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ABSTRACT

This study investigated the effect of powder frdra buter layer of annat(@®ixa orellana
L.) seeds on the physicochemical properties and thexatant and antimicrobial activities of
pork sausages. In fact, six treatments of pork a&grisvere made including four different
concentrations of annatto seed powder as followd25) 0.05, 0.1, 0.2 % (T1, T2, T3, and T4,
respectively), and 100 % with nitrite (150 ppm, RE&nd control (CTL) without nitrite. The
Hunter color values of pork sausages were affebiethe addition of annatto seed powder,
especially by an increase of the redness and ye#less values; however, the lightness of the
sausages decreasean € 0.05). Thiobarbituric acid reactive substanceBAY and peroxide
values (POV) were analyzed. Treatments containmma#o seed showed lower TBA and POV
than CTL samplesp(< 0.05). Moreover, the addition of annatto seed gewenhanced the
texture profile and physicochemical propertiesaxisages and were similar in value to REF. In
conclusion, annatto seed powder might be a goote@s a natural colorant and antioxidant for
the replacement of nitrite in meat production, #@metefore, enhance the quality characteristics
of meat products.

Keywords. annatto seed powder, nitrite replacement, lipidlation, pork sausage, shelf-life.

1. INTRODUCTION

Nitrite is known as an indispensable additive ingessed meat, especially for sausage
products. The use of nitrite has been long andlwilded as a curing agent, which maintains
color and antimicrobial properties, thereby enhagcihe sensory characteristics, reducing
spoilage and extending the shelf-life of meat potsliyl]. Recently, however, many authors
have concluded that consumption of meat productgagdng nitrite can affect the health of
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consumers. Specifically, nitrite, can react witltag®lary or tertiary amines in meat to form
carcinogenic, teratogenic and mutagenic N-nitrazomounds [2, 3]. It is, therefore imperative
to minimize the nitrite content used in industmadnufacturing, but still meet the quality and
perception requirements of the final product. lcerg years, there have been many related
studies on the replacement of nitrite in meat anehtmproduct processing with natural
compounds which have shown positive results.

Annatto Bixa orellana L) seed has been used as a natural colorant, dietpio many
traditional foods found in Asia. Annatto rankeda®at place in economic importance worldwide
among all natural colorants [4]. It is widely udedthe production of a variety of products, such
as food, medicine and cosmetics. In addition, n&aglies have shown that it does not have any
mutagenic, cancerous, or cytotoxic effects [5,Tdlerefore, annatto seed powder is considered
to be safe for human health. The color pigment exdsacted from the outer coating layer of the
seeds of thaixa orellana L., including bixin (oil-soluble compounds) andrdmxin (water-
soluble compounds). Numerous studies have evaltla¢eaintioxidant and antimicrobial activity
from annatto seeds [7, 8, 9] while other studiesHzeen carried out the extraction and recovery
of bixin from annatto seed by various methods [@, 11]. However, no studies have been
conducted using annatto seed powder, which wasprdby the ball-milling method for partial
replacement of nitrite in pork sausage producterdtore, the aim of this study was to evaluate
the effect of partial replacement of nitrite withnatto seed powder on the antioxidant capacity,
texture and physicochemical properties of pork ages

2. MATERIALSAND METHODS
2.1. Instruments and method for preparation of annatto seed powder

Several instruments were used in this study, inotuthe vacuum rotary evaporator (R-100,
Buchi, Switzerland), Wise-bath ultrasonicator (&onic JAC 2010, 330 W, Korea), Freeze
dryer (llshin freeze dryer, Korea), pH meter (MR312Mettler-Toledo, Switzerland),
Spectrophotometer (UV-1601, Shimadzu, Australiag, Hunter color reader (CR -10, Minolta
Co. Ltd., Japan), and Texture profile testing fmstUniversal Testing Machine, Model 3344,
Canton, MA, USA).

Annatto seeds were purchased from the local mark8uonmathuot city, Daklak province.
The fresh materials were sun-dried until the weigfiopped fluctuating. Then, the solute was
extracted using 50% ethanol in combination withraglbnic assistance at the frequency of 40
kHz with 300 W of generation power (Ultrasonic JAQL10, 330 W, Korea) at 3C for 30 min.
The alcohol was removed from extracted solutiomgish rotary evaporator (R-100 rotary
evaporator - Buchi, Switzerland) at 80. Thereafter, the extract was kept at “@prior to
lyophilizing at -55°C (llshin freeze dryer, Korea) until completely dor about 5 days. Once
completed dry, it was ground using a ball-millingnder (Planetary Mono Ball-Milling,
Pulverisette, Fritsch, Germany) for 12 h at 400,rarmd was then used for the manufacturing of
the pork sausages in this study.
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Figure 1. The color properties of sausages affected byreiffieformulation before (A) and after (B)
cooking.

2.2. Manufacturing of pork sausages and analytical methods

2.2.1 Manufacturing of pork sausages

Low fat sausages were prepared using general mgiadients, including 60% lean meat, 33%
iced water, 5% back fat, and 0.4% STPP (sodiunolgqhosphate, a food standard). In total, six
types of low fat sausages were prepared and theufations are listed in Table 1.

The sausage samples were heated to 75 °C for 3(tharinternal temperature of sausages
reached to 70 °C), and were indirectly cooled ini@bath for 30 minutes at the end of the

heating process, then stored at 4 + 1 °C in a gefaitor prior to analysis of their
physicochemical and quality properties.

Table 1. Formulation of pork sausages containing annatdsgowder.

| ngredients (%) Treatments

CTL REF T1 T2 T3 T4
Lean meat 60 60 60 60 60 60
Back fat 5 5 5 5 5 5
Iced water 33 33 33 33 33 33
Salt 1.3 1.3 1.3 1.3 1.3 1.3
STPP 0.4 0.4 0.4 0.4 0.4 0.4
Nitrite (ppm) 0 150 37.5 375 375 375
Annatto powder 0 0 0.025 0.05 0.1 0.2

2.2.2 pH and colors measurement

The pH values were measured using a pH-meter (MR-Mttler-Toledo, Switzerland),
while the color of sausages was measured usingngeHoolor reader (CR-10, Minolta Co. Ltd.,
Japan). Ten measurements were made at differeitiopsson the surfaces of sausage samples,
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and the mean values were calculated. Hunter calloieg were reported as lightnek} (edness
(a*) and yellownesshf).

2.2.3. Physicochemical analyses, expressible moisture and cooking loss

Proximate analysis that included moisture, fat pradein content was measured according
to AOAC (2000). Moisture (%) contents were measwsdg the dry oven method, fat contents
(%) were measured using the Soxhlet extraction oggtnd protein contents (%) using the
Kjeldahl method (PRO-NITRO S, J.P. Selecta, Spain).

The cooking yield (%) was measured by checkingatbight loss after cooking (for 30 min
at 75°C), with values calculated using the following etipra

Cooking yield (CY, %) = Sample wt. (after cookin§gmple wt. (before cooking) x 100.

Expressible moisture (%) was measured accordirtbaganethod of Jauregui et al. [12] with
slight modification. Sausage samples were cut totved shapes with approximate weights of
1.5 g, then covered with Whatmann filter paper ## aut into 50 mL falcon tubes prior to
centrifugation at 3000 rpm for 15 min.

2.2.4. Lipid oxidation analysis

The peroxide values (POV) were determined using gpectrophotometric method as
described by Shantha and Decker [13] with some fication. The absorbance of the samples
(after 20 minutes for reaction) were measured &trafd against a blank that contained all the
reagents except the samples using a spectroph@oifé¢-1601, Shimadzu, Australia). The
results of POV were expressed in milliequivalerftexygen per kilogram of sausage (meg/kg).
The secondary products of lipid oxidation during ttorage period were determined as the
thiobarbituric acid reactive substances (TBA) adowy to Shinnhuber and Yu [14]. The reactive
substances were measured at 532 nm using a spwativopeter (UV-1601, Shimadzu,
Australia). TBARS values were calculated usingfti®wing equation:

TBA value (mg malondialdehyde/kg) = optical deng{yD.) x 9.48/sample weight (g).
2.2.5 Total volatile basic nitrogen (VBN) measurements

The total volatile basic nitrogen (VBN) content wédatermined according to the micro-
diffusion method of Conway [15] with slight modiaton. Briefly, 1 g of the sample was
homogenized with 9 mL double distilled water usthg ultra-turrax homogenizer T25 (IKA
Labortechnik, Germany) thereafter was filtered gsivhatman filter paper #1. The filtrate (1
mL) was then reacted with saturated potassium cateo(KCOs, 50 %, w/v) at 37C for 2 h.
Boric acid (0.01 N) acted as an adsorbent. Aftectien, the boric acid adsorbed volatile
nitrogen was titrated with a standard HCI solut{@/001 N). Total volatile basic nitrogen
(VBN) values were expressed in mg%.

2.2.6 Microbial analysis

Total plate counts (TPC) and violet red bile (VRByars were prepared for the
determination of total viable counts ailghterobacteriaceae, respectively, according to the
method of Park & Chin [16]. Pork sausage sampla® wseptically homogenized, then 10 g of
patty was mixed with 90 mL of steriled dd-waterdamere serially diluted 10 times. In order,
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0.1 mL of each dilution was inoculated on the TR@ ¥RB agars. They were incubated at 37
°C for 48 h, then the colonies on the petri disheseveounted, and the results of TPC and VRB
were expressed as Log CFU/g.

Difco™ Plate Count Agar (TPC) and Dift6 Violet Red Bile Agar (VRB) were prepared
for microbial testing. 23.5 g TPC (REF. 247940) wa&solved in 1 L double distilled water and
then boiled for 3 minutes until completely dissal\@21°C, 15 min). Finally, the agar cooled to
50 °C and poured into a petri dish. For the VRB mmed(REF. 211695), approximately 41.5 g
was add to 1 L distilled water and followed wiilngar preparation steps as the agar, and did
not need to undergo sterilization.

2.2.7 Texture profile analysis

Instron Universal Testing Machine (Model 3344, @antMA, USA) was used for texture
profile analysis. Sausage samples were preparédl®imm height and 12.5 mm diameter using
a puncturing apparatus. Hardness (gf), springingsg), gumminess, chewiness, and
cohesiveness were calculated according to the methBourne [17].

2.3. Data statistical analysis

Three replicates of the experiment were performed data was analyzed using one-way
analysis of variance (ANOVA). The significant diftmces were assessed by the Duncan post
hoc test at p value < 0.05 using Statistical PaeKagthe Social Sciences (IBM SPSS version
20.0,SPSS Inc., Chicago, IL, USA) software for WindoResults were presented as the mean
+ standard deviation (n = 3).

3. RESULTSAND DISCUSSION
3.1. Effects of annatto seed powder on pH and color values of sausages

The present study showed that the pH values obgagswere associated with the addition
of annatto seed powder during refrigerated stordge.pH is one of the important parameters
for sensory quality of food items. As shown in T&B| pH values were slightly decreased from
6.06 to 6.00 with increasing annatto powder (0.62%.2 %). However, the decrease in pH
values did not change the sensory properties ofilaé product. In this study, the decrease in
pH of meat product might be related to the pH valfiannatto seeds powder. According to the
previous study, the pH value of annatto powder.¥8 §Cuong and Chin [18]), therefore, pH
values were decreased when more annatto seed paxaderdded (p < 0.05).

The color properties of pork sausages are preseintefiable 2. The lightness was
significantly decreased by the addition of moreattnseed powder. The redness val#sg (
were robust increased, while yellowness also is@@acompared to the control (CTL) or
reference (REF) samples. It clearly shows that d¢blr properties of pork sausages are
associated to the addition of annatto seed powder.color values of sausages were expressed
by Hunter L (lightness), a* (redness), and b* (yethess) values. The changes of Hunter color
values of sausage samples with annatto powderéafuat after cooking are presented in Figure
1. Results showed the significant difference imes$ among treatments. CTL sample was the
lowest, followed by the REF sample, while rednessdased with increasing level of annatto
powder and was much higher than those of CTL and &dmples. In addition, yellowness was
different among treatments, was lowest in the R&Rpe, while it increased with the addition
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of annatto seed powder. Therefore, it clearly iathd that the Hunter color values of pork
sausage were directly affected by the additiomoia#to seeds powder, which has a strong color
and immediately changed the color of meat produdany previous studies reported color
changes in different types of meat as affectedasous compounds from natural resources. On
the other hand, several authors have reviewed kiamge of meat colors, which can be
acceptable or unacceptable to consumers. In pltjdar red meat products as such pork meat,
the increased in redness might more satisfyingtsemers [21].

Table 2. Effects of annatto seed powder on physicochemiegiqrties of pork sausages.

Parameters Treatments
CTL REF T1 T2 T3 T4
pH 6.08° 6.10 6.06° 6.04° 6.03 6.00
Lightness (*) 75.1¢ 7347 66.94 64.84 61.76 57.72
Redness&*) 4.85 11.58 20.65 22.34 22.32 24.96
Yellowness £*) 9.56 4.48 20.18 24.63 26.72 29.58
TBA 0.18 0.06 0.09° 0.1@ 0.1P 0.10
Peroxit (POV) 2.42 1.32 0.95 0.92 0.88 0.86
VBN 5.7¢ 4.92 5.25" 5.26" 5.28" 5.37°
TPC 3.58 2.5¢ 2.6¢9 2.5¢ 253 2.37
VRB 3.34 2.30 2.48 2.38 2.38 2.40

Means with different superscript letters (a-f) iretsame row indicate significant differences among
treatments at p < 0.05.

3.2. Effects on expressible moistur e, cooking loss and physicochemical properties

Expressible moisture (EM, %), cooking loss (CL, &id proximates analysis (moisture,
protein, lipid) of pork sausages incorporated veitimatto seed powder were presented in Table
3. As the results, the characteristics (EM and @Lpork sausages were associated with the
addition of annatto seed powder. EM and CL showedincrease when annatto seed powder
was added. In fact, EM value was the lowest in GBimple, while there was no difference
between the nitrite sample and the supplementedt@nfrom 0.025 to 0.1%, while the 0.2%
level that was supplemented with annatto had thledast EM values with 44.01%. Similar to the
expressible moisture results, in terms of cookoxs) the CTL sample also showed the highest,
while no significant difference was observed betwd®EF and the other treatments with
different levels of annatto powder. This can bel@&red by our previous observation [18] that
the annatto powder after ball-milling has a goodewholding capacity (approximately 40 %),
thereby the higher level of annatto help to enhatiee binding ability and water holding
capacity of the product.

Proximate compositions including the moisture, @irgt and lipid contents of sausages
were analysed and presented in Table 3. As thdtsesbere was no significant difference
among treatments (p > 0.05). Therefore, the addioannatto seed powder did not affect the
physicochemical composition of pork sausages.
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Table 3. Proximate analysis and cooking properties of latvgork sausages as affected by
various level of annatto seeds powder.

Par ameters Treatments

CTL REF T1 T2 T3 T4

Expressible moisture Mean  36.82  40.73°  39.1F"  40.14"  4052° 44.0fF
(EM %) SD 3.51 0.93 1.82 4.48 4.97 2.85

_ Mean 13.84 6.07 6.35 6.09 6.3 567

Cooking loss (CL%)  gny 565 2.46 3.13 3.04 354 053

Moisture(%) Mean 67.52 70.05 68.56 68.43 69.21  69.00

SD 1.56 0.75 1.04 0.93 1.18 0.78

Protein (%) Mean 11.00 11.30 11.21 10.88 10.97 10.65

SD 1.09 1.05 0.38 1.15 0.14  0.55

iy Mean 18.37 17.73 17.55 18.32 17.96 18.84

Lipid (%)
SD 0.06 0.50 0.35 1.60 0.49 1.38

Means with different superscript letters (a-b) lie same row indicate significant differences among
treatments at p < 0.05.

3.3. Lipid and protein oxidation

The addition of annatto seed powder significantguced the lipid oxidation of the
sausage. The value of POV and TBA is the priman setondary products of lipid oxidation,
respectively. These are two important indicatorsafssessing the oxidation level of lipid or high
lipid content products. As shown in Table 2, thenkl sample was the highest, indicating those
had more oxidation, while the REF sample or addethtio powder significantly reduced the
TBA and POV values. This result could be explaimedthat the annatto powder with high
antioxidant activity helps to prevent the primandaecondary oxygen reactions of lipids in the
sausage samples. This result was similar to theique observations. Figueirdo et al. [22]
concluded that annatto powder helps to preverd lipidation of pork during cold storage when
compared to the blank sample. Other previous asiticoncluded that the use of naturally
extracted compounds with highvitro antioxidant activity also has the potential tover lipid
oxidation in meat products [20].

The total volatile nitrogen (VBN) content is cormidd as one of the most important
indicators of the freshness of meat and dairy peteduia the breakdown of protein form to
volatile nitrogen. Normally, the VBN values may thee to the activity of the spoilage bacterial
and endogenous enzyme system in meat productsA23hown in Table 2, CTL sample had
the highest content of VBN, while the REF was tbedst, while there was no difference
amongst samples of annatto seed powder supplemeentaid those values were lower than
CTL and higher than REF samples. The highest valuéBN in CTL samples may be due to
stronger protein breakdown than that of nitriteuienatto added samples.

3.4. Microbial analysis
The results of microbial counts (TPC and VRB) wesspnt in Table 2. The CTL sample

(without nitrite or annatto powder) had higher lothacterial counts (TPC) and
Enterobacteriaceae (VRB) than the REF sample or annatto added samdi@sever, there was
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no difference (p> 0.05) among the nitrite or armatided samples. These results conclude that
the annatto seed powder has antibacterial actiitie current results are consistent with
previous studies on the antimicrobial propertieamiatto. Viuda-Martos et al. [9] observed that
annatto extract was a better agent agd@msteruginosa than nisin. Venugopalan and Giridhar
[24] reported that the alcoholic extracts from dtmaeeds are resistantEocoli andB. cereus.

In addition, Yolmeh et al. [25] also observed thahatto has the potential to inhibit the growth
of E. coli and bacteria on mayonnaise. Furthermore, somedisutioncluded that there is a
correlation between the antioxidant and antimiabhctivities of natural phenolic compounds.
This may be due to the biological compounds coetiin the annatto extracts such as phenolic
acid, carotenoids, flavonoids, etc., which act @sns that inhibit or disrupt enzymes and
microorganisms. Based on these results, it wasebeet that phenolic compounds from annatto
seeds not only showed very strong antioxidant igthut also possessed antimicrobial activity
in pork meat.

3.5. Effect on textur e profile of pork sausages

The texture profile of sausage was conducted uinginstron Testing Machine, which
measures the hardness, springiness, gumminessineissvand cohesiveness. As shown in Table
4, the hardness of the CTL sample was lower th&erosamples, whereas, there was no
significant difference among samples with annattd aitrite added (REF). Moreover, the
springiness, gumminess, chewiness and cohesivemargs not significantly different among
treatments (p>0.05). Generally, the texture prigerof the meat products such as hardness,
springiness, gumminess, and chewiness have a mgpact on consumer acceptance [26]. The
hardness of the blank sample is lower than théte@bther samples, which may be related to the
partial oxidation of the protein at the same tinue do the stronger activity of the endogenous
enzymes and microbial systems in this sample cosdpaith other samples. The results show
that the addition of annatto powder to the meatpcts may have the effect of preventing
oxidation, enhancing binding and improving the fimwality and stability of protein as
compared to the CTL.

Table 4. Texture properties of pork sausages as affectacibgus level of annatto seeds powder.

Treatments

CTL REF T1 T2 T3 T4
Mean 16782 1843.f 1796.6 1858.9 1856.7 1959.5
SD 35.3 35.3 31.8 14.0 29.5 31.5
Mean 6.02 6.08 5.95 6.35 6.76 6.49
SD 0.41 1.28 0.81 1.37 0.52 0.99
Mean 10.32 11.27 11.13 11.63 11.96 12.86
SD 1.93 1.37 0.54 3.29 1.59 1.60
Mean 64.56 64.23 62.05 61.17 60.68 75.64

SD 22.52 13.97 13.31 12.02 16.70 18.64

Mean 0.006 0.007 0.006 0.006 0.007 0.007
SD 0.001 0.001 0.001 0.001 0.001 0.001

Parameters

Hardness (gf)

Springiness (mm)

Gumminess

Chewiness

Cohesiveness

Means with different superscript letters (a-bhe same row indicate significant differences among
treatments at p < 0.05.
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4. CONCLUSION

Taken together, annatto seed powder might be $aitabthe replacement of nitrite in pork
sausauge manufacture. Annatto seed powder imprtheescolor and texture properties of
sausages. Moreover, annatto added samples of sauwszg more effective to retard lipid
oxidation as well as inhibit the growth of microargsms than the blank treatment.

Therefore, annatto seed powder could be a sourpatafal antioxidant and antimicrobial
agents that could be used for the replacement tafenin the production of meat products
without decreasing quality properties and also reditey the shelf-life. In the future, more
research should be conducted to assess the opwell of annatto powder for industrial
conditions and its impact to sensory propertiesvel as customer’s acceptance. Furthermore,
related studies will be also focus on the role mfiadto on oxidative reactions affecting lipids
and proteins that would shed light on these compieghanisms.
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