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ABSTRACT
Vietnamese sausage (cha lua), a pork processing food with a characteristic chewy and crunchy tex-
ture, arewidely consumed in Vietnam. However, there are notmany established researchs on hedo-
nic and sensory attributes for this product, especially about the texture attributes. The goal of this
studywas to investigate the consumer's preference aswell as identify the drivers of liking for texture
of Vietnamese sausage. Eight sampleswere preparedwith various ratio of leanmeat, lard and starch
to cover a wide range of different texture of Vietnamese sausage. Sixty eight consumers then eval-
uated these eight samples, rating texture liking on nine-point scale and answering a check-all-that-
apply (CATA) question, which consisted of 16 different texture attributes of Vietnamese sausage.
The consumers were also asked to check all the approriate attributes to describe their ideal prod-
ucts. The ANOVA and post –hoc test showed samples which had recipes with 20-25% lard ratio and
70%meat ratio had a significant higher liking scores, while the samples which had recipe with 90%
meat ratio had the lowest liking scores. The Cochran's Q test showed that 12 attributes had different
choice frequency between samples, suggesting the texture of Vietnamese sausage is complex and
diverse. The CA results showed all the samples without stach were associated with large air holes,
while samples which high meat ratio (80%) were associated with hardness. The ideal Vietnamese
sausage product was associated with fattiness, juiciness, springiness and brittleness. Finally, the re-
sults of penalty analysis showed that chewiness, firmness and springiness had positive impacts on
the liking score for Vietnamese sausage products, while attributes that exhibit heterogeneity, such
as large air hole and grainy, significantly reduced the liking score of the product. This suggested
the importance of mechanical texture attributes and homogenity on the consumer's preference of
the Vietnamese sausage.
Key words: Vietnamese sausage, texture, driver of liking, CATA

INTRODUCTION
In Vietnam, pork and pork processing products are
widely consumed. According to the statistic by
the Ministry of Agriculture, pork production was
2,143,992tons/year in 2019. The average pork con-
sumption of Vietnamese people had also reached
35kg/people/year. Among pork processing products
in Vietnam, the Vietnamese sausage (cha lua) is one
of the most popular food. This traditional food has
a characteristic chewy and crunchy texture, with rich
aroma and flavor of pork and spice. Vietnamese
sausage is generally produced by grinding andmixing
lean pork and lard1. The grinding and mixing helps
creating the meat emulsion, which plays an impor-
tant role in the formation of product shape and tex-
ture. This meat emulsion creates a dense and hard
to break texture for the Vietnamese sausage. Starch
is also added to the grinding process. The interac-
tions between starch and proteins (mainly hydrogen
bonds) give the product a characteristic springiness.
In addition to the main ingredients (lean meat, lard

and starch), spices and condiments, such as salt, fish
sauce, sugar, garlic, pepper, are added in the blending
step to enhance the flavor of the product. A number of
additives such as polyphosphate salts, vitamin C, fla-
voring agents, ... are also added to enhance the texture
of the Vietnamese sausage product.
For food products, texture is one of the major sensory
properties that drives consumer acceptance2. Tex-
ture is often not a focus point in sensory evaluation
like flavour, however, if the consumers’ expectations
of texture are not met, awareness of textural defects
is accentuated, and texture becomes the main point
for criticism and rejection of the food. Texture is even
more important for sausage products, since firm, elas-
tic texturewith goodbite is characteristics for this type
of food3.
Many researchs has been conducted about the tex-
ture of sausage product in the world. M.P. Ruiz Perez-
Cacho and H.Gallan-Soldevilla et al (2005) developed
a list of 15 lexicons to describe the texture and flavour
of Spain dry-cured sausage salchichón4. A.M. Her-
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rero and J.A. Ordonez et al (2007) investigated the
relationship between breaking strength and texture
profile analysis of dry fermented sausages5. F. Col-
oretti and L. Grazia et al (2015) refined a procedure
for texture evaluation of Salama da sugo, an Italian
fermented sausage6. In contrast, in spite of its pop-
ularity, there has not been many researchs about the
texture of Vietnamese sausage. This study is therefore
conducted to determine the drivers of liking for tex-
ture of Vietnamese sausage, contributing to creating
directions for development of this product.

MATERIAL - METHODS
Material
Eight Vietnamese sausage samples were produced
with different ingredient ratio according to the recipes
in Table 1. The meat and lard were first minced sepa-
rately, then grinded and mixed together at 100C for 3
minutes, using a bowl cutter, to create the meat emul-
sion. Starch then added to the mixture at 1.5 min-
utes. Other ingredients (spices and additives) were
added to the mixture at the 2-minutes mark. The
other ingredients, which were fixed between different
recipes, included 10.8g fish sauce, 11.4g sugar, 5.1g
monosodium glutamate, 2.5g polyphosphate, 7.6g salt
and 100g ice per 1kg mixture of lean pork, lard and
starch.

Table 1: Ingredient ratio for Vietnamese sausage
production

Sample Meat Lard Starch

A1 70% 30% 0%

A2 90% 10% 0%

B1 70% 20% 10%

B2 80% 10% 10%

A3 80% 20% 0%

C1 70% 25% 5%

C2 85% 10% 5%

B3 75% 15% 10%

For sensory evaluation, the Vietnamese sausages were
cut into slice of approximately 1 cm thickness and di-
vided into 8 equally fan-shaped sections. Each section
was presented to one test participant, and the time be-
tween preparation and testing was less than 30 min-
utes.

Sensory evaluation
Sixty eight consumers, ranging from 18 to 26 years old
and consisting of undergraduate and graduated stu-

dents at University of Technology, Ho Chi Minh City,
were randomly recruited to participate in the con-
sumer test. All participants consumed Vietnamese
sausage at least once a week and had interests in this
study. Testing was conducted in standard sensory
booths, with temperatures at 25-270C. Samples were
labelled with 3-digit code and were presented to the
panelist randomly and balancely in a monadic se-
quence using the LatinWilliam square. Mineral water
was provided to the panelist so they could clean their
palate between sample trials.
The participants were first asked to complete a check-
all-that-apply (CATA) question with 16 texture at-
tributes (Table 2), developed using a trained panel.
The participants then scored their texture liking using
a 9-point hedonic scale. After evaluating 8 samples,
the participants described their ideal texture of Viet-
namese sausage using the same 16 texture attributes.

Table 2: Check-all-that-apply (CATA) attribute list

Roughness Chewiness

Porosity Juiciness

Large air hole Fattiness

Adhesiveness Fibrous

Hardness Grainy

Springiness Brittleness

Firmness Clinginess

Mealy Glassy

Data analysis
Liking scores were analysed with two-factor ANOVA
(consumers and samples) with samples as fixed source
of variance and consumers as a random effect. If the
ANOVA showed differences in preference between
samples, Fisher’s least significant difference post hoc
test was used for pairwise comparison between sam-
ples’texture liking score.
The frequency of occurrence of each attribute per
sample was summarized in a contingency table. This
contingency table was then analyzed by Cochran’s Q
test to identify atrributes which consumer considered
important for evaluating the texture of Vietnamese
sausage. For visualization of the CATA results, CA
(Correnspondence Analysis) with χ2-distance was
often used 7–9. The CA analysis represented the dis-
tribution of samples and the ideal product on a two
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dimension space, as well as the relationship between
samples and attributes from the CATA question.
To classify attributes as positive (must-have) or neg-
ative (must-not-have), penalty analysis was applied.
G.Ares et al (2014) suggested looking at incongru-
ence between elicitations of attributes for the ideal
and selected real products (samples), where incon-
gruence is defined as an attribute applying to the ideal
or the real product only, but not both 10. Liking rat-
ingswere then averaged across consumerswith incon-
gruent and congruent elicitations, respectively. The
difference between the liking rating for congruent and
incongruent elicitations indicated how much liking
changed when the product did not match the ideal
product. This change in liking could indicate which
attributes had positive or negative impacts on the
overall texture liking of consumers.
All of the data analysis was done using XLSTAT
2020.5 and R 4.0.3 11,12.

RESULTS
Texture liking scores
ANOVA test showed significant difference in texture
liking score between Vietnamese sausage samples (p-
value < 0.0001). Figure 1 showed that sample C1 had
the highest average texture liking score (6.79), fol-
lowed by sample B1 (6.19). Both of C1 andB1 samples
had a recipe with low meat ratio (70%) and high lard
ratio (25% for C1 and 20% for B1). On the contrary,
the A2 sample, which had very high meat ratio (90%)
and low lard ratio (10%), had the lowest average tex-
ture liking score (5.38).

Texture attributes
The Cochran’s Q test statistics for all attributes (Ta-
ble 3) used in the CATA question showed that twelve
terms were different in frequency of selection for dif-
ferent samples at the significance level α = 0.05 (be-
cause grainy had a marginal p-value = 0.054, this at-
tribute was also considered to be different). The at-
tributes which did not show differences in frequency
were adhesiveness, brittleness, clinginess and glassy.
This result suggested the complexity and diversity of
the texture of Vietnamese sausage.
Figure 2 showed the result of the CA analysis. The to-
tal differences of the first two CA dimension, F1 and
F2, was high (82.25%), so no further dimension was
considered. CA result showed that the Vietnamese
sausage samples were distributed into four distinct
groups. With the exception of sample C1, all remain-
ing samples were relatively far away from the ideal
sample, suggesting that these samples had many at-
tributes that negatively affecting their liking score.

Identification of drivers of liking
Figure 3 showed the average liking score drop corre-
sponding to the percentage selected for product but
not for ideal (P(No)I(Yes)). Percentage was calcu-
lated by the ratio between the frequency of selecting
an attribute corresponding to P(No)I(Yes) and the fre-
quency of selecting that attribute for the ideal sam-
ple I(Yes). The vertical axis represents the average
liking score decrease and the horizontal axis repre-
sents the percentage choice. It can be seen that the
attributes that had both high coordinates of the verti-
cal and horizontal axes are must-have attributes (be-
cause the high ratio of choosing this attribute for the
ideal but not for products resulted in a reduced liking
score). Firmness, brittleness, chewiness, springiness,
juiciness and fattiness were must-have attributes for
Vietnamese sausage samples.
Figure 4 showed the average liking score drop rela-
tive to the percentage of choosing an attribute for a
product without selecting that attribute for the ideal
P(Yes)I(No). It can be seen that the attributes with
high negative mean drop and high percentage are
must-not-have attributes. Large air hole, porosity,
roughness, grainy and mealy were must-not-have at-
tributes. Figure 4 can also help identifying nice-to-
have attributes. Attributes which had a positive mean
drop and a high percentage selected are nice-to-have
attributes (because when the attributes were detected
in a product but not for the ideal, it leaded to an in-
crease in liking score, or in other words, consumers
were excited about these attributes). None of the
attributes were nice-to-have. Glassy, adhesiveness,
fibrous and clinginess were not classified as either
must-have or must-not-have, so these attributes were
not influenced the texture liking of consumers. The
final classification are summarized in Table 4.

DISCUSSION
The liking score analysis showed that texture had a
significant impact on the consumer preference of the
Vietnamese sausage, suggesting the consumers were
aware of the difference in texture of the Vietnamese
sausage. A surprising result was that the Vietnamese
sausage sample C1, which had recipe with low meat
and high lard ratio, had the highest liking score.
Previous researchs showed that consumers tended
to like sausage products with high content of meat,
since the meat content has a positive relationship
with hardness and chewiness. The protein in meat
played a major role in the firmness of sausage prod-
ucts, while increasing the fat content significantly re-
duced the mechanical textural characteristics of the

942



Science & Technology Development Journal â€“ Engineering and Technology, 4(2):940-947

Figure 1: Mean score of texture liking for Vietnamese sausage samples.

Table 3: Cochran’s Q test for check-all-that-apply (CATA) attributes

Attributes p-values Attributes p-values

Roughness <0.0001 Chewiness <0.0001

Porosity <0.0001 Juiciness <0.0001

Large air holes <0.0001 Fattiness <0.0001

Adhesiveness 0.861 Fibrous <0.0001

Hardness <0.0001 Grainy 0.054

Springiness <0.0001 Brittleness 0.587

Firmness <0.0001 Clinginess 0.404

Mealy <0.0001 Glassy 0.672

sausages like hardness and cohesiveness13. This im-
plied consumers now prefered softer and less chewy
Vietnamese sausage products.
For texture attributes, the CA analysis showed inter-
esting links between ingredient ratio and texture at-
tributes (Figure 2). Sample A1, A2 and A3 lied in
the positive direction of the F1 axis, and were associ-
ated with fibrous, porosity and large air holes. Starch
was not added to these three sample, suggesting that
the lack of starch caused air holes to appear in the
Vietnamese sausage. Sample B1, B3 and C2, located
near the origin of coordinates and associated with
clinginess, chewiness and adhesiveness. Sample B2,
which had very high lean meat ratio (80%) and low
lard ratio (10%), located on the negative direction of
the F2 axis and were associated with hardness. This
showed that high meat ratio and low lard ratio tended

to make the texture of Vietnamese sausage firm and
hard to break, which is in accordance with the re-
sults ofA.Olivares and J.L.Navarro et al (2010) on slow
fermented pork sausage14. Finally, the ideal sample
and C1 located at the positive direction of F2, and
were associated with fattiness, juiciness and springi-
ness. These terms, which also closely located near the
ideal product, were suggested as the drivers of liking
for Vietnamese sausage.
The analysis of drivers of liking showed that all the
mechanical (except hardness) and mouthfeel texture
attributes had positive impact on liking score, sug-
gesting the importance of these attributes to Viet-
namese sausage products. Both the mechanical and
mouthfeel texture attributes manifest as the reaction
of food to stress and characterize how the food be-
haves during manipulation and mastication. There-
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Figure 2: Representation of samples and CATA attributes in F1 & F2 dimension of CA

Table 4: Classification of attributes by penalty
analysis

Groups Attributes

Must-have attibutes Firmness
Brittleness
Chewiness
Springiness
Juiciness
Fattiness

Nice-to-have attributes

Does-not-influence attributes Adhesiveness
Fibrous
Clinginess
Glassy

Must-not-have attributes Large air hole
Porosity
Roughness
Hardness
Grainy
Mealy

fore, these texture attributes are often the focus when
consumers evaluate texture, thus contribute greatly
to the liking of food products. In contrast, appear-
ance attributes (large air holes, porosity, roughness),
despite being the first attributes that consumers per-
ceive, usually do not have a high impact on the lik-
ing score of sausage products15. However, for Viet-
namese sausage, the appearance attributes (large air
holes, porosity, roughness) had significantly negative
impact on the liking score, suggesting the Vietnamese
consumer paid much attention to the outside look.

CONCLUSION
The results showed that consumers paid much at-
tention to the mechanical and the mouthfeel texture.
These texture attributes increased the liking score for
Vietnamese sausage products when they appeared. In
contrast, texture attributes that exhibited heterogene-
ity such as large air holes, porosity and grainy signifi-
cantly reduced the liking score of the product. In sum-
mary, the results accentuated the importance of firm-
ness and good bite texture for Vietnamese sausages.
However, further research are needed to investigate
the link between texture evaluated by consumers and
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Figure 3: Mean drops of liking score of texture attributes corresponding to the percentage selected P(No)I(Yes)

Figure 4: Mean drops of liking score of texture attributes corresponding to the percentage selected P(Yes)I(No)
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the structure (molecular, microscopic and macro-
scopic) of the Vietnamese sausages, to clearly estab-
lish the direction for Vietnamese sausage product de-
velopment.
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TÓM TẮT
Chả lụa, một sản phẩm chế biến từ thịt heo với cấu trúc dai giòn đặc trưng, được tiêu dùng rộng rãi
ở Việt Nam. Tuy nhiên, chưa có nhiều nghiên cứu về thị hiếu và tính chất cảm quan cho sản phẩm
này, nhất là nghiên cứu về nhóm tính chất cấu trúc. Mục tiêu của nghiên cứu này là tìm hiểu về sự
ưa thích của người tiêu dùng và xác định các tính chất cấu trúc có ảnh hưởng quan trọng đến thị
hiếu của sản phẩm chả lụa. Támmẫu chả lụa được chuẩn bị với các tỉ lệ thành phần thịt nạc, mỡ và
tinh bột khác nhau nhằm bao quát được sự đa dạng về cấu trúc của sản phẩm chả lụa. Sáu mươi
tám người tiêu dùng tiến hành đánh giá tám mẫu chả lụa này, đưa ra điểm ưa thích trên thang 9
điểm và trả lời câu hỏi lựa chọn từ phù hợp (check-alll-that-apply, CATA), danh sách từ bao gồm 16
tính chất cấu trúc khác nhau của sản phẩm chả lụa. Người tiêu dùng sau đó lựa chọn các từ phù
hợp để mô tả mẫu sản phẩm chả lụa lý tưởng của họ. Kết quả phân tích ANOVA và kiểm định hậu
nghiệm cho thấy các mẫu chả lụa có công thức với lượng mỡ 20-25% và lượng thịt 70% có điểm
ưa thích cao hơn hẳn các mẫu còn lại, trong khi mẫu chả lụa với lượng thịt 90% có điểm ưa thích
thấp nhất. Kết quả kiểm định Cochran's Q test cho thấy có 12 tính chất có sự khác biệt về tần số
lựa chọn giữa các mẫu, cho thấy cấu trúc của sản phẩm chả lụa rất phức tạp và đa dạng. Kết quả
phân tích CA cho thấy các mẫu chả lụa không bổ sung tinh bột có quan hệ với tính chất lỗ khí lớn,
trong khi các mẫu chả lụa với lượng thịt cao (80%) được lại có quan hệ tốt với tính chất cứng. Mẫu
chả lụa lý tưởng có quan hệ tốt với các tính chất béo, mọng nước, đàn hồi và sần sật. Cuối cùng,
kết quả phân tích thiệt hại cho thấy dẻo, chắc và đàn hồi là các tính chất tích cực, trong khi các tính
chất thể hiện sự không đồng nhất, như lỗ khí to trên bề mặt hay cảm giác bột khi nhai, làm giảm
đáng kể điểm ưa thích của sản phẩm chả lụa. Các kết quả trên cho thấy sự ảnh hưởng quan trọng
của các tính chất cấu trúc cơ lý và sự đồng nhất đến sự ưa thích của người tiêu dùng đối với sản
phẩm chả lụa.
Từ khoá: chả lụa, cấu trúc, thị hiếu, CATA

Trích dẫn bài báo này: Thịnh P H, Thủy N V V, Hiền N T, Dũng N H. Xác định các tính chất cấu trúc có 
ảnh hưởng quan trọng đến thị hiếu của sản phẩm chả lụa.  Sci. Tech. Dev. J. - Eng. Tech.; 4(2):940-947.

947


	Identifying the drivers of liking for texture attributes of Vietnamese sausage
	INTRODUCTION
	MATERIAL - METHODS
	Material
	Sensory evaluation
	Data analysis

	RESULTS 
	Texture liking scores
	Texture attributes
	Identification of drivers of liking

	DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENT
	LIST OF ABBREVIATIONS 
	COMPETING INTERESTS
	AUTHORS' CONTRIBUTION 
	References




