Science & Technology Development Journal - Engineering and Technology 2022, 6(3):1622-1632

Open Access Full Text Article

Research articles

Investigating the effects of ingredient proportions on the texture
of Vietnamese sausage using mixture experiment design

Nguyen Thi Hien", Pham Huu Thinh, Nguyen Hoang Dzung

Use your smartphone to scan this
QR code and download this article

Department of Food Technology, Faculty
of Chemical Engineering, Ho Chi Minh

City University of Technology,
VNU-HCM, Vietnam

Correspondence

Nguyen Thi Hien, Department of Food

Technology, Faculty of Chemical
Engineering, Ho Chi Minh City
University of Technology, VNU-HCM,
Vietnam

Email: nthien@hcmut.edu.vn

History

e Received: 19-5-2022
o Accepted: 18-8-2022
e Published: 30-11-2022

DOI : 10.32508/stdjet.v5i2.1007

‘ '.) Check for updates

Copyright

© VNUHCM Press. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution 4.0 International license.

AN

‘ G
VNUHCM PRESS

ABSTRACT

In this study, the effect of different ingredient proportions on the textural and hedonic character-
istics of Vietnamese sausage was investigated. Vietnamese sausage is a widely popular traditional
food of Vietnam, yet its characteristics are rarely investigated, especially the texture and hedonic
properties. Vietnamese sausage's texture was heavily influenced by three main ingredients: lean
meat, lard and starch. In order to study the interactive effects of these three ingredients on tex-
ture as well as liking, eight samples with different proportions of these three main ingredients were
prepared based on the mixture design approach. The textural characteristics (including hardness,
cohesiveness, springiness, chewiness and gumminess) were determined using the texture profile
analysis method, while a consumer panel (N = 70) evaluated their texture liking score. Surprisingly,
all the texture characteristics were statistically significant difference. However, cohesiveness had
a small variance between samples, signalling that this attribute is not important in describing the
texture of Vietnamese sausage. To model the effect of ingredients, response surface regression with
mixture model was carried out. The results showed that Scheffe's special cubic model had a good
fit for hardness (R? = 0.946), chewiness (R = 0.902) while Scheffe's quadratic model had a good fit
for liking score (R* = 0.967). The lean meat was found to be the ingredient with the largest effect
on increasing the textural charactertistics as well as the liking score. Interestingly, upon inspecting
the correlation between texture and liking score, the PCA map of both showed a similar structure.
Finally, optimal values of the main ingredients for Vietnamese sausage formulations based on he-
donic (> 6.5 liking score) were 4% - 8% starch, 70% - 76% lean meat and 18% - 26% lard. The analysis
of consumers' liking scores suggested that springiness is the main driver of liking for Vietnamese

sausage products.
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INTRODUCTION

Vietnamese sausage, a Vietnamese traditional food
classified as a type of sausage, is mainly composed of
lean meat, lard and starch. Vietnamese sausage is usu-
ally prepared by first grinding and mixing the above
ingredients to create a homogenous and gelatinous
mixture, then cooked in extended hours to create a
dense, firm and chewy texture. Various spices and
additives can be added when mixing to diversify the
flavour and texture of the final products. However,
despite its popularity in Vietnamese cuisines, limited
researches had been conducted on the effect of ingre-
dients on the sensory, as well as consumers’ accep-
tance, of Vietnamese sausage.

Of all the sensory modalities for food products, tex-
ture is one of the main sensory modalities that drives
consumer acceptance. Texture is often not a focus like
flavour, however, texture is often appreciated latently.
If consumersexpectations of texture are not met, tex-
ture becomes the main point for criticism and rejec-
tion of the food. Texture is even more important for

sausage products, since firm, elastic texture with good
bite is characteristics for this type of food '

Many studies utilized mixture design experiments for
studying the effect of various ingredients simultane-
ously as well as optimization >>. Mixture experiments
involve blending two or more ingredients to form a
product. In these types of experiments, the variables
represent proportion amount in the mixture, rather
than unrestrained amounts. Ingredients (factors) of
the product are combined in various proportions ac-
cording to an experimental design to determine the
effects of interaction between ingredients.

Response surface methodology (RSM) can be used
to statistically determine the effects of multiple vari-
ables on response variables (such as quality attributes)
while minimizing the number of experiments that
needed to be conducted®. RSM is a designed regres-
sion analysis used to predict the value of a response or
dependent variable based on controlled values of the
experimental factors. This study was therefore utiliz-
ing mixture design and response surface methodol-
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ogy to study the effects on the texture and optimiz-
ing formulation based on consumers” acceptance of
Vietnamese sausage using different proportions of the
three main ingredients: lean meat, lard and starch.

MATERIAL AND METHODS

Material

The meat and lard were first minced separately, then
ground and mixed at 10°C for 3 minutes, using a bowl
cutter, to create the meat emulsion. Starch was added
to the mixture at 1.5 minutes and other ingredients
(spices and additives) were added to the mixture at
2 minutes. The other ingredients, which were fixed
between different formulations, 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 meat, lard and starch. After mixing, the mix-
ture was filled into a polyethylen bag for shaping, then
sealed and cooked at 120°C in 30 minutes to create the
final product.

Experiment design

Mixture experiment design was used to investigate the
efffect of lean meat, lard and starch ratio on the tex-
ture of Vietnamese sausage. A three-component con-
strained simplex lattice mixture design as described
by Cornell (2002) was utilized®. Component pro-
portions were expressed as percentages of the mix-
ture with a sum of 100%. Initially, a formulation rec-
ommended in Vietnamse sausage manufacturing was
used as the basis for varying the levels of the ingredi-
ents (lean meat 80%, lard 15% and starch 5%). From
this formulation, Vietnamese sausage samples with
the highest and lowest proportions of the ingredients
that would result in an acceptable texture were pre-
pared. These proportions were used as constraints in
the mixture experiment where the highest and low-
est levels were identified as the extreme vertices in the
constrained region (the constrained values are listed
below; x| was lean meat proportion, x, was lard pro-
portion and x3 was starch proportion).

70% < x1 <90%
10% < xp <30% (1)
0<x3<10%

For constrained region, McLean and Anderson (1966)
suggested to first finding the extreme vertices, where
the value for the components falls within its lower and
upper constraints 6, Once the extreme vectices are
found, the edge centroids can be calculated by locat-
ing the vertices with a constant value for one compo-
nent and then average the other components. Simi-
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larly, the centroids of facets can be found by first find-
ing the vertices where two components are constant
then average the remaining.

After using R software to calculate the experiment
points using the McLean and Anderson (1966) design,
the experimental regions consisted of the following 8
points: four points representing the four extreme ver-
tices (outlining the constrained region) and four mid-
points (Figure 1). The proportions of lean meat, lard
and starch for each experimental points (samples) are
presented in Table 1.

Texture analysis

The texture profile analysis (TPA) procedure was
modified from the research by A.M. Herrero (2007)” .
First, the sausage product was taken from the refrig-
erator and allowed to warm naturally to 25°C. The
sausage product was then cut off the two heads (1cm),
placed in a fixed frame to cut into slices with a thick-
ness of 2cm, then cut by a cylindrical steel mold with
a diameter of 2.5cm. Samples were then preserved by
sealed packaging, avoiding contact with the environ-
ment before measuring.

Instron machine model 5543 was used for the de-
termination of the textural characteristics (hardness,
cohesiveness, springiness, chewiness, gumminess) of
Vietnamese sausage samples. The samples were
pressed to 50% deformation with a speed of 2 mm/s.
Each measurement was repeated three times at the
same experimental conditions and the average values
were calculated.

Sensory evaluation

Seventy consumers, from 18 to 26 years old, consist-
ing of undergraduate and graduated students at Ho
Chi Minh University of Technology (HCMUT) were
randomly recruited to participate in the consumer
test. All participants consumed Vietnamese sausage
at least once a week and had interest in this study.
Each participant received a fan-shaped slice of Viet-
namese sausage sample with thickness of 1 cm. The
participants were asked to eat the samples and then
scored their liking on a 9-point hedonic scale for each
sample. Samples were labelled with 3-digit code and
the presentation order for each participant was deter-
mined using the Latin William square. The partici-
pants drank water to clean the palate between sam-
ples.

Statistical analysis

The textural characteristics were first analyzed by one-
factor ANOVA and post hoc test to find statistical dif-
ferences between formulations. The consumers’ lik-
ing score was analyzed by two-factor ANOVA, with
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Figure 1: Experimental points in the simplex coordinate system (a) and in the constraint region (b)

Table 1: Ingredient proportions for the Viethamese sausage samples

Formulation Lean meat (x;)
F1 70%
F2 90%
F3 70%
F4 80%
F5 80%
F6 70%
E7 85%
F8 75%

Lard (x;) Starch (x3)
30% 0%

10% 0%

20% 10%

10% 10%

20% 0%

25% 5%

10% 5%

15% 10%

samples as fixed factor and consumers as random fac-
tor. Then, Principal Component Analysis (PCA) was
applied to visualize the differences in texture between
samples in a smaller number of dimension. The PCA
method is well documented in the literature on food
quality and acceptability®.

In response surface modeling with independent fac-
tors, the experimental region can be restricted so that
the quadratic model can approximate well the non-
linear response surface. However, in a mixture ex-
periment, the experimental region consists of the full
constrained region and cannot be restricted. There-
fore, higher order polynomial equations are some-
times necessary to approximate the true model. In
this study, the following Scheffe’s special cubic model
was used to fit for each textural characteristics and

consumers’ liking score:

y = Bix1 + Baxo + B3x3 + Broxixz
+B23x0x3 + B31x3x1 4 Brozx1xox3 + €

)

Where y is the estimated response; x; is lean meat pro-
portion, x5 is lard proportion and x3 is starch propor-
tion. B1, B2, B3, B12, B23> B31, B123 are constant co-
efficients for linear and non-linear interaction terms.
The model is then used to evaluate the effects of in-
gredients on the response variables.

The relationship between liking score and the textural
properties was analysed using the technique of pro-
jection of supplementary variables on the PCA space.
Firstly, an analysis of principal component was run on
the hedonic data, which results in a multidimensional
space of which the first two components are typically
focused on. The space represents products as points
and consumers as vectors. The vectors indicate liking
directions for each consumer, in other words, the fur-
ther away a product is located in that direction, the
more a given consumer like it’. To explain the dif-
ferences in preferences between samples, the textural
characteristics were then projected as supplementary
variables within the hedonic space. This projection
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allows the examination of the linear relationships be-
tween the main dimension of preferences and the tex-
tural characteristics. In addition, this technique also
allows the segmentation of consumers, which can be
done visually by considering groups of vectors point-
ing in the same directions.

The computational work was performed using R 4.1.0
software, with the help of mixexp package for mixture
experiment analysis and FactoMineR and SensoMineR

package for PCA analysis '°.

RESULTS

Textural characteristics of Vietnamese
sausage samples

The mean values and standard deviations of textural
characteristics (hardness, cohesiveness, springiness,
chewiness and gumminess) of different Vietnamese
sausage samples are shown in Table 2. Hardness had
a large variance between formulations. All the formu-
lations with low hardness (F1, F3, F6 and F9) all had
low proportions of lean meat and high proportions
of lard, while the formulations with high proportions
of lean meat and low proportions of lard (F2, F5 and
F7) had high hardness. Springiness also showed a sig-
nificant difference between formulations (5.21 mm to
6.84 mm). In general, samples with lard proportion
greater than 15% and added starch (F6 and F9) had
high values for springiness, while samples with lard
proportion less than 15% (F2, F3 and F7) had low val-
ues for springiness. In contrast to hardness, springi-
ness was negatively correlated with lean meat propor-
tions. However, formulations with lard proportions
higher than 20% (such as sample F1) also had low
springiness. This showed that when the fat content
was too high (> 20%), the sausages had a soft struc-
ture, which made it difficult for the sausages to recover
their height after compression. Finally, for chewiness
and gumminess, the results showed that formulation
F1 and F3 with high proportions of lard (> 15%) had
the lowest values for chewiness and gumminess, while
sample F2 with the highest proportion of lean meat
(90%) had the highest values.

Figure 2 shows the results of PCA for the textural
characteristics. Figure 2a shows that the Dim 1 axis
represents 56.49% of the difference and the Dim 2
axis represents 35.92% of the difference. The differ-
ence expressed by the remaining axes (F3, F4, F5, ...)
only 7.59%, so the plane of Dim 1 and Dim 2 is suffi-
cient to represent the difference between Vietnamese
sausage samples. Figure 2a shows the Dim 1 axis hasa
good correlation with hardness, chewiness and gum-
miness while the Dim 2 axis correlates with springi-
ness and cohesiveness. Figure 2b shows that there
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are two trends in the differences between Vietnamese
sausauge samples. The first trend is highlighted by
Dim 1, where there is a large difference between sam-
ple F1 (very low hardness, chewiness and gumminess)
and the other samples. The Dim 2 represents the sec-
ond trend in differences, which divide the samples
into two groups, sample F6 with high springiness and
cohesiveness, while other samples had closer values
for springiness and cohesiveness.

In general, the PCA analysis showed that when the ra-
tio of ingredients changed, the texture of Vietnamese
sausage samples varied, but some ingredients had
more profounding impact on the textural character-
istics. The non-starch samples (F1, F2, F5) had large
differences in texture, because of the large difference
in proportions of lean meat and fat. In contrast, the
samples, F4, F8) located closely on the Dim 1 & Dim
2 plane, suggesting small texture differences, because
of the smaller variation of the ratio of lean meat and
lard than the group without added starch.

Response surface modeling for textural
characteristics

Table 3 showed the results of the special cubic re-
gression model evaluation for hardness. The model
showed a good fit for experimental data (R> = 0.946).
All of the single effects were statistically significant,
while only the interaction effect of meat-lard had
meaningful p-value (p < 0.05). Of the three ingredi-
ents (lean meat, lard and starch), only lean meat had
a positive impact (p < 0.05) on hardness, while lard
and starch both had negative impacts on hardness.

0.04
Starch

0.08

Figure 3: Contour plot in the experimental region
for hardness
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Table 2: Mean and standard deviation of textural characteristics for Vietnamese sausage samples

Sample

F1
F2
F3
F4
F5
F6
F7

F8

Hardness
(N)

66.3343.487
117.92+3.05¢
86.8743.55°
101.1743.59°¢
107.0743.28°
95.67+2.38¢
113.64+3.97¢

101.71+3.59%¢

Cohesiveness

0.56+0.01°
0.5740.02"¢
0.5740.02%¢
0.59+0.02
0.5540.02°
0.600.01¢
0.5740.01%¢

0.5840.01%¢

Springiness
(mm)

6.1740.15"
5.4240.18¢f
5.2140.221
6.0840.17"¢
5.844-0.25¢
7.212£0.14¢
5.13+0.17/

5.6640.17%¢

Chewiness
(N)

36.92+1.87¢
66.8141.65
49.8643.81°
59.3542.50"
59.2342.36"
57.7140.90°
65.15-2.16"

58.66+2.617

Gumminess
(N*mm)

227.5348.37¢

361.8943.34"

259.27+16.62¢
361.02417.35"
345.56+9.04%¢
416.39+14.36%
334.20414.46°

332.13424.54¢

ANOVA results for all the textural characteristics were significant at o = 0.05
In a column, means with no common letters were significantly different at a = 0.05

Dim 2 (35.92%)

PCA graph of variables

= 1
SpringinEss  opasiveness

001 f---7--"7-------H o I N

-1.0

0.0

)
o

4]

05 1.0
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Dim 2 (35.92%)
5

*]

-2

PCA graph of individuals

i F6
E L]
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g

Fg F2
| .
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0

2
Dim 1 (56.49%)

b

Figure 2: Correlation between textural characteristics (a) and representation of samples on Dim 1 and Dim 2 (b)

of PCA

Table 3: Special cubic model evaluation for hardness

Factor

Lean meat

Lard

Starch
Meat-lard
Meat-starch
Lard-starch
Meat-lard-starch

R? = 0.946

B

Bi
B2
B3
Biz
B3
B23
Bi2s

Value
96.225
-1045.018
-2457.581
1494.333
2279.642
-5644.976

15790

< 0.001

<0.001

0.032

<0.001

0.122

0.523

0.224

1626



Science & Technology Development Journal - Engineering and Technology 2022, 6(3):1622-1632

The model evaluation for chewiness (Table 4) showed
that the binary interaction of lard - starch and the ter-
tiary interaction between lean meat, lard and starch
were not significant with a large p-value (p > 0.3).
The R2 (R? = 0.902) for the model was high, indicat-
ing that the special cubic model was sufficient to de-
scribe the trend in the experimental data. The lean
meat was also the only factor that had a positive im-
pact (p <0.05), while adding lard and starch reduced
the chewiness of the Vietnamese sausage.

For cohesiveness, springiness and gumminess, the
special cubic model was found to be unsuccessful in
describing the effects of ingredients on these particu-
lar texture characteristics. The RZ, which explains the
variance explained by the model, was not high (R =
0.437 for cohesiveness, R? = 0.587 for springiness and
R? = 0.450 for gumminess). This result implied an
even higher model than special cubic model to suffi-
ciently describe the response surface for cohesiveness,
springiness and gumminess.

004
Starch

0.08

Figure 4: Contour plot in the experimental region
for chewiness

Response surface modeling for
scores

The ANOVA results showed that there was a signifi-
cant difference in preference scores between the sam-

liking

ples at o = 0.05. Subsequently, a post-hoc multi-
ple comparision test (Fisher’s Least Significant Differ-
ence) was performed and the results is presented in
Table 5. Sample F6 has significantly higher texture lik-
ing score compared to other samples, suggesting the
texture of this sample to be very favored by the con-
sumers. In contrast, sample F2 had the lowest tex-
ture liking score, indicating that there might be many

1627

defect which the consumers disliked. In general, the
liking scores indicating that the samples were signifi-
cantly different in terms of consumer preferences.
The results for the special cubic model evaluation for
liking score showed a high R? (R? = 0.973), how-
ever, all the factor were not statistically significant (p
> 0.05) (Table 6). J.Lawson (2016) suggested this im-
plied a justification for a less complicated model '!.
Therefore, the following Schefte’s quadratic model (3)
was fitted for the average liking score:

y = Bix1 + Boxz + B3xz + Praxixa

(3)
+B23xox3 + B31x3x + €

The quadratic model analysis (Table 7) had a slightly
lower R? (R% = 0.967) than the R? of the special cubic
model, however only lard and the interaction between
lean meat - lard were not statistically significant.

0.04
Starch

0.08 .

Figure 5: Contour plot in the experimental region
for consumers’ liking score

DISCUSSION

Textural characteristics of Vietnamese
sausage samples

Interestingly, cohesiveness showed a significant dif-
ference between formulations (p < 0.05). The study
of M.Rahman on fish sausage (prepared from fish fil-
let) and the study of PSantana on fish sausage (pre-
pared from surimi) showed that cohesiveness usually
was not significantly different between sausage sam-
ples %1%, In this study, the cohesiveness showed a sig-
nificant difference because the sausage samples were
prepared with a wide range of different proportions
of ingredients. However, the cohesiveness only var-
ied within a small range (0.56 - 0.61) compared to
other textural characteristics, which implied changes
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Table 4: Special cubic model evaluation for chewiness

Factor

Lean meat

Lard

Starch
Meat-lard
Meat-starch
Lard-starch
Meat-lard-starch

RZ =0.902

B
Bi
B2
B3
B
B3
B23
Bi2s

Value
57.263
-521.919
-1969.444
736.24
1939.777
-2482.03

8877.2

<0.001

0.003

0.029

0.007

0.097

Table 5: Mean and standard deviation of liking scores for Vietnamese sausage samples

Sample
F1
F2
F3
F4
F5
F6
F7

F8

Liking score
5.8140.22b¢4
5.38+0.18¢
6.19+0.15"
5.7140.17¢
5.76+0.19%¢
6.79+0.17°
5.94+0.15%¢

5.88+0.16%¢

In a column, means with no common letters are significantly different at o = 0.05

Table 6: Special cubic model evaluation for consumers’ liking score

Factor

Lean meat

Lard

Starch
Meat:lard
Meat:starch
Lard:starch
Meat:lard:starch

R?=0.973

B
Bi
B2
B3
Bz
B3
B23
Bi2s

Value
4.589
-3.063
-222.3
16.912
262.581
560.948

-433.824

0.106

0.862

0.209

0.234

0.533

0.714
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Table 7: Quadratic model evaluation for consumers’ liking score

Factor B
Lean meat B1
Lard B>
Starch B3
Meat:lard Bz
Meat:starch Bis
Lard:starch B
R% =0.967

Value P

4.674 0.016
-1.447 0.904
-197.121 0.044
14.36 0.479
224.302 0.044
262.376 0.033

in proportions of lean meat, lard and starch only had
a small effect on cohesiveness.

Chewiness and gumminess are secondary parameters,
which are calculated from hardness, cohesiveness and
springiness. Therefore, chewiness and gumminess
had complicated changes because of many interac-
tions between lean meat, lard and starch. The results
still showed a high influence of lean meat on chewi-
ness and gumminess, indicating the importance of
protein. However, the interaction between fat, starch
and protein contributed significantly to the chewiness
and gumminess of the Vietnamese sausage.

In general, these results showed the important role
of lean meat in creating the structure for the Viet-
namese sausage product. Other studies on sausage
products also showed that the lower the fat content,
the higher the hardness of the final product '. This is
caused by the fact that the fat molecules interfere with
the formation of the protein network, therefore low-
ering the force resistance of sausage products. More-
over, the study of Z. Pietrasik investigating the firm-
ness of Frankfurters sausage showed that the resis-
tance to forces of sausage samples had a proportional
relationship with protein content 1°.

Response surface modeling for textural
characteristics

For hardness, which is defined as the peak resistant
force of a sample when subjected to deformation, the
model fit particularly well. Hardness is an important
textural attribute for sausage products, since this char-
acteristic signify a good bite for sausage products. The
contour plot (Figure 3) shows hardness quickly drop
for formulations with a high proportion of lard, im-
plying the significant impact on the structure of Viet-
namese sausage products upon increasing the lard
proportions. Usually, lard is used as a substitute for
lean meat to reduce the production cost, but this can
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result in a softer texture, which is highly unpreferred
by consumers.

Low chewiness of sausage products usually had a neg-
ative influence on Vietnamese consumer’s apprecia-
tion since it implied a high crumbling and easy to
break down during mastication. However, since the
binary interaction of lean meat - starch and lard -
starch was positive, reducing lean meat proportion
did not have a large negative impact on chewiness.
From the contour plot in Figure 4, the formulation
with 4% starch proportion and 12% lard proportion
was predicted to have chewiness around 65N, which
was not very far from the highest value for chewiness
of formulation F2 (66.81N).

Response surface modeling for liking
scores

Interestingly, starch had a very high negative impact
on the liking score for Vietnamese sausage formula-
tions, indicating a perceivable texture defect for for-
mulations with high proportions of starch. Despite
having a positive impact, increasing lean meat pro-
portions did not necessarily increase the liking score,
with samples that had lean meat proportion higher
than 86% were predicted to have lower than 6.0 liking
score. This implied that despite being the most impor-
tant ingredient in creating the structure for sausage
products, high meat content formulations can nega-
tively impact consumer acceptance. The binary inter-
action between meat-starch and lard-starch had posi-
tive effects, indicating an optimum region for product
optimization. It is clear from Figure 5 that highly ap-
preciated Vietnamese sausage samples could be pre-
pared from mixtures containing 4% - 8% starch, 70% -
76% lean meat and 18% - 26% lard (mean liking score
> 6.5).
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Relationship between texture and con-
sumer’s liking

Figure 6 shows the principal component analysis of
the texture liking scores for Vietnamese sausage sam-
ples. Surprisingly, the preference map had a strik-
ingly similar distribution with the PCA map of textu-
ral characteristics (see Figure 2), where sample F1 and
sample F6 both located far from other samples. This
result implied that Vietnamese consumers can per-
ceive and evaluate the differences in texture and the
differences in texture had a high impact on the pref-
erence of Vietnamese consumers.

For consumer segmentation, Figure 6 shows two dif-
ferent preference trends. The first trend is highlighted
by F1 axis, where the majority of consumers tend
to prefers sample F6 over other samples. The sec-
ond trend is highlighted by the F2 axis, where two
group of consumers seemingly had opposite prefer-
ence: one group preferred sample F4 and F8 while the
other group preferred sample F1. To explain these dif-
ference trends, the textural characteristics were pro-
jected on the preference mapping as supplement vari-
ables (Figure 6a). The results showed that the major-
ity of consumers preferred Vietnamese sausage sam-
ples with high springiness and low hardness (sample
F6). For the two opposite group along the F2 axis, one
group preferred samples with high chewiness and co-
hesiveness (good bite texture) while the other group
liked samples with low chewiness and cohesiveness
(tender texture).

CONCLUSIONS

The three ingredients (lean meat, lard and starch)
were found to have significant impacts on the textu-
ral characteristics as well as consumers’ liking score
for the Vietnamese sausage products. Changes in the
proportions of these three ingredients, even within a
small range, can lead to profound differences in hard-
ness, springiness, chewiness and gumminess. Mixture
response surface methodology was used to determine
the effects of varying proportions of lean meat, lard
and starch on the texture of Vietnamese sausage. The
results showed that lean meat played the most impor-
tant role, however many interactions between these
three ingredients were also found to be significantly
affected the textural characteristics.

Liking score results suggested using the parameters
of sample F6 as a Vietnamese sausage reference, with
hardness = 95.67 N, cohesiveness = 0.60, springiness
= 7.21 mm, gumminess = 57.71 N and chewiness =

416.39 N*mm. Surprisingly, the preference mapping
had a similar distribution as the PCA map for tex-

tural characteristics, suggesting texture had a big im-
pact on liking score. The projection of texture charac-
teristics on the preference mapping shows that most

consumers liked samples with high springiness. Op-
timization based on the consumers’ liking score sug-
gested formulations with 4% - 8% starch, 70% - 76%
lean meat and 18% - 26% lard was highly preferred
(mean liking score > 6.5). These results can be applied
widely in Vietnamese sausage manufacturing, as well
as serve as a preliminary step in studying the effect of
mixtures of different additives on the texture of Viet-
namse sausage.
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Khao sat su anh hudng cha ty 1é nguyén liéu dén cau tric chia cha
lua theo phuong phap thuc nghiém hén hop

Nguyén Thi Hién", Pham Hitu Thinh, Nguyén Hoang Diing

TOM TAT

Trong nghién ctiu nay, ching toi khao sat su anh hudng ctia ty 16 thanh phan nguyén liéu 1én tinh
chat cdu truc va thi hiéu clia ngudi tiéu dung doi véi san phdm cha lua. Cha lua la mét sén phdm
thuc pham truyén théng vé ciing phé bién & Viét Nam, tuy nhién, cac tinh chat cu truc va thi hiéu
clia n6 chua dugc quan tam nghién ctu nhiéu. Cau tric clia cha lua chiu anh hudng I6n cla ba
loai nguyén liéu chinh: thit nac, m& va tinh bét. Nham nghién ciu sau vé tuong tac gitfa cac thanh
phan nguyén liéu nay 1én cdu trdc clng nhu thi hiéu, tdm mau cha lua thi nghiém dugc tao ra véi
ty 1& thit nac, ma va tinh bot khac nhau dua trén thiét ké thuc nghiém hén hop. Nhom tinh chét
cdu tric (bao gdbm do cing, do cd két, do dan hoi, dé déo va do dai) dugce xac dinh bang phuong
phap phan tich profile cau trdc (texture profile analysis), con thi hiéu dugc danh gia bang mot hoi
déng ngudi tiéu dung 70 ngudi. Két qua cho thay tat ca cac tinh chat cau tric déu co su khac biét
c6 y nghia théng ké. Tuy nhién, dé c6 két co phuaong sai gilra cac mau khong 16n, cho théy tinh
chat nay khong quan trong trong céng tadc mo ta cau trdc cla sdn pham cha lua. BE xay dung mé
hinh thé hién anh hudng cla nguyén liéu, chung t6i st dung phuong phap héi qui bé mat dap
(g véi mo hinh danh cho hé hén hop. Két qua cho thdy mé hinh bac ba dac biét clia Scheffe ¢
d6 phi hop cao véi do cling (R* = 0.946), dd déo (R2 = 0.902); mé hinh bac hai clia Scheffe c6 do
pht hop cao cho diém ua thich thi hiéu (R? = 0.967). Thit nac |a thanh phan nguyén liéu c6 anh
hudng tich cuc nhat dén tinh chat cdu tric cng nhu diém ua thich thi hiéu cho cha lua. Két qué
con cho théy su giéng nhau rat thu vi gitia mat phdng PCA cla tinh chét cdu trdc va mat phang
PCA ctia diém ua thich thj hiéu. Cudi ciing, gid tri t6i uu cho céc thanh phan nguyén liéu ctia cha
lua d@é cho ra mau cé diém ua thich cao (> 6.5) duadc xac dinh 1a 4% - 8% tinh bot, 70% - 76% thit
nac va 18% - 26% ma. Két qua phan tich diém ua thich cia ngudi tiéu dung cho thdy tinh chat do
dan héi la yéu té thu hit ngudi tiéu dung (drivers of liking) cho san phdm cha lua.

Tuwkhoa: cha lua, cdu trdg, thi hiéu, thuc nghiém hén hop
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