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with Roselle Calyces and Liquid Smoke
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Abstract — The objectives of this study were to determine
the effect of Roselle calyces (Hibiscus sabdariffa) (RC), liquid
smoke (LS) and a combination of both (RCLS) on taste, pH,
total plate count (TPC) and cholesterol content in se’i
(Rotenese smoke beef). The experiment was assigned in a
completely randomized design (CRD) with six treatments
and three replications. The six treatments were: Control (C)
= se’i conventional (without treatment), RC1 = roselle calyces
4% (v/iw), RCz = roselle calyces 8% (v/w), LS = liquid smoke
(5%) (v/w), RCLS1 = roselle calyces 4% + liquid smoke 5%,
RCLS: = roselle calyces 8% + liquid smoke 5%. Data were
analyzed using Analysis of variance (ANOVA) and continued
by Duncan multiple range tests (DMRT) to detect difference
between means. Taste and aroma were analyzed with
Kruskal Wallis test followed by Mann Whitney test to detect
difference between means. Result showed that treatments
decreased aroma and taste score, TPC numbers and
cholesterol content of se’i (P<0.05) but not effect pH value.
It can be concluded that roselle and, the combination of
roselle + Schleichera oleosa liquid smoke is more effective in
reducing bacterial numbers in se’i compare to Schleichera
oleosa liquid smoke. Schleichera oleosa liquid smoke and
control bring same effect on taste and TPC numbers since
both of them contain similar bioactive compounds. Adding
liquid smoke or/and roselle reduce cholesterol content but
not influence pH value of se’i.

Keywords — Se’i, Roselle Calyces, Liquid Smoke, Total
Plate Count.

I. INTRODUCTION

Se i (Rotenesse smoked meat) usually made from beef,
slicing into rope-shape, spicing with salt and saltpeter
(KNOs3) then smoking uses Schleichera oleosa wood.
Nowadays se’i had made from any kind of meat such as
pig, goat, lamb, buffalo, deer and even fish meat. Se’i has
made been produced in home and industrial scale too.

One of the safety points of se’i depends on level of
carcinogenic compounds which always containing in
smoked meat product. The carcinogenic compounds:
polycyclic aromatic hydrocarbon (PAH) and benzo (a)
pyrene are produced during pyrolysis of wood. When se i
is smoking all components from smoke, include PAH and
benzo (a) pyrene, inherent directly into meat surface.
While in liquid smoke, level of the carcinogenic
compounds is low since before applied in food, the liquid
smoke was redestilated and filtrated.

Se’i has specific characteristics in color, aroma and
taste. However, the characteristics can change if during
processing some additives are added. Generally, plant
materials, which are rich in bioactive compounds usually,
are added in meat processing in order to inhibit lipid
oxidation and reduce microbial numbers.

One of plants that usually used in meat processing is
roselle calyces since in roselle calyces contain anthocyani-
-ns, ascorbic acid and phenolic (Abou-Arab et al., 2011).
The phenolic content in the plant consists mainly of
anthocyanins like delphinidin-3-glucoside, sambubioside,
and cyanidin - 3 - sambubioside mainly contributing to
their antioxidant properties (Aurelio et al., 2007) and the
amount of cyaniding - 3 - sambubioside is lower than
delphinidin - 3 - sambubioside (Peng-Kong et al., 2002).
Ascorbic acid also has antioxidant properties (Christian
and Jackson, 2009). Anthocyanins and organic acids in
roselle had the ability as an antioxidant (Bozkurt and
Belibag (2009). The antioxidant properties rely on pH (2—
7) in which the ability of antioxidant decreases when pH
increases (Sukhapat et al., 2004).

Roselle calyces also contain antimicrobial compounds.
It was reported that roselle calyces could inhibit growth of
Staphylococcus aureus dan Escherichia coli (Nwaiwu et
al., 2012) and also Escherichia coli and Salmonella
(Pliego, 2007). It also proved to inhibit food spoilage
bacteria such as Bacillus cereus, Salmonella typhimurium
DT104, E coli O157 : H7, Listeria monocytogenes and
Staphylococcus aureus (Chao and Yin, 2009) and inhibit
E. coli and Staphylococcus aureus in milk (Higginbotham
et al., 2014). The addition of 1.5% - 6% of dried roselle
calyces in broiler diets reduced bacterial number both in
fresh and cooked chicken meats (Onibi and Osho, 2010).

Addition of roselle during se’i processing can influence
the organoleptic properties. Malelak et al (2017) reported
that adding roselle calyces extract increased taste and
tenderness of se’i. While in Sucuk ((a vegetarian
dryfermented sausage) addition of roselle can enhance the
color, flavor, and texture (Karabacak and Bozkurt, 2008).

One of the problems with meat products is cholesterol
content in association with high blood pressure,
cardiovascular diseases and so forth. This experiment aims
to investigate the effect of using liquid smoke or roselle
calyces and mixed liquid smoke and roselle calyces in
organoleptics aspects, pH, bacterial count and cholesterol
content on se’i.

I1I. MATERIALS AND METHODS

Beef were taken from butt and rump of Bali cattle as
many as 10 kgs were purchaged in meat shop in Kupang.
The beef was trimmed of fat and excessive of connective
tissues and nine kgs of beef left. Then, the beef cut into
rope-shaped was about 3 cm in thickness, added 20 g of
refined and ground table salt and 300 mg of saltpeter of
kg™! meat then mixed well. The beef divided into six
groups namely: Control (C) = se’i traditional, without
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adding liquid smoke or roselle calyces. RC; = roselle
calyces 4% (v/w), RC, = roselle calyces 8% (v/w), LS =
liquid smoke (5%) (v/w), RCLS; = roselle 4% + liquid
smoke 5%, RCLS; = roselle 8% + liquid smoke 5%. Each
group consists of three replications.

Roselle and Liquid Smoke

Calyxes of roselle was obtained from Oefafi village -
Kupang - East Nusa Tenggara province. The calyxes were
separated from seed and dried in oven at temperature of
60° C for 3 days, then blended with Philips blender to
abtain the mass. To obtain 4% and 8% (w/v) of roselle
extract, each of 4 and 8 g of roselle mass poured into
volumetric glass and added distilled water up to 100 ml,
stirred at 60°C for 5 min and filtered with Whatman (No.
41) (Karabacak and Bozkurt, 2008) with modification. The
filtrate then stored in refrigerator (4°C) for 2 days before
using.

Schleichera oleosa liquid smoke was obtained from
Department of Technology Agriculture, Gadjah Mada
University. It was produced in 400°C pyrolysis
temperature, destilated and filtrated.

Five ml of Schleichera oleosa liquid smoke (LS) poured
in the batches and mixed well in batches (one kg of meat,
saltpeter and salt). Four or eight grams of powder rossele
calyces poured into jar and added distillated water to reach
100 ml, shake thoroughly then pour into the batches (RC;
or RC») respectively. For RCLS; or RCLS; roselle added
first to the batches then, followed by liquid smoke then
mixed well. All treatment then cured for + 12 h and then
smoked used Schleichera oleosa wood except for LS,
RCLS; and RCLS,; were smoked in oven at 100°C until
well done. When the beef surface was dry, firmness and
the color turned to bright red, the smoking was stopped.
Triplicate pieces of meat, 100 g of each piece, were
carried out for each group of se 7 used as samples.
Sensory Evaluation

A fifteen non- trained panelists, 18-24 years old, were
selected on the basis of their experience in consuming se i.
All the panelists were student at Animal Sience Faculty of
Nusa Cendana University, East Nusa Tenggara, Indonesia.
The panelists asked to examine the taste of se’i for
hedonic—scale rating test. Briefly, explanation about the
score sheet was held before that.

As many as 30 g of samples were sliced, put into small
glass jars, and allowed to stand for several hours. The
panelists examined the aroma after one minute opening the
jars. The aroma and taste score was 5 = like very much, 4
= like moderately, 3 = like slightly, 2 = dislike moderately,
1 = dislike very much. 5 for each replication from the
treatments, the aroma was measured twice.
pH Determination

pH value was measured using a Hanna digital pH-meter
at ambient temperature. A 10 g of se’i was minced and
then homogenized with 10 ml distilled water and filtered
(with Whatman paper no 4). Standardized the pH meter
between pH 4.0 and 7.0. The filtrate pH obtained was
recorded inserting the probe of the pH meter into the
filtrate for 30 second then the value was read. For each
treatment, measurements were made in triplicate.

Total Plate Count
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Se’i sample about 25 g were cut using scalpel and
forceps, added 1.50% sterile water then homogenised in
Stomacher 400 (Colworth, London, U.K.) for 1.5 min.
Total viable counts (aerobic mesophiles) were made on
Plate Count Agar (PCA, Oxoid, U.K.) and were incubated
at 35°C for 48 h (Viuda-Martos et al., 2011).

Cholesterol Content

Cholesterol content was determined in accordance with
the methodology saponification followed by high perfor-
-mance liquid chromatography (HPLC) (AOAC official
Method 994.01).

Statistical Analysis

All data obtained from the experiment were analyzed by
analyses of variance (ANOVA). Duncan Multiple Range
Test (DMRT) was used to determine differences among
mean values SPSS 18.

III. RESULTS

The aroma and taste score of se’i adding liquid smoke
or/ and roselle can be seen in (Table 1). Result of statistic
analysis showed that treatment reduced score of aroma and
taste (P<0.05), except taste score in control and in LS 5%
was same.

Table 1. Average of aroma and taste score of se’i treated
with liquid smoked and roselle

Treatment Aroma Taste
Control (C) 4,9 +£0.5* 4.02 +0.6*
Liquid smoke (LS) 5% 3.7+0.8° 4.1 +£2.4%
Roselle extract 4% (RC:) 3.6£1.2° 3.7+0.8°
Roselle extract 8% (RC> ) 2.8 £0.9¢ 3.2+0.9°
Roselle extract 4% +1 iquid 34 £0.9¢ 33+0.8°
smoke 5% (RCLS1)

Roselle extract 8% + Liquid 3.1+0.7° 3.7+0.8°
smoke 5% (RCLS»)

pH values, TPC and cholesterol content of se’i samples
were shown in Table 2. pH value of se’i was not affected
by treatments (P>0.05). All treatments decreased TPC
values of se’i (P<0.05) except addition of liquid smoke
(LS) 5% was same with control. The lowest TPC values
were in se i treated with roselle extract 8% (RCEy).

Table 2. Average pH value, Total plate count (log cfu/g +
SD) and cholesterol content (of se’i treated with liquid
smoke and roselle extract.

Treatment pH Total plate count | Cholesterol
(log cfu/g) (mg/100g )
Control (C) 6.13£0.01 | 3.40+0.05¢ 5527 +
1.15¢
Liquid smoke (LS) [6.31 £0.02 | 3.37 +£0.24° 52.84 +
5% 0.46°
Roselle extract 4% |6.41 £0.02 | 3.16+0.11° 52.84 £
(RC1) 0.46°
Roselle extract 8% |6.21 £0.09 | 2.98 +£0.92 52.54 +
(RC2) 0.46°
Roselle extract 4% |6.16 =0.07 | 3.16 +0.21° 51.55+
+1 iquid smoke 5% 0.40°
(RCLS))
Roselle extract 8% [6.16 £0.07 | 3.19°+£0.58" | 44.57+1.23%
+ Liquid smoke 5%
(RCLS2)

@ significantly difference at P < 0.05. + std (standard deviation).
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All treatments decreased cholesterol content of se’i
(P<0.05) and the lowest number was in se’i treated with
roselle extract 8% + Liquid smoke 5% (RCLS>).

IV. DISCUSSION

Sensory Evaluation

The result of sensory evaluation in this experiment was
disagreement with Malelak et al/ (2017) who reported that
given 5% (v/v) coconut shell liquid smoke increased se’i
taste score but did not influence aroma. As can be seen in
Table 1 that score taste in control and in LS 5% was same.
It could due to in control se’i was smoked using
Schleichera oleosa wood, and the liquid smoked that used
in this experimant was Schleichera oleosa liquid smoke.
In both gas smoke and liquid smoke contain same
compounds thus brought same effect on se’i taste. The
compound in liquid smoke that play an important role in
flavour was phenol (Cardinal et al., 2006; Varlet et al.,
2007). Phenol compound in Schleichera oleosa liquid
smoke was 0.18% while Tranggono et al (1996) reported
that phenol in coconut shell liquid smoke was 5.13%. It
could expalined that the different effect of adding liquid
smoked on se’i taste in Malelak er al (2015a) and this
experiment caused by the different of phenol content in the
liquid smoke used.

Bozkurt and Belibagl (2009) found that addition of
roselle increased flavour of kavurma and in sucuk
(Karabacak and Bozkurt, 2008). The low score taste in se’i
could be due to in se’i processing there were not many
ingredients used, only salt and saltpeter, thus when roselle
added in se’i was directly effect the taste. While in
kavurma fat was added and in sucuk some ingredients
garlic, pepper, sugar cumin and others.

Rabe ef al (2003) reported that volatile compounds in
fat content play an important role in aroma. Fat content in
se’i decreased when roselle (RC; or RC») or liquid smoke
(LS) was given, but RCLS; or RCLS, was stable (Malelak
et al (2015b). In this experiment the aroma of se’i was
added LS, RC; or RC; decreased as a result of fat content
decreased. On the other hand, the aroma of se i that given
RCLS; or RCLS; decreased even the fat content was
stable. This research indicated that another factors also
affected se’i aroma beside fat content.
pH Values

pH values and TPC values of se’i samples were shown
in Table 2. Statistical analysis showed that all treatments
was not effect pH value of se’i (P>0.05). This result was in
agreement with (Karabacak and Bozkurt, 2008) whose
reported that addition of roselle did not change pH of
sucuk and also in kavurma (Bozkurt and Belibagli, 2009).
Malelak et al (2015a) also reported that using of
Schleichera oleosa liquid smoke alone or combined with
Citrus aurantifolia extract did not change the pH of se’i.
Arizona et al (2011) also reported that using of canary
liquid smoke also did not alter pH of beef ,but coconut
liquid smoke decreased beef meat ball pH (Arnim et al.,
2012).

Total Plate Count (TPC) Values
Statistical analysis showed that all treatments decreased
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TPC values of se’i (P<0.05) except addition of liquid
smoke (LS) 5%. This result was similar to Malelak et a/
(2015a) that giving 5% (v/v) coconut shell liquid smoke
did not change the TPC values of se’i, however when the
liquid smoke combined with Citrus auratifolia extract
reduced the TPC values. The result indicated that
antioxidant compounds’ content in liquid smoke was
lower than in roselle extracts. The effect of liquid smoke
as antioxidant depends on the phenolic and carbonyl
compounds, however carbonyls have antibacteia activities
stronger than phenols (Milly, Toledo and Chen, 2008).
The phenols and carbonyls contain in the Schleichera
oleosa liquid smoke used in this experiment were 0,18%
and 3,15% respectively.

The lowest TPC values were in se’i treated with roselle
extract 8% (RCE,). The roselle calyces contain some
bioactive compounds in which have antimicrobial activity
such as organic acids, anthocyanins, phenolic acids and
alkaloids (Christian and Jackson, 2009). The main organic
acid in roselle calyces are citric acid, malic acid and
others, result in low pH approximately 2 — 2.5 (Ali et al.,
2005), and contribute to antimicrobial activity (Morales-
Cabrera et al., 2013). Citric acid has antibacterial activity
(Hussain et al., 2015). Roselle calyces used in this
experiment contains organic such as citric acid 2.025%,
ascorbic acid 0.106%, tartaric acid 2.167%, malic acid
1,89%, oxalate acid 1.89% and succinic acid 1.761%, and
pH values is 2.2. Saliani et al (2015) stated that the
antimicrobial activity of Zinc Oxide Nanofluid
against Escherichia coli O157: H7 and Staphylococcus
aureus decreased as the pH increased from acidic to
neutral

A pH value of se’i was not affected by either
Schleichera oleosa liquid smoke or extract of roselle
calyces, or their combination. In fact that the bacterial
numbers of se’i reduced when added roselle or/and liquid
smoke. One information missed in this experiment was the
pH value of se’i before smoking. Since, it could be
speculated that pH of se’i reduced before smoking, during
curing time, then when smoking the pH value was same as
a result of heat and smoking effect.

Maximum limitation of bacterial contamination
permitted in smoked meat was 1x10° cfu (5-log cfu/g
(National Standard Board of Indonesia, 2009). In Table 2
showed that bacterial numbers of all se’i samples were
below the numbers, thus it is safe to be consumed.
Cholesterol Content

All treatments decreased cholesterol content of se’i
(P<0.05) and the lowest number was in se’i treated with
roselle extract 8% + Liquid smoke 5% (RCLS,).
Cholesterol is a waxy, fat-like material that is found in
meat and also in human body. Consuming meat and meat
products could enhance blood cholesterol in human body,
even in the human body itself contain cholesterol. It was
reported that high-fat intake related to high risk of colon,
breast and prostate cancer (Reddy, 1995). Thus,
consumers are prefer to chose meat or meat products with
low fat and cholesterol.

One alternative to reduce cholesterol content in meat
and meat products was added plant materials during
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processing. Sadler (2004) stated that to reduce fat and
cholesterol content in meat and meat products could use
dietary fiber. Used culban seed reduced cholesterol
content in egg yolk (Calislar and Demirtas, 2017). Beside
organic acids, roselle calyces also contain protein, calorie,
fiber and micro-nutrients (Akandi et al., 2009). Whereas in
Sceicherea oleosa liquid smoke contains phenols,
carbonyls and organic acids. The result of this experiment
indicated that roselle calyces are more effective in
reducing cholesterol and fat compared to liquid smoke.

V. CONCLUSIONS

It can be concluded that roselle alone, or the
combination of roselle + Schleichera oleosa liquid smoke
is more effective in reducing bacterial numbers in se’i
compare to Schleichera oleosa liquid smoke alone.
Schleichera oleosa liquid smoke and Schleichera oleosa
liquid smoke (as control) bring same effect on taste and
TPC numbers since both of them contain similar bioactive
compounds. Adding liquid smoke or/and roselle reduce
cholesterol content but not influence pH value of se’i.
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