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ABSTRACT
Treacle (black honey) is liquid syrup produced by heating and evaporation of sugarcane juice. It is rich in sugars

including, sucrose, glucose, and fructose, which may crystallize during storage, especially at low temperatures. The

crystallization of treacle was the main problem facing treacle producers in the Egyptian traditional food industry and

affected negatively in the quality and consumer acceptability. Consequently, the aimed to investigate the effect of

sugarcane juice pre-treatments, including the addition of citric acid at concentrations of (1, 2, and 3) g/l alone or in a

combination with preheating at (60 or 70)°C for 1 h on physiochemical properties and crystallization of sugarcane

syrup during storage for 60 days at room temperature. The results showed that these pre-treatments significantly

affected the quality and properties of sugar cane syrup. The combination of the citric acid addition at a concentration

of 1 g/l and preheat treatment at 70°C for 1 h resulted in syrup with the greatest overall acceptability. Also, these pre-

treatments prevented the crystallization of the produced syrup during the storage for 60 days at room temperature (20

± 5)°C. Therefore, pre-treatment of the sugar cane syrup with a combination of the citric acid addition and heating

can be suggested as a promising method for producing a high-quality sugar can syrup and preventing syrup

crystallization during storage and handling.
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INTRODUCTION

Sugarcane honey is syrup produced by evaporation of the
sugarcane juice at (105-110)°C to total solids content between
65% and 75% [1]. Sugarcane syrup is a carbohydrate-rich, mainly
constituted of inverted sugars and sucrose, with viscous,
translucent, and light or shiny brown color, or amber yellow
color. It is a nutritious food and a good source of nutrients such
as minerals, including iron, calcium, potassium, sodium,
phosphorus magnesium, and chlorine. Also, it contains natural
antioxidants such as flavonoids and vitamins [2].

The sugarcane syrup has interesting attributes both in the food
aspect because it is considered a nutritious and energetic food
and has important nutrients, as in the economic and social
issue, since it generates income for small and medium
producers, Egypt's black honey (Treacle) production increased
from 984,000 tons in 2014 to 1984,000 tons in 2015 [3].

In some foods, crystallization is controlled to give the desired
texture (fondant, fudge, panned candies, and so on) or
appearance (frosted cereals, icing, and so on). However, in other
foods such as hard candies, spray-dried juices, and so on the
crystallization of sugars is prevented, and crystallization upon
storage is considered a defect due to giving the product a coarse,
gritty texture as in sugarcane syrup [4]. The high concentration
(Brix) and pH, the crystallization in the treacle is evident, due to
an incorrect inversion of sucrose. An adequate combination of
the two variables allows stabilizing the product, suppressing the
crystallization. The flavor acceptance (acidity) depends on pH in
its average value 4 ± 0.2 and the adequate concentration of the
product (76 ± 0.5) Brix, and temperature (106°C ± 0.8)°C [5].

The citric acid is used as a preservative, antioxidant, and
suppressor of the browning in doses of (0.05 to 2)% and to
brown sugar liquid [6]. In order to obtain cane honey or
molasses, the environment must be stable during 8 until 10 days,
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0.04% citric acid is used to avoid crystallization and show an
attractive color, 1% of potassium metabisulphite and 0.5% of
benzoic acid as preservatives [7].

It is widely known that fructose, glucose, and corn syrup depress
the solubility concentration of sucrose [8] by competing with the
sucrose molecules for available water. When sucrose is replaced
with corn syrup in a confectionery formulation, not only is there
less sucrose, but the saturation concentration also decreases,
changing the crystallization process [9].

The main objective of this investigation was to evaluate the
effect of pre-treatments, including the addition of citric acid and
preheat treatment of sugarcane juice on the crystallization and
quality of the produced sugarcane syrup (Treacle).

MATERIALS AND METHODS

Materials

Freshly harvested sugarcane was obtained from Mallawy
Agricultural Research Station, Minia, Egypt. Ten commercial
treacle samples were collected from markets in Mallawy, El-
Minia governorate. All chemicals used in this investigation were
of analytical grade and purchased from Sigma and El-Naser
Pharmaceutical Chemicals Co. Ltd., Egypt.

Methods

Extraction of sugarcane juice and treatments: The stripped
stalks of sugarcane were passed through a three roller mill to
extract the juice. The raw juice was screened through layers of
clean cheesecloth to remove the large pieces of suspended
matters [10], the juice was divided to three groups, each grouped
to four treatments, as follows: the first group (Trade), the syrup
was produced immediately after preparing the treatments as
follow:

• Control
• 1 g citric acid/l juice
• 2 g citric acid/l juice
• 3 g citric acid/l juice

The second and third groups were prepared in the same manner
and placed in a water bath at a temperature of (60 and 70)°C for
1 h (1H60 and 1H70), respectively, then evaporated in open
stainless steel pan (capacity 5 liters). The concentration process
was carried using a hot plate (108 to 110)°C and the syrup was
collected from the evaporator when its concentration reached
75° Brix, which was measured using a hydrometer and sugar
[11].

During evaporation, the rising scum was eliminated with a ladle.
The obtained syrup was screened and passed through several
layers of clean cheesecloth and then filled hot in sterile brown
glass containers (1 Kg). The syrup containers were rapidly cooled
in water to terminate the effect of high temperature on the syrup
characteristics.

Physicochemical characteristics

Total Soluble Solids (TSS%); pH value; Ash content and
Moisture content were determined according to the methods of
AOAC [12].

Acidity content was determined as citric acid according to
Adekunte AO et al. [13].

Colour intensity value: The method used for optical density
determination as follows: one gram from of honey sample was
dissolved in 10 ml distilled water in 10 ml beaker them optical
density of this solution was determined at 420 nm (absorbing)
using Labomed, inc. Spectro UV-Vis R.S. spectrophotometer
[14].

Determination of sugars content: The phenol-sulfuric acid
method described by Dubois et al. was used in the
determination of Total Sugars (TS) [15]. Reducing Sugars (RS)
assessed by the DNS method [16]. Sucrose was calculated as the
difference between the total sugars (TS) content and the total
Reducing Sugars (RS) content as follows:

%Sucrose=(TS-RS) × 0.95

Measuring the concentration time by measuring the
concentration by refractometer and temperature every 30
minutes during produced of sugar cane syrup [11].

Determination of color: The color characteristics of samples
were measured by a color difference meter (model color Tec-
PCM, USA) using different color parameters (L, a, b) according
to Francis [17].

Determination of the crystallization: Light microscopy was
used to determine the crystallization kinetics. Images were taken
with a 5X objective according to Laos et al. [18]

Sensory evaluation: For the color, texture, taste, odour, and
overall quality was done to determine consumer acceptability. A
numerical hedonic scale which ranged from 1 to 10 (1 is very
bad and 10 for excellent) was used for sensory evaluation [19].

Statistical analysis

Data collected were subjected to two-way Analysis of Variance
(ANOVA) to determine the overall effect of treatments, on
physicochemical and quality attributes of samples. The
differences were separated using the Least Significant Difference
(LSD) [20].

RESULTS AND DISCUSSION

Effect of sugarcane juice pre-treatment on pH value

Since the manufacturing of sugarcane syrup does not involve
centrifugation, unlike what happens in the sugar as many of the
micronutrients are removed in this process, the nutritional value
of this syrup is considerably high, and therefore it is as an
important food for society [21].
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Figure 1: The change in the pH value of sugarcane juice with the
addition of citric acid.

The data in Figure 1 show that the addition of citric acid to the
sugarcane juice before the production of sugar cane syrup led to
a significant decrease in the pH value as the amount of citric
acid increased. The control without the pre-treatment recorded
the highest pH value, followed by the citric acid treatment 1 g/l
and the lowest treatment is the 3 g/l. Heating sugar cane juice at
(60 and 70)°C for one hour before the production of sugar cane
syrup due to a significant increase in the pH values for all
treatments compared with the control sample. Concentration
sugarcane juice the sucrose inversion starts at 80°C. It is evident
at 100°C and it depends on factors such as pH, temperature,
and boiling duration [22].

Effect of sugarcane juice pre-treatment on TSS (Brix)

Pre-treatments of cane juice before the production of cane syrup
(Figure 2) increased the rate of change in the concentration of
sugarcane juice during the production of sugar cane syrup for
the first treatments that were directly manufactured
(commercial) greater than the control, where all treatments to
which citric acid is added reached the required concentration to
75% before the control. Sucrose hydrolysis (commonly known as
inversion) doubles the number of solute molecules in sugar
solutions and, as a result, doubles the total activity of the solutes
in the solution.

Figure 2: The change in concentration (Brix) of sugarcane juice from
trade samples during the production of sugar cane syrup.

Due to the rapid rate of mass transfer during evaporation, the
cooking process generally follows the boiling point elevation
curve, which means that cooking to a certain temperature

indicates specific water content as long as the boiling point
elevation is known for the mixture of sweeteners. Thus,
knowledge of the boiling point elevation curve for the sweetener
mixture in a formulation is important for control of the
manufacturing and specification of product characteristics
(texture, shelf life, and so on) [23,24].

Figure 3: The change in concentration (Brix) of sugarcane juice from
1H60 samples during the production of sugarcane syrup.

Figure 4: The change in concentration (Brix) of sugarcane juice from
1H70 samples during the production of sugar cane syrup.

The results presented in Figures 3 and 4 show that heated
sugarcane juice samples (1H60 and 1H70) with 1 g/l and 2 g/l
citric acid reached the required concentration (75%) first after
120 min. followed by 3 g/l citric acid after 150 min, and control
samples after 180 min.

Cooking sugars at very high temperatures (140°C and higher)
causes the breakdown of monosaccharides, particularly fructose,
which occurs readily at elevated temperatures, changes in the
composition that can alter the boiling point. For one, inversion
of sucrose into glucose and fructose occurs rapidly at elevated
temperatures, introducing monosaccharides that change the
boiling temperature [25].

Physicochemical characteristics

The physiochemical characteristics of syrup from different pre-
treated sugarcane juice and commercial syrup are presented in
Table 1. A significant difference was noted for moisture, acidity,
pH, ash, TSS, and OD420 at 5% level (p ≤ 0.05) in treatments.

The moisture content: The moisture content of sugar cane
syrup ranged from 23.67% in commercial samples (control) to
25.74% commercial samples. Total soluble solids of syrup from
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different pre-treated sugarcane juice 75% in all treatments
highest than the commercial samples 73.33%.

Table 1: Physiochemical properties of syrup from different sugar cane juice pre-treatments and commercial syrup.

 Moisture% Acidity% pH TSS% OD420 Ash%

Trade Control 23.67e 0.25h 6.68a 75a 0.424d 2.12bcd

 1 g /l 23.72cde 0.51f 5.08d 75a 0.344e 1.84de

 2 g/l 23.77abcd 0.81d 4.61g 75a 0.218j 2.13bcd

 3 g/l 23.70de 1.40a 4.38j 75a 0.191k 2.10bcde

60H1 Control 23.79abc 0.19i 6.55b 75a 0.465c 1.99bcde

 1 g/l 23.76abcd 0.54f 4.94e 75a 0.288f 2.03bcde

 2 g/l 23.75abcde 0.81d 4.57h 75a 0.253h 2.26abc

 3 g/l 23.79abc 1.24c 4.23k 75a 0.220j 1.97cde

70H1 Control 23.76abcd 0.23hi 6.16c 75a 0.503b 1.78e

 1 g/l 23.78abcd 0.61e 4.84f 75a 0.243i 1.81de

 2 g/l 23.83ab 0.82d 4.46i 75a 0.279g 2.04bcde

 3 g/l 23.82ab 1.33b 4.16l 75a 0.255h 2.30ab

Commercial Com 25.74a 0.40g 6.16c 73.3b 0.626 a 2.53a

LSD 5%  0.075 0.039 0.031 0.269 0.008 0.289

Trade: Syrup produced immediately after addition citric acid to sugar cane juice

60H1: Syrup produced after addition citric acid and heat to 1 hour at 60°C

70H1: Syrup produced after addition citric acid and heat to 1 hour at 70°C

a-l: Values with the same letter in the same column are not statistically different (p<0.05)

Thus, for this attribute, different syrup from pre-treated
sugarcane juice and commercial syrup were within 30%
moisture content and 70% TSS. The Egyptian Organization for
Standardization and Quality [26].

Acidity content: Acidity content as citric of syrup sugar cane in
the control samples of all treatments varied from 0.19 for 60H1
to 0.25% for traditional treatment, this results lowest than the
commercial samples 0.40%. However, sugarcane syrup acidity
increased with the addition of citric acid to sugarcane juice used
to produce syrup in all treatments ranged from 0.51% to 1.40%
as citric acid.

The acidity value of cane syrup ranged between 0.44 and 0.97,
with a mean of 0.70. Vicentini-Polette et al. and Barreto et al.
found that in cane syrup, except for samples produced with
citric acid or acidic lime, acidity values between 2.1% and 5.8%
[27,28].

The pH value: The pH value of sugarcane syrup in the control
samples of all treatments was the highest, ranged from 6.16 for

70H1 to 6.68 for traditional treatment while commercial
samples 6.16. However, sugarcane syrup pH value decreased with
the addition of citric acid to pre-treatment sugar cane juice used
to produce syrup in all treatments ranged from 4.16 to 5.08. The
superior level of pH was established according to pH (4.5 to 5.5)
of the sugar cane juice [5].

Optical density (OD420): The commercial samples of sugarcane
syrup attained a darker OD420 value (0.626), followed by
control samples in 70H1 and 60H1 treatment (0.503 and
0.465). However OD420 value of citric acid pre-treated
sugarcane juice used to produce syrup samples had the lowest
value varied from 0.191 to 0.344 (as optical density at 420 nm).
Generally, the color of food is a quality measurement and it
means the acceptance of a product. These characteristics are
obtained through hydrolyzed cane honey [29].

Ash content: Data showed that there are significant differences
in the ash content of syrup samples (Table 1). The ash content
of sugarcane syrup from different pre-treated sugar cane juice
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samples ranged from 1.78% to 2.30%, which is lower than that
of commercial syrup (2.53%).

The maximum percentage of ash in sugar cane syrup is 3% as
stated by the Egyptian Organization for Standardization and
Quality [26]. The percentages of ash content in the studied
syrup samples are lower than the maximum limit stated by the
EOSQ.

Sugar content: The sugars content influences viscosity and
product shelf life, and the greater the glucose and fructose
content compared to sucrose, the lower will be the syrup
crystallization. Additionally, the formation of the crystals is
undesirable for the food industry because, in addition to
hampering homogenization and standardization, it can cause
damage to the equipment due to the accumulation of such
crystals [27].

Table 2: Sugar content of syrup from different pre-treated sugarcane juices and commercial syrup.

 TS% RS% Suc% RS/TS RS/Ash Suc/TS Suc/RS

Trade Control 74.83a 10.56h 61.05a 14.10h 4.99f 81.60a 5.780b

 1 g/l 74.78abc 47.02f 26.37c 62.90f 25.55cd 35.30c 0.561d

 2 g/l 74.73bcde 51.66cd 21.92ef 69.10cd 24.21d 29.30ef 0.425d

 3 g/l 74.8ab 53.15c 20.56f 71.10c 25.59cd 27.50f 0.387d

60H1 Control 74.71cde 11.34h 60.21a 15.20h 5.67f 80.60a 5.475b

 1 g/l 74.74bcde 49.46e 24.02d 66.20e 24.46cd 32.10d 0.488d

 2 g/l 74.75abcde 53.16c 20.51f 71.10c 23.64d 27.40f 0.387d

 3 g/l 74.71cde 57.22b 16.62g 76.60b 29.23ab 22.20g 0.291d

70H1 Control 74.74bcde 18.7g 53.24b 25.00g 10.49e 71.20b 2.855c

 1 g/l 74.72bcde 50.16de 23.34de 67.10de 27.72abc 31.20de 0.466d

 2 g/l 74.67e 59.84a 14.09h 80.10a 29.71a 18.90h 0.235d

 3 g/l 74.68de 60.26a 13.7h 80.70a 26.21bcd 18.30h 0.227d

Commercial Com 74.76abcd 9.38h 62.11a 12.54h 3.72f 83.08a 6.68a

LSD  0.075 2.085 1.992 0.028 3.409 0.027 0.712

Trade: Syrup produced immediately after addition citric acid to sugar cane juice

60H1: Syrup produced after addition citric acid and heat to 1hour at 60°C

70H1: Syrup produced after addition citric acid and heat to 1hour at 70°C

a-h: Values with the same letter in the same column are not statistically different (p<0.05)

TS%: Total Sugar; RS%: Reducing Sugar; Suc%: Sucrose

Total Sugars (TS): The sugar contents of syrup from different
sugarcane juice pre-treatments and commercial syrup are
presented in Table 2. The Total Sugars (TS) content of the tested
samples ranged from 74.67% to 74.83%, while the content of
the commercial syrup sample was 74.76%.

Reducing Sugar (RS): There are significant differences among
the tested syrup samples of different sugarcane juice pre-
treatments and commercial syrup (Table 2) in the contents of
Reducing Sugar (RS). The sugar content increased with pre-
treatment sugar cane juice before produced syrup, (control)
samples commercial syrup had the lowest value 9.38% followed
by control (Trade, 10.56; 60H1, 11.34 and 70H1, 18.70%).

However citric acid treatments had the height value ranged from
47.0% to 60.26%. For reducing sugars, the mean minimum
value was, in percentage, 9.0, while the maximum was 61.5, and
mean 38.0% [27].

Sucrose Content (Suc): The results are given in Table 2 show
that the commercial syrup sample had the highest sucrose
content at 62.11%. Juice processing before production of
sugarcane syrup, due to decrease in sucrose content in all syrup
samples, and it was less in the control samples (Trade, 61.05,
60H1, 60.21 and 70H1, 53.24%) respectively, and the decrease
in sucrose content increased by increasing the amount of citric
acid added to the juice and heat treatment of the juice before
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syrup produced, trade (1 g/l citric acid) samples had the highest
sucrose content (26.37%) while, the lowest sucrose content was
found in 70H1 treatment for 3 g/l citric acid samples (13.7%).

There is a great difference in the sucrose content of sugar cane
syrup since sucrose hydrolysis is not achieved (by adding acid
and increasing temperature or by enzymatic action in natural
degradation), the values are naturally low and depend on
various factors such as soil treatment, sugarcane, genotype,
fertilization, and harvest time [30].

Sugars calculated parameters: From the obtained results it can
be observed that the proportions and/or relationships between
the main components of the treatment may directly affect its
quality. Four calculated parameters were suggested, as shown in
Table 2, to define new quality standards for treatment. Reducing
sugar parameters were tested, namely the percent of reducing
sugars divided by each of Total Sugar (TS) and ash content, the
data showed that rates were increased with pre-treatment the
juice before produced syrup, reducing sugars/total sugar rate

ranged from (12.54 to 80.70)%, however reducing sugars/ash
rate ranged from (3.72 to 29.71)%.

Sucrose parameters were tested, namely the percentage of
reducing sugars divided by each of Total Sugar (TS) and
Reducing Sugar (RS). The date indicated that rates were
decreased with pre-treatment the juice before the production of
syrup, sucrose/total sugar rate ranged from (18.30 to 83.08)%,
while sucrose/reducing sugars rate ranged from (0.23 to 6.68)%.
Sucrose and reducing sugars affect the rate of sucrose
crystallization [31]. This means that any of these ratios can be
used to define sugaring which is one of the most important
criteria of treacle quality. The ratio RS/TS deriving from the
most important treacle components may be effectively used to
define good quality treacle.

Color characteristics of syrup: The Hunter color parameters (L),
(a) and (b) are widely used to describe color changes of food
materials.

Table 3: Color characteristics of syrup from different sugar cane juice pre-treatments and commercial syrup.

 L a b ΔE Chroma Huge

Trade Control 37.45d 33.20a 46.20d 33.00e 56.90bcd 51.25d

 1 g/l 41.40c 26.60b 48.65cd 34.38e 55.51cd 68.15c

 2 g/l 43.65b 20.45c 42.95e 30.14f 47.57f 76.92ab

 3 g/l 47.40a 24.90b 49.20cd 37.68cd 55.14cd 72.58abc

60H1 Control 32.30e 33.10a 43.20e 28.87f 54.50de 48.53de

 1 g/l 37.90d 32.65a 48.70cd 34.82e 58.64abc 54.84d

 2 g/l 43.90b 27.90b 52.30ab 38.80c 59.28ab 68.86bc

 3 g/l 47.60a 25.40b 54.50a 41.99ab 60.13ab 78.82a

70H1 Control 27.60f 33.50a 39.15f 24.80g 51.53e 42.95e

 1 g/l 37.75d 34.85a 48.10cd 35.35de 59.40ab 50.70de

 2 g/l 40.80c 35.80a 50.30bc 38.77c 61.74a 51.61d

 3 g/l 48.10a 27.90b 55.00a 43.24a 61.67a 72.43abc

Commercial Com 21.05g 19.85c 28.55g 0 34.99g 55.32d

LSD  0.998 3.292 2.768 2.546 3.395 7.645

Trade: Syrup produced immediately after addition citric acid to sugar cane juice

60H1: Syrup produced after addition citric acid and heat to 1hour at 60°C

70H1: Syrup produced after addition citric acid and heat to 1hour at 70°C

a-g: Values with the same letter in the same column are not statistically different (p<0.05)

L: Lightness; a: Redness/greenness; b: Yellowness/blueness

Abdel-Aleem WM

J food Process Technol, Vol.11 Iss.7 No:834 6



However, it is recommended to use the hue angle and Chroma
as more practical measures of color. The color changes can also
be expressed as a single numerical value ΔE. This value defines
the magnitude of the total color difference. Preferred colors are
those closest to the original color of samples [32,33]. The results
of color parameters (L, a, b, ΔE, hue angle, and Chroma) for
the different pre-treated sugar cane juices and commercial syrup
are presented in Table 3.

The results showed that the color parameters L, a, b and
Chroma values for commercial syrup are the lowest values
respectively, while L value, b-values, ΔE values, Chroma values
and Huge values for different syrups from pre-treatment sugar
cane juice increased in majority samples with the addition of
citric acid. It could also be seen that a-values decreased as a
result of the addition of citric acid. This could be due to cane
syrup color becomes higher the luminosity index (L*), the lighter
the cane syrup. Colored compounds are formed during the
process and they come from the thermal decomposition of
sucrose and depleted sugars as well as the degradation of
chlorophyll by acids [34]. No data previously published by other
authors were found regarding sugarcane syrup color in the
CIELAB scale [27].

Crystallization of syrup: The high-grade treacle must be free of
noticeable sugar crystals precipitated out of the treacle mass [27].

Table 4: Crystallization of syrup from different pre-treated sugar cane
juices and commercial syrup.

  0 10 30 60

Trade Control - + ++ +++

 1 g/l - - - -

 2 g/l - - - -

 3 g/l - - - -

60H1 Control - + + ++

 1 g/l - - - -

 2 g/l - - - -

 3 g/l - - - -

70H1 Control - - - +

 1 g/l - - - -

 2 g/l - - - -

 3 g/l - - - -

Commercial Com - ++ +++ ++++

Trade: Syrup produced immediately after addition citric acid to sugar
cane juice

60H1: Syrup produced after addition citric acid and heat to 1hour at
60°C

70H1: Syrup produced after addition citric acid and heat to 1hour at
70°C

(-): Non crystallization; Crystallization : (+) Low; (++) Medium; (+++)
High; (++++) Full

The crystallization of syrup results in Table 4 was confirmed
with a light microscope. Figures 5 and 6 show a sequence of
images obtained by a light microscope for sucrose crystallization.
The crystals appeared as a bright area surrounded by a dark
back. No crystallization was observed in the syrup from different
sugarcane juice pre-treatments and commercial syrup in zero
time, little small size crystals can be seen in the trade, and 60H1
(control) samples and more in commercial syrup after storage
samples ten days at room temperature (20 ± 5)°C.

Figure 5: Polarized light microscopy of syrup form different sugar cane
juice pre-treatments and commercial syrup after 10 days at (20 ± 5)°C.

Figure 6: Polarized light microscopy of syrup form different sugar cane
juice pre-treatments and commercial syrup after 60 days at (20 ± 5)°C.

Crystals grew (Figure 6) until they became large and contact
with each other in trade, and 60H1 (control) samples,
commercial syrup completely crystallized after 60 days, while
little small size crystals can be seen in 70H1 (control) after 60
days. The crystallization in syrup from different sugar cane juice
pre-treatments was more inhibited by the addition of citric acid
and as the amount of citric acid increased (Table 3), no
crystallization observed in all syrup from different sugarcane
juice pre-treated with citric acid after 60 day days of storage at
room temperature (20 ± 5)°C.

An understanding of the principles that control the prevention
of the formation of the crystalline sugar system phase is quite
important in developing satisfactory food products. Although
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the presence of many of the other compounds, including other
sugars, is known to impede sucrose crystallization [5,35].

High-quality sugarcane syrup should be free of colloidal
sedimentation and crystallization, or if present, limited to a few
small crystals [11].

Sensory characteristics: Sensorial evaluation for color, texture,
taste, odour, and overall acceptability of the produced syrup
from different sugar cane juice pre-treatments and commercial

syrup samples were done to determine consumer acceptability
and the results are shown in Figure 7. It can be seen that the
70H1 (control) recorded the highest sensory quality in terms of
color, viscosity, taste, odor, and overall acceptability followed by
70H1 (1 g/l). The addition of citric acid at a concentration
greater than 1 g/l to sugarcane juice resulted in sugarcane syrup
with lower sensory quality. Also, it can be seen that the quality
attributes of syrup from different sugarcane juice pre-treatments
are comparable to those of the commercial syrup samples.

Figure 7: Sensory characteristics of sugarcane syrup.

Correlations and principle component analysis
correlations

Table 5 shows the correlation among TSS, pH, acidity, total
sugar, sucrose, reducing sugar, color, L* and B* value of the
different syrups. A strong positive correlation was found
between reducing sugar and acidity (r=0.791) as well as color
parameter B* and L* (r=0.749 and r=0.825, p<0.01), respectively.
On the other hand, a strong negative correlation was found
between reducing sugar and pH (r=-0.978, p<0.01) and color
(r=-0.903, p<0.01). In opposite situation, we found a strong
positive correlation between sucrose and pH (r=0.978, p<0.01)

and color (r=0.903, p<0.01), while a strong positive correlation
with and acidity (r=-0.791) as well as color parameter B* and L*

(r=-0.749 and r=-0.825, p<0.01), respectively.

The ‘L’  value had a significant strong correlation with TSS
(r=0.661, p<0.01), acidity (r=0.799, p<0.01), reducing sugar
(r=0.825, p<0.01) and B* value (r=0.879, p<0.01) but had a
significant negative correlation with pH (r=-0.799, p<0.01), and
sucrose (r=-0.825, p<0.01) and color (r=-0.922, p<0.01). The
results obtained in this study agree with Prati and Moretti, and
Moreno et al. [5,34].

Table 5: Quality attributes correlation of syrup form different sugar cane juice pre-treatments and commercial syrup.
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 Acidity Ash pH TSS Moisture TS RS Sucrose OD420 L A B ΔE Chroma Huge

Acidity 1 0.176 -0.873** 0.217 -0.199 -0.19 0.791** -0.791** -0.754** 0.799** -0.349* 0.614** 0.687** 0.363* 0.752**

Ash 0.176 1 -0.008 -0.492** 0.541** 0.056 -0.095 0.095 0.182 -0.087 -0.465** -0.227 0.410** -0.373* 0.231

pH -0.873** -0.008 1 -0.331* 0.303 0.320* -0.978** 0.978** 0.867** -0.799** 0.214 -0.678** -0.599** -0.466** -0.681**

TSS 0.217 -0.492** -0.331* 1 -0.984** -0.026 0.463** -0.462** -0.651** 0.661** 0.454** 0.749** -0.233 0.790** 0.169



**: Correlation is significant at the 0.01 level (2-tailed); *: Correlation is significant at the 0.05 level (2-tailed)

To have a better understanding between the correlation among
the physiochemical parameters of syrup form different sugar
cane juice pre-treatments and commercial syrup, the statistical
technique Principal Component Analysis [36,37] was employed.

Figure 8: Principle component analysis up.

In this study, the three Principal Components (PC1, PC2, and
PC3) explain 92.8% of the total variability (Figure 8), where
PC1, PC2, and PC3 explain (58.3, 26.8, and 7.7)% of the

variability's, respectively. Each PC identifies the variables more
strongly related to the juice's quality parameters and how they
contribute to explaining the total variability [37,38]. PC1+PC2
contains 84% of the total variability of the set of original data
regarding physicochemical parameters. The graph shows that
compositional factors are positively correlated with
compositional factor B*, L*, acidity, and reducing sugar. In
order of significance, the attributes that were more related to
this component were B (0.79), L (0.80), acidity (0.89), and
reducing sugar (0.94). These are the main parameters that
express the physicochemical quality of products. PC2 was
positively correlated with sucrose (0.93), pH (0.96) and color
(0.82).

CONCLUSION

Based on the obtained results, it could be concluded that pre-
treatments of the sugarcane juice by the addition of citric acid
and heating improved the quality of the produced sugarcane
syrup and reduced the crystallization during storage. The
addition of 1 g/l citric acid to the juice combined with heating
at 70°C for 1 h obtaining high-quality free crystals syrup during
marketing and storage by preheating treatment and addition of
citric acid.
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Moisture -0.199 0.541** 0.303 -0.984** 1 -0.02 -0.436** 0.435** 0.651** -0.660** -0.466** -0.740** 0.25 -0.788** -0.145

TS -0.19 0.056 0.320* -0.026 -0.02 1 -0.326* 0.328* 0.159 -0.078 -0.217 -0.154 -0.187 -0.217 0.109

RS 0.791** -0.095 -0.978** 0.463** -0.436** -0.326* 1 -1.00** -0.903** 0.825** -0.068 0.749** 0.520** 0.580** 0.604**

Sucrose -0.791** 0.095 0.978** -0.462** 0.435** 0.328* -1.00** 1 0.903** -0.825** 0.067 -0.749** -0.520** -0.580** -0.603**

OD420 -0.754** 0.182 0.867** -0.651** 0.651** 0.159 -0.903** 0.903** 1 -0.922** 0.005 -0.813** -0.358* -0.658** -0.606**

L 0.799** -0.087 -0.799** 0.661** -0.660** -0.078 0.825** -0.825** -0.922** 1 -0.1 0.879** 0.436** 0.675** 0.734**

A -0.349* -0.465** 0.214 0.454** -0.466** -0.217 -0.068 0.067 0.005 -0.1 1 0.284 -0.221 0.626** -0.718**

B 0.614** -0.227 -0.678** 0.749** -0.740** -0.154 0.749** -0.749** -0.813** 0.879** 0.284 1 0.449** 0.925** 0.453**

ΔE 0.687** 0.410** -0.599** -0.233 0.25 -0.187 0.520** -0.520** -0.358* 0.436** -0.221 0.449** 1 0.275 0.468**

Chroma 0.363* -0.373* -0.466** 0.790** -0.788** -0.217 0.580** -0.580** -0.658** 0.675** 0.626** 0.925** 0.275 1 0.085

Huge 0.752** 0.231 -0.681** 0.169 -0.145 0.109 0.604** -0.603** -0.606** 0.734** -0.718** 0.453** 0.468** 0.085 1
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