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INTRODUCTION

Nowadays, using natural products have been receiving a
great deal of public attention [1-3]. The plant organs such as
seeds, flowers, roots are applied in different fields and purposes
including the manufacture of antimicrobial compounds,
medicine and food additives [4,5]. Asparagus is a perennial
plant of the liliaceous family, and asparagus shoots are used
in meals such as salads, soups and vegetables throughout the
world. It is also used as a traditional herbal medicine in Europe
and Asia [6-8]. In particular, asparagus shoots are rich in biolo-
gically active substances reported to have antioxidant, anti-
cancer and anti-inflammatory activities. Saponin steroids are
a component found in asparagus with potent anticancer activity
[9,10].

Moreover, asparagus is a healthy and nutritious food that
has many biologically active phytochemicals such as caro-
tenoids, flavonoids, phenols, fiber and oligosaccharides. In
addition to the culinary quality, asparagus and asparagus extracts
are reported to have antioxidant, antitumour, hypolipidaemic,
hypoglycaemic and antifungal properties [11]. Human diet
plays a crucial role in protecting against oxidative stress.
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Asparagus extracts have antiaging effects by improving insulin
secretion and cellular function (sup) and antioxidant status
[12]. Fresh asparagus is preserved for up to 7 days at 3 ºC, but
the asparagus tops are the most perishable organ. The fresh
asparagus is preserved by either rapid cooling by water or ligni-
fication [13]. However, asparagus is still difficult to be preserved
for a long time. Therefore, the products originating from the
environment such as asparagus nectar, asparagus juice, asparagus
powder, asparagus tea, asparagus have been studied. Fruit juices
are a product that consumers care about for the health benefits
and nutritional value it provides. These fruit juices are also desc-
ribed to have a difference in therapeutic properties in some
physiological conditions for the recovery of the human body.
In Nagpur city of India, fresh fruit and vegetable consumption
is increasing throughout the year because fresh fruit and vege-
table juices are highly favoured for their healthy health effects
[14]. In Turkey, pomegranate (Punica granatum) is consumed
as a fruit and fruit juice with high antioxidant activity and
also used in salads and desserts [15,16]. Beside colour or taste,
consumers are concerned about the sedimentation, layer separ-
ation or if there is a lipid layer on the top of not all are considered
as a defect for the product. Consumers are concerned about the



stability of the product whether it is fresh or powdered, turbid
juice products from fruits such as oranges, tangerines, coconuts
which are normally encountered in the processing progress
[17]. The deposition rate depends on the diameter of the grain,
the difference in the density of the liquid phase and the solid
phase, the viscosity [18].

In order to limit the layer separation of lentil nectar, the
addition of xanthan gum, guar gum and carrageenan to limit
sedimentation and stability to nectar [19]. In one study of apple
juice production, carboxymethylcellulose, xanthan gum was
added to keep the product stable [20]. For carrot juice, xanthan
gum, gellan gum, guar, sodium carboxymethylcellulose were
also investigated for viscosity, turbidity and storage time [21].
Hydrocolloids are used in food for their intended purpose and
function in water retention, viscosity making, thickeners,
volatility, ionization in aqueous solutions, resulting in the
ability to stabilize soluble particles in the product, keeping
the product stable.

Studies on the effect of each viscous additive have been
studied. However, studies on the interaction on the admixture
of viscous additives on the physical and chemical properties
of turbid fruit juice are limited. Therefore, the objective of
this study was to investigate the interaction between xanthan
gum and carboxymethylcellulose on the physical and chemical
properties of turbid juice from green asparagus. With the
surface-response method, the CCD test design will determine
the target function model such as viscosity, stability, sensory
according to the concentration of xanthan gum and carboxy-
methylcellulose. At the same time will evaluate if the interaction of
xanthan gum and carboxymethylcellulose of meaningful or not
to the physio-chemical quality of turbid juice of green asparagus.

EXPERIMENTAL

The green asparagus (Asparagus officinalis) is purchased
from An Phu Dong market, Ho Chi Minh city, Vietnam. Bamboo
shoots should be carefully selected to ensure that are not rotten,
damaged or bruised. In particular, there must be a fixed source
that is not purchased in different places and must be of same
type. Bamboo shoots are cleaned and cut to a length of 12 ±
1.5  cm. Viscosity making additives used in this study are xanthan
gum purchased from KeKelco Division of Merck and Company
Inc. (LT100, Kelco, Co. Ltd, USA) and carboxymethylcellulose
(CMC) were purchased at Suzhou Elifa Chemical Co. Ltd.
Syrup is used to adjust the brix level of the turbid juice. The
syrup is prepared in a ratio of 120 g of sugar and 80 g of
water, heated at 85 ºC for 20 min.

Preparation of cloudy juice of asparagus: Asparagus was
washed after picking up the tops from 12 ± 1.5 cm and the fruit
juice was prepared according to the flow chart given in Fig. 1.

Experimental design: In this study, the overall effect of
xanthan gum and carboxymethylcellulose was investigated.
The experiments were performed according to CCD with two
independent variables: the concentration of xanthan gum (%)
and the concentration of carboxymethylcellulose (%), each of
which has three levels of values as shown in Table-1. The value
intervals of the independent variables were selected based on
previous studies. The coding and survey levels used in the
experiments are shown in Table-2.

Additives Syrup 
60°Brix Water Asparagus

Pretreatment

Broken parts, 
wastewater

Waste-
water

Blanching

Parched

Masticate

Filtering

Mixing

Products

Residue

Fig. 1. Green asparagus preparation process

TABLE-1 
EXPERIMENTAL DESIGN 

Runs Xanthan gum (%) Carboxymethyl cellulose (%) 
1 -1 1 
2 -1.41421 0 
3 1 1 
4 0 0 
5 -1 -1 
6 0 -1.41421 
7 0 0 
8 0 0 
9 1.41421 0 
10 0 1.41421 
11 0 0 
12 1 -1 
13 0 0 

 
TABLE-2 

VARIABLE ENCODING AND SURVEY LEVEL 

Value level 
Factor Above 

+1 
Base level 

0 
Bottom level 

-1 

Variable 
range 

XG (%) 0.15 0.10 0.05 0.05 
CMC (%) 0.40 0.30 0.20 0.10 

XG = Xanthan gum; CMC = Carboxymethyl cellulose 

 
Determination of viscosity: Viscosity measurements

were conducted using viscometer (NDJ-5S) as per reported
method [20]. The test specimen was stored in a 250 mL glass
jar and thermostatically controlled by a thermostatic tank for
about 15-20 min to reach a desired temperature of 30 ºC and
then measured for 5 min at a rotational speed of 60 rpm. All
samples were measured for the same temperature, time and
rotation speed. Each experiment was repeated three times.

Determination of stability: The specimen was centri-
fuged for 30 min. The sample was measured at 660 nm before
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and after centrifugation (surface fluid) [19]. The photo lab 7600
UV-VIS device was used to measure the absorption of green
asparagus. Each experiment was repeated three times. Stability
is derived from relative turbidity (T %).

c

o

T
T (%) 100

T
= ×

where To and Tc are the turbidity before and after the centri-
fugation, respectively.

Sensory assessment method: Method of assessment accor-
ding to TCVN 3215-79 preparation follow the steps of sample
preparation, coding, instrument preparation, instruction sheets,
answer sheets, laboratory temperature and volume of 20 mL
for a sample. The sensory evaluation was conducted at the
processing room of Nguyen Tat Thanh University with the
participation of 40 peoples, conducted in three rounds of 14
peoples, aging from 20 to 24 years. The tester's answer sheets
report is shown in Table-3.

RESULTS AND DISCUSSION

Effect of xanthan gum and carboxymethylcellulose on
viscosity: Fig. 2 shows the surface response of viscosity when
changing carboxymethylcellulose (CMC) and xanthan gum
concentrations in turbid green asparagus juice. The diagram
shows that when increasing the percentage concentration of
CMC from 0.2 to 0.4 %, the viscosity increases. Similarly,
xanthan gum has a concentration of 0.05-0.15 %, the viscosity
also increases. The simultaneous increase of density for these
two substances, the viscosity also increases, typically when
CMC concentration is 0.2 % and xanthan gum concentration
is 0.05 %, the measured viscosity value is the lowest value of
61.667 mPa.s, but when both were increased to CMC 0.4 %,
xanthan gum 0.15 %, viscosity increased to the highest of 247
mPa.s. The essence of these two substances is the hydrocolloid
group in which this group has a hydroxyl group (OH¯), the
presence of this OH− group increases their affinity with the

TABLE-3 
STATUS DESCRIPTION SAMPLES 

Names of 
indicators 

Weights Description 

5 Liquid state like filtered water 
4 Liquid state like fruit juice 
3 Glutinous state like syrup 
2 Pasty state like vitamins 
1 Condensed state like jam 

State (20 %) 

0 Condensed state like chili, tomato paste 
5 Dark green 
4 Light green 
3 The green colour is slightly yellowish 
2 Light yellow 
1 Dark yellow 

Colour (30 %) 

0 Very dark yellow 
5 The odour of asparagus is pleasant 
4 The odour of asparagus is quite strong 
3 The odour of asparagus is strong 
2 The odour of asparagus is very strong 
1 There is no odour of asparagus 

Odour (50 %) 

0 It odours strange 

 

water molecule that forms the hydrophilic compound. Hydro-
colloids are free-floating so that in the mixture with CMC and
xanthan gum they interact and collide with water and hydro-
philic constituents, resulting in fluid viscosity [21]. Therefore,
the more the CMC and xanthan gum elements are added to the
solution, the higher the viscosity in the solution is.

In this study, the model for predicting the change in viscosity
of turbid green asparagus juice by CMC and xanthan gum
concentrations was also identified and presented as below:

µ = 203.8718 – 116.201 × XG – 1390.46 C × CMC +
1908.333 × XG × CMC + 1657.5 × XG2 +
2831.042 × CMC2  (R2 = 0.9732)

The model has the correlation coefficient of R2 = 0.9732,
indicating that the model is highly compatible with experi-
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Fig. 2. Effect of xanthan gum (XG) concentrations and CMC on the viscosity of turbid juice of green asparagus
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mental data. From the results of ANOVA analysis (Table-4),
the viscosity is influenced at grade 1 by two factors: xanthan
gum and CMC concentration are affected at grade 2 of CMC
concentration (p < 0.05). While the concentration factor level
2 of xanthan gum does not affect significantly (p > 0.05) on
product viscosity, the interaction of two xanthan gum and CMC
factors did not significantly affect the product viscosity (p >
0.05). In terms of influencing factors, the concentration CMC
level 2 strongly affect the viscosity with positive coefficient
2831.042.

Thus, from the analysis of significant effects of  coefficients
in the given regression equation, it is concluded that mixing
of CMC and xanthan gum was not significant. And the change
in CMC concentration affects the viscosity change of the product
more than xanthan gum. Previous study demonstrates that
xanthan gum affects the viscosity change greater than that of
CMC due to xanthan gum has a molecular structure larger
than CMC, so hydration is higher than CMC. However, in this

TABLE-4 
RESULTS ANOVA FOR A QUADRATIC SURFACE RESPONSE MODEL 

Response 1 Viscosity     

ANOVA for Response Surface Quadratic model 
Analysis of variance table [Partial sum of squares - Type III] 

Source Sum of squares df Mean square F value 
p-value  
Prob > F 

  
  

Model 38273.85 5 7654.77 50.89 < 0.0001 Significant 
A-XG 12412.54 1 12412.5 82.51 < 0.0001   

B-CMC 19920.19 1 19920.2 132.42 < 0.0001   
AB 364.17 1 364.17 2.42 0.1637   
A2 119.45 1 119.45 0.79 0.4025   
B2 5575.51 1 5575.51 37.06 0.0005   

Residual 1052.99 7 150.43       
Lack of fit 1018.9 3 339.63 39.85 0.0019 Significant 
Pure error 34.09 4 8.52       
Cor total 39326.84 12         
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Fig. 3. Effect of xanthan gum (XG) concentrations and CMC on the stability of turbid asparagus juice

study, the result was a change in the mixing of xanthan gum
with CMC. The impact of CMC is higher. When mixing two
viscous additives, the interaction can occur resonant or antago-
nistic. In this case, the results show that the mixing reduces
the viscosity of xanthan gum but increases the viscosity of
CMC in the turbid juice from green asparagus.

Impact of xanthan gum and carboxymethylcellulose
on stability: Fig. 3 shows the interaction of xanthan gum and
CMC on fruit juice stability. When the CMC concentration
increases from 0.2 to 0.4 %, the stability increases, and xanthan
gum increases from 0.05 to 0.15 %. The fruit juice stability
also increased which the lowest and highest increase was 4,922
and 81.5 %, respectively. Static propulsion is a stable component
for particles in the dispersion system. Fruit juice particles have
a negative charge, so when added to hydrocolloids, they also
have negative charges, as two charges with the same sign give
rise to high repulsion and even dispersion in fruit juices, so
stability increased [18].

2348  Van Linh et al. Asian J. Chem.



The following regression equation describes the effect of
xanthan gum and CMC concentrations on the stability of turbid
juice from green asparagus:

T (%) = 89.35135 – 590.565 × XG – 592.002 ×
CMC + 126.806 × XG × CMC + 3282.184 ×
XG2 + 1438.341 × CMC2    (R2 = 0.9813)

The model has a correlation coefficient R2 = 0.9813, indi-
cating that the model is highly compatible with experimental
data. From the analysis of ANOVA (Table-5), the stability is
influenced by grade 1 of a factor, namely CMC and grade of
factor 1, namely xanthan gum and is influenced by grade 2 of
concentration CMC and xanthan gum (p < 0.05). In addition,
the interaction between the two factors xanthan gum and CMC
also did not affect the stability of the product (p > 0.05). From
the analyses of the factors influencing the stability, it was found
that pre-xanthan gum coefficient was positive of 3282,184 and
2.2 times higher than that of the positive of 1438,341 of CMC
factor grade 2. The degree of stability of green asparagus juice
is more influenced by xanthan gum than CMC.

Thus, from the analysis of significant effects of coefficients
in the given regression equation, it was concluded that when
mixing CMC and xanthan gum, coefficient of interaction of
xanthan gum and CMC was not significant (p > 0.05). The coeffi-
cient before the grade 1 interaction factor of CMC and grade

1 of xanthan gum with the coefficient before grade 2 interaction
factor of CMC and xanthan gum are also significant (p < 0.05).

Effect of xanthan gum and carboxymethylcellulose on
sensory quality: The sensory results according to TCVN 3215-
79 with the score of 6 are shown in Table-6. The sensory
evaluation results were based on three criteria: status, colour,
and odour of turbid juice of green asparagus. At 5 % signi-
ficance level, the results show a significant differences between
fresh samples and all other mixed CMC and xanthan gum
samples (Table-6). Meanwhile, when fixing the concentration
of xanthan gum at 0.05 % and increasing the CMC concen-
tration from 0.2-0.4 %, there is a considerable difference in
state between sample 2 and 3. If fixed both concentration CMC
level at 0.3 % and XG concentration at 0.1 %, there is no
significant difference compared to the remaining samples. On
the other hand, I changing CMC concentrations from 0.2 to
0.4 % and fixed xanthan gum at 0.15 %, then samples 12 and
13 were also differed in status but were not significant. There
is a similar difference to the state but only the difference between
the fresh sample and all the other samples without significant
differences between the samples. The changes in xanthan gum
and CMC concentrations have only a significant effect on the
status indicator of the samples, with no significant difference
in colour and odour [18]. For the production technology of
turbid fruit juices, this result is a good development direction

TABLE-6 
EFFECTS OF XG AND CMC CONCENTRATIONS ON THE SENSORY OF TURBID ASPARAGUS JUICE 

No. XG concentration (%) CMC concentration (%) State Colour Odour 
0 0 0 4.90 ± 0.44a 4.95 ± 0.22a 4.93 ± 0.27a 
1 0.029289 0.3 3.40 ± 0.49cde 3.9 ± 0.3b 3.9 ± 0.3b 
2 0.05 0.2 3.30 ± 0.46de 3.9 ± 0.3b 3.85 ± 0.36b 
3 0.05 0.4 3.90 ± 0.37b 3.97 ± 0.15b 3.9 ± 0.3b 
4 0.1 0.158579 3.35 ± 0.48de 3.9 ± 0.3b 3.87 ± 0.33b 
5 0.1 0.3 3.50 ± 0.50cd 3.95 ± 0.22b 3.83 ± 0.38b 
6 0.1 0.3 3.58 ± 0.54c 3.93 ± 0.26b 3.88 ± 0.33b 
7 0.1 0.3 3.28 ± 0.45ef 3.95 ± 0.22b 3.82 ± 0.38b 
8 0.1 0.3 3.43 ± 0.5cde 3.98 ± 0.15b 3.92 ± 0.27b 
9 0.1 0.3 3.32 ± 0.47de 3.95 ± 0.22b 3.85 ± 0.36b 

10 0.1 0.441421 3.37 ± 0.49cdef 3.98 ± 0.15b 3.9 ± 0.3b 
11 0.15 0.2 3.80 ± 0.46b 3.95 ± 0.22b 3.87 ± 0.33b 
12 0.15 0.4 3.38 ± 0.49cdef 3.88 ± 0.33b 3.85 ± 0.36b 
13 0.170711 0.3 3.17 ± 0.38f 3.9 ± 0.30b 3.9 ± 0.3b 

 

TABLE-5 
ANOVA RESULT FOR THE QUADRATIC SURFACE MODEL RESPONDING TO THE OBJECTIVE FUNCTION IS THE STABILITY 

Response 2 Stability     

ANOVA for Response Surface Quadratic model 
Analysis of variance table [Partial sum of squares - Type III] 

Source Sum of squares df Mean square F value 
p-value  
Prob > F 

  
  

Model 8378.36 5 1675.67 73.29 < 0.0001 Significant 
A-XG 215.96 1 215.96 9.45 0.018  

B-CMC 6438.11 1 6438.11 281.6 < 0.0001  
AB 1.61 1 1.61 0.07 0.7985  
A2 468.38 1 468.38 20.49 0.0027  
B2 1439.18 1 1439.18 62.95 < 0.0001  

Residual 160.04 7 22.86    
Lack of fit 148.27 3 49.42 16.8 0.0099 Significant 
Pure error 11.77 4 2.94    
Cor total 8538.4 12     
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for the juice industry, especially for turbid fruit juice from
asparagus [20].

Conclusion

The present study evaluated the influence of xanthan gum
and carboxymethylcellulose (CMC) concentrations on quality
indicators, namely state, odour and colour, of the turbid fruit
juice from asparagus. It was found that the simultaneous addition
of CMC and xanthan gum was not significant (p > 0.05). How-
ever, when the CMC concentration increased, the viscosity
increased which was a significant difference. The increase in
xanthan gum concentration also increases the product stability
with significant difference (p < 0.05). Finally, CMC and xanthan
gum have no significant effect on the colour and odour of the
product. This result suggests a new way to improve the consumer
acceptability to the turbid juice by enhancing the stability of
turbid juice of green asparagus juice without compromising
odour and colour characteristics.
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