess their quality. Employing sensory evaluation questionnaires
and experimental techniques, we utilized purposive and snowball sampling methodologies for
participant recruitment. Our primary aim is to discern the edible disparities between Taiwan and
Madagascar vanilla beans by scrutinizing variations in consumer sensory preferences. Our findings
reveal statistically significant disparities between Taiwan and Madagascar vanilla beans concerning
product texture and overall aroma in sensory evaluations, while other attributes do not exhibit
notable differences. This suggests that the sensory experience of vanilla ice cream products derived
from Taiwan and Madagascar vanilla beans primarily diverges in terms of product texture and
overall aroma, with negligible disparities elsewhere. Remarkably, Taiwan vanilla beans consistently
outperform Madagascar vanilla beans across many evaluation criteria, underscoring the superior
quality and competitive edge of Taiwan’s vanilla beans. This empirical evidence highlights the excep-
tional quality and value proposition of Taiwan vanilla beans, offering insights for the expansion and
deepening of sensory evaluations pertaining to vanilla beans. Furthermore, our study contributes to
environmental sustainability by promoting local production and presents new avenues for Taiwan’s
vanilla processing industry.

Keywords: vanilla beans; sensory evaluation; Taiwan; Madagascar; quality; sustainability

1. Introduction

Vanilla is one of the most prevalent condiments and the most popular raw flavoring
material globally, with extensive applications in the food, beverage, spice, and pharmaceuti-
cal industries [1-4]. Particularly within the baking industry, vanilla is a common ingredient
in cakes, cookies, puddings, ice cream, and other related products, leading to a significant
surge in demand. The high consumption of ice cream in countries such as the United States
and Canada has further driven the growth of this market [5]. Vanilla beans were initially
added to food products, with ice cream being one of the first to showcase the complete
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flavor profile of vanilla. The ice cream-making process deliberately avoids heating steps to
prevent the loss of aroma, ensuring the full expression of the vanilla flavor. Additionally,
ice cream holds significant economic importance in the food industry. According to the
Global Industry Insight (GII) report on the global ice cream market [6], the market reached
USD 73.2 billion in 2022, with projected lucrative growth to USD 108.9 billion by 2030. The
market is anticipated to achieve a robust compound annual growth rate (CAGR) of 5.1%
during the forecast period of 2023-2030. Therefore, ice cream serves as the material for
sensory evaluation in this project.

According to Mordor Intelligence’s [7] forecast, the vanilla market size is projected
to grow from USD 958.57 million in 2023 to USD 1.41695 billion by 2028, reflecting a
compound annual growth rate (CAGR) of 8.13% during the forecast period (2023-2028).
Owing to its extensive applications in the food and related industries, vanilla remains one
of the most expensive spices traded internationally and continues to be a highly popular
flavor across various sectors. It holds a particularly significant share in the ice cream
and chocolate industries. As consumer awareness about health and the environmental
impact of regulatory standards increases, major market players such as Nestlé, General
Mills, and Hershey’s have announced intentions to incorporate natural colors and flavors
in their products, thereby driving global demand for vanilla. Additionally, Mazhar and
Taghadomi-Saberi [8] reported that the Australian vanilla industry is expected to surpass a
total output value of USD 10 million by 2028.

However, the production of vanilla beans is notably challenging. The five major
countries where vanilla cultivation is prevalent include Madagascar, Indonesia, China,
Mexico, and Papua New Guinea [9]. Approximately 80% of the world’s vanilla is grown in
Madagascar, which boasts an optimal climate for vanilla cultivation. This climate features
a temperature range of 21-32 °C, an evenly distributed annual precipitation of 1500 mm
or more, and an average relative humidity of 80% [10]. Due to reduced production and
increased international demand, the average price of vanilla beans has risen sharply since
2013. In 2017, Madagascar, the world’s largest vanilla producer, was struck by Hurricane
Enawo. The storm left more than 20,000 people homeless and destroyed 70% of the
country’s vanilla crops, leading to a significant decline in production and a subsequent rise
in prices. By 2018, the price of vanilla beans had soared to USD 600 per kilogram, making
vanilla the most expensive spice in the world after saffron [5,11].

The global market has been enduring a prolonged “vanilla crisis,” characterized by an
uncontrolled surge in the price of natural vanilla. This crisis stems from significant volatility
in the vanilla market, where global demand for natural vanilla is rising while supply is
diminishing [12]. In Taiwan, the Taoyuan District Agricultural Research and Extension
Station, part of the Ministry of Agriculture, initiated the trial cultivation of Bourbon vanilla
orchid in 2007 [13]. By 2012, following the transfer of cultivation technology to local farmers,
an increasing number of Taiwanese farmers began planting Bourbon vanilla orchid.

The vanilla orchid is a heliophilous plant, typically cultivated in net chambers within
Taiwan. Significant production of vanilla beans does not commence until the third year
post-planting. The harvested pods undergo a meticulous process involving four stages—
cyanide treatment, fermentation, drying, and ripening—over a period of 5 to 6 months
before they become market-ready. Despite these advancements, Taiwan’s vanilla industry
remains nascent and continues to face numerous challenges. Madagascar’s vanilla beans are
internationally recognized as the benchmark for vanilla quality, while Indonesia is emerging
as a promising alternative in terms of both quantity and quality. The escalating demand for
vanilla, particularly in the ultra-luxury ice cream sector, has prompted expanding vanilla
exports from producing nations such as Madagascar and Indonesia, notably to European
and American markets [14]. Based on the high-quality grading standards of most stores like
Cooks Vanilla [15], Native Vanilla [16], and Vanilla Pura [17], Grade-A beans, often referred
to as “gourmet vanilla beans,” are visually more appealing. They are plump, pliable, and
full of fresh vanilla bean caviar. Their color is dark and chocolate-like, sometimes with
hints of red. The moisture content in vanilla beans is a crucial physical property, with good
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vanilla beans ranging between 20% and 35% water. The most important quality of vanilla
beans is their vanillin content, which ranges between 0.75% and 1.5% per weight. Good
vanilla beans typically measure between 15 and 20 cm.

Hence, vanilla beans represent a commodity of considerable economic value in the
global agricultural landscape, with significant industrial implications. Notably, Taiwan’s
vanilla bean market is heavily reliant on imports, with Madagascar standing out as a
primary exporter in the international arena [18]. Madagascar’s vanilla not only enjoys a
reputation for superior quality but also commands approximately 80% of the global market
share. Vanilla beans undergo harvesting while still green and devoid of any discernible
aroma. This initial stage marks the commencement of a prolonged transformation process
necessary for the development of the characteristic aroma associated with vanilla. Vanilla
extract, a derivative of vanilla beans, comprises various compounds, with vanillin being
the most prevalent [4]. Sinha, Sharma, and Sharma [3] emphasize that vanillin significantly
influences the flavor profile of vanilla.

As a species of vanilla plant, the vanilla bean encompasses over 270 distinct fragrance
compounds, including notes of milk, fruitiness, tea, sweetness, acidity, woodiness, oiliness,
vinous tones, spiciness, and smokiness [19]. Takahashi et al. [20] estimate that vanilla beans
contain approximately 250 to 500 different flavoring constituents. Januszewska et al. [9]
categorize the perceived odor description of vanilla extract into six main categories: fruity,
creamy, fermented, floral, phenolic, and spicy.

Research conducted by da Silva et al. [21] underscores the diverse attributes associated
with vanilla flavor. Notably, respondents commonly mention sweetness (71.1%), caramel
notes (43.20%), floral hints (32.20%), fruity undertones (28.7%), woody nuances (23.9%),
honeyed accents (20.9%), and creamy qualities (20.6%). Evidently, vanilla beans exhibit
a rich and multifaceted flavor profile, with sweetness, caramel, floral, and fruity notes
being among the most prevalent and recognizable to the majority of individuals. The
market success of a product hinges not only on initial consumer preference but also on
subsequent repeat purchases, as underscored by Drake, Watson, and Liu [22]. To foster
repeat purchases, products must consistently meet consumer preferences, highlighting
the importance of sensory and hedonic considerations from the consumer’s standpoint.
Sensory science has evolved into a comprehensive field of study over the past century,
serving as a valuable tool for practical applications.

Methods for sensory evaluation of food can be broadly categorized into two types.
The first type is affective testing, which involves consumer tests. This method employs
consumers or untrained individuals as panelists to directly measure the degree of liking
or acceptance of a food product. Affective tests are commonly used in new product
development or to gauge consumer evaluations of existing products. The second type is
analytical testing, which includes sensitivity tests and difference and descriptive analyses.
Difference analysis focuses on understanding whether and to what extent differences
exist between products. Descriptive analysis qualitatively or quantitatively assesses the
characteristic attributes of food substances. Analytical sensory evaluations typically require
trained panelists, especially for descriptive analysis, which necessitates rigorously trained
evaluators [23].

Sidel et al. [24] proposed that the number of panelists for sensory tests should range
between 25 to 50. For consumer-oriented sensory evaluations, panelists should come from
various industries, age groups, and genders, with a minimum number of 30 and preferably
more than 50 for optimal results. The evaluation questionnaires should be simple and con-
cise. Additionally, Lawless [25] mentioned that human perceptions are easily influenced by
environmental factors, leading to varying judgments. Factors such as conversation, noise in-
terference, sample order, color, and appearance can induce psychological biases in panelists.
These elements must be controlled to ensure scientific rigor in sensory evaluation processes.

Therefore, the process of human flavor perception is highly complex. To understand
people’s views on food through sensory evaluation, it is necessary to explore from multiple
perspectives. Particularly in the design of sensory evaluation experiments, it is essen-
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tial to consider various factors and provide a well-designed experimental environment,
appropriate tools, and thorough procedures to obtain the most effective evaluation data.

The aim of this study is to understand the sensory differences between vanilla beans
produced in Taiwan and those from Madagascar, as Madagascar’s vanilla beans are consid-
ered the gold standard worldwide. Therefore, we will measure the flavors of vanilla beans
from both Taiwan and Madagascar to assess whether Taiwanese vanilla beans can meet the
quality of the Madagascar gold standard. This assessment will particularly focus on con-
sumer sensory evaluations, preference, and acceptance differences through the processing
of vanilla into ice cream.

2. Materials and Methods
2.1. Materials

The vanilla beans used in the experiment consisted of domestically produced vanilla
beans from Taiwan and vanilla beans originating from Madagascar. The vanilla beans
used in this study were sourced from the Taoyuan District Agricultural Research and
Extension Station, Ministry of Agriculture, in Taiwan, in September 2023, and measured 18
to 20 cm in length. The vanilla beans from Madagascar were purchased from TEHMAG
FOODS CORPORATION (Taipei City, Taiwan) in September 2023. To ensure consistency,
researchers also selected vanilla beans measuring 18 to 20 cm in length from Madagascar,
thereby ensuring fairness in the study. The extraction of vanilla beans was performed using
a modified method based on the recommendations of Jadhav et al. [26], Dong et al. [27],
Delgado et al. [28], and Yeh et al. [29] to suit the objectives of this study.

2.2. Extraction of Vanilla Beans: Plant Sources and Methods

In this study, 90 g of vanilla beans from both Taiwan and Madagascar were ground.
The sample-to-solvent ratio was 1:10 (w/v), with 900 mL of different concentrations of
ethanol (35%, 95%) added [29]. Ultrasonic agitation (Delta® DC300H, Taipei City, Taiwan)
was conducted for 60 min (Figure A1), and this process was repeated three times. The
samples were then filtered, and the extract was transferred to a rotary evaporator (Biichi
Rotavapor® R-100, Uster, Switzerland) (Figure A2) to remove the solvent and obtain the
vanilla extract (Figure A3). Subsequently, the extraction efficiency for different varieties
and solvents was calculated.

After three rounds of ultrasonic extraction of 90 g of vanilla beans, the highest ex-
traction yields with 35% ethanol solvent were obtained for Taiwan vanilla beans at 20.3%
and Madagascar vanilla beans at 21.8% (Table A1). Subsequently, 4-hydroxybenzoic acid,
vanillic acid, 4-hydroxybenzaldehyde, and vanillin were analyzed using High Performance
Liquid Chromatography (HPLC) with the vanilla concentrate extract samples. It was found
that Taiwan vanilla beans and Madagascar vanilla beans extracted the highest amounts
of vanillin when using 35% ethanol solvent (Table Al). Therefore, subsequent sensory
evaluation experiments will utilize extracts obtained with 35% ethanol solvent.

2.3. Vanilla Ice Cream

In the production of the ice cream samples (Table 1), the vanilla flavor is derived from
the extract of vanilla beans obtained through scientific instrumentation. To preserve the
purity of flavor and avoid interference, the formulation deliberately excludes materials
such as eggs, gelatin, stabilizers, emulsifiers, and flavorings. Instead, the ice cream is made
using only fresh milk, animal cream, seaweed sugar, and condensed milk.
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Table 1. Vanilla ice cream recipe.

Procedure

1. Pour heavy cream, whole milk, condensed milk, and seaweed sugar into a measuring cup

in sequence.

. Use a hand mixer to blend the ingredients.

. Mix until the condensed milk dissolves at the bottom and the seaweed sugar melts.

. Add the vanilla extract.

. Stir until evenly combined.

. Pour the mixture into the ice cream maker’s inner pot.

. Install the mixer inside the ice cream maker.

. Start the machine in “ice cream mode” (simultaneous stirring and cooling).

. Allow the machine to continuously stir and cool (machine’s final temperature should be
approximately —26 to —28 degrees Celsius).

10. Continue until the ice cream increases in volume by 30-40% and has a slight icy texture (total
mixing time approximately 60 min).

11. Transfer to a clean stainless-steel container and rapidly freeze for 4 h.

12. Portion out each sample into approximately 30 g portions.

Utensils Used: Measuring cups (2000 mL) (500 mL), rubber spatula, weighing container (steel
bowl, glass cup), hand mixer, electronic scale, disinfectant alcohol, disposable gloves, fully
automatic ice cream maker. Ice cream maker specifications: ARTISAN 2.5 L Fully Automatic Ice
Cream Maker_IC2581 model.(SHOUYO ELECTRONICS CO., LTD., Taipei City, Taiwan)

O 00 NI O\ Ul = WIN

Ingredients

Heavy cream: 1000 g (100%)

Whole milk: 500 g (50%)

Seaweed sugar: 500 g (50%)

Condensed milk: 100 g (10%)

Vanilla extract (Taoyuan Station, Madagascar): 50 g (5%)

Total weight: 2150 g
Total percentage: 215%

2.4. Sensory Evaluation
2.4.1. Study Subjects and Sampling Method

This study obtained approval from the Taoyuan District Agricultural Research and
Extension Station (Approval No. 1120502-S). The research procedures adhere to the ethical
guidelines outlined by our institution’s ethics committee, which are based on the ethical
principles outlined in the “Ethical Committee of Fu Jen Catholic University” and the
“Declaration of Helsinki”. According to Sidel et al. [24], studies suggest that the number of
participants can range from 25 to 50. Therefore, this study recruited 55 participants through
snowball sampling and purposive sampling. Researchers introduced the nature of the study
and the composition of the samples to the participants, inquired about any food allergies
beforehand, and ensured that participation was voluntary and that participants understood
they could withdraw from the experiment at any time. Oral consent was obtained in the
presence of at least two research team members acting as witnesses. All participants have
had the experience of consuming vanilla ice cream, with each individual consuming it at
least once a month. Furthermore, all participants are enthusiasts of vanilla ice cream. The
demographic characteristics of the participants are detailed in Table 2. All participants
self-reported no significant illnesses or conditions that could potentially affect their taste
or smell, confirming their physiological health. Sensory evaluations were conducted in
a professional sensory evaluation laboratory, with participants tasting vanilla ice cream
under room temperature and white fluorescent lighting. Participants were instructed to
rinse their mouths with water both before and after tasting to minimize residual flavors.
The order in which participants tasted the samples was randomized. Upon completion
of sensory evaluation of the samples, participants received gift cards as compensation to
acknowledge their participation.



Agronomy 2024, 14, 1838 6 of 15

Table 2. Distribution of basic consumer demographics (n = 55).

Basic Characteristic Detail Frequency Percentage (%)

Male 15 27.3
Gender Female 40 72.7
Below 20 years old 4 7.3
21-30 years old 48 87.3
Age 31-40 years old 1 1.8
41-50 years old 2 3.6

Above 51 years old 0 0

Below Junior High School 0 0
. High School or Vocational School 1 1.8
Education Level College 29 507
Postgraduate and above 25 45.5

Data Source: Compiled by the research team.

2.4.2. Sensory Evaluation Questionnaire

The preference evaluation conducted in this study belongs to the category of consumer
sensory evaluation methods [30]. Participants do not require prior training to conduct the
evaluation. The questionnaire in this stage is divided into three main categories: basic
information, terminology explanation, and rating selection. The items in the preference
evaluation questionnaire of this study were adapted and revised from the studies of
Swiader, K., and Marczewska [31]; Ker et al. [32]; Lee et al. [33]; Short et al. [34]; Craine
et al. [35]; and Thompson et al. [36], to better fit the research theme (see Table 3). The
sensory assessment questionnaire consists of 11 items, using a 7-point scale. A score of
7 indicates “extremely liked”, while a score of 1 indicates “extremely disliked”. Participants
select their rating based on their actual experience, with higher scores indicating higher
preference or intensity for the item.

Table 3. Sensory evaluation questionnaire for vanilla ice cream consumers.

Aspect Description
Color Color and glossiness of the sample.
Texture Nature and state of the sample.
Richness Intensity of vanilla flavor in the sample.
Acceptance Level of acceptance of vanilla flavor in the sample.
Preference Level of preference for vanilla flavor in the sample.
Overall Aroma Preference for the volatile aroma of the sample.
Overall Acidity Perception of acidity in the taste after sampling.
Overall Sweetness Perception of sweetness in the taste after sampling.

Overall sensory experience after tasting and swallowing,
including olfactory, gustatory, and aftertaste sensations.
Overall Acceptance Level of overall acceptance of the sample.

Overall Preference Level of overall preference for the sample.

Overall Flavor

2.5. Statistical Analysis

The statistical analysis software SPSS 25.0 for Windows was used for the data analysis.
“First, group the participants’ evaluations of the two origins, then analyze the data related
to sensory evaluation, including mean, standard deviation, and Independent Samples
t-Test.”

3. Results
3.1. Sensory Evaluation Analysis of Vanilla Ice Cream

According to Table 4, participants compared the sensory evaluation of domestically
produced vanilla beans and Madagascar-produced vanilla beans in vanilla ice cream. There
was no significant difference observed in product color (t = 0.077, p > 0.05), indicating that
participants perceived no distinction between the two in terms of product color. However,
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there was a significant difference in product texture (t = —2.664, p < 0.01), indicating that
participants perceived a noticeable difference in product texture between the two. No
significant differences were found in vanilla richness (t = 0.720, p > 0.05), vanilla acceptance
(t=10.873, p > 0.05), and vanilla preference (t = 0.972, p > 0.05), indicating that participants
perceived no difference in vanilla richness, acceptance, and preference between the two.

Table 4. Sensory evaluation analysis of vanilla ice cream (n = 55).

Evaluation Criteria Vanilla Origin M SD t-Value p-Value

TV 5.37 1.139

Appearance 0.077 0.939
MV 5.36 1.111
TV 4.67 1.330

Texture —2.664 0.009
MV 5.30 1.393
. TV 5.36 1.264

Intensity 0.720 0.473
MV 5.18 1.595
TV 5.63 1.013

Acceptance 0.873 0.385
MV 5.45 1.340
TV 5.60 0.986

Preference 0.972 0.333
MV 5.40 1.303
TV 5.55 1.118

Overall Aroma 2.135 0.035
MV 5.07 1.449
) TV 4.03 1.669

Overall Acidity 0.626 0.533
MV 3.85 1.645
TV 5.37 1.042

Overall Sweetness 1.943 0.054
MV 4.94 1.496
TV 5.66 0.993

Overall Flavor 1.896 0.060
MV 5.25 1.429
TV 5.70 1.045

Overall Acceptance 1.180 0.240
MV 5.45 1.417
TV 5.60 1.102

Overall Preference 0.950 0.344
MV 5.39 1.424

Note: TV = Taiwan Vanilla, MV = Madagascar Vanilla, M = Mean, SD = Standard Deviation.

A significant difference was observed in overall aroma (t = 2.135, p < 0.05), indicating
that participants perceived a noticeable difference in overall aroma between the two.
However, no significant differences were found in overall acidity (t = 0.626, p > 0.05),
overall sweetness (t = 1.943, p > 0.05), overall flavor (t = 1.896, p > 0.05), overall acceptance
(t=1.180, p > 0.05), and overall preference (t = 0.950, p > 0.05), indicating that participants
perceived no difference in overall acidity, sweetness, flavor, acceptance, and preference
between the two.

Overall, vanilla ice cream made from Taiwanese and Madagascar vanilla bean extracts
showed significant differences in product texture and overall aroma in the sensory eval-
uation by participants. However, there were no significant differences observed in other
aspects, indicating that participants perceived differences in product texture and overall
aroma between the ice creams made from vanilla beans of the two origins, while other
aspects showed no distinction.

Additionally, as shown in Figure 1, participants had a positive perception of the TV
vanilla ice cream, particularly in terms of product color, vanilla richness, vanilla acceptance,
vanilla preference, overall aroma, overall acidity, overall sweetness, overall flavor, overall
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acceptance, and overall preference, with average scores higher than those for MV. As shown
in Figure 2, by compiling the values of vanillin, 4-Hydroxybenzaldehyde, overall aroma,
overall sweetness, and overall flavor, it can be observed that the average scores for TV in
these three categories are significantly higher than those for MV. This finding is consistent
with the results of the HPLC analysis (refer to Table Al). Therefore, the results of this study
contribute to the sensory evaluation of Taiwanese vanilla beans, filling a gap in this field.

Appearance

6

Overall Preference 2 Texture

&
/ .
Overall Acceptance & o Intensity

Overall Flavor .‘\\ %) Acceptance

—— TV

-_—tes MV

.. e, > Preference
Overall Sweetness \ /
o
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Figure 1. Participant ice cream sensory evaluation radar chart.

Score

To.
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Vanillin

Overall Aroma

erall Flavor
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dlCatoI. ite
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Figure 2. Three-dimensional relationship map of vanilla flavor, origin, and components.

3.2. Single Factor Covariate Analysis

In this study, we conducted a Single Factor Covariate Analysis (ANCOVA) to compare
the overall flavor satisfaction of Madagascan vanilla beans (MV) and Taiwanese vanilla
beans (TV). The overall flavor satisfaction of MV was used as a covariate, while the overall
flavor satisfaction of TV was the dependent variable. The results, as shown in Table 5,
indicate that after controlling for the impact of MV’s overall flavor satisfaction, there were
significant differences in the overall flavor satisfaction of TV.
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Table 5. Single factor ANCOVA results for overall flavor satisfaction of TV.

Source of
Variance

Revised model
Overall Flavor
Satisfaction of
MV

Error

Total
Corrected total

IIT Sum of df Mean Sum of F Sienificance Net
Squares Squares & Eta-Squared
4.827 a 1 4.827 7.182 0.009 ** 0.099
4.827 65 4.827 7.182 0.009 ** 0.099
43.684 67 0.672
2118.109 66
48.510 66

aR? =0.099 (adjusted R? = 0.086), ** p < 0.01.

The ANCOVA results revealed an F-value of 7.182 with a p-value of 0.009, which is
less than 0.01, reaching a significance level of 0.01. This indicates a significant difference
in overall flavor satisfaction for TV. The partial eta squared (n?) was 0.099, indicating a
substantial effect size.

These results demonstrate that after controlling for the influence of MV’s overall flavor
satisfaction, there is a significant variance in overall flavor satisfaction based on the different
origins of the vanilla beans.

4. Discussion

According to experimental results, participants perceived a statistically significant dif-
ference in product texture and overall aroma between vanilla beans from different regions.
Specifically, participants rated the overall flavor, sweetness, and aroma of Taiwanese vanilla
significantly higher than that of Madagascan vanilla. Additionally, Taiwanese vanilla beans
received slightly higher scores in terms of overall acceptance, overall liking, vanilla liking,
vanilla acceptance, and vanilla richness. However, the texture of the Taiwanese product
was rated lower than that of the Madagascan vanilla.

Due to the differences in vanilla pod varieties, soil composition, climate, and cultivation
practices, the aroma components between different vanilla varieties and origins vary [37]. In
sensory studies of vanilla pods, researchers have explored different origins [38—40], harvest
periods [41], curing procedures [42], and bean quality [43]. Most studies on vanilla pods
focus on comparisons between different origins. Our study compares two origins and finds
that Taiwanese vanilla pods are of exceptionally high quality. This competitiveness can be
attributed to the vanillin content, which is 2.2% for Taiwanese beans and 1.8% for Madagascan
beans—an important quality indicator for vanilla [3,4]. As identified in our study, the vanillin
content is higher in Taiwanese vanilla beans. Overall, Taiwanese vanilla beans demonstrate
considerable competitiveness [13,29].

The study also evaluated the sensory properties of the most popular processed product,
vanilla ice cream, following the vanilla bean production process. Similar sensory evaluation
methods have been used in various studies [36,44-46]. The research team conducted sensory
evaluations with consumers experienced in consuming vanilla ice cream to determine
preferences for Taiwanese vanilla beans. As highlighted by Drake, Watson, and Liu [22],
products that align with consumer preferences are more likely to become repeat purchases.

The ice cream used for evaluation was made with vanilla extract derived from vanilla
beans of a fixed weight. Given the same unit weight, Taiwanese vanilla beans contain
a higher proportion of vanillin, resulting in ice cream with a richer vanilla flavor. The
results confirmed that participants perceived the overall flavor, sweetness, and aroma of
ice cream made from Taiwanese vanilla beans to be significantly higher than those made
from Madagascan beans. This finding underscores the high quality and competitiveness of
Taiwanese vanilla beans.

Additionally, sensory evaluations of vanilla ice cream made from Taiwanese beans
indicate that these beans provide richer and more favorable flavor characteristics. This en-
hances the competitive advantage of Taiwanese vanilla beans in both local and international
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markets. The results suggest that vanilla products derived from Taiwanese vanilla beans
are highly favored by consumers. In addition to local cultivation and sales, these products
reduce energy consumption associated with import transportation, promote sustainable
agricultural practices, and enhance local economic development, particularly revitalizing
rural areas, thus providing overall environmental sustainability benefits [47,48]. Taiwanese
vanilla beans are thus comparable in quality to Madagascan vanilla beans. For Taiwanese
consumers, choosing locally produced vanilla is conducive to sustainable development,
maintaining high-quality standards, and supporting the local production economy [48].
The benefits of this approach are substantial.

In summary, we conducted a sensory evaluation of vanilla beans produced in Taiwan
and Madagascar, inviting participants with experience in consuming vanilla ice cream. The
results indicate that Taiwanese vanilla beans are superior to Madagascan vanilla beans
in terms of overall flavor, sweetness, and aroma. These findings are consistent with our
HPLC analysis results. This demonstrates that the quality of Taiwanese vanilla beans is
exceptionally high, leading to a superior final product quality.

5. Conclusions

This study conducted an in-depth investigation of vanilla beans produced in Taiwan
and Madagascar, providing valuable insights into various extraction methods and vanillin
content. Vanilla extracts from both sources were used to create vanilla ice cream, which was
then subjected to a comprehensive sensory evaluation. The evaluation assessed multiple
attributes such as product color, texture, vanilla richness, and overall flavor characteristics,
including sweetness, acidity, and aroma.

The experimental methods meticulously documented the selection criteria for the
vanilla beans and detailed the production process of the vanilla ice cream. Fifty-five healthy
consumers with a preference for vanilla ice cream participated in the sensory evaluation.
The research aimed to address the following questions: (1) How do the sensory profiles of
Taiwan and Madagascar vanilla beans differ? (2) What are the impacts of these differences
on ice cream quality and consumer preferences?

The findings revealed that the quality of Taiwanese vanilla beans is exceptionally good,
as evidenced by their superior performance across multiple sensory attributes compared to
Madagascan vanilla beans, potentially matching or even exceeding the traditional quality
standards associated with Madagascan vanilla. Taiwan’s unique geological environment,
including rich soil conditions and suitable climate, provides ideal growing conditions,
significantly enhancing the aroma and quality of the vanilla beans.

Further, through a one-way ANCOVA, we explored the significant differences in
overall flavor satisfaction between vanilla beans from different origins. In this study, the
overall flavor satisfaction of Madagascan vanilla beans (MV) served as a covariate, and
that of Taiwanese vanilla beans (TV) as the dependent variable. The analysis showed that
after controlling for the influence of MV, the F-value for TV was 7.182, with a p-value of
0.009, achieving a significance level of 0.01, indicating a significant difference in overall
flavor satisfaction between Taiwanese and Madagascan vanilla beans. This finding further
confirms the unique sensory advantages of Taiwanese vanilla beans.

Madagascar, being the largest producer of vanilla beans globally, possesses the most
suitable climatic conditions for vanilla cultivation, including a temperature range of 21-32
°C, an annual average rainfall of over 1500 mm, and an average relative humidity of around
80%. These conditions provide an ideal natural environment for the growth of vanilla,
making Madagascan vanilla beans the gold standard in quality on the global market.
However, the study also found significant sensory attributes in Taiwanese vanilla beans,
suggesting that Taiwan’s unique agricultural practices and climatic conditions contribute
to its superior quality.

The differences in sensory evaluation between vanilla beans may be attributed to
several key factors. Climatic conditions play a crucial role, as the unique combination of
temperature, humidity, and soil composition in each region can significantly impact the
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growth and development of vanilla plants, thereby affecting the flavor characteristics of
the beans. Moreover, the agricultural practices in both regions, including cultivation, har-
vesting, and curing methods, are critical in determining the quality and sensory attributes
of vanilla beans. Techniques in Taiwan might involve innovative or traditional methods
that differ from those used in Madagascar, potentially leading to variations in vanillin
content and other aromatic compounds. Additionally, genetic differences in the vanilla
plants cultivated in each region may contribute to subtle differences in flavor and sensory
attributes. Different species or cultivars, each with their specific genetic makeup, can yield
beans with varying qualities and sensory profiles.

This study’s findings contribute significantly to the field of vanilla bean research,
particularly in highlighting the unique advantages of Taiwanese vanilla beans. However,
the study also recognizes the necessity for further research to refine the quality assessment
metrics, especially for Taiwanese vanilla beans. Such research could explore additional
sensory dimensions and potentially involve a larger and more diverse sample population to
validate the findings. This pioneering investigation marks a significant step in the sensory
analysis of vanilla ice cream made from Taiwanese vanilla beans, setting the groundwork
for future studies in this field.

6. Practical Contribution

The findings of this study make a significant contribution to the field of vanilla bean
research in Taiwan. While there have been numerous discussions in the literature regarding
vanilla beans, research specifically focused on those grown and produced in Taiwan remains
scarce. This study expands the scope and depth of research topics in this area. Our team is
the first to conduct a sensory evaluation of Taiwanese vanilla beans, using vanilla beans
from Madagascar as the control standard due to their reputation as the gold standard
for quality. By conducting sensory evaluations of vanilla ice cream, we aimed to capture
consumers’ genuine sensory experiences and preferences, which is the greatest contribution
of this study. The results provide a valuable foundation for promoting Taiwanese vanilla
beans. These findings have the potential to drive innovation and breakthroughs in Taiwan’s
agricultural sector, encouraging industry stakeholders to utilize Taiwanese vanilla beans
and thereby enhancing the economic prospects of the industry.

7. Research Limitations and Future Research

This study utilized purposive sampling to recruit participants, focusing on young
people, who are the primary consumers of ice cream. However, the age distribution of
participants was predominantly between 21 and 30 years old, limiting the generalizability
of the results to other age groups. This represents the first limitation of the study. The health
of participants was based on self-assessment, without external verification, constituting the
second limitation. Although the production and evaluation processes for the ice cream were
controlled under unified conditions, the possibility of human operational errors cannot be
entirely excluded, marking the third limitation.

Additionally, this study focused exclusively on the sensory evaluation of vanilla ice
cream, a specific processed product of vanilla beans, making it challenging to generalize
the findings to other vanilla-based products. This is the fourth limitation. Despite these
limitations, the potential for further development of Taiwanese vanilla beans remains
significant. Future research should explore a broader range of processed products, including
direct sensory evaluations of vanilla beans, and employ advanced analytical methods such
as electronic tongues and flavor detection instruments. These approaches could provide
more comprehensive insights into the qualities and applications of Taiwanese vanilla beans.
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Appendix A

Figure A2. Rotary evaporation process.
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Figure A3. Vanilla extracts obtained by ultrasonic extraction with solvents. From left to right: TV95
(Taiwan vanilla, 95% ethanol), TV35 (Taiwan vanilla, 35% ethanol), MV95 (Madagascar vanilla, 95%
ethanol), MV35 (Madagascar vanilla, 35% ethanol).

Table A1. HPLC Analysis Results of Vanilla Concentrate Extract Samples (unit: mg/g).

Sample W Yield 4-Hydroxybenzoic Acid Vanillic Acid 4-Hydroxybenzaldehyde

Sample () (%) (mg/g) (mg/g) (mg/g) Vanillin (mg/g)
TV95 16.92 18.8 0.14 £+ 0.03 0.83 £0.10 245+ 0.16 44.08 +2.38
TV35 18.27 20.3 0.42 + 0.03 2.41 £+ 0.07 296 +0.17 4759 +4.73
MV95 18.18 20.2 141 +0.14 496 +0.49 1.84 +£0.11 27.13 + 1.66
MV35 19.62 21.8 1.88 + 0.04 6.64 +0.26 2.60 +0.15 35.40 + 2.69
Note: TV represents Taiwan vanilla beans, MV represents Madagascar vanilla beans, 95 represents 95% ethanol,
and 35 represents 35% ethanol.
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