THE FINAL REPORT

Effect of Carissa carandas L. fruit extracts on quality and antioxidant

properties in ground pork

Asst. Prof. Dr. Komkhae Pilasombut
Asst. Prof. Dr. Montinee Teerarak
Assoc. Prof. Dr. Chamroon Laosinwattana

Miss Nguyen Thi Kim Tuyen

This research was supported by grants from Faculty of Agricultural Technology
King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand

9/2016 - 9/ 2017



Project title: Effect of Carissa carandas L. fruit extracts on quality and antioxidant properties in
ground pork

Source of fund: Annual Budget

Year: 2016 Total of budget: 70,000 bath

During of the Project: 1 year

Head of the Project and research assistant:

Asst.Prof. Dr. Montinee Teerarak

Assoc.Prof. Dr. Chamroon Laosinwattana

Asst.Prof. Dr. Komkhae Pilasombut

Miss Nguyen Thi Kim Tuyen

Department:  Plant Production Technology,

Faculty: Agricultural Technology

King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand

Abstract

The aim of this study was to investigate the antioxidant and antimicrobial activities of Carissa
carandas L. fruit extracts using various solvent ratios of ethanol in water and their effect on physical,
chemical and biological qualities in ground pork during period of storage time for 8 days at 4°C and 12
weeks at -20°C in refrigerator. The effect of various solvent ratios of ethanol (0%, 25%, 50%, 75% and
100%) in water on crude yield, total phenolic content and total flavonoid content was determined. The
results showed that the highest crude yield was obtained from water solvent for and C. carandas fruit
extracts. The crude yields of various solvents from C. carandas fruits showed that the extraction yield of
water was the highest (5.28 g/100 g DW) and the extraction yield of 100% ethanol was the lowest (3.34
g/100 g DW). Moreover, the highest recovery yield of total phenolic content from and C. carandas fruit
extracts were ranged from 15.87 to 20.44 mg GAE/g crude, while total flavonoid content from C.
carandas fruit extracts were ranged from 0.11 to 0.17 mg QE/g crude. The in vitro antioxidant and
antibacterial activities of C. carandas fruits of various crude extracts were determined. The results
indicated that 50% and 75% ethanol extracts had the higher antioxidant activities compared to other

extracts. In particular, extracts from C. carandas fruits showed the strong inhibition on the growth of all
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the tested bacteria. Thus, the water crude extract from C. carandas fruits (CWCE) was selected as optimal

extract for further studies based on the higher antioxidant activities and preliminary sensory evaluation.

The ground pork samples were subjected to four treatments consisted of control, 0.2 g BHT/kg
meat, 2.5 g CWCE/kg meat and 5 g CWCE/kg meat. The effect of CWCE on DPPH scavenging radical
activity, ABTS radical cation decolonization, reducing power, TBARS, pH, instrumental color (CIE L*,
a¥*, b¥), total plate count, yeasts/molds, psychrophilic bacteria and coliforms in ground pork during period
of storage time for 0, 2, 4, 6 and 8 days at 4°C and 0, 4, 8 and 12 weeks at -20°C were studied. According
to the DPPH, ABTS and reducing power assays, the ground pork samples containing CWCE showed
significantly higher activity in both raw and cooked samples compared to the control and BHT samples.
Moreover, the lower level of lipid peroxidation compared to control and BHT treatments was found in the
samples containing CWCE. The lightness (L*) and yellowness (b*) values of meat samples contained
CWCE were lower significantly while the redness (a*) values higher than the control samples at the end
of the storage time. The sensory properties of the cooked ground pork mixed with 2.5 and 5 g CE/kg meat
were also determined. The results indicated that the addition of CWCE had no significantly affected the
sensory scores of ground pork samples on overall appearance such as color, odor, texture, flavor and

overall quality compared to the control.

These results demonstrated that the extracts from C. carandas fruits are high potential to be used
as natural ingredients to maintain the quality, antioxidant and antimicrobial activities and prolong the shelf

life of ground pork as well as develop new functional food safety to satisfy consumers.

Keywords: Carissa carandas L., Antioxidant activity, Pork.
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CHAPTER 1

INTRODUCTION

1.1 The problem and its back ground

Meat is an important source for some micronutrients such as trace elements and vitamins, which are
either not present in plant derived food or have a poor bioavailability. In addition, meat as a protein-rich and
carbohydrate-low product contributes to a low glycemic index (Angiolillo et al. 2015). Meat contains several
important or even essential nutrients, which are beneficial for human health and development. As an essential
part of a mixed diet, meat ensures adequate delivery of essential micronutrients and amino acids and is
involved in regulatory processes of energy metabolism. Meat is a good example for a complex structured food
whose role often is controversially discussed in the context with health (Velasco and Williams. 2011).
However, rich nutrition condition in meat is also the cause for chemical changes and microorganism growth.

Lipid oxidation is one of the main causes of quality deterioration in meat and meat products because
it leads to discolouration, off-flavours, texture deterioration, and loss of nutrients, all of which are the major
quality factors affecting consumers acceptance of meat (Rajneesh et al. 2008). Lipid oxidation is promoted by
diverse factors such as heat, light, metal ions, heme (in meat), oxygen, free radicals, and oxidative enzymes
(Min and Ahn. 2005). In addition, protein oxidation affects meat quality, including tenderness, water-holding
capacity, and nutritional quality, and has attracted considerable attention in recent years after having been
ignored for decades (Popova and Marinova. 2013). Complex mechanisms and reaction processes are involved
in lipid and protein oxidation, while it is generally accepted that both types of oxidation occur mainly via a
radical chain reaction including initiation, propagation, and germination stages (Magsood et al. 2015). Thus,
one effective method for slowing oxidation is to use antioxidants to break the radical chain reaction to
maintain the nutritional and sensory qualities of meat. Antioxidants can prevent lipid peroxidation using the
following mechanisms: decreasing localized oxygen concentrations; preventing chain initiation by scavenging
initiating radicals; binding catalysts, such as metal ions to prevent initiating radical generation; decomposing
peroxides, by this way-they can not be reconverted to initiating radicals; chain-breaking to prevent continued
hydrogen abstraction by active radicals (Foo et al. 2015). In industrial processing, mainly synthetic
antioxidants such as butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA), tertiary butyl

hydroquinone (TBHQ) and propyl gallate (PG), have been widely used to help meat preservation (Kiokias and



Gordon. 2003). However, compared with synthetic antioxidants, natural antioxidants are of great interest
because of their safety and health characteristics. The demand for natural antioxidant, especially of plant
origin has increased in the recent years due to the growing concern among consumers about these synthetic
antioxidants because of their potential toxicological effects. So, over the past few years, increasing consumer
demand for more natural, preservative-free products has led the food industry to consider the incorporation of
natural antioxidants in a range of products. The use of natural antioxidants has the advantage of being more
acceptable by the consumers as these are considered as non-chemical.

Moreover, the contamination of meat products with microorganisms presents a problem of global
concern, since the growth and metabolism of microorganisms can cause serious foodborne intoxications and a
rapid spoilage of the meat products. Thus, the acceptance and safety of a meat product for the consumers
depends in great part on the presence and nature of microorganisms. Besides molds and yeasts, bacteria are
the principle responsible for various types of food spoilage and foodbomne intoxications (No. 2012).
Foodbomne pathogens are one of the major causes of morbidity and mortality all over the world. In the United
States, 31 foodborne pathogens caused about 9.4 million illness, 56.000 hospitalizations, and 1300 deaths each
year (Patra and Baek. 2016). Listeria spp., enterohemorrhagic E. coli 0157:H7 and S. aureus are on the top of
the lists of bacterial pathogens related to meat responsible for foodborne illnesses. Moreover, some species of
lactic acid bacteria consist of L. sakie, L. mensenterioides, Lactococcus spp., Enterococcus spp. and some
other Gram-negative bacteria such as Salmonella spp., Pseudomonas spp., A. hydrophia, which caused
spoilage in meat (Vashist and Jindal. 2012).

In particular, in the last decade consumer demands in the field of food production has changed
considerably. Consumers more and more believe that foods contribute directly to their health (Lee et al. 2011).
Today foods are not intended to only satisfy hunger and to provide necessary nutrients for humans but also to
prevent nutrition-related diseases and improve physical and mental well-being of the consumers. In this
regard, functional foods play an outstanding role. The increasing demand on such foods can be explained by
the increasing cost of healthcare, the steady increase in life expectancy, and the desire of older people for
improved quality of their later years (Olmedilla-Alonso et al. 2013). The terms of functional food and
nutraceutical are used interchangeably and are defined as substances which can be considered a food, or part
of a food, which provides medicinal properties or healthy benefits, including the prevention and treatment of

disease (Angiolillo et al. 2015). This awareness has moved consumers to become more health-conscious,



driving a trend towards healthy and nutritious foods with additional health promoting functions. Therefore,
urgent requirements of industrial meat are need to concentrate on improvement in the healthy meat to satisfy
the consumer concerns.

Plants are a generous source to supply human with a numerous of valuable bioactive compound
(Kihkénen et al. 1999; Tagne et al. 2014). Bioactive compounds range from very polar to very non-polar
compounds from plants have been found to possess potent antioxidant and antimicrobial properties (Dailey
and Vuong. 2015) and the extraction solvent plays an important role in extraction efficiency of bioactive
compounds from the plant materials (Dent et al. 2013). Different plant materials such as oilseeds, cereal crops,
vegetables, fruits, leaves, roots, spices, and herbs are being evaluated due to their high content of polyphenols
as natural antioxidants to preserve and improve the overall quality of meat (Foo et al. 2015). Plant extracts
have been used as natural antioxidant and antimicrobial products in meat and meat products by several
authors. Different kimchi ethanolic extracts on the antioxidant properties and lipid oxidation of cooked ground
pork during storage at 4°C for 14 days (Lee et al. 2011). Oregano and sage essential oil treatments
significantly reduced the oxidation in meat storage up to 12 days (Fasseas et al. 2008). The effects of 10%,
5%, and 2.5% sorrel concentration against E. coli O157:H7 strains (Fullerton et al. 2011). Leaf extracts of
chamnamul, bok choy, fatsia, butterbur, chamnamul, bok choy, crown daisy, and stonecrop extracts exhibited
inhibitory activity against B. subtilis, S. aureous, especially the addition of vegetable extracts resulted in a
reduction in growth rate of total viable count (Kim et al. 2013a). Clove and rosemary extracts in inhibiting
microbial growth, reducing lipid oxidation, maintaining or improving sensory characteristics and extending
the shelf-life of raw chicken meat during storage at 40C for 15 days (Zhang et al. 2016).

Carissa carandas L. (common name Karaunda), is one of the trees with edible small red berries fruit
in the Apocynaceae family, Carissa genus, C. carandas species. It is a widely used medicinal plant, cultivated
as hedges all over India, Thailand, Sri Lanka, Java, Malaysia, Myanmar and Pakistan (Fartyal and Kumar.
2014). Traditionally, whole plant and its parts were used in the treatment of various ailments. The roots were
employed as a bitter stomachic, vermifuge and as an ingredient in the remedy for itches. The roots were
reported to contain salicylic acid and cardiac glycosides. It also contains carissone, d-glycoside of p-sitosterol,
glucosides of odoroside H, carindone, a terpenoid lupeol, ursolic acid and its methyl ester, also carinol, a
phenolic lignan. Some other previous studies also reported that the fruits, leaves, barks, and roots of C.

carandas have been used foethnomedicine in the treatment of human diseases, such as diarrhea, stomachic,



anorexia, intermittent fever, mouth ulcer and sore throat, syphilitic pain, burning sensation, scabies, and
epilepsy (Itankar et al. 2011; Mehmood et al. 2014). Other properties attributed are strengthening tendons,
effective against remittent fever, earache and syphilitic pain. Chemical constituents include steroids, terpenes,
tannins, flavonoids, benzenoids, phenylpropanoid, lignans, sesquiterpenes, and coumarins (Fartyal and
Kumar. 2014; Singh and Uppal. 2015).

Therefore, the objectives of this study were to focus on two main points. The first, evaluation of
antioxidant and antimicrobial activities of C. carandas extracts using extract solvent system of water, 25, 50,
75 and 100% ethanol in water (v/v). The second, application of C. carandas extracts in ground pork for
prolong the quality at chilled (4°C) and frozen (-20°C) storage time up to 8 days and 12 weeks, respectively.
The quality of meat samples was evaluated on physical (pH, color), chemical (TBARS, DPPH radical
scavenging activity, ABTS radical cation decolorization, reducing power), biologycal qualities (total plate

‘count, yeast/molds, E. coli/Coliform, psychophilic bacteria).

1.2 The purpose of the research project

Effect of Carissa carandas L. fruit extracts on quality and antioxidant properties in ground pork

1.3 The scope of the research project

1. Evaluation of the effect of various solvent systems of ethanol (0%, 25%, 50%, 75% and 100%) in
water on the extraction crude yield, TPC and TFC of C. carandas fruits.

2. Evaluation of the effect of various solvent systems of ethanol (0%, 25%, 50%, 75% and 100%) in
water on in vitro antioxidant and antimicrobial properties of the crude extracts from C. carandas fruits.

3. Evaluation of the effect of optimal crude extracts from C. carandas fruits on chemical, physical
and biological quality in ground pork storaged at 4°C over 8 days and at -20°C over 12 weeks.

4. Sensory evaluation.



CHAPTER 2
LITERATURE REVIEW

2.1 Carissa carandas

Carissa carandas commonly known as Karanda belongs to Apocynaceae family. C. carandas is
large dichotomously branched evergreen shrub with short stem and strong thorn in pairs. Gentianales order,
Carissa genus, Flueggeinae subtribe, C. carandas species. Other names less widely used include: karau(n)da,
karanda, or aramda. It is called kerenda in Malaya, karaunda in Malaya and India; Bengal currant or Christ's
thom in South India; nam phrom, or namdaeng in Thailand: and caramba, caranda, caraunda andperunkila in
the Philippines. In Assam it is called Karja tenga. In Bengali it is called as Koromcha. This species is a rank-
growing, straggly, woody, climbing shrub, usually growing to 3 — 5'm high, sometimes ascending to the tops
of tall trees. The plant is native and common throughout India. Fruit is a drupe, broadly ovoid/ellipsoid, 1.5 to
2.5 centimeters long, bluntly pointed, and blackish or reddish-purple when ripe, and containing 2 to 4 small,
flat seeds. Pulp is reddish-purple and sour. Karonda’s ripeness depends on its end use, If intended for use as a
vegetable, the fruits should be plucked while still unripe. This is apparent by the fruit’s greenish white color.
When fully ripe, these fruits are selected for canning, preserving and pickling. Some of the fruits grow dark
red when fully ripe; others grow dark purple (Kumar et al. 2013).

An antioxidant is a molecule that inhibits the oxidation of other molecules. Oxidation is a chemical
reaction that can produce free radicals, leading to chain reactions that may damage cells. Antioxidants are
widely used in dietary supplements and have been investigated for the prevention of diseases such as cancer,
coronary heart disease and even altitude sickness (Fartyal and Kumar. 2014; Sumbul and Ahmed. 2012).
Although initial studies suggested that antioxidant supplements might promote health, later large clinical trials
of antioxidant supplements including beta-carotene, vitamin A, and vitamin E singly or in different
combinations suggest that supplementation has no effect on mortality or possibly increases it (Singh and
Uppal. 2015). Randomized clinical trials of antioxidants including beta carotene, vitamin E, vitamin C and
selenium have shown no effect on cancer risk or increased cancer risk associated with supplementation (Israr
et al. 2012; Sadek et al. 2013). Randomized clinical trials of antioxidants including beta carotene, vitamin E,
vitamin C and selenium have shown no effect on cancer risk or increased cancer risk associated with

supplementation (Fartyal and Kumar. 2014). Phytochemical studies revealed the presence of glycosides,



terpenoids, flavonoids, tannins, saponins, unsaturated sterols, salicylic acid, proteins, vitamin C, phenolic
acids, carissol, carissic acid and B-sitosterol as plant constituents (Mehmood et al. 2014). In addition,
antioxidant activities of this plant are also reported (Singh and Uppal. 2015). The present investigation was
undertaken to find out the antibacterial potential of crude extracts of different parts of C. carandas against
some Gram-positive and Gram-negative bacteria. Antimicrobial activity against S. aureus, S. epidermidis, E.
coli, A. niger, C. albicans was seen in aqueous, ethanol, methanol, chloroform and acetone extract of C.
carandas (Salar and Dhall. 2010). Antimicrobial activities of ethanolic extract of fruits of C. carandas have
been reported against S. aureus, S. epidermidis, S. pneumoniae, B. subtilis, E. coli (Israr et al. 2012).
Therefore, the objectives of this study was to investigate in vitro studies of antioxidant and antibacterial
properties of C. carandas fruits extracts for new natural ingredients that can be further use as functional and

food safety in the further.

2.2. Antioxidants

Antioxidants are compounds or systems that delay autoxidation by inhibiting formation of
free radicals or by interrupting propagation of the free radical by one (or more) of several mechanisms: (1)
scavenging species that initiate peroxidation, (2) chelating metal ions such that they are unable to generate
reactive species or decompose lipid peroxides, (3) quenching °O, preventing formation of peroxides, (4)
breaking the autoxidative chain reaction, and/or (5) reducing localized O, concentrations (Brewer. 2011).
Chain-breaking antioxidants differ in their antioxidative effectiveness depending on their chemical
characteristics and physical location within a food (proximity to membrane phospholipids, emulsion
interfaces, or in the aqueous phase). The chemical potency of an antioxidant and solubility in oil influence its
accessibility to peroxy radicals especially in membrane, micellar and emulsion systems, and the amphiphilic
character required for effectiveness in these systems. Antioxidant effectiveness is related to activation energy,
rate constants, oxidation-reduction potential, ease with which the antioxidant is lost or destroyed (volatility
and heat susceptibility), and antioxidant solubility. In addition, inhibitor and chain propagation reactions are
both exothermic. As the A:H and R:H bond dissociation energies increase, the activation increases and the
antioxidant efficiency decreases. Conversely, as these bond energies decrease, the antioxidant efficiency
increases. The most effective antioxidants are those that interrupt the free radical chain reaction. Usually

containing aromatic or phenolic rings, these antioxidants donate H® to the free radicals formed durin
p g g



oxidation becoming a radical themselves. These radical intermediates are stabilized by the resonance
delocalization of the electron within the aromatic ring and formation of quinone structures. In addition, many
of the phenolics lack positions suitable for molecular oxygen attack. Both synthetic antioxidants (BHA, BHT p
and propyl gallate) and natural botanicals contain phenolics (flavonoids) function in this manner. Botanical
extracts with antioxidant activity generally quench free radical oxygen with phenolic compounds as well.
Because bivalent transition metal ions, Fe'  in particular, can catalyze oxidative processes, leading to
formation of hydroxyl radicals, and can decompose hydroperoxides via Fenton reactions, chelating these
metals can effectively reduce oxidation. Food materials containing significant amounts of these transition

metals (red meat) can be particularly susceptible to metal-catalyzed reactions (Brewer. 2011).

2.3. Microbes in meat

Meat and meat products are highly prone to microbial contamination since they are rich in
essential nutrients and perishable in nature. This is further accelerated by some intrinsic factors including pH
and water activity of fresh meat. In general, most fresh meat has a water activity value higher than 0.85 and its
pH value falls within the favorable pH range for spoilage bacteria of meat (Fullerton ez al. 2011). Hence,
deterioration in quality and potential public health issues is common if these products are not properly handled
and preserved (Tajkarimi et al. 2010). A significant level of spoilage of meat and meat products takes place
every year at different levels of the production chain including the preparation, storage, and distribution.
Microorganisms associated with the spoilage of meat and meat products including bacteria such as
Pseudomonas, Acinetobacter, Brochothrix thermosphacta, Lactobacillus spp., Enterobacter etc., and yeast
and mold cause quality defects such as off-flavor, off-odor etec. Additionally, foodbome diseases have
emerged as important and growing public health and economic problems in many countries over the last few
decades. Foodbomne diseases are not limited to a particular age group or country (Bozoglu et al. 2004).
Regarding the meat and meat products, several pathogenic microorganisms including Salmonella spp-,
Campylobacter jejuni, Escherichia coli O157:H7, Listeria monocytogenes, Clostridium spp. and Aeromonas
hydrophila can result in foodborne illnesses to consumers if the products are not preserved and handled
properly. They can survive and need much harsher conditions to be inactivated. With the absence of
competitive microflora, these spores can germinate and grow under favorable conditions caused by

mishandling of the heat treated products.



CHAPTER 3
RESEARCH METHODOLOGY

3.1 Evaluation of the effect of various solvent systems of ethanol (water, 25%, 50%, 75% and 100%) in
water on the extraction crude yield, TPC and TFC of C. carandas fruits
3.1.1 Preparation of ethanol extracts at the concentrations of 0, 25, 50, 75, 100% (v/v) from C.

carandas fruits

Fresh C. carandas fruits were collected from the local area in Ladkrabang and Samut
Songkhram, Bangkok, Thailand. After washing under running tap water, they were dried in a hot-air oven at
45°C for 3 days, and then ground to small pieces. The dried leaves and fruits were extracted with different
solvent systems (water, 25%, 50%, 75% and 100% (v/v) ethanol in water) using 1 part of powder to 9 parts of
each solvent (w/v) for 72 h at 4°C. Extraction was repeated three times and the extracts were then combined
after being filtered through three layers of cheesecloth to remove large debris and re-filtered through
Whatman No.1 filter paper. The filtrates were evaporated in a rotary evaporator (BUCHI Rotavapor R255,
Lausanne, Switzerland) at 45°C, to leave a sticky residue and stored at 4°C until use. The sticky crude extracts
(CE) were dissolved in their extraction solvent before use.

3.1.2. Determination of crude extract content of C. carandas extracts using the solvent system
containing 0, 25, 50, 75, 100% (v/v) of ethanol aqueous solution

— Total phenolic content (TPC)

TPC was determined by the Folin-Ciocalteu method (Chumyam et al. 2013). The
calibration curve was established using gallic acid (0 - 200 mg/1). One ml of each extract solution (1000 mg/1)
or gallic acid was individually combined with 0.5 ml of 2N Folin-Ciocalteu reagent and 4 ml of 7.5% (w/v)
sodium carbonate solution. The mixtures were allowed to stand for an hour at room temperature in the dark,
and then measured at 765 nm using a spectrophotometer (Shimadzu model UV-1601, Japan). TPC was
calculated on the basis of the calibration curve of gallic acid standard. The results were expressed as mg gallic

acid equivalent per 1 gram of crude extract (mg GAFE/g crude).



. Total flavonoids content (TFC)

TFC was measured with the aluminum chloride colorimetric assay (Jain and Singhai.
2011). The calibration curve was established using quercetin (0 - 200 mg/l). In brief, 0.5 ml of each stock
extract solution (1000 mg/1) or quercetin was individually mixed with 0.1 ml of 10% (w/v) aluminum nitrate,
0.1 ml of 1M potassium acetate; the total volume was then added to more ethanol to reach a total of 10 ml.
The combination was thoroughly mixed and allowed to stand for 40 mins at room temperature. The maximum
absorbance of the mixture was measured at 415 nm using a spectrophotometer (Shimadzu model UVv-1601,
Japan). The results are expressed as mg quercetin equivalent per 1 gram crude extract (mg QE/g crude
extract).

3.2 Evaluation of the effect of various solvent systems of ethanol (0%, 25%, 50%, 75% and 100%) in
water on in vitro antioxidant and antimicrobial properties of the crude extracts from C. carandas fruits
3.2.1 In vitro antioxidant activity of the extracts from C. carandas fruits;

There are abundant antioxidant methods for determination of antioxidant activity. Of these,
inhibition of lipid peroxidation, reducing power, DPPH radical scavenging activity and metal chelating were
used to determine the antioxidant activity of C. carandas crude water extracts. The sticky crude of each
extract was dissolved in their extraction solvent to contain the stock extract solution at concentrations of 1000,
750, 500, 250, and 100 mg/1 (w/v) for the following antioxidant determination:

= Lipid peroxidation assay

Lipid peroxidation inhibition of the crude extracts in the egg yolk was determined
using a modified (Rajneesh ez al. 2008). In brief, one ml of each concentration (1000, 750, 500, 250, and 100
mg/l (w/v)) of each crude extract was individually added to 50 ml of egg yolk prepared in phosphate buffered
saline (PBS) at a ratio of 1:4 (w/v), then 0.5 ml of 24 mM ferrous sulfate and 0.5 ml of PBS were added. The
mixture was shaken vigorously and incubated at 37°C for 15 mins. Next, 0.5 ml of 20% (w/v) trichloroacetic
acid and 1 ml of 0.8% (w/v) thiobarbituric acid was added to the mixture. After boiling at 95°C and cooling
for 30 mins, the mixture was centrifuged at 2200 g for 20 mins at 25°C. The absorbance was measured at 532
nm by spectrophotometer (Shimadzu model UV-1601, Japan). The results were expressed as IC, values,

which required 50% inhibition of lipid peroxidation.
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= Reducing power ability

The reducing power of C. carandas extracts was measured by the method described by
Kim (2012). In brief, one ml of each concentration (1000, 750, 500, 250, and 100 mg/l (w/v)) of each crude
extract was individually mixed with 2.5 ml of 0.2M phosphate buffer pH 6.6 and 2.5 ml of 1% (w/v)
potassium ferricyanide, then incubated at 50°C for 20 mins. Next, 2.5 ml of 10% (w/v) trichloroacetic acid
was added and centrifuged at 2200 g for 10 mins at 25°C. Finally, 2.5 ml of upper layer solution was mixed
with 2.5 ml of distilled water and 0.5 ml of 0.1% (w/v) ferric chloride. The absorbance was measured at 700
nm by a spectrophotometer against a blank. The results are expressed in ICy, values, which required 50%
inhibition of reducing power activity.

—  Radical scavenging activity (DPPH)

DPPH free radical-scavenging activity was determined using the method described by
Ebrahimzadeh ez al. (2008). In brief, 2 ml of each concentration (1000, 750, 500, 250, and 100 mg/l (w/v)) of
each crude extract was individually mixed with 2 ml of 100 pM 2,2-diphenyl-1-picrylhydrazyl (DPPH)
prepared in ethanol. The reaction mixture was vortexed thoroughly and left in the dark at room temperature
for 30 mins. The absorbance of the mixture was measured at 517 nm using a spectrophotometer (Shimadzu
model UV-1601, Japan). The results were expressed as ICs, values, which required 50% scavenging inhibition
of DPPH radical.

o Metal chelating activity

The chelating ability of the crude extracts for ferrous ions (Fe2+) was quantified
according to the modified method of Jamuna ef al. (2012). Briefly, one ml of each concentration (1000, 750,
500, 250, and 100 mg/l (w/v)) of each crude extract was individually mixed with 50 pl of 2mM ferrous sulfate
heptahydrate, and then added 100 pl of 5mM ferrous solution. The mixture was shaken vigorously and
incubated at room temperature for 10 mins. The absorbance was then measured at 562 nm using a
spectrophotometer (Shimadzu model UV-1601, Japan). The results were presented by ICy, values, which

required 50% inhibition of chelate ferrous ions.
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3.2.2 In vitro antimicrobial activity of the extracts from C. carandas fruits:
= Microbial preparation

Pathogenic strains of Salmonella Typhimurium TISTR 292, Staphylococcus aureus
TISTR 118, Escherichia coli TISTR 780, Aeromonas hydrophila TISTR 1321 and spoilage strains of
Pseudomonas fluorescens TISTR 358, Lactobacillus plantarum ATCC 14947T, Lactobacillus sakei TISTR
890, Leuconostoc mesenteroides subsp. mesenteroides TISTR 942, Streptococcus sp. TISTR 1030,
Lactococcus cremoris TISTR 1344, Bacillus coagulans TISTR 1447 and were obtained from Thailand
institute of scientific and technological research, Thailand; and American Type Culture Collection, Rockville,
Md. The bacteria strains were grown and maintained in glycerol eppendorfs containing MRS broth for lactic
acid bacteria and TSB-YE (Trypticase Soy broth with 0.6% Yeast Extract) for pathogenic bacteria. All the
stock bacteria strains were stored at -80°C for further use.

- Preparation of crude extracts

The sticky crude of each extract was dissolved in their extraction solvent to
contain the stock extract solution at concentrations of 100, 50, 25, 12.5, and 6.25 mg/ml (w/v).

w Agar well diffusion

Antibacterial property of the C. carandas fruit crude extracts against 11 strains
of food pathogenic and spoilage bacteria was determined using the method of Biswas et al. (2013). Bacterial
strains were cultured on petri plates of MRS agar for lactic acid bacteria and TSB-YE for pathogenic bacteria
for 48 h to obtain single colony. The bacterial suspensions were adjusted with sterile 0.85% sodium chloride
solution to contain 10° CFU/ml of tested bacteria according to 0.5 McFarland standards. Consequently, 25 pl
of these inoculums were transferred to 25 ml of proper media and poured into sterile petridish. Later, agar
plates were allowed to become solid, wells were prepared in the plates with the help of a 6 mm sterile cork-
borer. A total of 50 ul of each stock extract solution (range from 6.25 to 100 mg/ml) was added into the well.
10% of ethanol was used as negative control. The plates were incubated overnight at proper conditions for
each strain. Microbial growth was determined by measuring the diameter of zone of inhibition (mm). The

experiment was done three times and the mean values are presented.
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3.3 Evaluation of the effect of optimal crude extracts from C. carandas fruits on chemical, physical and
biological quality in ground pork storaged at 4'C up to 8 days and at -20°C up to 12 weeks
3.3.1 Preparation of meat samples

Raw pork and fat were obtained from Makro supermarket, Thailand. After being cut to small
pieces, the pork was combined to contain 30% fat (w/w), then the mixture was ground by a houlinette
homogenator (DPA17, Tefal, Thailand). The experiment consisted of four treatments: none added (control);
0.2 g BHT/kg meat (positive lipid peroxidation); ground pork plus 2.5 and 5.0 g CE/kg meat; and mixed
vigorously. Cooked meat samples were prepared by boiling at 95°C for 20 mins. Meat samples were packed in
polyethylene bags and tested period in 0, 2, 4, 6, 8 days at 4°C and 0, 4, 8, 12 weeks at -20°C in refrigerator.

3.3.2 Quality of ground pork samples

e Chemical analysis:

+  Free scaveging radical activity (DPPH)

The radical scavenging activities of the meat samples were measured according
to the method of Qwele ez al. (2013). Briefly, two ml of the meat extracts was individually added to 2 ml of
0.2 mM DPPH prepared in ethanol. The mixture was vortexed and left to stand in the dark at room
temperature for 30 mins. The mixture of ethanol (2 ml) and meat extract (2 ml) serve as a blank. The control
solution was prepared by mixing ethanol (2 ml) and DPPH radical solution (2 ml). The absorbances were
measured at 517 nm using a spectrophotometer (Shimadzu model UV-1601, Japan). The results were

expressed as inhibiting percent and calculated as in:
Asample 5 Ablank

DPPH activity (%)= [l ] x100
Acomoi

+ Radical cation decolorization assay (ABTS)

The total antioxidant activity of the meat samples was measured by the method
described by Re et al. (1999). The stock [2,2’-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid)] ABTS'*
solution was produced by mixing 7 mM ABTS" aqueous solution with 2.4 mM potassium persulfate in the
dark for 12-16 hours at room temperature. The mixture was incubated in the dark at room temperature 12-16 h
before use. Prior to assay, this solution was diluted in 80% ethanol and equilibrated at 30°C to give an

absorbance of 0.70 + 0.02 at 734 nm. Then, 3 ml of diluted ABTS"" solution was added to 300 pl of the meat
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extract. After 6 mins of incubation at room temperature, the absorbance were recorded at 734 nm using a
spectrophotometer (Shimadzu model UV-1601, Japan) against a blank (3 ml of ethanol plus 300 pul of sample
extract), and a control (3 ml of ABTS™" solution plus 300 pl of ethanol). The scavenging activity of meat

samples against ABTS radical cation decolorization was expressed as inhibiting percent and calculated as in:
e Asample s Ablank

ABTS activity (%)= [ N ] x100
ontrol

+  Reducing power ability

Reducing power ability was measured by the method described by Gallego et
al. (2015). Briefly, one ml of the meat extracts was individually mixed with 2.5 ml of 0.2M phosphate buffer
pH 6.6, 2.5 ml of 1% potassium ferricyanide and then incubated at 50°C for 30 mins. Afterwards, the mixture
was added to 2.5 ml of 10% trichloroacetic acid and centrifuged at 2200 g for 10 mins at 25°C. Finally, 2.5 'ml
of upper layer solution was mixed with 2.5 ml of distilled water and 0.5 ml of 0.1% ferric chloride. The
absorbance of the sample solutions were measured at 700 nm using a spectrophotometer (Shimadzu model
UV-1601, Japan). The results were expressed in the absorbance values.

+ Thiobarbituric acid reaction substances (TBARS)

Thiobarbituric acid reactive substances (TBARS) were measured by the method
described by Ortuiio ef al. (2016). Briefly, 2 g of meat samples was individually homogenized with 10 ml of
thiobarbituric acid solution reagent (a mixture of 0.375% (w/v) 2-thiobarbituric acid, 0.25N hydrogen
chloride, and 15% (w/v) trichloroacetic acid was prepared with a silent crusher for 1 h at high speed), and
heated at 95°C for 15 mins in a boiling water bath. Subsequently, the mixtures were cooled in ice-cold water
and centrifuged at 1500 x g for 15 mins at 4°C. The absorbances were measured at 532nm using a
spectrophotometer (Shimadzu model UV-1601, Japan). The results were reported as mg malondialdehyde per
kg meat sample (mg MDA/kg meat).

== Physical analysis:
A )

pH levels were determined according to AOAC (1995). Specifically, 2 g of

samples were homogenized in 20 ml of distilled water. The mixtures were filtered using Whatman No.1 filter

paper. The pH of the filtrate was measured using a pH meter (Mettler Toledo, Greifensee, Switzerland).
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+ Color

The color of the samples was determined using a color measurement
spectrophotometers (HunterLab MiniScan 45008, The Stothard Group Ltd., United Kingdom). Colour was
described in terms of the L* (lightness), a* (redness), and b* (yellowness) colour space values. Measurements
were made perpendicular to the sample surfaces at five different locations per sample; mean values (L*, a*,
and b*) from the samples were analyzed to obtain an average colourimetric value.

= Biological analysis:’

Brief, 25 g of meat samples were mixed into the polypropylene bags containing 225 ml
of 0.85% sodium chloride (NaCl) using a stomacher bag mixer (400 model VW, France) in 2 min to get the
10" dilutions. Then, one ml of these 10 dilutions were pipetted into a test tube containing 9 ml of 0.85%
sodium chloride to get a 10~ dilution. This step was repeated to get 10, 10™ and 10° dilutions. The sample
solutions were used for bio-microbial parameters:

v Total plate count (TPC)

One ml of the sample solutions of each dilution as described above were pour
into sterilized plates which contain 20 ml of plate count agar to determine total viable counts after incubation
for 24 - 48 h at 37°C. Microbial colonies were counted and expressed as log 10 CFU/g meat samples.

+  Yeasts/Molds (Y/M)

One ml of the sample solutions of each dilution as described above were pour
into sterilized plates which contain 20 ml of malt agar for determining total yeast and mold count after
incubation for 3 - 5 days at 26°C. Microbial colonies were counted and expressed as log 10 CFU/g meat
samples.

+  Psychrophilic bacteria

0.1 ml the sample solutions of each dilution as described above were speared on
plate count agar to determine the aerobic psychrophilic bacteria after incubation for 7 -10 days at 7°C. All
plates were examined visually for colony type and morphological characteristics associated with each growth
medium. Select the plate with counts between 30 - 300 colonies forming units (CFU). Microbial colonies were

counted and expressed as log 10 CFU/g meat samples.
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+ Coliforms/E. coli (Chromocult)

0.1 ml the sample solutions of each dilution as described above were speared on
plate count agar to determine the aerobic E. coli/coliforms after incubation for 24 — 48 h at 37°C. All plates
were examined visually for colony type and morphological characteristics associated with each growth
medium. Select the plate with counts between 30 - 300 colonies forming units (CFU). Microbial colonies were
counted and expressed as log 10 CFU/g meat samples.

3.4 Evaluation of the effect of optimal crude extracts from C. carandas fruits on sensory evaluation of

ground pork products

Sensory evaluation was carried out to evaluate the overall appearance, color, ordor, texture, flavor,
and overall quality of each ground pork sample, following a descriptive hedonic scale method of Beinner et al.
(2010). The sensory panel consisted of 30 consumer panels from the Department of Animal Production
Technology and Fisheries, Faculty of Agricultural Technology, King Mongkut’s Institute of Technology
Ladkrabang, Thailand. The ground pork samples were boiled in a water bath at 95°C for 20 mins, including
time for defrosting and evaluated as soon as the samples were completed. Water was provided for cleaning the
palate between samples. Panelists were asked to evaluate the sensory properties of each sample using a 7-
point descriptive hedonic scale ranging from extremely like to extremely dislike: 7 = extremely like; 6 = very
like; 5 = like; 4 = neither like nor dislike; 3 = dislike; 2 = very dislike; 1 = extremely dislike) was used to
score the samples.

3.5 Statistical analysis

The experimental design was carried out as a Randomized Completely Block Design (RCBD) with
three replications and was repeated three times using one-way analysis of variance (ANOVA). Analysis of
variance was performed using raw data with the mean values and standard deviation of the means (SD) was
calculated. Differences among the means were analyzed using the Tukey’s multiple range tests with a

significance defined at P<0.05 level.

3.6 Duration and location of research work

The research was carried out to study during 1 year (9/ 2016 — 9/ 2017) in laboratory and greenhouse
experiments, Department of Plant Production Technology, Faculty of Agricultural Technology, King
Mongkut’s Institute of Technology Ladkrabang, Bangkok10520, Thailand.
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Effect of solvent system on extraction yield and bioactive compounds from C. carandas fruits
4.1.1 Extraction yield

Selection of solvent is an important step for obtaining extracts with acceptable yields and
strong antioxidant and antimicrobial activity (Dent er al 2013). In this study, the extraction solvents
significantly (P<0.05) affected the amount of crude yields of the extracts from C. carandas fruits. The
extraction yields of various solvents decreased in the following order: water = 25% ethanol > 50% ethanol >
75% ethanol > 100% ethanol and water (5.28 g/100 g DW) and 25% ethanol (4.81 g/100g DW) solvents were
higher the crude yield than 50% ethanol (4.58 g/100 g DW), 75% ethanol (3.97 2/100 g DW) and 100%
ethanol (3.34 g/100 g DW). This result was similar to the study of Zielinski and Kozlowska. (2000), who
reported that water solvent extracted higher crude yield than organic solvent. Dent ef al. (2013); Sun ef al.
(2015); Tan et al. (2013) who reported that the different extract yield could be explained by the distinct
polarities of extraction solvents and solubility of compounds in the extraction solvent. Iloki-Assanga et al.
(2015) also indicated that the polarity of used solvent and the chemical constituents in tested materials greatly
impacted the yield of extract. Moreover, these studies demonstrated that the crude extract yield was enhanced
with the increasing of water concentration in solvent, which could be ascribed to the increased solubility of
other components. However, higher crude yield does not necessarily imply that it will also be higher bioactive
compounds as well as antioxidant activity because the antioxidant activity depends on the active antioxidant
compounds present in the extract. These studies investigated the increasing water concentration in the solvent
increase extraction yield, which can be explained by the increased solubility of other components such as
proteins and carbohydrates (Do ef al. 2014).

4.1.2 Total phenolic content (TPC) and total flavonoid content (TFC)

The recovery of phenolics and flavonoid contents was shown in Table 4.1. The TPC ranged
from 15.87 to 20.44 mg GAE/g crude. Absolute ethanol extract gave the highest TPC with the value of 20.44
mg GAE/g crude, whereas other extracts consist of 75% ethanol (16.95 mg GAE/g crude), 50% ethanol (16.19
mg GAE/g crude), 25% ethanol (15.96 mg GAE/g crude) and water (15.87 mg GAE/g crude) had no
significant difference (P<0.05). The TFC ranged from 0.11 mg QE/g crude to 0.20 mg QFE/g crude and other

solvents had no significant difference (P<0.05) such as absolute ethanol extract (0.17 mg QE/g crude), 75%
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ethanol (0.20 mg QE/g crude), 50% ethanol (0.16 mg QE/g crude), 25% ethanol (0.14 mg QE/g crude) and
water extract (0.11 mg QE/g crude). These findings are in agreement with the reports of Mehmood ef al.
(2014), who reported that phytochemical studies of C. carandas revealed the presence of flavonoids, phenolic,
tanins compounds. Singh et al. (2014) also found that pomegranate ethanol extract produced the highest
extraction amount of phenolic compounds to be the most effective solvent for recovering polyphenols from
these materials. These differences amount of bioactive compounds in different solvent extracts could be
explained by the influence of the solvents on the extractability of phenolic content (Foo ef al. 2015; Sun et al.
2015).

Table4.1 Crude yield, total phenolic and flavonoid contents of the C. carandas fruit crude extracts by

various solvent systems

Solvents Crude yield TPC TFC
(% ethanol) (g/100 g DW) (mg GAE/g crude) (mg QE/g crude)
water 5.28 +0.03° 15.87 +0.08" 0.11 +0.05"
25% 4.81+0.04° 15.96+0.06" 0.14 + 0.0¢"
50% 4.58 +0.05% 16.19 + 0.10° 0.16%0.12°
75% 3.97 £0.05™ 16.95 +0.08" 0.20 +0.03"
100% 3.34 +£0.05° 20.44 + 0.08° 0.17 £0.05°

GAE = Gallic acid equipvalent

QE = Quercertin equipvalent

““ Means sharing different letters in the same column are significantly different (P<0.05)
All values were expressed as mean + standard deviation

4.1.3 In vitro antioxidant activity of the extracts from C. carandas fruits

For most of the plant products, the compounds responsible for the antioxidant effects are phenolic
and flavonoid compounds. Oxidative stresses which can be relieved by antioxidants are caused mainly by free
radicals and lipid peroxidation, moreover, the ability of the antioxidant to produce reduction of ferric ions are
necessitated thus there is important to measure the free radical scavenging activity using DPPH, reducing
power metal chelating and lipid peroxidation in the in vitro antioxidant activity (Ortufio ef al. 2016). In vitro
antioxidant properties of the extracts from C. carandas fruits expressed in Table 4.2. The results were shown

that 50% ethanol extract revealed the highest activity in lipid peroxidation (IC,: 715.15 mg/l), reducing power
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(ICs: 1513.25 mg/1), and 75% ethanol extract showed the highest activity in DPPH radical scavenging (IC.::
143.03 mg/1), metal chelating (IC,,: 1350.25 mg/1). These results were lower than study of Sadek ez al. (2013)
who reported that antioxidant activities on DPPH free radical scavenging with the IC,, was 1.292 pg/ml in
ethanolic extract. The antioxidant activities of C. carandas fruit extracts could be estimated that the presence
of phenolic and flavonoid compounds, especially the antioxidant activity was enhanced with the increasing of
water concentration in solvent, which may be directly correlated to the bioactive compounds of the extracts.

Table4.2 Effect of various crude extracts from C. carandas fruits on in vitro antioxidant activities

IC,, (mg/1)
Solvents
Lipid peroxidation Reducing power DPPH Metal chelating
(% ethanol)

water 796.40 +0.21° 1845.92 +0.04° 259.52 +0.81° 4331.15+0.10°
25% 785.61+0.11° 1642.31 +0.78" 236.56 + 0.08° 3512.10+ 0.51°
50% 715.15+0.36° 1513.25 +0.06° 166.24 + 0.03* 3677.15+0.02°
75% 826.25+0.18° 2078.69 + 0.02° 143.03 £ 0.05° 1350.25 + 0.07°
100% 855.22 +0.12° 2349.85 + 0.41° 253.13 + 0.05 3842.60 + 0.03"

“* Means sharing different letters in the same row are significantly different (P<0.05)
All values were expressed as mean + standard deviation

4.1.4 In vitro antimicrobial properties of the extracts from C. carandas fruits

The antimicrobial activity of C. carandas extracts using different solvents was evaluated according
to their clear zone of inhibition against pathogenic and spoilage bacteria Table 4.3 — 4.8. Among extract
solvent system, the extract from absolute ethanol solvent showed more effective than other solvents and all
extracts showed varying degrees of antimicrobial activity against all the tested bacteria. The highest inhibiting
activity of absolute ethanol extract were 23.55 mm (P. fluorescens), 28.78 mm (S. Typhimurium), 27.33 mm
(S. aureus), and 25.44 mm (E. coli) (Figure 4.1). These results were in the agreement to many studies such as
Salar and Dhall (2010), who reported that acetone, methanol and ethanol extracts of C. carandas was the most
effective against the tested microorganisms closely followed by T. cordifolia, C. dichotoma, P. cineraria and
C. decidua; Rojas et al. (2006) reported that ethanol extract exhibited a higher degree of antimicrobial activity
as compared to water and hexane extracts fractions in screening ten medicinal plants used in Colombian

folkloric medicine against S. aureus; Israr et al. (2012) investigated that antimicrobial activities of ethanolic
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extract from C. carandas fruits have been reported against S. aureus, S. epidermidis, S. pneumoniae, B.
subtilis, E. coli. Sokmen et al. (2004) and Taie et al. (2010) also found the phenolic compounds found in
numerous plant species appear to protect against pathogenic bacteria. Plants extracts are generally considered
to contain antimicrobial compounds. Phenolic compounds are the major components of these antimi- crobial
compounds and are responsible for the antimicrobial activities of most plant extracts (Jalosinska and Wilczak.
2009). Many early papers reported that the phenolic compounds found in numerous plant species appear to
protect against pathogenic invasion (Medina et al. 2007). Additionally, phenolic compounds are regarded as a
representative group of antioxidant substances. The potentially antimicrobial mechanisms of phenolic
compounds include the interruption of function of bacterial cell membranes. The -OH groups in phenolic
compounds are highly reactive under aqueous conditions and react with several biomolecules, causing
deformation of these molecules, which results in retardation of growth and bacterial growth. Phenolic
coml;ounds are also involved in protein and cell wall binding, inactivation of bacterial enzymes, and

intercalation into the bacterial DNA during replication (Fullerton et al. 2011).
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Table 4.3  Effect of various crude extracts from C. carandas fruits on in vitro antimicrobial activity using

agar well diffusion method

Cultures

Inhibiting zone of the extracts at 100 mg/ml

(mm)

100%  75% 50% 25%  Water

ethanol ethanol ethanol ethanol extract

Pathogenic bacteria

Salmonella Typhimurium TISTR 292
Staphylococcus aureus TISTR 118
Escherichia coli TISTR 780
Aeromonas hydrophila TISTR 1321
Spoilage bacteria

Pseudomonas fluorescens TISTR 358
Lactobacillus plantarum ATCC 14947"
Lactobacillus sakei TISTR 890
Leuconostoc mesenteroides subsp. mesenteroides TISTR 942
Streptococcus sp. TISTR 1030
Lactococcus cremoris TISTR 1344

Bacillus coagulans TISTR 1447

+ + + + +
+ - + + -
+ + + + -+
+ B + + +
+ + - - +
+ + + - -
+ + - - -
+ + - - -
+ + + - -
+ + + - -
+ + - + +

+ = Inhibition

- = No inhibition

TISTR = Thailand Institute of Scientific and Technological Research, Thailand

ATCC = American Type Culture Collection, Rockville, Md
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Inhibiting zone of the extracts (mm)

Cultures
100 mg/ml 50 mg/ml 25 mg/ml 12.5 mg/ml 6.25 mg/ml

Pathogenic bacteria

Salmonella Typhimurium TISTR 292 28.78 £ 0.69 23.78 £ 0.66 14.00 + 0.00 10.00 + 0.00 Ni
Staphylococcus aureus TISTR 118 2733 £1.20 22.00 +0.00 14.00 £ 0.00 10.00 + 0.00 Ni
Escherichia coli TISTR 780 25.44 +£0.51 20.28 £0.25 10.00 + 1.00 11.00 £ 0.00 Ni
Aeromonas hydrophila TISTR 1321 28.11 £0.19 23.00 £+ 1.00 15.00 £ 1.00 10.73 £ 0.23 Ni
Spoilage bacteria

Pseudomonas fluorescens TISTR 358 23.55+£0.39 22.00+0.00 14,33 £0.58 10.00 £ 0.00 Ni
Lactobacillus plantarum ATCC 14947" 16.89 £ 0.77 10.66 £+ 0.67 Ni Ni Ni
Lactobacillus sakei TISTR 890 20.78 £0.39 17.00 +0.00 Ni Ni Ni
Leuconostoc mesenteroides subsp. mesenteroides TISTR 942 19.00 £ 1.00 14.00 + 0.00 Ni Ni Ni
Streptococcus sp. TISTR 1030 12.78 £ 0.69 Ni Ni Ni Ni
Lactococcus cremoris TISTR 1344 11.78 £ 0.69 Ni Ni Ni Ni
Bacillus coagulans TISTR 1447 26.55 £0.51 20.73+£0.23 11.00 £0.73 12.00 + 0.00 Ni

Ni = No inhibition

All values were expressed as mean =+ standard deviation
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Effect of 75% ethanol crude extract from C. carandas fruits on antimicrobial activity using agar well diffusion method
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Inhibiting zone of the extracts (mm)

Cultures
100 mg/ml 50 mg/ml 25 mg/ml 12.5 mg/ml 6.25 mg/ml

Pathogenic bacteria

Salmonella Typhimurium TISTR 292 28.33£1.20 18.73 £0.23 14.00 = 0.00 Ni Ni
Staphylococcus aureus TISTR 118 26.11£0.19 20.00 £ 0.00 15.00 + 1.00 Ni Ni
Escherichia coli TISTR 780 25.73+£0.23 17.00 + 0.00 12.00 +0.00 Ni Ni
Aeromonas hydrophila TISTR 1321 27.44 £ 0.51 22.00 + 0.00 16.66 + 0.00 Ni Ni
Spoilage bacteria |

Pseudomonas fluorescens TISTR 358 21.66 £ 0.67 16.33 £1.20 12.66 +0.67 Ni Ni
Lactobacillus plantarum ATCC 14947" 16.78 £ 0.69 10.00 + 0.50 Ni Ni Ni
Lactobacillus sakei TISTR 890 20.00 + 1.00 15.00 £ 0.00 Ni Ni Ni
Leuconostoc mesenteroides subsp. mesenteroides TISTR 942 18.66 £ 0.67 15.00 = 0.00 Ni Ni Ni
Streptococcus sp. TISTR 1030 12.55+£0.39 Ni Ni Ni Ni
Lactococcus cremoris TISTR 1344 11.33+£0.34 Ni Ni Ni Ni
Bacillus coagulans TISTR 1447 2528 +0.25 17.00 £ 1.00 13.00 + 1.00 Ni Ni

Ni = No inhibition

All values were expressed as mean + standard deviation
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Effect of 50% ethanol crude extract from C. carandas fruits on antimicrobial activity using agar well diffusion method
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Inhibiting zone of the extracts (mm)

Cultures
100 mg/ml 50 mg/ml 25 mg/ml 12.5 mg/ml 6.25 mg/ml

Pathogenic bacteria

Salmonella Typhimurium TISTR 292 20.00 = 1.00 15.00 + 0.00 11.00 £ 0.00 Ni Ni
Staphylococcus aureus TISTR 118 25.39£0.10 16.33 £ 0.33 12.00 + 0.00 Ni Ni
Escherichia coli TISTR 780 2088¢t 0.33 14.00 + 0.00 10.00 = 0.00 Ni Ni
Aeromonas hydrophila TISTR 1321 21.00 £ 0.00 15.66 + 0.34 12.33 2 @33 Ni Ni
Spoilage bacteria

Pseudomonas fluorescens TISTR 358 18.66 = 0.34 18.00 + 0.00 13.66 + 0.34 Ni Ni
Lactobacillus plantarum ATCC 14947 : 12.00 £ 1.00 Ni Ni Ni Ni
Lactobacillus sakei TISTR 890 15.00+ 0.50 12.00 +1.00 Ni Ni Ni
Leuconostoc mesenteroides subsp. mesenteroides TISTR 942 15.66 £0.67 12.00 + 1.00 Ni Ni Ni
Streptococcus sp. TISTR 1030 12.00 £ 1.00 $2.33+0.33 Nj Ni Ni
Lactococcus cremoris TISTR 1344 11.00 £ 1.00 1533+0.33 Ni Ni Ni
Bacillus coagulans TISTR 1447 20.28 £0.25 15.66 = 0.67 12.00 + 1.00 Ni Ni

Ni = No inhibition

All values were expressed as mean + standard deviation



Table 4.7  Effect of 25% ethanol crude extract from C. carandas fruits on antimicrobial activity using agar well diffusion method
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Inhibiting zone of the extracts (mm)

Cultures ;
100 mg/ml 50 mg/ml 25 mg/ml 12.5 mg/ml 6.25 mg/ml

Pathogenic bacteria

Salmonella Typhimurium TISTR 292 20.00 £ 0.34 16.33+0.33 Ni Ni Ni
Staphylococcus aureus TISTR 118 17.33 £0.33 17.00 £ 0.00 Ni Ni Ni
Escherichia coli TISTR 780 18.33 £ 0.67 14.00 = 0.00 Ni Ni Ni
Aeromonas hydrophila TISTR 1321 20.00 = 0.00 17.00 = 1.00 11.00 = 0.00 Ni Ni
Spoilage bacteria

Pseudomonas fluorescens TISTR 358 20.33 £0.33 15.89 +£0.77 Ni Ni Ni
Lactobacillus plantarum ATCC 14947" Ni Ni Ni Ni Ni
Lactobacillus sakei TIS<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>