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Abstract

Hibiscus rosasinensis flowers contain anthocyanins such as cyanidin and delphinidin that gives it
characteristic deep red color. This study was conducted to evaluate the effectiveness of Hibiscus
rosasinensis flower extract as a natural colorant and its effects on pre-cooked chicken sausages.
Anthocyanins from H. rosasinensis flowers were extracted using ethanol and freeze-dried. Pre-cooked
sausages were prepared by incorporating different levels of anthocyanins (0.05%, 0.10%, 0.15%,
0.20% and 0.25% w/w) and, 60 ppm NaNO. incorporated sausages were considered as the control.
Sensory evaluation was carried out to identify the most appealing sausage compared to the control.
The color, pH value, water holding capacity (WHC), 2-thiobarbituric acid-reactive substances
(TBARS) values and total viable plate counts of sausages were evaluated during three weeks of
storage at -18 . The highest consumer overall acceptability was shown by the sausages incorporated
with the 0.05% anthocyanin + 0.10% citric acid. Sensory evaluation results revealed that, the median
scores given by panelists for odor, taste and texture were the same in all the treatments. Instrumental
“a” and “b” color were significantly (P<0.05) lowered with the addition of anthocyanins. Whereas,
increasing levels of anthocyanins in sausages have shown significantly high effects on antimicrobial
properties. The optimum level of anthocyanin to be incorporated to the pre-cooked chicken sausages
is 0.05% with 0.10% citric acid. Incorporation of Hibiscus rosasinensis anthocyanins has a
considerable effect on antimicrobial properties of precooked chicken sausages.
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INTRODUCTION addition, food colourants provide identity to

foods (Henry, 1996; Abd-El-Galeel, 2002).

Colour is one of the most important quality Food colourants are either natural or synthetic
attributes affecting the consumer's acceptance depending on the source. Natural colourants are
of food since it gives the first impression of extracted from renewable sources such as plant
food quality (Azza et al, 2011). People materials, insects, algae, etc. while the synthetic
associate certain colors with certain flavors and colorants are manufactured chemically and are
the color of food can influence its perceived the most commonly used dyes in the food,
flavor (Delwiche, 2004). In fact, the colour of a pharmaceutical and cosmetic  industries
food influences not only the perception of (Aberoumand, 2011). Sausages are
flavor, but also attraction, quality and manufactured of two basic components; meat
subsequently, consumption. Therefore, the and nonmeat sources. The nonmeat ingredients
colourings are used in the food industry to are colors, binders, spices, preservatives, flavor
imitate or improve a colour that is accepted by enhancers etc., (Romans et al., 1994). Nitrates
the consumer as natural, to concealment of and nitrites play important roles in meat
natural variations in food colours, to balance products by fixing the red color of meat
colour loss due to light, inappropriate products, developing unique flavor, and acting
temperatures and dry storage conditions. In as antimicrobial and antioxidant substances
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(Potter and Hotchkiss, 1995). The presence of
nitrates and nitrites in food is associated with
potential health risks (Pearson and Tauber,
1984; Romans et al., 1994). The nitrates are not
poisonous whereas nitrites are poisonous in
large doses. Illness in adults due to nitrite has
occasionally been reported, due to mistaken
ingestion of large quantities of sodium nitrite
(Lijinsky, 1976). Further the potential
carcinogenic effect of nitrosamines formed has
demanded to reduce nitrite for curing of meat in
order to reduce the risk of nitrosamine
formation in processed meat product and
thereby the potential health risks (Sindelar and
Milkowski, 2011).

As per the recommendation of Codex
Committee on Food Additives and
Contaminants (CCFAC), and international
research findings, ingestion of dye is regulated
under the acceptable daily intake (ADI)
(Bessonov, 2011). In addition, “Sunset yellow”
(110) and “Canthaxanthin” are used in sausage
production as food colourants. "Sunset Yellow"
is a synthetic colourant and derived from
petroleum and has been linked to food allergies
(aspirin allergies), and cancers (Rovina et al.,
2016). Use of Sunset yellow is banned in several
European countries and but commonly use in
the United Kingdom
(http://www.ukfoodguide.net/e110.htm). Due
to above mentioned limitations and worldwide
tendency towards the consumption of natural
products, the interests on natural colourants has
increased significantly (Huck and Wilkes,
1996). Furthermore, limited availability of red
pigments has resulted special interest to the
food industry (Lauro and Francis, 2000),
therefore research into natural sources of red
pigments have increased recently.

Anthocyanins are a group of natural colourant,
which is widely present in the plant sources.
Hibiscus  rosasinensis  flowers  contain
anthocyanins such as cyanidin and delphinidin
that gives it characteristic deep red colour.
Anthocyanins have antioxidant activities and
play a vital role in prevention of neuronal and
cardiovascular diseases, cancers and diabetes
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(Yazhen et al., 2019). Furthermore, it has been
shown that extracts of Hibiscus rosasinensis
flowers also lower cholesterol content in blood
serum and helps to prevent oxidation of low-
density lipoprotein (LDL) and lowers blood
pressure (Vankan and Shukla, 2011). This
tendency may be due to phenolic structures of
anthocyanins which show antioxidant activity
towards a variety of easily oxidizable
substances and might be part of anthocyanin
defense mechanisms against free radical
mediated damage (Onyesom et al., 2008).
Anthocyanins are water-soluble glycoside of
anthocyanidins. Anthocyanins are part of the
C15 phenolics known collectively as
flavonoids with the typical A-ring benzoyl and
B-ring hydroxycinnamoyl system (Onyesom et
al., 2008). Therefore, use of anthocyanins
extracted from Hibiscus rosasinensis flowers in
chicken sausages as a natural colourant would
be as safe solution to improve sensory attributes
and physico-chemical and other functional
properties of sausages. The objectives of the
present study were to evaluate the effects of
anthocyanin  extracted  from  Hibiscus
rosasinensis (Red layered hibiscus) flowers on
sensory, physico-chemical and microbiological
properties of pre-cooked chicken sausages.

MATERIALS AND METHOD

Materials and chemicals

H. rosasinensis flowers were collected and kept
in cold (4 °C) in polyethylene bags until the
experiment started. Ingredients listed in the
table 1 and artificial cellulose casings were used
in the sausage production. Standard plate count
agar and peptone water were purchased from
OXOID Ltd., Basingstoke, Hampshire,
England. The experiments were carried out at
Cargills Quality Foods (Pvt) Ltd., Ja-ela, Meat
Science Laboratory, Department of Animal
Science, Faculty of Agriculture and Research
Laboratory, Faculty of Science, University of
Peradeniya.
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Preparation of freeze-dried powdered
Hibiscus extracts
Extraction of anthocyanins from H.

rosasinensis flowers was carried out using the
method as described by Vankan and Shukla,
(2011) with slight modifications. One hundred
grams (100 g) of fresh H. rosasinensis flower
petals were weighed and cut into small pieces
and thoroughly mixed with 200 mL of 95%
(w/v) ethanol and kept for 3 hours at room
temperature with stirring. The mixture was
filtered using Whatman No 1 filter papers. The
residue on the filter paper was re-extracted for
three times with 100 mL of 95% (w/v) ethanol
each time till the filtrate became almost
colourless. Above-mentioned procedure was
carried out six times to extract anthocyanin
from fresh Hibiscus flowers. The combined
filtrates were then concentrated using
Rotovapor at 55 °C. Filtrates were kept in -18
°C with an angle to increase the surface area to
freeze. Frozen samples were freeze-dried under
133 MBAR pressure and (-42) °C for 2 days
and powdered Hibiscus extract was obtained.

Determination of moisture content and
Hibiscus extract yield

Moisture content of fresh flowers was analyzed
according to the AOAC, 1995. Weight of the
powdered extract was taken after freeze-drying
the filtrate and, extract yield was determined.

Preparation of the control chicken sausage
sample

Meat chunks were ground through a 6.35 mm
plate using to form uniform and small size
particles. Mincing was done by using the meat
mincer. The required amount of meat and all
other ingredients (Table 1) were weighed
according to the industry’s formulation and the
fat emulsion was prepared with the ingredients
given in the table 1, and thoroughly mixed for
10 minutes until a fine fat emulsion formed.
Then, all the other ingredients and the fat
emulsion were mixed with meat in the bowl
chopper. Ice flakes were added gradually to
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reduce heat generation and maintain the meat
temperature around 0 °C. Chopping and mixing
of ingredients were carried out for 10 minutes
to have a uniform distribution of all ingredients
in minced meat and to form a fine emulsion.

Then, the meat batter was transferred to the
hand stuffer machine and stuffed manually into
artificial cellulose casings (17 mm diameter).
This was followed by linking, in which the
batter filled casings were tied manually by twin
threads, separating 9 cm long, discrete units of
sausages. Cooking and smoking were carried
out by using smoking chamber for 1.5 hours
under 72 °C. After dipping the products in
running water (25 °C) for 15 minutes the
internal temperature was made to be lowered up
to 30 °C. Then, the casings were removed
manually and the sausages were vacuum-
packaged in polyethylene+Nylon bags using
multivac machine. Finally, the packaged
sausages were stored in the freezer at a
temperature of -18 °C until they were analyzed.

Preliminary trials to select the range of
anthocyanins and citric acid for sausage
formulation

A series of preliminary trials were conducted to
select the most suitable range of extracted
anthocyanins amounts and citric acid (INS 330)
that could be incorporated to the chicken
sausage. The range was selected as (0.05 to
0.25% for anthocyanin and citric acid was
0.1%).

Preparation of extracted anthocyanin
incorporated chicken sausages and sodium
nitrite incorporated sausage

This experiment was carried out to select the
best consumer preferable amount of
anthocyanins and citric acid to be incorporated.
Five levels of anthocyanins (0.05, 0.1, 0.15, 0.2
and 0.25%) incorporated sausages were
produced using the same sausage production
procedure and conditions as given above, and
60 ppm of NaNO: incorporated sausage was
produced as the control (Table 2). Extracted



anthocyanin amount used for the each treatment
and citric acid (INS 330) were dissolved in 5
mL of chilled water prior adding to the sausage
batter. During manufacturing of sausages, ice
flakes quantity was replaced by extracted
anthocyanin amount and sodium nitrite. So that
ice flakes and anthocyanin extract+citric
acid/nitrite accounted for 17.06% of the total
mixture. The cooked sausages were vacuum-
packed in poly-ethylene+Nylon bags and stored
in freezer at -18° C.
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Evaluation of consumer acceptance

Sausages were fried for two minutes, cooled
down to room temperature and served with tap
water and unsalted cracker between samples to
cleanse the palate. Three digit treatment level
specific codes were applied to each testing
sample and the sample arrangement order was
randomized for each panelist. Thirty trained
panelists evaluated colour, juiciness, texture,
taste and overall acceptability of the products
using five-point hedonic scale (1= dislike
extremely, 2= dislike moderately, 3= neither
like nor dislike, 4= like moderately, 5= like
extremely).

Table 1: Ingredients used in the production of the control batch of emulsified chicken sausages.

Ingredients used for sausage

Ingredients used for the fat emulsion

Boneless chicken meat
Fat emulsion

Ice flakes

Isolated soy protein
Wheat starch

Table Salt

Sugar

Milk powder

Spice mixture
Phosphate

Citric acid

Sodium nitrite

Soy protein isolates

Vegetable oil

Sodium chloride

Chilled water

Table 2: Anthocyanins from H. rosasinensis flowers incorporated sausages (ingredients used as

a % of the total formulation)

Treatment Extracted Citric Sodium nitrite Chilled Ice-flakes
anthocyanin acid water
Control 0.00 0.00 0.06 5.00 12.00
Treatment 1 0.05 0.10 0.00 5.00 11.91
Treatment 2 0.10 0.10 0.00 5.00 11.86
Treatment 3 0.15 0.10 0.00 5.00 11.81
Treatment 4 0.20 0.10 0.00 5.00 11.76
Treatment 5 0.25 0.10 0.00 5.00 11.71

35



SLJAP Vol. 11, December 2019

Evaluation of keeping quality parameters

Determination of pH, water holding capacity
(WHC), and the colour

The pH, WHC of the samples were measured
according to the AOAC protocol (AOAC,
1995). Colour of the samples was measured by
using the Chroma Colour Meter.
Determination of 2-thiobarbituric acid-
reactive substances (TBARS)

Two grams of sample was placed in a
centrifuge tube to which 5 mL of a 10% (w/v)
solution of trichloroacetic acid (TCA) were
added and vortexed at high speed for two
minutes. Five milliliters of 0.02 M aqueous
solution of 2-thiobarbituric acid was then added

% Inhibition =

to each centrifuge tube which was further
vortexed for 30 seconds. Then, the samples
were centrifuged at 3000 g for 10 minutes and
the supernatants filtered through a Whatman
No.3 filter paper. Filtrates were heated in a
boiling water bath for 45 minutes, cooled to
room temperature in ice, and the absorbance of
the resulting pigment read at 532 nm using a
spectrophotometer. TBARS values were
calculated by multiplying the absorbance
reading by a factor of 7.0, which was obtained
from a standard curve prepared 1,1,3,3-
tetramethoxy methane as a pre-cursor of
malonaldehyde. TBA values were expressed as
mg malonaldehyde kg (7.0 x Absorbance).
Inhibition of TBARS formation was
determined using the following equation (Siu
and Drapper, 1978).

100 — 100 (TBARS value for the treated sample) x %

TBARS value for control sample

Determination of total viable plate count

Total viable plate count was carried out to
determine the number of viable cells according
to the SLSI 516 Part 1 Section 2. Number of
colony forming units per gram of the product
was calculated using the following formulae.

xC

(N1+ 0.1 N2) d

N= Number of colony forming units, C = Sum
of colonies counted in all the dishes retained,
N1 = Number of dishes retained in the 1%
dilution, N2 = Number of dishes retained in the
2" dilution, d = Dilution factor corresponding
to the 1% dilution.

Statistical analysis

The objective measurements were taken with
three replicates. The experimental design was
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Complete Randomized Design (CRD). The
sensory data were analyzed using the non-
parametric procedure, according to the
Friedman test. Data were analyzed SAS version
9.2 (SAS Institute Inc., Cary, NC, USA)
software programme. Means were compared
using the Duncan’s Multiple Range (P< 0.05)
Test (DMRT).

RESULTS AND DISCUSSION

Preparation of freeze-dried

Hibiscus extracts

powdered

Anthocyanins are one of the most abundant
natural pigments available in plants.
Anthocyanins are the vacuolar dye found in
almost every part of higher plants and water-
soluble strong colours and have been used to
colour food since historical times (Vankar and
Shukla, 2011). The dry matter percentage of the
Hibiscus rosasinensis flowers which were used
as the anthocyanins source was 15.6%. In
preparing anthocyanin rich phenolic extracts
from plant materials, an acidified organic



solvent, most commonly methanol or ethanol is
used. Ethanol and methanol denature the cell
membranes, simultaneously dissolves the
anthocyanins, and stabilizes them (Gonzalo,
2003). In this experiment ethanol was used for
anthocyanins extraction as ethanol is safe for
human consumption. The extracted pigment
yield was 1.623 ¢/100 g of fresh petals.
Candrasekhar et al., (2012) found that 50%
(v/v) ethanol and acidified water resulted
maximum anthocyanin extraction from red
cabbage (390.6 mg/L).

Effect of incorporation of anthocyanin on
sensory evaluation

Sensory evaluation was carried out with the
intention of identifying the most appealing
sausage  sample  among  anthocyanin
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incorporated sausages and control sausages
(Table 3). The highest median score for colour
was observed with the Treatment 1. Therefore,
0.05% anthocyanin extract could be the most
suitable anthocyanin amount responsible for
the consumer’s acceptance for the colour.

Consumer preference for colour has been
decreased with the increasing amount of
anthocyanin incorporation to the sausages. It
might be due to increasing the dark colour of
surface of the sausages when increasing the
level of anthocyanin extract in sausages.
Meanwhile, the median scores given by
panelists for juiciness, taste and texture were
same in all the treatments. The highest
consumer overall acceptability was shown for
the treatment 1 and it was not significantly
different from the control sample.

Table 3: Effect of different anthocyanin incorporation levels in sausages on different sensory

attributes
Treatment Colour Odor Taste Texture Overall

acceptability
Tl 4.20%(+0.68)  3.73*(#0.77) 3.46%(x0.87) 3.56%(+0.98) 4.16%(x0.74)
T2 3.50°(+1.06)  3.43%(+0.88) 3.50%(+0.98) 3.70?(x0.88) 3.33°(+0.74)
T3 2.63°(x0.74)  3.36°(+0.64) 3.83*(+0.74) 3.672(x0.74)  3.16°(+0.65)
T4 2.76° (£0.78) 3.43*(#0.58) 3.43*(+0.86) 3.67%(+0.64) 2.63°(x0.74)
T5 1.769(+0.88)  3.50°(+0.64) 3.83*(+0.54) 3.56%(+0.88) 1.93%(+0.67)
Control 4.06%(+0.76) 3.30%(x0.88) 3.36%(+0.64) 3.46%(+0.67)  4.06%(+0.88)

Different letters within each column indicate significant differences at P<0.05. Parenthesis indicate standard deviation,
Values indicate mean value of 3 replicates.

T1=0.05% anthocyanin + 0.1% citric acid incorporated sausages
T2=10.10% anthocyanin + 0.1% citric acid incorporated sausages
T3=0.15% anthocyanin + 0.1% citric acid incorporated sausages
T4=0.20% anthocyanin + 0.1% citric acid incorporated sausages
T5=0.25% anthocyanin + 0.1% citric acid incorporated sausages
Control= NaNO: (60 ppm) incorporated sausages.
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Analysis of keeping quality characteristics

Effect of storage period on colour values
(“L”, “a” and “b” value) of the sausages

Results showed that with the increasing level
of anthocyanin incorporation to the sausages
internal and external “L” values of the sausages
have been increased (Table 4) and internal and
external “a” and “b” wvalues have been
decreased. Hence, “L” values and “a” values

could have a negative relationship. Carballo et

al. (1994) also reported with decreasing the
lightness value (“L” value) while increasing
the redness value (“a” value). Irrespective of
the treatment effect, the “L” values of all
sausages have been increased in all the
treatments during the storage period at -18 °C.
Initially, the surface “L” value of T-5 sausages
was significantly higher than all the other
anthocyanin incorporated sausages. Surface
“L” values of the sausages were higher than the
internal “L” values of all the treatments.

Table 4: Mean L, a, b values of sausages incorporated with different level of anthocyanin
extracts from H. rosasinensis and NaNO: incorporated sausages.

Mean value for external colour of

Mean value for internal colour of

sausages sausages
Treatment Week 1 Week 2 Week 3 Week 1 Week 2 Week 3
“L” value
T1 26.78(x0.07)  27.9°(+0.34)  30.52(*¥1.51)  23.4° (¥0.04) 24.2° (+0.08) 24.9 (+0.46)
T2 31.6°(£0.1)  32.5°(x0.47)  34.1°(x0.91)  25.4°(x0.37) 26.1°(*0.33) 26.6" (¥1.23)
T3 35.1°(+0.42)  3559(+0.20)  36.19(x1.07)  27.79(¥0.04) 28.29 (+0.30) 29.4° (+1.18)
T4 38.19(£1.94) 38.3¢(x0.23)  39.3%(x0.11)  28.4°(+0.14) 29.0° (¥0.12) 30.4° (x0.04)
T5 39.19(+0.78)  39.17(x0.26)  39.5%(*¥0.53)  31.27(¥0.43) 31.27(x0.21) 32.7¢(x0.52)
Control 27.12(¥0.07) 27.1%(x0.33)  27.82(*1.48)  19.82(+0.04) 22.0*(x0.15) 23.6% (x0.65)
“a” value
T1 6.0° (+0.00)  5.9°(#0.02)  5.7°(x0.9) 7.45 (+0.04) 7.6 (+0.21)  7.8% (+0.03)
T2 6.1° (+0.05)  5.6"(+0.61) 5.4 (x0.07) 6.8¢ (+0.05) 7.1°(20.13)  7.2°(+0.44)
T3 6.1° (¥0.07)  4.0° (+0.09) 3.3¢ (x0.19) 6.6° (+0.12) 6.89(+0.12)  7.1°(%0.15)
T4 6.0° (£0.14)  3.39(x0.07)  3.2°(+0.26) 6.39 (+0.34) 6.7% (+0.12) 7.6 (x0.19)
T5 5.3¢ (x0.27) 3.8 (x0.33)  3.1°(x0.12) 6.0¢ (+0.06) 6.5¢ (x0.14)  6.69 (+0.32)
Control 9.82 (+0.19) 7.6 (0.23) 7.12 (+0.25) 7.82 (+0.10) 8.02 (x0.12)  8.22 (+0.44)
“b” value
T1 8.3 (+0.05) 8.2° (£0.02)  8.1° (+0.83) 8.3 (£0.16) 8.1P (x0.02) 7.9° (£0.41)
T2 7.2° (+0.06) 6.5 (x0.09) 6.1 (x0.98) 6.4° (+0.30) 5.8¢ (+0.07) 5.4¢ (+0.64)
T3 4.6% (+0.04) 4.49(x0.07)  4.1°(x0.62) 4.5% (+0.00) 4.39(x0.04)  4.29 (+0.54)
T4 2.8¢ (+0.24) 2.7¢(x0.02)  2.5% (+0.6) 3.2¢ (+0.05) 3.1¢ (x0.01) 2.9¢ (+0.76)
T5 1.2f (0.02) 0.57(£0.08)  0.39(0.00) 0.4" (x0.02) 0.3 (£0.04) 0.2 (+0.10)
Control 15.6% (+0.03)  13.42(x0.25) 11.92(+2.14) 10.6*(*0.06)  10.42(+0.66)  10.3% (x0.19)

Different letters within each column indicate significant differences at P<0.05. Values indicate mean value of 3

replicates with standard deviation in parenthesis.

T1=0.05% anthocyanin + 0.1% citric acid incorporated sausages
T2=0.10% anthocyanin + 0.1% citric acid incorporated sausages
T3=0.15% anthocyanin + 0.1% citric acid incorporated sausages
T4=0.20% anthocyanin + 0.1% citric acid incorporated sausages
T5=0.25% anthocyanin + 0.1% citric acid incorporated sausages
Control= NaNO- (60 ppm) incorporated sausages.
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Perhaps, this may be due to accumulation of
colour compounds and phenolic compounds of
the extract on the surface of the product. The
temperature of thermal processing of food has
an effect on stability of anthocynins (Patras et
al., 2010). However, knowledge on effect of
food smoking on anthocynins is limited.

In the current study, citric acid was used with
anthocyanin extract to give a desirable colour
to the sausages. Vankar and Shukla (2011)
reported that Hibiscus anthocyanin is redder
and more intense in colour at low (acid) pH and
bluer and less intense in colour at a higher pH.
Pearson and Gillet (1996) reported that the use
of citric acid spray gives a better surface
appearance and helps to develop surface colour.
The citric acid reduces surface pH of the
sausages either coagulates the proteins at the
surface (Pearson and Gillet, 1996).

As shown in the table 4, “a” values of the
control sausage samples were higher (P<0.05)
than that of all the anthocyanins incorporated
sausage samples. Therefore, redness was
significantly high in NaNO: incorporated
sausages. In cured meat products, the nitrate
compounds in sausage mixture reduce to nitrite
in colour development process to form
nitrosohemocrome,  which  gives  the
characteristic redness to cured sausages
(Pearson and Tauber, 1984; Girard, 1992).

In terms of redness, surface “a” value of
sausages for all the treatments decreased
significantly during the storage time. This
could be due to the photo-oxidation of the
pigments, the redness of the sausage must have
decreased. MacDougall (1982) suggested that
the frozen meats are subjected to major colour
problem during the storage due to photo-
oxidation of the pigment. The rate of fading the
pigment is influenced by the illumination level,
storage temperature, packing method and
muscle type. However, in the current study,
internal “a” values of all the treatments were
increased (P<0.05) during the storage period at
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-18 °C. The type of anthocyanin pigment, co-
pigments, light, temperature, pH, metal ions,
enzymes, oxygen, and antioxidants affect its
stability (Khoo et al., 2017).

Perhaps, due to pH reduction, colour of the
anthocyanin was shifted to red colour range
from the colour purple range during the storage.
Pork sausages containing 2% of anthocyanin
rich coloured potato flakes did not affect the L*
and a* value (CIE) of cooked sausages
(Jayawardena et al., 2012).

According to the results NaNO; incorporated
sausage samples were more yellowish than the
anthocyanin incorporated sausages. Moreover,
with the storage period, “b” value was
decreased in all the samples. Though, value has
been changed with the storage time the
variation was not significant.

pH values of sausages incorporated with
different level of anthocyanin extracts from H.
rosasinensis and NaNO: incorporated
sausages.

The addition of citric acid has contributed to
reduce the pH values of anthocyanin
incorporated sausages. Results shown that
(Table 5), pH values of sausages in all the
treatments were reduced during the storage
period at -18 °C. During the storage period,
pH values of anthocyanins incorporated
sausages were similar and showed higher
acidity than control sausages. The pH of control
sample was significantly higher than the
treatments. The pH could be altered by certain
technological processes and by incorporation of
non-meat ingredients (Claus et al., 1990; Claus
and Hunt, 1991). Below pH 2, anthocynins
become strongly red or orange due to the
positive charges of the eight conjugate double
bonds. When pH is high it becomes colourless
and in alkaline conditions their colour is blue
(Horbowicz et al., 2008).
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Table 5: pH values of sausages incorporated with different level of anthocyanin extracts from
H. rosasinensis and 60 ppm NaNO:2 incorporated sausages.

pH values

Treatment Week 1 Week 2 Week 3

T1 6.31% (+0.00) 6.282 (+0.00) 6.24% (£0.01)
T2 6.30? (x0.01) 6.27% (x0.01) 6.23? (x0.00)
T3 6.31% (+0.00) 6.282 (+0.00) 6.24% (£0.00)
T4 6.30? (x0.00) 6.272 (x0.00) 6.23? (x0.00)
T5 6.30% (£0.01) 6.272 (+0.00) 6.23% (£0.00)
Control 6.60° (+0.01) 6.56° (+0.00) 6.50° (+0.01)

Different letters within each column indicate significant differences at P<0.05. Values indicate mean value of 3

replicates with standard deviation in parenthesis.

T1=0.05% anthocyanin + 0.1% citric acid incorporated sausages
T2=0.10% anthocyanin + 0.1% citric acid incorporated sausages
T3=0.15% anthocyanin incorporated sausages + 0.1% citric acid
T4=0.20% anthocyanin + 0.1% citric acid incorporated sausages
T5=0.25% anthocyanin + 0.1% citric acid incorporated sausages
Control= NaNO3 (60 ppm) incorporated sausages.

Thiobarbituric acid-reactive substances
(TBARS) values of sausages incorporated
with different level of anthocyanin extracts

from H. rosasinensis and NaNO2

incorporated sausages.

One of the oldest and most frequently used tests
for assessing lipid oxidation in foods and other

TBA value
(mg malonaldehyde/kg)

o kN W s~ 01O N ©©

Figure 1:

1

biological systems is the 2-thiobarbituric acid
(TBA) test (Shahidi and Wanasundara, 1998).

The TBARS values increased (P<0.05) in all
the treatments with storage period (Figure 1).
Formation of malonaldehyde is occurred with
oxidation of lipids during the storage of the
sausages.

=4—0.05% anthocyanin + 0.1%
citric acid incorporated sausages

=-0.10% anthocyanin + 0.1%
g citric acid incorporated sausages

0.15% anthocyanin incorporated
sausages + 0.1% citric acid

=>0.20% anthocyanin + 0.1%
citric acid incorporated sausages

=#=0.25% anthocyanin + 0.1%

Week 1

Week 2

Storage period (Weeks)

\ citric acid incorporated sausages
Week 3

NaNO2 (60 ppm) incorporated
sausages

TBARS values of sausages during the storage period at -18 °C
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Meanwhile, with addition of anthocyanin,
TBARS vales have been increased and the
highest TBARS values were observed in 0.25%
anthocyanin  incorporated sausage (T5)
samples. Hence, increasing the amount of
anthocyanin incorporation has increased the
TBARS values. Use of the TBARS test in food
and biological samples has shown some
limitations on the evaluating their oxidative
state, due to their chemical complexity (Shahidi
and Wanasundara, 1998). Muchuweti et al.,
(2008)  reported that anthocyanins
extraction was carried out within the range
of 525 to 527 nm wave length. Whereas, the
TBARS values are also measured at the
same wavelength range (532 nm). Hence it
is clear that the presence of anthocyanins
has interfered with the TBARS values and
TBARS is not a suitable method to evaluate
the antioxidant capacity of anthocyanins
incorporated products. Further, Dugan
(1995) has reported that sucrose and some other
compounds can react with the TBA reagent to
give a red colour that interferes with the TBA
test. In acidic media anthocyanin also gives red
colour and it might be the reason for above
observations in this study.

\u
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Water holding capacity (WHC)

The WHC of meat and meat products is one of
the most important factors affecting economic
values and meat quality. WHC affects the
weight changes during transport, texture and
juiciness of the meat and meat products (Lawrie
etal., 1991).

Figure 2 shows that, WHC for T1, T2 and T3
samples were significantly lower (P<0.05) than
control sample. In addition, WHC has been
decreased in all the treatments during the
storage period at -18 °C (Figure 2). For
successful sausage production it is important
proteins to hold fat and water effectively
(Puolanne, 2010). Zhang et al., (2014) has
observed reduction of WHC with that with
increasing contents of acetate cassava starch in
pork sausages. The reduction of pH results the
proteins to reduce their WHC, resulting in a
drying effect (Huff-Lonergan, and Lonergan,
2005). However, with increasing amounts of
anthocyanins and fixed amount of citric acid,
WHC has shown an increasing trend.

=4—0.05% anthocyanin + 0.1%
citric acid incorporated

sausages )
~-0.10% anthocyanin + 0.1%

citric acid incorporated

sausages )
0.15% anthocyanin

incorporated sausages + 0.1%
citric acid )

=><0.20% anthocyanin + 0.1%
citric acid incorporated

sausages )
=#=0.25% anthocyanin + 0.1%

citric acid incorporated

Week 1 Week 2
Storage Period (Weeks)

Week 3

sausages
NaNO2 (60 ppm)

incorporated sausages

Figure 2: Water holding capacity of sausages during the storage period at -18 °C
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Total viable plate counts

Total Viable Plate Count (TVPC) provides an
indication of total population of microbes in
products (Forrest et al., 1975). Results of the
TVPC detection for six treatments after 1°
week, 2" week and 3™ week storage at —18 °C
are shown in Figure 3.

A continuous increase of TVPC values was
observed in all the sausage samples with
storage period. The lowest microbial count was
observed in 0.25% + 0.1% citric acid
incorporated sausages. This could be due to the
effect of on antimicrobial properties from citric
acid and Hibiscus anthocyanins. It was clearly
observed that, with the increasing level of
anthocyanin extract incorporated to the
sausages microbial count was decreased

log CFU/g
w
(@7 ]

2.5

week 1 week 2 week 3
Storage time (Weeks)

significantly (P<0.05). Cell culture studies,
animal models, and human clinical trials have
shown that anthocyanidins and anthocyanins
possess antioxidative and antimicrobial
activities (Khoo et al., 2017). Anthocyanin-
containing extracts exert these antimicrobial
activities by several mechanisms and
synergistic effects of many compounds such as
phytochemicals including anthocyanins, weak
organic acids, phenolic acids, and their
mixtures etc. (Cisowska et al., 2011). All the
anthocyanin incorporated sausage samples
showed lower microbial count than 60 ppm
NaNO- incorporated sausages. NaNO- is used
in meat products as antimicrobial substances
(Potter and Hotchkiss, 1995). However, is this
experiment comparatively low level of (60
ppm) NaNO2 has been used.

=—0.05% anthocyanin + 0.1%
citric acid incorporated
sausages

=-0.10% anthocyanin + 0.1%
citric acid incorporated
sausages

0.15% anthocyanin + 0.1%
citric acid incorporated
sausages

=>«0.20% anthocyanin + 0.1%
citric acid incorporated
sausages

=#=0.25% anthocyanin + 0.1%
citric acid incorporated
sausages

NaNO2 incorporated
sausages

Figure 3: Effect of different treatments on Total Viable Plate Count (TVPC) change during 3

weeks of storage at -18 °C
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CONCLUSION

The optimum level of anthocyanin extract to
be incorporated into the sausage mixture
without affecting its sensory attributes,
physiochemical and keeping quality
properties is 0.05%. With the incorporation
of anthocyanins the instrumental “a” and “b”
values of pre-cooked sausages are reduced
while increasing the L value. Further
incorporation of Hibiscus rosasinensis
extract has a significant effect on
antimicrobial properties of pre-cooked
chicken sausages. However, long term
storage evaluation of the anthocyanin
incorporated  pre-cooked  sausages s
recommended to carry out as the shelf life of
precooked sausages is comparatively long.

REFERENCES

Abd-El-Galeel, M.A.S.,
(2002). Solubility and stability of
natural food colourants in
microemulsions. Ph.D.  Thesis.
Rheinschen Friedrich-Wilhelms-

Universitat zu Bonn, Germany.

Aberoumand, A. (2011). A review article on
edible pigments properties and sources
as natural biocolorants in foodstuff and
food industry. World Journal of Dairy
& Food Sciences, 6:71-78.

Anifantaki, K., Metaxopaulos, J. and
Drosinos, E. H. (2002). The effect of
smoking  packing and  storage
temperature on the bacterial greening of
frankfurters, Italian Journal of Food
Science, 14: 657-668.

AOAC. (1995). Official method of analysis
of AOAC international. 16" edition:
Association of official Analytical
chemists, Maryland, USA.

Azza, A., Abou, A., Ferial, M., Abu, S. and
Esmat, A. A. (2011), Physico- chemical
properties  of  natural  pigments

43

SLJAP Vol. 11, December 19

(anthocyanin) extracted from Roselle
calyces (Hibiscus subdariffa). Journal
of American Science, 7(7): 445-456.

Brant, A. W. (1974). New approaches to
marketing poultry products. In A. M.
Altschul (Ed.), New Protein Products

(pp. 337-367), Academic Press,
London.

Bessonov, V. V., Malinkin, A. D,
Perederyaev, O. [, Bogachuk ,

Volovich, M. N., S. V. and Medvedev,
Y. V. (2011). Development of methods
for determining acrylamide in food
products by gas-liquid chromatography,
Voprosy Pitaniia, 80(4): 79-83, 2011.

Carballo, J.,, Mota, N., Barreto, G. and
Colmenero, F. J. (1994). Binding
properties and colour of Bolonga

sausage made with varying fat levels,
protein levels and cooking
temperatures, Meat Science, 41(3): 301-
313.

Calvo, M. M., Garcia, M. L. and Selgas, M.
D. (2008). Dry fermented sausages
enriched with lycopene from tomato
peel, Meat Science, 80: 279-285.

Ceah, K. S. (1976). Formation of Nitroso
myoglobin in bacon involving lactate
dihydrogenase, Journal of Food
Technology, 11: 269-275.

Cisowska, A., Wojnicz, D. and Hendrich,
A.B. (2011). Anthocyanins  as
antimicrobial agents of natural plant
origin, Natural Products
Communications, 6(1):149-156.

Chandrasekhar, J., Madhusudhan M.C. and
Raghavaro, K.S.M.S. (2012). Extraction
of anthocyanins from red cabbage and
purification using adsorption, Food and
Bioproducts Processing, 90 (4): 615-
623.



SLJAP Vol. 11, December 2019

Christian, K. R., Nair, M. G. and Jackson, J.
C. (2006). Antioxidant and
cyclooxygenase inhibitory activity of
sorrel (Hibiscus sabdariffa L.), Journal
of Food Composition and Analysis, 19:
778-783.

Claus, J. R. and Hunt, M. C. (1991). Low-fat,
high added-water bologna formulated
with texture modifying ingredients,
Journal of Food Science, 56: 643-652.

Claus, J. R., Hunt, M. C., Kastner, C. L. and
Kropf, D. H. (1990). Low-fat, high
added-water  bologna. Effects of
massaging, pre-blending and time of
addition of water and fat on physical and
sensory characteristics, Journal of Food
Science, 55: 338-345.

Delwiche, J. (2004). The impact of
perceptual interactions on perceived
flavor. Food Quality Preference, 15:
137-146.

Dugan, L. R. (1955). Stability and rancidity,
Journal of American Oil Chemistry
Society, 32: 605-609.

Elbe, J. H. V. and Schwartz, S. J. (1996).
Colorants. In O. R. Fennema (Ed.),
Food Chemistry (pp. 651-722), Marcel
Dekker, Inc., New York, Basel, Hong
Kong.

FAO (2001). FAO Statistical Year Book
2001, FAO Statistical Division, Food
and Agriculture Organization of the
United Nations (FAO), Rome, Italy.

FAO (2002). FAO Statistical Year Book
2002, FAO Statistical Division, Food
and Agriculture Organization of the
United Nations (FAO), Rome, ltaly.

FAO’s Economic and Social Department
(2001). Undernourishment and
Economic Growth. FAO Economic and
Social Development Paper No. 147.

44

Food and Agriculture Organization of
the United Nations, Romei, Italy.

Fellows, P. (1995). Food Processing
Technology, Ellishorwood Publishing,
England.

Food Balance Sheet (1998). Department of
Census and Statistics, Ministry of
Finance and Planning, Colombo, Sri
Lanka.

Forrest, J. C., Abenle, E. D., Hedrick, H. B.,
Judge, M. D. and Markel, R. A. (1975).
Principles of Meat Science, W. H.
Freeman and Company, San Francisco,
USA.

Gautefongea, R. (1992). Salting and curing.
InJ. P. Girard (Ed.), Technology of meat
and meat products (pp. 115-137),
ELLIS Horwood Hd Publishers,
England.

George, J. M. (1976). Poultry Products
Technology. The AVI Publishing
Company, Westport, Connecticut.

George, J. M. (1981). Poultry Products, The
AVI1 Publishing Company, INC,,
Westport, Connecticut.

Girard, J. P., Denoyer, C. and Maillard, T.
(1992). Course comminution and
restructuring of sausage mix. In J. P.
Girard (Ed.), Technology of Meat and
Meat Products (pp. 206-262), Ellis
Horwood Ltd., England.

Glydesdale, F. M. and Francis, F. J. (1976).
Pigments. In O. R. Fennema (Ed),
Principles of Food Science (pp. 396-
425), Marcel Dekker Inc., New York,
USA.

Gonzalo, J. R. (2003). Analysis of
polyphenols. In S. C Buelga and C. G.
Williamson  (Eds.), Methods in

Polyphenols Analysis (pp. 95-98, 338-
358), Royal Society of Chemistry,



Athenaeum Press,
U.K.

Ltd., Cambridge,

Goutefongea, R. (1992). Salting and curing.
In J. P. Girard (Ed.), Technology of
Meat and Meat Products. Ellis Harwood
Hd, London, UK.

Hamm, R. and Deatherage, F. E. (1989),
Changes of muscle proteins during
heating of meat, Journal of Food
Research, 25(02): 587-610.

Henry, B. S. (1996). Natural food colours. In
G. A. F. Hendry and J. D. Houghton
(Eds.), Natural Food Colorants (pp. 40-
79), Chapman and Hall, UK.

Hinman, R. B. and Harris, R. B. (1986). The
Story of Meat, Swift and Company
Publishers, Chicago.

Horbowicz, M., Kosson R., Grzesiuk, A. and
Dbski, H. (2008). Anthocyanins of
fruits and vegetables- their occurrence,
analysis and role in human nutrition.
Vegetable Crops Research Bulletin, 68,
5-22, DOI: 10.2478/v10032-008-0001-
8

http://www.ukfoodguide.net/e110.htm

Huck, P and Wilkes, M. C. (1996). Beverage
natural  colours:  Chemistry and
application. Paper presented at the
Proceedings of the International
Congress and Symposium on Natural
Colourants, Mexico, pp: 11.

Huff-Lonergan, E. and Lonergan, S.M.
(2005). Mechanisms of water-holding
capacity of meat: The role of
postmortem biochemical and structural
changes, Meat Science, 71(1): 194-204.

Jackman, R. L and Smith, J. L. (1996).
Anthocyanins and betalains. In G. A. F.
Hendry and J. D. Houghton (Eds.),
Natural Food Colourants, Blackie

45

SLJAP Vol. 11, December 19

Academic & Professional, Great

Britain.

Kong, J. M., Chia, L. S., Goh, N. K., Chia, T.
F. and Brouillard, R. (2003). Analysis
and biological activities of
anthocyanins. Phytochemistry, 64: 923-
933.

Khoo H. E., Azlan, A, Tang, S. T. and Lim,
S. M. (2017). Review Atrticle,
Anthocyanidins and  anthocyanins:
colored pigments as food,
pharmaceutical ingredients, and the
potential health benefits, Food &
Nutrition  Research,  61:1361779,
doi.org/10.1080/16546628.2017.13617
79

Lauro, G. J. and Francis, F. J. (2000). Natural
Food Colourants: Science and
Technology. CRC Press, Boca Raton.

Lawrie, R. A. (1991). Meat Science, 5"
Edition. Pergamon Press, Oxford.

Lawrie, R.A. (1981) Meat in Nutrition and
Health, National Livestock and Meat
Board, Chicago, USA.

Levie, A. (1970). The Meat Hand Book, The
AVI Publishing Company, Inc.,
Westport, Connecticut.

Lijinsky, W. (1976). Health problems
associated with nitrite and nitrosamines.
Ambio- A Journal of the Human
Environment, 5:67.

MacDougall, D. B. (1982). Changes in colour
and opacity of meat, Food Chemistry, 9:
75-88.

Melidon, S., Tsikriti, R. and Zostos, A.
(2007). The effect of liquid smoking of
fillets trout on sensory, microbial and
chemical changes during chilled
storage, Journal of Food Chemistry, 10:
458-464.



SLJAP Vol. 11, December 2019

Molien-Aubert, C., Dangles, O. and Amiot,
M. J. (2001). Colour stability of
commercial anthocyanins-based
extracts in relation to the phenolic
composition: Protective effects by intra
and inter-molecular copigmentation.
Journal  of  Agricultural  Food
Chemistry, 49: 170-176.

Muchuweti, M. and Chikwambi, Z. (2008).
Isolation  and identification  of
anthocyanins in the fruit peels of
starkrimson and Marx Red Bartlett
Common Pear cultivars and their bud
mutants. American Journal of Food
Technology, 3: 1-12. DOI:
10.3923/ajft.2008.1.12.

Onyesom, 1., Mordi, J., Opajobi, A. O. and
Esume, C. O. (2008). Hepatoprotective
potentials of hibiscus rosasinensis petal
anthocyanin extracts against carbon
tetrachloride-induced  acute  liver
damage in Wistar rats. Journal of
Medical Sciences, 3: 33-37.

Patras, A. Brunton, N.P., O'Donnell, C. and
Tiwari, B.K. (2010). Review-

Effect of thermal processing on anthocyanin
stability in foods; mechanisms and
kinetics of degradation. Trends in Food
Science & Technology, 21(1), 3-11

Pearson, A. M. and Dutson, T. R. (1990). An
Overview of Meat in Diet, Vol 6,
Elsevier Applied Science, New York,
USA.

Pearson, A.M. and Gillett , T.A. (1999).
Processed Meats. Aspen Publishers,
Inc., Galthersburg, Maryland.

Pearson, A. M. and Tauber, F. W. (1984).
Processed Meats, The AVI Publishing
Company, Inc., Westport, Connecticut.

Pegg, R. P. and Shahidi, F. (2006).
Processing of nitrite-free cured meats.
In L. M. L. Nollet and F. Toldra (Eds.),
Advanced Technologies for Meat

46

Processing (pp. 309-326), CRC Press
Taylor & Francis, London.

Potter, N. N. and Hotchkiss, J. H. (1995).
Food Science. Chapman & Hall, New
York.

Puolanne, E. (2010). Cooked sausages. In F.
Toldra (Ed.), Hand Bbook of Meat
Processing (pp. 313-325), Wiley-
blacknel, A John Wiley & Sons, Inc,
Publication.

Rahman, M. S. (2007). Nitrites in Food
preservation. In M. S. Rahman (Eds),
Hand Book of Food Preservation (pp
299-300); CRC Press, Taylor and
Francis Group, Bocaraton.

Romans, J. R., Costello, W. J., Carlson, C.
W., Greaser, M. L. and Jones, K. W.
(1994). The meat we eat, Interstate
Publishers, Inc., Danville, Illinois.

Rovina, K., Prabakaran, P.P., Siddiquee,
S., Shaarani, S. Md (2016). Methods for
the analysis of Sunset Yellow FCF
(E110) in food and beverage products- a
review TrAC, Trends in Analytical
Chemistry, 85 (B) , 47-56.

Sindelar, J. J. and Milkowski, A. L. (2011).
Sodium nitrite in processed meat and
poultry meats: A review of curing and
examining the risk/benefit of its use.
American Meat Science Association,
USA. http://info-nitrites.fr/wp-
content/uploads/2016/06/nitrite_report.

pdf

SLS 516 Part 1 Section 2: Methods of test for
microbiology of food and animal
feeding stuffs - Horizontal method for
the enumeration of microorganisms -
Colony count at 30 °C by the surface
Oplating technique, Sri Lanka Standards
Institute, Sri Lanka.



Skiibsted, L.H. (2011). Nitric oxide and
quality and safety of muscle based
foods. Nitric Oxide, 24:176-183.

Shahidi, F. and Wanasundara, U. N. (1998).
Methods of measuring oxidative
rancidity in fats and oils. In C. C. Akoh
and D. B. Min (Eds.), Food Lipids,
Chemistry, Nutrition and Biotechnology
(pp. 377-396); Marcel Dekker, Inc.,
New York.

Shil, J., Nawaz, H., Pohorly, J., Mittal, G.,
Kakuda, Y and Jiang, Y. (2005).
Extraction of polyphenolics from plant
material ~ for  functional  foods-
engineering and technology, Food
Reviews International, 21: 139-166.

Siddiqui, A. A., Wani, S. M., Rajesh, R. and
Alagarsamy, V. (2006). Phytochemical
and pharmacological investigation of
Hibiscus rosasinensis linn, Indian
Journal of Pharmaceutical Science, 68:
588-593.

Siu, G.M. and Draper, H.H. (1978). A survey
of the Malonaldehyde content of the
retail meat and fish, Journal of Food
Science, 43: 1147-1149.

Sukhapat, N., Unghaiboon, S., Itharat, A.,
Puripattanavong, J. and Pinsuwan, S.
(2004). Influence of pH on antioxidant
activity of Roselle (Hibiscus sabdariffa
L.) extract in aqueous solution. Paper
presented at the 10" World Congress on
Clinical Nutrition: Nutrition in the Next
Decade:  Nutraceutical/  Functional
Food: Product Performance in Health,
Disease and Safety. Organized by PSU,
INC and BIOTEC, Phuket, Thailand,
pp. 184.

Tzu-Lilin, Lin, H. H., Chen, C. C., Lin, M.
C., Chou, M. C. and Wang, C. J. (2007).
Hibiscus sabdariffa extract reduces
serum cholesterol in men and women,
Nutrition Research, 27: 140-145.

47

SLJAP Vol. 11, December 19

Vankar, P. S. and Shukla, D. (2011), Natural
dyeing with  anthocyanins  from
Hibiscus rosa-sinensis flowers, Journal
of Applied Polymer Science, 122(5):
3361-3368.

Walters, C. L. (1975). Meat colour: the
importance of heam chemistry. In: D.J.
A. Cole and R.A. Lawrie, (Eds.),

Meat  (pp. 385-401), Butterworths,
London.
Yazhen, S., Wenju, W., Panpan, Z,

Yuanyuan, Y., Panpan, D., Wusen, Z.
and Yanling, W. (2019). Anthocyanins:
Novel antioxidants in  diseases
prevention and human health, In F. A.
Badria and A. Ananga (Eds.),
Flavonoids- A coloring Model for
Cheering up Life, IntechOpen, DOI:
10.5772/intechopen.89746.

Zhang, F., Liang, Y., Tan, C. and Cui, B.
(2014). Research on the water-holding
capacity of pork sausage with acetate
cassava starch, Starch — Starke, 66(11-
12). DOI:10.1002/star.201400-006



