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Abstract

The use of natural products in sausages has become a new trend for health reasons. A natural product
that could be incorporated into sausages is an extract of the senduduk (Melastoma malabathricum
L.) leaf. Senduduk is an abundant shrub herb in Indonesia. This kind of plant is mostly used as a
traditional medical remedy and as an ingredient in some culinary recipes. This study was carried out to
investigate the effect of an aqueous extract of senduduk leaf (SLE) on the antioxidant, antimicrobial and
physicochemical properties of beef sausage. Four treatments were used: ingredients consisting of beef,
vegetable oil, skim milk, tapioca, salt, phosphate, ice cubic, garlic, pepper, dan nutmeg as a Control;
the Control ingredients plus 0.01% of butylated hydroxytoluene (BHT); the Control ingredients plus
0.83% of SLE (SLE-1), and the Control ingredients plus 1.1% of SLE (SLE-2). All ingredients of each
formula were homogenously blended and the sausage mix was cooked. The addition of BHT and SLE
affected the proximate composition, with the moisture content decreasing as the duration of chilled
storage increased. The addition of SLE lowered the pH and a, value and both tended to increase
during chilled storage. SLE also enhanced the WHC of the sausages which increased in value during
chilled storage. The addition of BHT and SLE could increase the antioxidant activity of the sausages
as indicated by scavenging DPPH free radicals. SLE in sausages could inhibit microbial growth during
chilled storage. It can be summarized that the addition of an aqueous extract of senduduk could
improve the physicochemical, antioxidant and antimicrobial properties of beef sausages.
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1 Introduction protein with a high biological value (Tran et al.,

). However, sausages have limitations re-
The development of the sausage industry in In- lated to high-fat content and high-water activity
donesia has a positive impact for the population (Boeira et al., ) which can undergo lipid oxi-
by increasing the consumption of animal protein. dation and microbial contamination (Dominguez
From a nutritional perspective, sausage is rich in et al., ). Lipid oxidation and microbial con-
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tamination in the sausage can lead to deteriora-
tion in physical and sensorial properties (de Car-
valho et al., ; Luong et al., ).
Several measures have been employed to reduce
such deterioration and the most popular appli-
cation is by use of synthetic agents. Unfortu-
nately, these substances are associated with neg-
ative side effects on humans such as carcino-
genic (Gultekin et al., ), triggering colorectal
disease (Herrmann et al., ), intestinal and
metabolic disorders, and also cardiovascular dis-
ease (Partridge et al., ). Application of plant
extracts has also been extensively employed in
meat products for health reasons (de Carvalho
et al., ; Hung et al., ; Pateiro et al.,
; Tran et al., ).
Plants are rich in polyphenols which play essen-
tial roles as antioxidants and antimicrobials. One
of the potential plants to find greater use for food
purposes is senduduk (Melastoma malabathricum
L.). This plant is a shrub which is abundantly
found in Indonesia and used for folk medicinal
and food purposes (Susanti et al., ; Tha-
toi et al., ). A senduduk leaf extract (SLE)
could act as a natural antioxidant and antimi-
crobial (Alwash et al., ; Wong et al., :
Zakaria et al., ), without causing any tox-
icity (Alnajar et al., ; Alwash et al., ;
Kamsani et al., ).
For food purposes, the extraction process should
use a solvent such as water which is not harm-
ful to humans. An aqueous extract of senduduk
leaf has antibacterial capability and antioxidant
activity (Suharyanto et al., ). A SLE could
improve the physicochemical properties of a beef
sausage mix and replace the use of nitrite in
the formulation (Suharyanto et al., ). This
study aimed to investigate the effect of an ex-
tract of senduduk leaf on the physicochemical,
antioxidant and antimicrobial properties of beef
sausages.

2 DMaterials and Methods

2.1 Extract preparation

The senduduk leaves were cleaned of undesired
materials and then air-dried for 5-6 h at 45 °C.
The leaves were powdered into a 35 mesh. The

extraction method was adapted from Doughari
and Manzara ( ). Briefly, the powder (40 g)
was macerated in distilled water (400 mL) in a
1000 mL Erlenmeyer flask for 24 h. The mac-
erate was filtered using Whatman No. 1 filter
paper and evaporated using a rotary evapora-
tor (Heidolph, Antrieb-W-Mikro, Germany) at
40°C. The viscous raw extract was freeze-dried
(Snijders Scientific, LYSFME, the Netherlands).
The extract of senduduk leaf (SLE) was stored
at -25°C until use.

2.2 Preparation of sausages

The Brahman cross round meat, free of connec-
tive and fat tissue, was cut into small pieces
and then minced using a meat mincer. Ingre-
dients used in the formulation of beef sausages
are shown in Table 1. Four treatments were
employed in the study: ingredients consisting of
beef, vegetable oil, skim milk, tapioca, salt, phos-
phate, ice cubic, garlic, pepper and nutmeg as a
Control; the Control plus 0.01% of BHT (BHT);
the Control plus 0.83% of SLE (SLE-1) and the
Control plus 1.1% of SLE (SLE-2).

The procedure used to prepare sausages was
that of Arief et al. ( ), with slight modifi-
cation. Briefly, all ingredients were blended ho-
mogeneously to form a mix for each treatment.
The emulsified mix was filled into casings (food
grade polyamide plastic with a diameter of 16
mm). The raw sausages were steamed at 65 °C
for 45 min. The cooked sausages were stored at
4 °C and observed at 0, 6, 12 and 18 days of
storage.

2.3 Proximate composition
determination

Proximate composition was determined using
AOAC (AOAC, ) methods on day 0 of stor-
age. Moisture, crude protein and crude fat con-
tents were determined by oven drying at 105 °C,
the Kjeldahl method and the soxhlet method, re-
spectively. The carbohydrate content was calcu-
lated by difference.
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Table 1: Formulations of the sausage mixes.

Formula
Ingredients — coperol BHT ~ SLE-1  SLE-2
Beef (g) 500 500 500 500
Vegetable oil (g) 100 100 100 100
Skim milk (g) 30 30 30 30
Tapioca flour (g) 75 75 75 75
Cubic ice (g) 175 175 175 175
Salt (g) 15 15 15 15
Garlic (g) 8.75 8.75 8.75 8.75
Pepper (g) 1 1 1 1
Nutmeg (g) 2.5 2.5 2.5 2.5
Phosphate (g) 1.5 1.5 1.5 1.5
0.09

BHT (g) (0.01%)* i i
7.5 10

Extract (g) - T (0.83%)*%  (1.1%)*

* based on total mass of ingredients in the formulation (908.75 g)

2.4 pH value determination

The pH value was measured using the AOAC
(AOAC, ) procedure. 10 g of crushed
sausage was mixed into 100 mL of distilled water.
The solution was filtered and then the pH of the
filtrate was measured using a pH meter (Schott
Instrument Lab 850).

2.5 Water activity determination

The water activity (a,) was measured using the
Lorenzo et al. ( ). The sufficiently crushed
sausage was placed in the container and its a,
value was measured at 25 °C using a calibrated
a,-meter (Novasina Ms-1).

2.6 Water holding capacity
determination

The water holding capacity (WHC) was deter-
mined using the Jung and Joo ( ) procedure,
with a minor modification. 2.5 g of the crushed
sausage was placed in a centrifugation tube, to
which 10 mL of distilled water was added, and
then incubated at 30 °C for 30 min. The su-
pernatant was removed and the residual crushed

sausage reincubated at 30 °C for 10 min. Finally,
the remaining supernatant was removed. The
WHC was calculated by the formula as shown
below.

Weight of sample without supernatant
WHC (%) = X 100
Weight of sample with water added
(1)

2.7 Total phenolic content

Sample preparation was carried out according to
the Sukisman et al. ( ) procedure by dissolv-
ing and homogenizing 1 g of crushed sausage in
5 mL of methanol for 24 h. The filtrate of the
solution was used to determine the total phenolic
content according to the Al-Saeedi and Hossain
procedure (Al-Sacedi & Hossain, ), with a
minor modification. 0.4 mL of the filtrate was
mixed with 3 mL of 20% Folin-Ciocalteou solu-
tion (Merck KGaA, Germany) and left to stand
for 5 min. Then, the mixture was reacted with
3 mL of 10% Na2CO3 and incubated for 60 min
in the dark and at room temperature. The ab-
sorbance of the mixture was measured using a
spectrophotometer (Agilent, UV-Vis 8453, USA)
at 760 nm wavelength. An identical technique
was employed with several standard gallic acid
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concentrations (0-16 mg mL~1!). A linear regres-
sion equation of the gallic acid absorbance was
used to calculate the total phenolic content of
the sample and expressed in mg equivalent gallic
acid [100 g] ~! dry matter.

2.8 Antioxidant activity

The antioxidant activity was determined using
the Mahmoudi et al. procedure (Mahmoudi et
al., ). 0.2 ml of the prepared sample, ac-
cording to the Sukisman et al. procedure (Suk-
isman et al., ), was reacted with 6 x10 —5
mol L=! of 1.8 mL of DPPH solution (Sigma-
Aldrich, D9132-1G, Germany), and then shaken
gently for 20 s. The solution was left to stand in a
dark place and at room temperature for 60 min.
The absorbance of the solution was then mea-
sured using a spectrophotometer (Agilent, UV-
Vis 8453, USA) at a wavelength of 517 nm. Stan-
dard butylated hydroxytoluene (BHT) (Himedia,
GRMT797-500G, India) solutions, at various serial
dilutions (0.0-4.5 mg [100 mL]~1), were employed
using the same technique.

Antioxidant activity was expressed by scavenging
percentage and antioxidant capacity. The scav-
enging activity was calculated by the following
formula:

Acontrol — Asample
Scavenging activity(%) = ———  — X 100 (2)
Acontrol

where Acontrol was the absorbance of the DPPH
solution without sample and Asample was the
absorbance of the sausage. The antioxidant ca-
pacity of the sample was calculated using the lin-
ear regression equation of BHT as a standard and
expressed as mg equivalent BHT [100]7! g dry
matter.

2.9 Thiobarbituric acid reactive
substances (TBARS) assay

Malondialdehyde (MDA) was determined using
the TBARS assay, according to the Turgut et
al. method (Turgut et al., )- 5 g of crushed
sausage was homogenized in 15 mL of distilled
water and then centrifuged at 2000 x g for 15
min. One mL of the supernatant was reacted
with 2 mL of 0.25 M HCI, containing 0.375%
(w/v) Thiobarbituric acid (TBA) (Merck, KgaA,

Germany) and 15% (w/v) Trichloroacetic acid
(TCA) (Merck, KgaA, Germany), and then 3
mL of 2% Butylated Hydroxytoluene (BHT)
was added. The mixture was vortexed and in-
cubated at 100 C for 15 min. The mixture
was cooled at room temperature and then cen-
trifuged at 1000 x g for 10 min. A simi-
lar procedure was employed with the various
concentrations (2 x 1076 to 10 x 107°) of
the 1,1,3,3-tetracthoxypropane (TEP) (Sigma-
Alrdrich, Germany) standard. The absorbance
of all samples and standard mixtures were mea-
sured using a spectrophotometer (Agilent, UV-
Vis 8453, USA) at 531 nm wavelength. TBARS
were calculated using the TEP standard curve
and expressed as mg malondialdehyde (MDA)
kg~! of sausage.

2.10 Microbiological activity

Microbiological activity was determined by the
pour method according to Arief et al. ( ).
Aseptically, 25 g of the crushed sausage was ho-
mogenized in 225 mL of sterile buffered peptone
water (Oxoid, UK). Serial dilutions of this sus-
pension (1071, 1072, 1073, and 10~%) were then
prepared. 1 ml was pipetted into a sterile Petri
dish, for each series of the dilution and then 15-
20 mL of plate count agar (Oxoid, UK) media
was poured to determine the total plate count.
In a similar way, in different Petri dishes, 15-
20 of Eosin Methylene Blue Agar (Oxoid, UK)
was poured to determine Escherichia coli and
15-20 of Xylose-Lyxine Deoxycholate Agar (Ox-
oid, UK) was poured to determine Salmonella
sp. 100 ul of each dilution was pipetted into
sterile Petri dishes and then 15-20 mL of with
Baird Parker Agar (Oxoid, UK) was poured to
determine Staphylococcus aureus. Once set, Petri
dishes were incubated at 37 °C for 24-4 h. Then,
the colonies formed were counted.

2.11 Statistical Analysis

A completely randomized experimental design
was used and data were analyzed by one-way
ANOVA. Tukey’s multiple comparison test was
used to determine if there were significant differ-
ences (P<0.05) between treatments.
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3 Results and Discussion

3.1 Proximate composition

The proximate composition of the sausage is pre-
sented in Table 2. Addition of BHT and SLE up
to 1.1% had no effect on the moisture content
(P>0.05), however, the ash content of sausage,
with added SLE, was higher (P<0.05) than for
the Control and BHT sausages. SLE-2 and Con-
trol sausages contained similar fat and protein
contents, and both were lower (P<0.05) com-
pared to BHT and SLE-1 sausages. The BHT
sausage had the lowest protein content and the
SLE-1 sausage had the lowest carbohydrates con-
tent. The significant effect of SLE-1 and SLE-2
on some measures of proximate composition of
sausage was most probably caused by the plant
aqueous extracts.

3.2 Moisture content, pH, a, and
WHC

The addition of plant extract influences the pro-
portion of ingredients in sausages. Therefore, it
will affect the physical properties of sausages.
The moisture content of sausages during cold
storage is presented in Figure 1. There was
no interaction (P>0.05) between the storage pe-
riod and the formulation of sausage. The SLE-
2 sausage had lower moisture content than the
Control sausage (P<0.05). BHT and SLE-1
sausages were not significantly different from the
Control. During cold storage, water vapor from
the product surface migrates to the surroundings
(El-Nashi et al., ). The lower moisture con-
tent of SLE-2 sausages was most possibly caused
by the increased volume of solids so that the
moisture content decreased.

Figure 2 shows that there was a significant in-
teraction (P<0.05) between the chilled storage
period and the sausage formulation on pH value.
SLE-1 and SLE-2 sausages had a lower pH value
(P<0.05) than the Control and BHT sausages.
The low pH value of SLE-1 and SLE-2 sausages
was most probably due to the SLE contain-
ing phenolic compounds (Fernandes et al., ;
Suharyanto et al., ; Susanti et al., ;
Wang et al., ; Wong et al., ). The
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decline in the pH value of SLE-1 and SLE-2
sausages was due to the phenolic compounds in
the extract donating hydrogen so that the sub-
stance became acidic (Andarwulan & Faradilla,
).

The a,, values in this study showed an interac-
tion between storage period and sausage formula-
tion (P<0.05). In Figure 3, the SLE-1 and SLE-2
sausages had lower a,, values (P<0.05) compared
to the Control. The a,, values increased on the
12th and 18th days of storage except for SLE-
2 sausages. The low values of a,, in SLE-1 and
SLE-2 sausages were thought to be due to the
content of phenolic compounds in the extracts
binding water molecules. Phenolic compounds
contain many hydroxyl groups and can form hy-
drogen bonds with water molecules (Andarwulan
& Faradilla, ) so that the presence of free
water is reduced and results in a decreasing a,,
value.

Water holding capacity (WHC) describes the
ability of a matrix to bind water in the ma-
trix or added water. The WHC during chilled
storage is presented in Figure 4. On day 0, the
WHC of SLE-1 and SLE-2 sausages was higher
than the Control and BHT sausages. After 6
days of storage, the WHC of SLE-1 and SLE-
2 sausages were lower than Control WHC and
BHT sausages. SLE-2 sausages continued to de-
grade up to 18 days of storage. Although it de-
creased, the WHC value of SLE-2 sausages re-
mained higher than the Control sausages until
the 18" day of storage.

3.3 Total phenolic content,
radicals scavenging and
antioxidant capacity

The total phenolic content of sausages is shown
in Figure 5. The Control sausages contained
the lowest phenolic content (P<0.05) when com-
pared to sausages enriched with antioxidant
agents (BHT, SLE-1, and SLE-2). The BHT
sausage contained the highest total phenolic con-
tent, while SLE-1 and SLE-2 sausages had equiv-
alent total phenolic contents. All sausages de-
creased in total phenolic content during storage
(P<0.05). The total phenolic content on the 18"
day of storage declined by 12.40%, 8.50%, 9.14%
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Table 2: Proximate composition of sausages enriched with an antioxidant agent on day 0 of storage

Treatments Moisture Ash Fat Protein Carbohydrate
%

Control 63.66+0.26%  2.9540.04" 5.96+0.22% 12.5540.11° 14.88+0.11¢

BHT 63.5440.34%  2.9740.02° 6.94+0.03¢ 11.88+0.09¢ 14.66+£0.40*

SLE-1 63.45+£0.33* 3.23+£0.02* 7.26+0.06* 13.21+0.21° 12.85+0.49°

SLE-2 63.39+£0.18¢  3.27+0.01¢  5.80+£0.14% 12.49+0.33°  15.05+0.64°

Each value is expressed as mean + standard deviation (n = 3). The different letter
in the same column indicates significantly different (P<0.05).

Moisture content (%)
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Figure 1: The moisture content of sausages enriched with an antioxidant agent during chilled storage (4

+ 1°C).
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Figure 2: The pH value of sausages enriched with an antioxidant agent during chilled storage (4 £ 1°C).
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Figure 3: The water activity of sausages enriched with an antioxidant agent during chilled storage (4 +
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Figure 4: The water holding capacity of sausage enriched with an antioxidant agent during chilled storage
(4 £ 1°C).
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and 9.05% for the Control, BHT, SLE-1 and
SLE-2 sausages, respectively. The phenolic con-
tent in the Control sausage probably came from
the spices. Spices such as garlic, pepper, nut-
meg and others are rich in phenolic compounds
(Suryati et al., ). The high content of total
phenolic in SLE-1 and SLE-2 sausages might be
caused by the addition of SLE. This is reasonable
because the leaves contain a lot of phenolic com-
pounds (Suharyanto et al., ; Susanti et al.,
; Wong et al., ).

This research indicated that the total phenolic
content of the sausage influences DPPH radi-
cals scavenging and antioxidant capacity. Fig-
ures 6 and 7 show that the Control sausage had
the lowest DPPH radical scavenging and antioxi-
dant capacity (P<0.05), respectively. The SLE-1
and SLE-2 sausages had comparable DPPH radi-
cals scavenging and antioxidant capacity to BHT
sausages. All sausages underwent a decrease in
their DPPH radical scavenging ability and an-
tioxidant capacity during chilled storage. The
decline was in line with the decrease in the total
phenolic content of the sausages during storage.
The phenolic compounds worked as antioxidants.
A similar pattern of decline was also observed
in the antioxidant capacity of sausages (Figure
7). The antioxidant capacity of all sausages de-
creased during chilled storage (P<0.05). Whilst
the antioxidant capacity of Control sausages de-
creased in each storage period, the BHT, SLE-
1 and SLE-2 sausages only decreased their an-
tioxidant capacity on the 12" and 18" days of
storage. Over 18 days of chilled storage, the an-
tioxidant capacity of the Control, BHT, SLE-1
and SLE-2 sausages reduced by 43.37%, 11.76%,
12.06% and 10.11%, respectively. BHT, SLE-
1 and SLE-2 sausages had equivalent antioxi-
dant capacities except for the 6" day of stor-
age, whilst the BHT sausages had higher antiox-
idant capacities. The antioxidant capacity of the
Control sausage was the lowest (P<0.05). This
phenomenon is confirmed by the total phenolic
content in each sausage.

The high percentage of DPPH scavenging and
antioxidant capacity in BHT, SLE-1 and SLE-2
sausages was hypothesized to be due to the addi-
tion of antioxidant agents to the sausage formula-
tion. BHT is a synthetic compound that contains
a phenolic group and has an effective ability as

1JFS ‘ October 2022

an antioxidant. The SLE also contains phenolic

compounds and plays an essential role as an an-

tioxidant (Alwash et al., ; Suharyanto et al.,
; Susanti et al., ; Wong et al., ).

3.4 Thiobarbituric acid reactive
substances (TBARS)

TBARS value indicates the level of oxidation of a
product. The lower the TBARS value of a sam-
ple, the lower oxidation of a product. Sausages
enriched with antioxidant agents (BHT, SLE-1
and SLE-2) showed significantly lower TBARS
values (P<0.05) than the Control. On day 0 of
storage, BHT sausages had the lowest TBARS
value. Yet, on days 6 and 12, it was not markedly
different from SLE-2 sausages (P>0.05) but
lower than SLE-1 sausages (P<0.05). However,
on the 18th day of storage, these sausages had
TBARS values that were not notably different.
In general, all sausages underwent an increase in
TBARS value. It indicates the accumulation of
oxidation products in the sausages during stor-
age. Although the TBARS value of the Con-
trol sausage was quite high, it was still below the
detectable rancidity threshold of 5 mg MDA /kg
(Insausti et al., ). The low TBARS val-
ues in SLE-1 and SLE-2 sausages indicates that
the extract acted as an antioxidant (Alnajar et
al., ; Alwash et al., ; Suharyanto et al.,
; Zakaria et al., ). This ability was most
likely contributed by the phenolic compounds of
the extract (Jin et al., ; Kalem et al., ;
Zhang et al., ).
Phenolic compounds are capable of scavenging
DPPH radicals and have adequate antioxidant
capacity so that they are able to inhibit oxidation
characterized by low TBARS values. These capa-
bilities are due to the phenolic compounds which
have redox potential to absorb and neutralize free
radicals, inhibit singlet oxygen and decompose
peroxides (Kalem et al., ). This mechanism
takes place by transferring the H atom from the
OH group of the phenolic compounds to the per-
oxyl radical chain where the next reaction occurs
with the resultant peroxyl (Bendary et al., ).
Phenolic compounds can also donate hydrogen to
react with reactive oxygen and nitrogen species
in the termination reaction and play a role in

Volume 11 | pages 320-334



200,00
2
~ 180,00
o]
S 160,00

/

@ 140,00

._‘
[l
=
o
(=]

100,00
80,00
60,00
40,00
20,00

Total phenolic content (gallic acid

0,00

328 ‘ Suharyanto et al.

b =Control % BHT SLE-1 @ SLE-2
bc d ch
I I 1' Elf e ‘f g fg

—_

Illlllllllllllﬁk\\\\\\\\\\\\,m

”””””””QKK\\\\\\\\\\NU
””””””Qkhi\\\\\\\\\ﬁ

day-0

day-6 day-12
Chilling storage periods

day-18

Figure 5: The total phenolic content of sausages enriched with an antioxidant agent during chilled storage

(4 £ 1°C).

= Control % BHT mS5LE-1 & 5LE-2

defg
def E‘Fg g fi

o
o
(o]
)
=1

a

i W

cab

H
H

H o
"

" O
"]
el o

(]
[=
1]

N

IIII%

Day-0 Day-6 Day-12

Chilling storage periods

Day-18

Figure 6: The scavenging activity on DPPH of sausages enriched with an antioxidant agent during chilled

storage (4 £ 1°C).

1JFS ‘ October 2022 | Volume 11 | pages 320-334



Antioxidant, antimicrobial and physicochemical properties of sausages |329

= Control » BHT mSLE-1 MSLE-2

Al N TRV
> 70,00 / - / : / - ook -
ég 50100 é é Z é :
e ' N
%%30,00 %—/ g/ _?__// ié
£ 2000 g E/// g—/ %

10,00 = g/ = =

000 L =2 =7, =7

([
7 N
[y
[0+]

Day-0 Day-6 Day-12
Chilling storage periods

Figure 7: The antioxidant capacity of sausages enriched with an antioxidant agent during chilled storage
(4 £ 1°C).

= Control % BHT mSLE-1 =2SLE-2

5,000
4,500
4,000

= 3,500

o

o 3,000
=

= 2,500

-]

= 2,000

£ 1,500
1,000
0,500

0,000

TBARS

[14]
=

LT e

S\

o=
O

m
|
e, a

[i]=]
I

H o

wmﬂlllIIIIIIIIIIIIIIIIIIF o

uu w
R o

IUIII_IIIIIIIIIIIIIIIIIIIIIIIIII" o

(T e

Day-0 Day-6 Day-12 Day-18
Chilling storage periods

Figure 8: The TBARS of sausages enriched with an antioxidant agent during chilled storage (4 £ 1°C).

IJFS ‘ October 2022 | Volume 11 | pages 320-334



330 ‘ Suharyanto et al.

Table 3: Bacterial growth in sausages enriched with an antioxidant agent during chilled storage (4 +

1°C).
Treatments Day-0 Day-6  Day-12  Day-18
Total Plate Count (CFU g~1):
Control nd 2.7x10' 2.0x10%> 3.6x10?
BHT nd <10'  1.6x10%2 3.0x10?
SLE-1 nd nd 2.0x10' 2.7x10!
SLE-2 nd nd 100 2.7x10*
Staphylococcus aureus(CFU g=1):
Control nd nd <10!  2.7x10!
BHT nd nd <10!  2.0x10!
SLE-1 nd nd <10t 2.0x10!
SLE-2 nd nd <10*  1.7x10
Salmonella (CFU g=1):
Control nd nd nd <10!
BHT nd nd nd <10t
SLE-1 nd nd nd nd
SLE-2 nd nd nd nd
E. coli (CFU g=1):
Control nd nd nd nd
BHT nd nd nd nd
SLE-1 nd nd nd nd
SLE-2 nd nd nd nd

CFU — colony forming unit, nd — not detected.

breaking the cycle of new radical formation. The
radicals formed from the reaction are more stable
than the initial radicals (Pereira et al., ).

3.5 Microbiological activity

Microbiological activity shows the extent of
SLE’s effect on the microbiological quality of
sausages. The role of SLE as an antibacterial has
been known through exploratory studies (Alna-
jar et al., ; Alwash et al., ; Wong et al.,

). Bacterial growth in sausage enriched with
an antioxidant agent during chilled storage (4 +
1°C) is presented in Table 3. Sausages without
the addition of SLE (Control and BHT) grew
bacteria (total plate count) on the 6th day of
storage, while no microorganisms were detected
in sausages with added SLE (SLE-1 and SLE-
2). The longer the storage period, the higher the
total plate count. On the 18" day of storage,
SLE-1 and SLE-2 sausages reached log 1 colonies

but the Control and BHT sausages reached log 2
colonies.

On the 12t" day of storage, all sausages grew
less than 1 log of Staphylococcus colonies. This
bacterial colony developed up to the 18" day of
storage, with a population of about 1 log (Ta-
bles 3). Salmonella sp. bacteria colonies grew
on the Control and BHT sausages on the 18"
day of storage with less than one log, while no
Salmonella sp colonies were detected in SLE-1
and SLE-2 sausages until the end of the obser-
vation (Table 3). The results of this study also
showed that E. coli bacteria were not detected
in all sausages in each storage period.

The addition of 0.83% (SLE-1) and 1.1% (SLE-
2) was able to inhibit the growth of several
pathogenic bacteria in sausages until the 18" day
of chilled storage. This was most likely due to
phenolic compounds contained in SLE (Susanti
et al., ; Wong et al., ) which can act as
antibacterial agent (Alnajar et al., ; Alwash
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et al., ; Zakaria et al., ).

In general, all sausages meet the requirements
of the Indonesian National Standard (SNI) ex-
cept for the Control and BHT sausages where
less than 10 Salmonella colonies were detected.
Based on the SNI for sausages, the maximum to-
tal plate count is 1x10% CFU g1, the maximum
Staphylococcus is 1x102 CFU g~!, Salmonella
must be negative, and the E. coli must be less
than 3 MPN (most probable number) g=! (BSN,

).

4 Conclusions

The addition of an extract of senduduk leaf up
to 1.1% of the total mass of ingredients in the
formulation improved the physicochemical prop-
erties of sausages, and inhibited oxidation and
microbial growth in sausages until the 18th day
of chilled storage. The ability to retard oxidation
was equivalent to 0.01% BHT.
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