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ABSTRACT

The study aimed to evaluate the raw cow milk preservation using extracted mango seed kernels
and rosemary (Azmerino) leaves powder, Ethiopia. Mango seed kernels were collected from
local juice-making waste, while rosemary leaves were purchased from DebreBerhan market.
The crude extracts were isolated from two plant species using Soxhlet extraction method and
characterized for the presence of bio-active compounds quantitatively. Fresh raw milk samples
collected aseptically from DebreBirhan University dairy farm.The raw cow milk was divided
into 10 equal parts: the first part was left without any treatment to serve as a control group,
whereas the remaining nine parts were treated at different concentrations (0.5, 1.0 and 1.5%)
of ethanol extract of mango seed kerenls extract, rosemary leaves extract and equal mix of the
both extracts mixed with 100 ml of milk at room temperature.The DPPH free radical
scavenging assay was used to determine the antioxidant capacity of various extracts, and the
absorbance was measured at 517 nm. Mango seed kernels powder extract had the highest total
phenolic content (TPC) value of 97.4 mg GAE/g, while rosemary leaves powder extract had the
lowest at 49.2 mg GAE/g.Similarly, Mango seed kernels and rosemary leaves powder extracts
had the total flavonoid content (TFC) value of 36.7 and 34.4 mg CE/g, respectively.The
parameters considered for this study was titratable acidity, pH, Total Aerobic Mesophilic
Bactria Count, Total Coliform Count and Total Yeast and Mold Count after 0, 24, 48 and 72
hours. The results of the current study showed the values of titratable acidity and pH recorded
at 1.5% mango kernel extract up to 48 hours were 0.17 and 6.52, respectively. The lowest total
aerobic mesophilic bacterial and total coliform counts of 7.96 and 4.30logcfu/ml respectively
were observed at 1.5% mango kernel extract up to 48 hours. However, both bacterial counts
were observed in the current study was beyond the acceptable consumption limit of Ethiopia
standard agency (5.30 to 6.00 log cfu/ml), so the milk reaches to the collection centerbeteewn
24 and 48 hours. The result showed that are titratable acidity, pH, Total Aerobic Mesophilic
Bactria Count and Coliform Count) significant differences (P<0.05). In conclusion, ethanol
extract kernels were higher antimicrobial activity than rosemary leaves extract as result
ethanol extracts performed well in milk preservation. Generally, Mango seed kernels powder
extracts had the longest shelf life that compared from rosemary and mixed plant extracts tested
for milk samples.Further study by increasing proportion up to 2% of mango seed kernels

extracts effect on physical and microbial effect of milk is essential.

Keywords: Milk preservation, Mango seed kernel extracts, Rosemary extracts
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1. INTRODUCTION

Milk is globally used for commercial purposes can be produced mainly from mammalian
species namely cattle, buffalo, goat, sheep, and camel. However, the majority (83.3%)
commercial milk is produced cattle followed by buffalo (15%), goat (4%), sheep (1.1%), and
camel (0.2%) (FAO, 2019). Milk is a complex chemical composition and with high-water
activity and nutritional value that can be serving as an excellent medium for the growth and
multiplication of microorganisms (ZegeyeshTayeet al., 2017). As a result, milk harbor many
pathogens and spoilage microorganisms such as, Pseudomonas spp, B. cereus, Clostridium
spp., Salmonella spp., S. aureus, L. monocytogenes, Campylobacter, Enterobacter and E. coli,
whichmay be harmful for consumers. Those pathogenic microorganisms cause for food-borne
diseases are originated from different sources such as air, milking equipment, feed, soil, cow,
urine, feces and grass (Seema, 2015). Hence milk should protect from contaminants that will
be downgrade the quality, safety and shelf life. Milk must be stored in refrigerator and
transported in cold chain from the moment of milk until it reaches to consumers’ hand

(Jameset al., 2020).

In Ethiopia, milking is practiced almost twice a day and mixing of evening and next morning
fresh milk (ZelalemYilmaet al., 2013). The time taken to deliver raw milk to collection center
is longer due to a lack of transport and market chain (KassahunMelesse et al., 2014).Milk
delivery twice a day can become very time consuming for some farmers in the rural areas,
also resulting in higher risks for deterioration of milk quality. Ideally, travel time to the milk
collection center should not exceed one hour for a single trip (FAO, 2002).Moreover,
unsuitable storage conditions, unclean udder/teats, poor quality water and dirty hands of
milker’s increase the total bacteria load of raw milk (GezuTadesse et al., 2015). Earlier
researches conducted in Ethiopia revealed that the microbial quality of milk is above the
acceptable limits of 5log cfu/ml. For instance, the average AMBC reported that in raw milk in
different parts of the country was within the range of 6 to 9.28log cfu/ml (AbebeBeredaet al.,
2012; Solomon Mosuet al., 2013).

The major problems of fresh milk marketing in rural areas where 98% milk is produced are
long distance from producer to collection center, the volume of milk per single milking,

storage and transportation container, and milking practice of producers, such factors to
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facilitate raw milk spoilage before reach to the processing plant (TeshomeGemechu and
TesfayeAmene, 2017). The quality of fresh raw milk becomes high microbial load before
reach to processing plant, even if processed products are also low quality based on the initial
number and types of spoilage microbes in raw milk (TeklemichaelTesfayet al., 2013).
Spoilage milk the change of flavor as results of increasing the concentration of free fatty acids
and amino acids. The shelf life of milk is limited to few days due to spoilage bacteria. The
problems even more common indeveloping counties like Ethiopia, where shortage of cooling
facility and other necessary infrastructures.

Milk marketing system in Ethiopia is mainly characterized by informal marketing system in
which the majority of the raw milk produced is directly sold to consumers or middlemen that
sell raw milk to consumers without passing through processing plants and in the absence of
legal processes such as government tax and trade related regulations (BeleteAntenehet al.,
2010). Past studies also revealed that distance from point of milk production to milk market
had significant impact on the decision to choose milk market channel (BerhanuKumaet al.,
2013; ZegeyeshTayeet al., 2017).

Studies revealed that farm characteristics such as number of cows owned and herd size had
significant impact on milk market channel choice decision (Berhanu et al., 2013; Mohammed
Ayyanoet al., 2020; TadeleMamoand Tewodros Tefera, 2013). Similarly, breed type was
found to significantly influence milk market channel choice (MengistuKetemaet al., 2016).
Milk buyers’ related factors such as purchase frequency and quantity purchased were found to
significantly influence milk market channel choice (Beremet al., 2015). Previous studies also
revealed that milk quality requirement significantly affect the choice of milk market channel
(Innocent et al., 2018; Singh, 2018). Studies also indicated that milk selling price had a
significant influence on milk market channel choice decision (Ishaget al., 2017; Moturiet al.,
2015; Vykhaneswari and Devi, 2019).

The success of a milk processing plant depends on its ability to source a predictable,
sufficient supply of milk, and its ability to assure a sizable market. So many large processors
operate at less than 50% capacity, because of sourcing constraints (MulugetaTesfayeet al.,
2019). Large-scale processors are located near urban areas to facilitate market access and

available services. Institutional buyers are very important to many processors (universities,
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hospitals, schools or factories can provide a constant and assured customer base. The only
option to expand market linkage between producer and processor is by appropriate
preservation techniques. Consumers demand milk and milk products with fewer synthetic
additives but increased safety and shelf-life. These demands have increased the importance of

natural antimicrobials which prevent the growth of pathogenic and spoilage micro-organisms.

Many plants and extracted products have anti-oxidant and anti-microbial properties as a result
addition of plant products are widely reported in dairy products (Coralie et al., 2019).
However, the strength of effects varied among plant; for instance, mango seed kernels have
highest antioxidant activity of many fruits because of highest polyphenolic concentration (Rai
et al., 2020). Abdalla et al. (2007) reported that, milk treated with methanol mango seed
kernel extract (MSKE) the pH remained (6.6-6.1) higher than that of control sample (6.6 -4.7)
after incubation time up to 8 hours at 25°C. The authors also indicated that, the total bacterial
count and coliforms growth completely inhibited. In addition, Rosemary
(RosmarinusofficinalisL.)/Azmerino/Sigametbesha/ extracts with ghee which preserve long
time by retard the microbial growth and oxidative degradation safe for human consumption
(Rahileet al., 2017). Ethanol extracts of rosemary found to have greater antioxidant activity
than synthetic antioxidants (Renata et al, 2015; Raluca et al., 2018).Rosemary (Azmerino)
extract is antioxidant and antimicrobial compound properties over 90 days. Sayedet al (2022)
reported that raw cow milk treated with ethanolic rosemary extract at 0.003% or 300 ppm
showed lower total bacterial and coliform counts reduces after 6 hours at 25°C. The current

study designed to achieve the following objectives;

1.1. General Objective

The main goal of this study was to determine anti-microbiological activity of ethanol

extracted mango seed kernels and rosemary leaves powder on fresh cow milk.

1.1.1. Specific Objectives

% To assess the microbial quality of raw milk preserved using ethanol extract of mango
seed kernels and dry rosemary leaves powder, and
% To evaluate the antioxidant activity and phenolic content of mango seed kernels and

rosemary leaves powder extracts.



2. LITERATURE REVIEW
2.1. Concept of Milk

Milk is a complex mixture of fat, proteins, carbohydrates, minerals, vitamins and other
miscellaneous constituents dispersed in water (Hassan and Frank, 2011). It meets the
nutritional requirements of human body preferable than any other single food. However, this
unique composition and properties make milk an excellent medium for bacterial growth and
source of bacterial infection (Claeyset al., 2013). Milk-borne pathogenic bacteria pose a
serious threat to human health and economic loss (Silva et al., 2016).

2.2. Quality of Raw Milk

Quality milk is free from harmful microbes and toxic substances such as antimicrobials and
chemical residues like acaricides, sediment and extraneous substances (Ngasalaet al., 2015).
Thus, milk safety and quality are the combination of the physical, chemical and
microbiological qualities of milk (Samarzijaet al., 2012). The acidity and pH of milk used as
the best indicators of milk quality. Within a short time after milking, the "acidity increases
and pH decreases” due to bacterial activity and the release of carbon dioxide (Hossainet al.,
2011). The degree of bacterial contamination and temperature are the principal factors, which

influence acid formation and decrease of pH.

2.3. Source of Raw Cow Milk Contamination

Microorganisms, which are present in fresh milk, derived from two main sources, from raw
milk itself and the exterior of the udder such as equipment, wash water, air, packing materials
and personnel (GebeyewKefyalew et al., 2016).Therefore, poor bacteriological quality of
milk results from sick or carrier animal, poor hygienic practices in farms, and poor handling
and transportation of milk (TegegneAzage et al., 2013). The quality of raw milk affects the

microbiological quality of the finished product (AsaminewTassew and SeifuEyassu, 2010).



2.3.1. Contamination of raw milk in the udder

Bacteria that enter the milk directly from the animal can infect consumers of raw milk.
Spoiled feed can introduce organisms into a cow's udder that released into the milk
(MekibibBerhanuet al., 2010). Many studies showed that antibiotic used for dairy herds leads
to the development of antibiotic resistance and its cause public health problem
(GebeyewKefyalew et al., 2016).

2.3.2. Raw milk contamination after milking

Milk can be contaminated with microorganisms from external various sources such as dung,
water, soil, personnel, milking environment and types of equipment. (LegesseGaredewet al.,
2015). Most tropical countries suffer from problems of keeping raw milk for long periods due
to high ambient temperatures, poor transportation facilities and high bacteria counts of raw
milk (Aproduet al. 2014). JermenMamoet al (2016) reported that Total Aerobic Mesophilic
Count of raw cow milk samples from five districts of the North Shoa Zone Amhara Region is
greater than the acceptable value for America, which is less than 3x10° CFU/mL and
Ethiopian 2x10® CFU/mL. The microbial count of milk is over the permitted limits of 5log
cfu/ml. Earlier research done in Ethiopia, the average aerobic mesophilic bacterial counts
(AMBC) reported for raw milk in various regions of the country ranged from 6 to 9.28 log
cfu/ml (Solomon Mosuet al., 2013).

2.4. Common Milk Spoilage Microorganisms

Milk spoilage marked by a change in flavour and an increase in the quantity of free fatty and
amino acids (Seema, 2015). Many types of bacteria that use food as a carbon and energy
source mediate chemical reactions that result in unpleasant sensory alterations in milk. The
majority of these species are bacteria, with yeast and moulds making up the minority. Several
bacteria, including Pseudomonas spp., Bacillus spp., Alcaligenes, Microbacterium,
Clostridium, and Salmonella spp., cause milk spoilage.Several enterotoxins produced by
Staphylococcus aureus and E. coli are known to cause human infections, intoxication, and

raw milk spoiling (Higginbotham et al., 2014). The three human-pathogenic fungi Candida



spp., Aspergillus spp., and Alternaria species are found in milk and milk products (Elshafie
and Camele, 2017).

2.4.1. Effect of spoilage microorganisms on the dairy industry

Even with contemporary dairy preservation procedures, the process of milk deterioration is
complicated, and a lot of food is lost because of microbiological spoilage. Microbes are
responsible for visible or non-visible defects in milk, such as off-odour and flavour, and lead
to significant waste (Seema, 2015). Due to the highly perishable nature of milk and
mishandling, the amount produced subjected to high post-harvest losses up to 40% have been
reported in Ethiopia for milk and dairy products from milking to consumption (Habtamu
Korma, 2018). Microbial spoilage is found to be one of the causes that offer the losses. Some
modification to milk spoilage includes souring, gas production, proteolysis, ripening, change
in milk fat, creation of alkalis, flavour defects, and colour defects (AmentieTadesseet al.,
2016).

2.4.2. Effect of Spoilage Microorganisms on Public Health

Around 90% of all disease disorders associated with dairy consumption caused by pathogenic
bacteria found in milk, which are a severe threat to human health. Both pathogen and spoilage
were capable of more rapid growth than the indigenous microflora. S. aureus and salmonella
have encountered in raw milk(Mohamed et.al. 2014).

2.5. Raw Cow Milk Preservation Methods

Naturally, milk is a highly perishable food that needs protection from spoilage during harvest,
preparation, storage, and distribution to give it the desired shelf life (AmentieTadesseet al.,
2016). The temperature of raw milk kept in the storage tank at the collection center
maintained at 4 °C or below and delivered to the processing plant within 24 hours. Due to this
reasons, raw milk preserved by several methods or processed in different products should be
immediately after milking.Preservation of raw milk from spoilage by traditional like smoking,
Natural/biopreservation/plant and their extracts and modern milk preservation like

refrigeration, heat treatment, microfilitration, high pressere treatment and chemical



preservatives (TewodrosBimerowet al., 2016). Methods of preservationselect by cost,

availability, and quality of product after preservation on human health effect.

2.5.1. Traditional raw cow milk preservation /Smoking/

According to TsegayLijalem and GebreegziabherZeru (2015), almost all milk producers in
peri-urban and rural areas smoke milking and milk storage utensils to add flavour and aroma,
extend shelf life, facilitate fermentation, and only slightly prevent bacterial development. It
was typical for milk producers to wash their utensils after use, which had a detrimental impact
on some cooperatives and made milk taste and smell bad. The most frequently used plant for
smoking milk vessels were Olea Africana, ‘mitie’, Clerodendrummyricoides, Terminalia
brownie and Juniperousprocera in south wollo (TewodrosAlemu and MulukenGirma, 2018).
In addition, small pieces of plant materials may have left on the milk that makes it
unattractive for consumers (BirhanuYeserahet al., 2020) and facilitate the fermentation of raw
milk which breakdown of lactose by Lactic Acid Bacteria (LAB) before reaches to processing

plant.

2.5.2. Natural preservation of cow milk using herbal extract

The refrigerated storage of raw milk controls efficiently the proliferation of mesophilic
spoilage populations, while it favors simultaneously the growth of psychrotrophic flora. The
psychrotrophic bacterial populations developing in milk are represented mainly by Gram-
negative genera including Pseudomonas, Aeromonas, Achromobacter, Alcaligenes,
Flavobacterium and Serratia and a minor number of Grampositive genera including Bacillus,
Clostridium, Corynebacterium, Lactobacillus, Streptococcus and Microbacterium (Asmaet
al., 2022). Sayedet al.,(2022) reported that preservative effectiveness is highly related to the
conditions of the foods, such as moisture content, pH and the oxidation-reduction potential of
the food.

Herbal preservation produced from different plants and their products as excellent sources of
phenolic compounds with potential antimicrobial activity next to nutritional sources (Samah
and Ahmed, 2019). It is better than chemical preservatives based on nutritional quality and

less harmful residual effects on human health. At present, there is a shift to natural
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antioxidants due to serious health concerns posed by synthetic antioxidants; however,
synthetic antioxidants tend to be cheaper compared to natural ones (Panghalet al., 2018).
According to Modi et al. (2017), the plant extracts in trace amount does not cause any change
in the nutritional composition of the milk. Mango seed kernels and rosemary leaf powder
ethanol extracts evaluated individually and combined to preserve raw cow milk at room

temperature.

2.5.2.1. Preservation of cow milk by mango seed kernels extract

Mango seed kernel have high polyphenolic content and antioxidant activity than other fruit
seeds like tamarind, avocado, and jackfruit, which is why it is used industrially as a functional
food ingredient (Rai et al., 2020). Dortaet al (2012) reported that kernel extract (12% in yield)
possessed high antioxidant activity. It protects vitamin C against destruction and is important
for natural antioxidant and anti-microbial which is responsible for the removal of free radicals
scavenging reactive oxygen and binding metal ions in raw milk. Ethanol is effective solvent
for extracting mango seed kernel with high yield and polyphenol content without involving
heating (Dent et al., 2013).

2.5.2.2. Preservation of cow milk by dry rosemary leaves extract

Rosemary (Rosmarinus officinalis L.) contains several phytochemicals, which well known to
retard microbial growth and oxidative degradation (Embuscado, 2015; Manganget al., 2020).
Ethanol extract's antioxidant and antimicrobial activities mainly rely on its phenolic acid,
flavonoid, rosmarinic acids and deterrence contents (Jordan et al., 2012). Hence, rosemary
extract successfully used as an antioxidant to preserve the lipids in cow milk that been
supplemented with fish oil (Qiu, et al., 2018). Rosemary Extract (RE) found to have effective
free radical scavenging activity in cheese spread (Santos et al., 2012). Additionally, these
extracts found to be more effective than commercial mixtures of synthetic antioxidants such
as butylated hydroxytoluene (BHT), butylatedhydroxyaniole BHA, and propyl gallate in
stabilizing vegetable oils and animal fats.



3. MATERIALS AND METHODS
3.1. Description of the Study Area

The study conducted at DebreBerhan University, College of Engineering (Chemical
Engineering Laboratory, College of Agriculture and Natural Resource Sciences, Department
of Animal Sciences, Dairy Microbiology Laboratory. DebreBerhan is located at 130
kilometers Northeast of Addis Ababa. DebreBerhanregio-politanthas a latitude and longitude
of 9°41'N 39°32'E with an altitude of 2,840 meters (9320ft) above sea level (Molla A., 2013).
It covers an area of 18,081.95 hectares and mean annual temperature and rainfall of the area
are 6.6°C and 940 mm, respectively. Topography covers 86, 10 and 4% flat, plateau and
mountainous terrains, respectively. Brown colored soil is the predominant soil type in the

North Shewa Zone (Solomon Ayeleand DemelTeketay, 2018).

3.2. Plant Sources and Preparation

Mango seed kernels and rosemary leaves powder extracts used for raw cow milk preservation
at room temperature. The world production of mango (Mangiferaindica) fruit is more than 35
million tons while, in Ethiopia, 97.32 thousand tons of mango fruits were produced in 2011
(FAO, 2012). As the seed kernel thrown away as waste and becomes a source of pollution and
contains a kernel that makes up 45% to 75% of the entire seed (Hyldgaardet al., 2012). In
current study, it is collected from different sources from local juice-making and freshly eaten
waste from production site low land of Ethiopia (shewarobit and collection center of eat fruit).
The kernels enclosed hard covers were separated mannualy. The sliced kernel was dried in the
oven at 50°C for 12 hours to constant weight to reduce moisture content. Then the dried sliced
kernel was grinding by coffee grinder until to fine powder (Nadjaet al., 2019). The extraction
solvent was eliminated by vaccum evaporation using a rotary evaporator at 30°C. The
extracted sample stored in brown vials under nitrogen gas or refrigerator at (4°C) in dark

place until to use that prevent oxidation of phenolic compounds.

Similarly; Rosemary (Rosmarinus officinalis Linn) fresh leaves from highland part of

Ethiopia are purchased in local market then washed and dried in 5 days in a shaded area at



ambient temperature and grinding (AbaynehKassahunet al., 2019). About 15-gram powder
rosemary leaves were extracted with 1:10 (w/v) of absolute ethanol (96%) at specific
temperature (78°C) using soxhle apparatus (Walidet al., 2022). The extraction solvent was
eliminated by vaccum evaporation using a rotary evaporator at 30°C. The extracted sample
stored in brown vials under nitrogen gas or refrigerator at (4°C) in dark place until to use that

prevent oxidation of phenolic compounds.

3.3. Determination of Phytochemicals in Extracted Plants
3.3.1 Plant extraction and yield determination

The percentage yield after soxhlet extraction calculated using the formula below (Mustefa
Kemal, 2015). The ethanol solvent extracts non-oil components and antimicrobial compounds
due to the presence of OH bonds or polar solvent.

Percentage of extracted yield (%) = mass of extract (m) *100.................. equation (1)

Mass of sample (M)

m = mass of extract in gram, M = mass of sample powder in gram

3.3.2. Quantitative determination of phytochemicals

Based on the analysis method from Brand et al. (1995), 0.4 ml of each extract mixed with 2
ml of 10 % Folin- Ciocalteau reagent and 1.6 ml of 7.5% Na,COsz and left at room
temperature for 30 min. The mixing solution’s absorbance was measured at 765 nm by UV-
spectrophotometer and calculated as gallic acid equivalent. The total phenolic compound
(TPC) calculated as the following equation. The lines of the calibration curves were governed
by a linear equation of;
Y mmMX D equation (2)

Where, y- is the absorbance, X- is the concentration of the standard in ppm, b- is the y-
intercept and m- is the slope of the line. Then the concentrations of the sample (in ppm) were

obtained from the equation of calibration curves as;
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Where the absorbance result in Appendix 1(a and c), that are important sources to calculate

the total phenolic compound (TPC) of both mango seed kernels and rosemary leaves extracts.

TPC = (C* V)Mot ettt equation (3)
Where, C= X= concentration of GA obtained from calibration curve in mg/ml
V= the volume of the extract solutions used in mL

M = the weight of the extracts used in grams

Total flavonoids measurement of MSKE and RE measured as per recommendation of
Zhishenet al. (1999). 0.25 ml extract, 1.25 ml distilled water and 0.075 ml of 5% NaNO:
incubated for 6 min, and then added 0.15 ml of 10% AICIs. After 5 min, 0.5 ml of 1.0 M
NaOH and 0.275 ml distilled, water added. The absorbance measured at 510 nm by UV-
spectrophotometer (model:Beckman Coulter DU 720, USA). The results expressed as mg
catechin equivalent (CE)/g seed. Catechin was chosen as a standard, and a standard curve was
prepared. Total flavonoid compound (TFC) calculated as the following equation. The lines of
the calibration curves were governed by a linear equation of;
N 110G e equation (4)

Where, y- is the absorbance, X- is the concentration of the standard in ppm, b- is the y-
intercept and m- is the slope of the line. Then the concentrations of the sample (in ppm) were

obtained from the equation of calibration curves as;

Where the absorbance result in Appendix 1(b and d), that are important sources to calculate

the total flavonoid content (TFC) of both mango seed kernels and rosemary leaves extracts.

TFC=(Q* V)M oot equation (5)

Where,

Q= X= concentration of CE obtained from calibration curve in mg/ml
= = is the volume of the extract solutions used in mL

M = the weight of the extracts used in grams
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3.3.3. Antioxidant activity

Antioxidant activity of MSKE and RE measured as per recommendation of Raghavan et al.,
(2003). 0.2 ml of each sample's extract was combined with a 0.1 mM 1, 1-diphenol-2-
picrylhydrazyl/DPPH/ solution in a volume of 2 mL then vortex and allowed to stand at the
dark place for 30 mins. The blank was made by replacing the extracted solution with ethanol
(0.1 mL). Using a UV- spectrophotometer the mixture absorbance measured against a blank at

517 nm. DPPH scavenging activity calculated based on the following equation:

DPPH Scavenging Capacity (%) = (Ablank — Asample) X 100........ equation (6)

A blank

Where A sample IS the absorbance of the experimental sample when all reagents are present, and
Aviank 1S the absorbance of control ethanol, which contains all reagents but not the testing

compound.

3.4. Determination of Physical Properties of Raw and Treated Milk
3.4.1. Determine the physico-chemical composition of fresh raw cow milk

Three litter of fresh raw cow milk samples collected from the DebreBerhan University dairy
farm at three rounds from cross breed cow. Milk sample was filtrated with muslin cloths and
measured physical and chemical composition by lactoscan (Sadiaet al., 2020).The
physicochemical composition of fresh cow milk measured by using a lactoscan after
calibration of standard making 3% acidic and 3% basic solution of lactoscan powder, and then

it reads raw milk pH, density, freezing point, fat, protein, lactose, salt and total solids.

3.4.2. Titratable acidity

Titratable acidity measured by 0.1 N NaOH and phenolphthalein indicator (AOAC, 2005).
Ten ml of milk pipetted into a beaker, and then 3-5 drops of 0.5% phenolphthalein indicator
added. Then the sample was titrated with 0.1N NaOH until the pink colour persists. Acidity
was expressed as a percentage of lactic acid (LA %) and it was determined as follows.

Lactic acid (%) =Vt ml 0.1 NaOH x 0.009 x 100 .................. equation (7)

Volume (ml) of raw or treated milk sample
12



3.4.3. pH

Upon arrival of the laboratory, the pH values of the milk were measured using a pH meter
(3015 Janway). As per recommendation of manufacturer’s instructions, the pH meter adjusted
at 7.2. The milk samples pipetted into a beaker and then the pH was read and recorded of

control and treated raw milk.

3.5. Experimental Design

The experiment was a factorial experiment designed by complete random design (CRD) with
two replications. The raw cow milk was divided into 10 equal parts: the first part was left
without any treatment as a comparison sample, the other nine parts were treated at different
concentrations (0.5, 1.0 and 1.5%) of ethanol extract of MSKE, RE and equal mix of the both
extracts add to 100 ml of raw cow milk at room temperature To determine the individual and
combined effects of both plant extracts on physical properties (pH, titratable acidity/TA),
aerobic mesophilic bacteria, coliform count, yeast and mold) at 0, 24, 48, and 72 hours of
treated and control raw milk at room temperature.

Table 1. The experimental layout

Treatments Concentration(%) Mix ratio (extract: milk) Replications
Control 0 100ml milk 2
Ethanol extracts 0.5 0.5ml with 100ml milk 2
mango seed kernels 1.0 1.0ml with 200ml milk 2
(MSKE) 1.5 1.5ml with 100ml milk 2
Ethanol extracts of 0.5 0.5ml with 100ml milk 2
dry rosemary leaves 1.0 1.0ml with 200ml milk 2
extracts (RE) 1.5 1.5ml with 200ml milk 2
Combination ratio 0.25/0.25 0.25mlI MSKE and 0.25 REto 2
of ethanol extracts 100ml milk

of mango  seed 0.50/0.50 0.50mI MSKE and 0.50 REto 2
kernels and dry 100ml milk

rosemary leaves 0.75/0.75 0.75mI MSKE and 0.75 REto 2
powder 100ml milk

MSKE= mango seed kernel extract, RE = rosemary leaves powder extract
13



3.6. Microbial Analysis
3.6.1. Total aerobic mesophilic bacterial count (TAMBC)

Milk samples serial diluted by adding 1mL of the test portion into 9 mL of 0.1% sterile
peptone water. Dilution made so that plate counts range between 30 and 300 colonies.
Appropriate dilutions were placed on Petri dishes and pour-plated with 10 to 15 mL plate
count agar (about 45°C), allowed to solidify for 15 minutes, and incubated for 48 hours at
35°C. Finally, colony counts made using a colony counter and recording bacterial colonies in
each petri dish the number of bacteria in 1 milliliter calculated by the following formula given
by APHA, (1992).

N= >C
@Axn)+O01xn)*d..ooooiiiiiiiiiin. equation (8)

Where; N = number of colonies per ml milk sample
>. C =sum of all colonies in plates counted
n1 = number of plates used in lowest dilution counted
n2 = number of plates used in highest dilution counted

d = dilution factor of the lowest dilution used

3.6.2 Total coliform count (TCC)

The coliform count made by mixing 1 ml of milk sample into 9 ml peptone water (1%). After
mixing, the sample was serially diluted up to 10 in sterile test tubes having 9ml of peptone
water and duplicate samples were pour plated using 15-20 ml Violet Red Bile Agar solution
(VRBA) in sterile Petri dish. After thoroughly mixing, the plated sample was allowed to
solidify and then incubated at 35°C for 48 hours. Results from only those plates, that counted
between 15 and 150 colonies recorded. Typical dark red colonies were considered as coli
form colonies in each petri dish the number of bacteria in 1 milliliter calculated by the above
formula given by APHA, (1992)
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3.6.3. Total yeast and mould count (TYMC)

Samples of milk serially diluted following similar methods as for total bacterial count but
dilutions were surface plated on Potato Dextrose Agar (PDA). The dried plates then incubated
at 25°C for 3 to 5 days. Finally, blue-green colony counts less than 150 made using a colony
counter and recording bacterial colonies in each petri dish the number of bacteria in 1

milliliter calculated by the above formula given by APHA, (1992).

3.7. Method of Data Analysis

The required data was collected, processed and analysed using SAS, 2008 Version 9.1 with
critical difference value at (P < 0.05)and the mean separation by general linear model (GLM)
Tukey test. Also, minitab software version 21 is used for main effect, interaction and
regression procedure of independent and dependent variables. The experiment determined the
reduction of spoilage microbes in raw cow milk by adding ethanolic extract of selected
plant. A total microbial count was log-transformed (loglOcfu/g) before statistical

analysis. Calculated as using by the following model:

Yi = p+ ai + Bj + yk + (aB) ij + (ay) ik + (BY) jk + (aBy) ijk + eijkl.......... Equation (9)

Where, u is the overall mean, aff, oy’ & Py are two-factor interaction effects for interactions
MSKE/RE, MSKE/MIX and RE/MIX, respectively, (afy)ijk are the three-factor interaction
effects for the MSKE/RE/MIX interaction and eijkl is the error term (experimental error).
Based on Minitab software analyzed result, the regression equation of (titratable acidity/TA/,
pH, TAMBC, TCC and TYMC were used to estimate each presence to which the dependent

variables explained by the independent variable (Appendix 2).
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4. RESULTS AND DISCUSSION
4.1 Physicochemical Characteristics of Raw Cow Milk

The physicochemical characteristics of fresh milk samples results are indicated in Table 2.
The mean percentage of moisture, fat, protein, lactose, salt and total solid of raw cow milk
sample were 87.46%, 4.40%, 2.99%, 4.35%, 0.62% and 12.36%, respectively. On the other
hands, the average pH and titratable acidity reported for raw milk collected for this study was
6.61 and 0.16, respectively. The protein content (2.99%) of raw milk reported in the current
study is slightly lower than the minimum value of milk protein (3.2%) recommended by the
ESA (2009). The low protein content of the milk in the present study could be due to the low
protein contents of natural pasture, which is predominant feed resources dairy cattle feed in

the area, and the lack of supplementary feeds with protein-rich concentrates.

The average fat content (4.40%) of raw milk samples in current study was similar value
(4.25%) reported by TeshomeGemechuet al. (2015) in Shashamane. ESA, (2009) reported
that the minimum fat content of raw milk should not be less than 3.5%. However, the current
study note higher fat content (4.40%) than the minimum fat content of raw milk set by ESA.
The fat content of milk was affected by factors such as feed, parity, and stage of lactation
(LegesseGaredewet al., 2105). The average lactose content (4.35%) of raw milk samples in
current study was higher than the value (3.79%) reported by EstifanosHawaz (2015) in Harar
milk shed, Eastern Ethiopia. However, lactose content of raw milk samples in current study
was lower than the value (4.69%) reported by TeshomeGemechuet al. (2015) in Shashamane.
Whereas, the lactose content of milk in the current study was the same as lactose content
(4.35%) of Ethiopian standards (ESA, 2009).

The average salt content (0.62%) of the raw milk samples in current study was lower than the
value (0.76%) reported by TeshomeGemechuet al. (2015) in Shashamane, Ethiopia. However,
similar salt content of milk (0.62%) was found in central highlands of Ethiopia
(DesalegniGenzebuet al., 2016). According to the ESA (2009) the total solids content of raw
cow milk should not be less than 12.80% though slightly lower average total solids (12.36%)
contents of raw milk was reported in the current study.The pH (6.61) value of raw milk

samples in current study was higher than the value (6.32) reported by TeshomeGemechuet al.
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(2015) in Shashamane. The pH (6.61) value of raw milk samples in current study was similar
as raw milk pH values 6.60 to 6.80 average range as recommended by ESA (2009).The
titratable acidity value (0.16%) of raw cow milk samples in current study was lower the value
(0.18%) reported by DesalegniGenzebu (2016) in central highlands of Ethiopia.According to
(ZerihunAsefa and Getenesh Teshome, 2019) the composition of milk depends upon the

species, breed, season, feed & water, stage of lactation, age, time of milking, weather etc.

Table 2. The physico-chemical values of fresh raw cow milk.

Variables Batch 1 Batch 2 Overall mean
Moisture content (%) 87.67 87.62 87.46
Fat (%) 4.19 4.61 4.40
Protein (%) 2.99 2.99 2.99
Lactose (%) 4.48 4.22 4.35
Salt (%) 0.67 0.56 0.615
Total solids (%) 12.33 12.38 12.36
pH 6.62 6.60 6.61
Titratable Acidity 0.16 0.16 0.16

4.2. Phytochemicals in Extracted Plants

The results of the current study showed that the amount extracts obteind by using Soxhlet
apparatus and ethanol solvent were 7.5ml (12.5%) and 6.51ml (10.85%) from 60 grams of
mango seed kernels and 60 grams of rosemary leaves powder, respectively. Similarly,
Asemaveet al., (2020) reported that ethanolic extract of mango seed kernel was 13.24%,
which is greater than hexane extract in Nigeria. The total phenolic contents in ethanol extract
for MSKE and RE were 97.4 and 49.2 mg GAE/g DW, respectively. Rodriguez et al. (2012)
reported that higher total phenolic content (80 mg GAE/g DW) of rosemary leaves than the
current finding. This difference may be types of extraction methods, stage maturity of plants,

time of extraction and temperature.

The amount of total flavonoids content (TFC) is expressed as mg of catechin equivalents per

gram of dry weight (mg CE/g DW). The flavonoids content of ethanol extracts of Mango seed
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kernels and Rosemary leaves were 36.7 and 34.4mg CE/g DW, respectively (Table 3). In the
current study the flavonoid content of mango seed kernels extract was almost equivalent to
rosemary extract, while the previous researchers reported that ethanolic extract from mango
seed kernels showed higher flavonoids contents (164.6 g QE/kg) (Vega et al., 2013).

The DPPH activity of ethanol extracts of mango seed kernels and rosemary leaveswere 81.32
and 62.51%, respectively. The antioxidant activity of methanolic extract from mango seeds
kernels against using DPPH was 83.56 mg AA/ml (Thaliaet al., 2018), which is agreed with
this study. Mango seed kernels extracts from single and mixed mango varieties were not show
significant differences in the phytochemical content and biological activity (Jasminderet al.,
2010). The antioxidant activity of mango seed kernels and rosemary leavesmight be due to the
ability of phenolic compounds that donate hydrogen ions, which can prevent the oxidation
and deterioration of food substances on course of storage. High antioxidant activity makes the
plant as a good organic preservative or additives to prevent deterioration of any food
(Sohaimy and Masry, 2014).

Table 3. Quantitative determination of phenolic, flavonoid content and antioxidant

Compound MSKE RE
TPC (mg GAE/g dw) 97.4 49.2
TFC (mg CE/g dw) 36.7 34.4
DPPH % inhibition(50pm) 81.32 62.51

TPC=Total Phenolic Content, TFC=Total Flavonoid Content,
DPPH=diphenol- picrylhydrazyl

4.3. Effect of Plant Extracts on Physical Properties of Milk
4.3.1. Titratable acidity

The acidity of the treatments in control group (T1) was increasing from 0.16 to 0.58% when
the storage time was increasing from 0 to 72 hours at room temperature, respectively. The
acidity of milk developed due to the breakdown of milk sugar (lactose) into lactic acid by the
fermentative effect of acid producing bacteria. All treated milk samples were significance

difference (P<0.05), compared with control up to 24 hours, except T4+ which was most
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acceptable acidity (0.17%) found up to 48 hours. However, after 48 hours, all treatments
showed less acceptable with regarding to milk acidity. Similarly, addition of 0.5% of water
extract of betel leaves to the raw milk resulted in acidity acceptable up to 11 hours of storage
(Sivakumar and Dhanalakshmi, 2016). The titratable acidity (0.16) results obtained from the
current study were lower than 0.25 reported in DebreBerhan(AlganeshTola, 2016).

Table 4. Determination of titratable acidity (TA %) of treated milk.

Time T1 T2 T3 T4 T5 T6 T7 T8 T9 T10  Pvalue
0 0.16 0.16 0.16 016 0.16 0.16 0.16 0.16 0.16 0.16

24 032 0.17 017 016 016 016 016 0.17 0.16 0.16

48 042 024 0219 017 018 0.18 0.18 0.18 0.18 0.17

72 058 028 0.172 018 0.19 0.192 024 022 019 0.19

PExCx ST P=0.006<0.05

T= Treatment (Appendix 4),PE-plant extract, C-concetration, ST-storage time

The production of acid in milk is normally termed souring and the sour taste of milk is due to
lactic acid production (Julijanaet al., 2016). The titratable acidity of milk has long been
recognized and employed as an indicator of quality. It is expressed in terms of percentage
lactic acid since lactic acid is the principal acid produced by fermentation after milk drawn
from the udder. Normal fresh milk should have an apparent acidity of 0.14 to 0.16 (Wanjalaet
al., 2017).

As indicate in graph 1b, inclusion of MSKE was the remarkable effect on decreasing TA. In
addition, blending of MSKE and RE slowed decreasing TA next to MSKE. However, RE was
gradually increasing (that means MSKE>MIX>RE). Similarly, when the concentration of
plant extracts were increasing 0 to 1.0% the TA were rapidly increased unlike slow TA was
observed when the concentration was increased from 1.0 to 1.5%. Finally, storage time
increasing from 0 to 24hours the TA was slowly decreasing, while the reverse is true for
storage time was increasing from 24 to 48hours. However, storage time increasing from 48 to
72 hours TA was rapidly increasing which indicates storage time and TA were direct
relationship. On the other hands, when storage time is increasing the TA also increasing that

have negative impact on milk quality.
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Based on the regression equation (Appendix 2), the titratable acidity of fresh cow milk treated
by MSKE and extract MIX decreased by 0.0317 and 0.0292 units, respectively. However, the
milk samples that treated by RE was increase titratable acidity by 0.0608 units in plant extract
types. Similarly, the titratable acidity of milk treated at 0.5 and 1.0% was decreasing by
0.00173 and 0.0513 units, respectively. Generally, types of plant extract, concentration level
of plant extract and storage time on milk preservation at positive sign indicates titratable
acidy increases and negative sign indicates acidity decreases on front numerical values. The
titratable acidity test measures the acidity of the milk. TA is a more reliable indicator because;

it is more sensitive to small changes in milk acidity.

Pareto Chart of the Standardized Effects Main Effects Plot for TA results
(response is TA results, o = 0.05) Fitted Means
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Graph 1. Main and interaction effects of types plant extract, concentration level of plant

extracts and storage time with TA

4.3.2.pH

The changes in pH of raw milk samples during storage at room temperature under different
concentrations (0, 0.5, 1.0 and 1.5%) of ethanol extract of MSKE, RE and equal mix of the
extracts as a natural preservative are given in Table 5. The pH of the control group (T1) was
decreasing from 6.61to 4.02 at the end of 72hours storage period, while the remaining
treatments (T2 up to T1o) mixed by using different concentrations (0, 0.5, 1.0 and 1.5%) of
ethanol extract of plants, the pH decreased slightly (P<0.05), especially with 1.5%
concentrate of MSKE extract (T4) from 6.61 to 6.52 at storage period 48 hours (Table 5).
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Sadia et al. (2020) reported that at 17 and 18 hours after preservation, adding 1.5% Tulsi and
1.5% Neem extract to milk resulted in a slower pH decrease in the treated sample than control

in Egypt, respectively.

Table 5. pH values of raw and plant extract treated milk during storage time

ST T1 T2 T3 T4 TS5 T6 T7 T8 T9 T10 P value

0 661 661 6.61 6.61 6.61 6.61 6.61 661 6.61 6.61
24 504 6.22 6.52 6.59 6.01 645 654 584 591 6.51
48 432 524 6.08 6.52 52 593 629 508 593 6.25
72 402 442 554 638 401 534 554 44 534 6.19
PExCx ST p=0.002<0.05

ST= Storage Time in hours

On two-way interaction from software results (graph - 2), types of plant extracts (MSKE)
with storage time at 24hours the pH become higher value next control at 0 hours. Then, the
interaction between types of plant extracts (MSKE) and concentration of plant extracts at
1.5% were the higher results of pH. After that the interaction of concentration of plant
extracts at 1.5% and storage time at 24hours were higher value of pH next to control at 0
hour. From the graph to conclude that types of plant and concentration level of plant extracts
were directly related to pH, but storage time increased the pH of raw milk decreased.

Interaction Plot for pH results
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Graph-2) Interaction effect of plant extract, concentration level, storage time and pH.
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4.4. Effect of Plant Extracts on Microbial Quality of Milk

Microbiological analysis of cow milk treated with ethanol extract of mango seed kernels and
dry rosemary leaves extraction was conducted to determine the effect on microbial quality of

raw milk preservation at room temperature are presented in the Tables below.

4.4.1. Total Aerobic Mesophilic Bacterial Count (TAMBC)

The total aerobic mesophilic bacterial counts were determined by using ethanol extract of
Mango seed kernels, rosemary and equal mix of both plants as a natural preservative of milk
at room temperature (Table 6). The study showed significant differences among treatments on
total aerobic mesophilic bacterial count (p<0.05). The highest total aerobic mesophilic
bacterial count obtained in untreated milk samples (control) at 72 hours’ storage, which was
increasing from 8.32 to 9.25 (log cfu/ml) when the storage time increasing from 0 to 72 hours.
Addition of 1.0, 1.5 and 1.5% were equal number of TAMBC (8.05logiocfu/ml) results at
24hours storage of MSKE, RE and MIX, respectively. However, the TAMBC decreased from
8.17 to 7.96 in logio CFU/mI of raw milk was recorded for 1.5% MSKE up to 48 hours of
preservation at room temperature from others (Table 6). Though the TAMBC observed in the
current study was beyond the acceptable consumption limit of Ethiopia standard agency (5.30
to 6.00 log cfu/ml), treating milk with the selected plant extracts has positive impact if the
milk reaches to the collection center or consumption between 24 and 48 hours. The major
reasons of reporting high TAMBC includinf the treated milk due to high microbial load
observed in initial milk collected, experimental and working environmental error was the first

estimated factors.

The untreated (control) sample when storage time increase from 0 up to 72hours the TAMBC
also increased directly. Phenols and polyphenols are water-soluble compounds that can be
easily mixed with milk. The TAMBC of treated samples showed a decreasing trend from 0
hours up to 24hours because of extracts that immediately effect on microbial inhibition or
destruction at incubation time until 48 hours, but increasing again when the storage time
extended to 48 and 72 hours, because of biological activity of plant phytochemical decrease.

In contrast, Sadia et al. (2020) reported that preservation of raw milk by Tulsi and Neem
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extract that the lowest number of total viable bacterial count recorded at 18hours storage in
Bangladesh. Besides, adding 0.5% Tulsi leaf extract in raw milk remained acceptable up to 11
hours of storage at 37°C (Sivakumar, 2017). Similarly, addition of 3000-ppm rosemary,
roselles and lemon ethanolic extracts to raw cow milk resulted in reduction of total bacterial
count in Egypt (Sayed et al., 2022). Hac-Szymanczuket al. (2017) the effect of rosemary on

lipids oxidation and the microbial quality of chicken meat kept at -18 °C for four months.

Table 6. Total Aerobic Mesophilic Bacterial Count (TAMBC) of treated cow milk
ST Cont MSKE (%) Combined (%) RE (%) P value
T1 T2 T3 T4 5 T6 T7 T8 T9 TI10
0 832 822 821 817 823 821 817 821 816 8.17
24 877 813 805 803 819 817 806 829 8.28 8.05
48 9.08 820 823 7.96 830 828 820 876 830 811
72 925 881 837 821 883 876 836 8.85 878 8.22
PEx Cx ST p=0.001<0.05

Cont= control

In the current study three factors (types of plant extract, level of concentration and storage
time) that effects on treatments by individual and their interaction. In Minitab results (graph-
3a) the factor which above the red line are, consider, as critical factor of the treatments (i.e.
the concentration of plant extract which represent letter B) was the highest impact of the
treatments, storage time next to level of concentration, types of plant extract the last factors
from both fine adjustment (B>C>A) (Graph 3a). Concentration was the main effects on
TAMBC than storage time and types of plant extracts when increasing or decreasing. The
concentration of plant extract was the main effects on TAMBC that increasing or decreasing
of concentration of plants extract affect more than storage time and types of plant extract.
Storage time also a critical factor next to concentration of plant extracts. However, the types

of plant extract were least critical factors on TAMBC.

In the results (graph 3b) MSKE was the main effect of decreasing TAMBC. But RE slow
increasing TAMBC and MIX was gradually increasing next to RE (MSKE>RE>MIX).

Similarly, concentration of plant extracts from 0 to 1.5% increasing TAMBC rapidly
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decreased. Finally, storage time from 0 to 48hours the TAMBC rapidly increased, but still
now major area below the mean. Storage time from 48 to 72 hours TAMBC rapidly increased
above the mean, which understands storage time and TAMBC were directly relationship
when storage time increases TAMBC aslo increased, but TAMBC increased that negative

impact on milk quality.

On two-way interaction from software results (graph -3c), types of plant extracts (MSKE)
with storage time at 24hours the TAMBC become lower values. Next, the interaction between
types of plant extracts (MSKE) and concentration of plant extracts at 1.5% were the best
results of TAMBC. Then the interaction of concentration of plant extracts at 1.5% and storage
time at 24 and 48 hours were lower value of TAMBC. From the graph to conclude that types
of plant and concentration level of plant extracts were directly related to TAMBC, but storage

time was indirectly related to TAMBC of raw milk quality.

Based on the regression equation (Appendix 2), the TAMBC of fresh cow milk treated by
MSKE, RE and MIX increased by 0.0542, 0.0367 and 0.0175 units, respectively. Similarly,
the TAMBC of milk treated concentration level if plant extracts at 1.0 and 1.5% was
decreased by 0.0097 and 0.1634 units, respectively. However, the TAMBC of milk treated
concentration level of plant extracts at 0.0 and 0.5% was increased by 0.0411 and 0.1126
units, respectively. Finally, the TAMBC of treated milk storage time at 0, 24 and 48hours
were decreased by 0.0899, 0.0097 and 0.0909 units, respectively. However, the TAMBC of

treated milk storage time at 72hours was increased by 0.1902 units.

Main Effects Plot for TAMBC results
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Interaction Plot for TAMBC results
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4.4.2. Total Coliform Count (TCC)

In current study revealed that there is a significant difference amongtreatments in coliform
count (p<0.05). The highest total coliform counts obtained in untreated milk samples (control)
and during storage it was increased from 5.14 to 6.04 (log cfu/ml) at room temperature (Table
7). The total coliform count of milk treated with 1.5% MSKE ethanolic extracts reduced from
4.88 to 4.30logcfu/ml up to 48hours at room temperature. Still the TCC not acceptable limit
for consumption at 48 hours, then milk reaches to the collection center or consumption
between 24 and 48 hours. In the current study TCC some errors when working laboratory and
equipment were less effective. According to the ESA (2009), good quality milk should not
contain a total coliform bacterial count more than 10%cfu/ml. However, addition of 3000-ppm
sumac, tamarind, rosemary, roselle and lemon ethanolic extracts to raw cow milk resulted in

completely inhibited coliform growth (Sayed et al., 2022).

Coliforms are another bacterial group which affects milk quality that is associated with the
level of hygiene during milking and handling (AbiotDeddefoet al., 2023). It includes all
facultatively anaerobic, Gram-negative, non-spore-forming rods able to ferment lactose with
the production of acid and gas at 35°C within 48 hours. Coliform bacterial may be due to

contamination of milk during milking poor milker's hygiene or facal contamination from the
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udder and lower abdominal parts of the body of cows mainly from bedding materials as a

result microorganisms gain access into milk during milking (FufaAbunnaet al., 2019).

Table 7. Total Coliform Count (CC) of raw and plant treated cow milk (in log 10 CFU/mlI)

ST Cont MSKE (%) Combined (%) RE (%) P value
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

0 514 497 497 488 499 497 488 496 4.86 4.88
24 518 480 4.61 455 493 488 4.65 509 508 4.62
48 569 494 499 430 511 508 494 536 509 4.77
72 6.04 542 521 496 519 537 511 574 552 497
PEx Cx ST P=0.011<0.05

In Minitab software results (graph-4a) the factor which above the red line consider as critical
factor of the treatments (i.e. the concentration of plant extract which represent letter B) was
the highest impact of the treatments. The concentration of plant extract was the main effects
on TCC that increasing or decreasing of concentration of plants extract affect more than
storage time and types of plant extract. Storage time and types of plant extract also a critical
factor next to concentration of plant extracts. Similarly, interaction between concentration of
plant extract and storage time were critical on the experiment. Whereas, interaction between
types of plant extract and storage time at the same time affects one another. Similarly,
interaction between types of plant extract and storage time also the same time affects one
another on the treatments (B>C>BC>A>AC>AB>A).

In the results (graph 4b) MSKE was the main effect of decreasing TCC. But RE rapidly
increasing TCC and MIX was gradually decreasing TCC, but still above the mean. Both RE
and MIX were almost least effect on treatments (MSKE >MIX>RE). Similarly, concentration
of plant extracts from 0 to 1.5% increasing TAMBC rapidly decreased. However, the
concentration of plant extracts decreasing from 0.5 to 15% was critical importance which the
graph indicates below the mean. Finally, storage time increasing from 0 to 24hours the TCC
decreasing and from 24 to 48hours TCC increased gradually, but still now both of them below
the mean which means critical importance for treatments. Storage time increases from 48 to

72 hours the TCC rapidly increased above the mean, which understands storage time and
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TCC were directly relationship when storage time increases TCC also increased, but TCC

increased that negative impact on milk quality.

On two-way interaction from software results (graph -4c), types of plant extracts (MSKE)
with storage time at 24hours the TCC become lower value. Next, the interaction between
types of plant extracts (MSKE) and concentration of plant extracts at 1.5% were the best
results of TCC. Then the interaction of concentration of plant extracts at 1.5% and storage
time at 24 and 48 hours were lower value of TCC. In graph to conclude that types of plant and
concentration level of plant extracts were directly related to TCC, but storage time was

indirectly related to TCC of raw milk quality.

Based on regression equation results (Appendix 2), the TCC of fresh cow milk treated by RE
and MIX increased by 0.0705 and 0.0187 units of plant extract types, respectively. However,
the milk samples that treated by MSKE was increase TCC by 0.0892 units in plant extract
types. Similarly, the raw milk treated at 0.0, 0.5 and 1.0% concentration of plant extracts were
the TCC increased by 0.3764, 0.0092 and 0.0621units, respectively. Whreas, the milk
samples treated at 1.5% concentration of plant extracts the TCC decreased by 0.3235units.
Finally, the TCC of treated milk storage time at 0 and 24hours were decreased by 0.1340 and
0.2205 units, respectively. However, the TCC of treated milk storage time at 48 and 72hours
was increased by 0.0046 and 0.3499 units, respectively.

Pareto Chart of the Standardized Effects
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Interaction Plot for TCC results
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Graph 4. Main and Interaction effect of types plant extract, concentration level of plant

extracts and storage time with TCC.

4.4.3. Total Yeast and Mold Counts (TYMC)

Yeast and molds may be found as part of the normal flora of a food product on inadequately

sanitized equipment or as airborne contaminants. Fungi are spoilage microorganisms that

grow in foodstuffs during storage, reducing their nutritional value and sometimes producing

mycotoxins as a result, it makes the food become unfit for consumption (Ritota and Manzi,

2020). Plant extracts can contribute to delay or prevent the formation of mycotoxins
(Mahmoud et al., 2023).

Table 8. Yeast and Mold Count (YMC) of raw and plant treated cow milk (log 10 CFU/ml).

ST  cont MSKE (%) Combined (%) RE (%) P value
T1 T2 T3 T4 5 T6 T7 T8 T9 T10
0 0.88 0.74 0.78 0.69 0.78 0.74 0.78 0.78 0.69 0.81
24 120 098 074 0.74 0.78 0.78 0.65 098 1.23 0.88
48 136 118 116 069 081 081 060 111 123 1.19
72 178 131 122 093 138 127 108 133 141 149
PE xC xST p=0.69<0.05

This study indicated that there is no significant difference amongtreatments in Yeast and

mould count (p>0.05). The mixed factorial treatment (types of plant extract, level of
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concentration of plant extract and storage time) showed non-significant results. Yeast and
mold in raw milk comes from soil, dust, unclean milk storage and milk leftover in storage for
a long period of time. Inaddition, Yeast and Mold that growth wide range of pH when milk
storage time increased and milk pH decreased that types of other microbes decreased. The
results showed that the YMC in untreated raw cow milk increased from 0.875 to 1.78 in log
10 CFU/ml after 72 hours of preservation at room temperature. All yeast and mold counts in
this study are still lower than the acceptable limit. Torkar and Vengest (2008) reported that
Yeast and mold from udder milk sample not exceeded 2.1 and 1.7logcfu/ml, respectively. In
contrast, Ahlamet al. (2017) reported that some yeast and mold isolated from raw cow milk
samples were some candida species, Rhodotorula species, Aspergillus species,

AspergillusspceiesRhizopous species and others identified in Egypt.

Maribel et al. (2022) reported that mango peel, mango seed extracts with antioxidant, and
anti-yeast properties tested against clinically pathogenic (Candida species) and food-spoilage
yeasts (Dekkeraanomala, Hanseniasporauvarum, Zygosaccharomycesbailii,
Zygosaccharomycesbisporus, and Zygosaccharomycesrouxii). In current sutdy concluded that
yeast and mould were fewer effects on raw milk until it reaches a processing plant when using
clean milking equipment, personal hygiene and transportation hygienically. Those determine
high prevalence of microorganisms among dairy animals may attribute to the lack of sanitary
conditions that adapted from dairy farm until to market outlets. Based on different
researchers, cinnamon, ginger, garlic and
mustardhasagoodantifungalactivityfordifferentdairyproductsandotherfoods(Wang et  al.,
2020).
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5. CONCLUSION AND RECOMMENDATION
5.1 CONCLUSION

Ethiopia has huge potential to produce more milk due to number of cattle; however the
productivity of dairysectors is very lower than expected level. The problem is also aggravated
by the quality of milk in country is reported to be very low due to poor hygienic practices of
milk across the country side. This may pose serious health problems besides huge economic
loss of the country. Plants are used as food additives are common worldwide to enhance the
sensory qualities of foods and extend their shelf life by reducing or eliminating spoilages and
pathogens microorganisms. In current study, adding ethanol extracted mango seed kernels and
rosemary dry leaves powder used as to improve the shelf life of raw cow milk at room
temperature. About 1.5% mango seed kernels extract is performed well on physical and
microbial quality parameters of milk beteewn24 and 48 hours.Hence, further study will have
requiredreducing daily loss of several liters of milk by spoilage due to market problems. It is
adivisable for smallholder dairy farmers to keep evening milk until next morning and

transported to the milk cooperatives by addition on mango seed kernels extracts.

5.2. RECOMMENDATIONS
o Further investigation on the effects of the extracts of various concentrations on both
the in-vitro and in-vivo antimicrobial activity (single species of microbes) will be
necessary.
o Further research will require mixture of each plant extracts interaction (antagonistic or

synergetic).
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7. APPENDIX

Appendix la. Determination of concentration of unknown solution by calibration curve

TPC of MSKE

sno. Concentration GA in pg/ml

1 0.2

2 0.4

3 0.6

4 0.8

Sample  Concentration

T1 0.4

T2 0.4

al y=0.6033x+0.1441
x=y-0.1441/0.6033
x=0.429-0.1441/0.6033
x=0.2849/0.6033
0.4720mg/ml=c

a2 y=0.6033x+0.1441

x=y-0.1441/0.6033

x=0.42355-0.1441/0.6033

x=0.27945/0.6033
0.4632mg/ml=c
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Absorbance known at 765nm
0.2832
0.3458
0.5297
0.6241

Absorbance unknown at 765nm
0.42355
0.429

TPC=(C* V)/m

C=0.472&0.4632 mg/mi

v=volume of extract solution in
ml=0.4

m= mass of extract in gram=0.00192g
TPC=mg GAE/g

TPC1= 0.4632*0.4/0.00192=96.5
TPC»=0.472/0.00192=98.3

Average TPC value=97.4 mg

GAE/g

C=con. of GA obtained from calibration curve

in mg/ml



Absorbance @765nm

y =0.6033x + 0.1441
R?=0.9671

0.6 &

/ & Absorbance @765nm
0.4
‘/
——Linear ( Absorbance

0.2 @765nm)

0.8

O T T T T 1
0 0.2 0.4 0.6 0.8 1

a)  calibration curve total phenolic content (TPC) of MSKE

Appendix 1b. Determination of concentration of unknown solution by calibration curve TFC of MSKE

sno. Concentration in pg/ml Absorbance at 510nm

1 0.2 0.0793

2 0.4 0.156

3 0.6 0.2057

4 0.8 0.3282

Sample Concentration Absorbance at 510nm

T1 0.25 0.0584

T2 0.25 0.0683

bl y=0.3982x-0.0068 TFC= (C*V)/m
x=y+0.0068/0.3982 C=0.1637&0.1886mg/mi
x=y+0.0068/0.3982 V=volume of extract solution in mI=0.25
x=0.06518534/0.3982 m= mass of extract in gram=0.0012
0.1637=c TFC=mg CE/g

b2 y=0.3982x-0.0068 TFC=0.1637*0.25/0.0012=34.1
x=y+0.0068/0.3982 0.1886*0.25/0.0012=39.3

x=0.0683+0.0068/0.3982 Average TFC value= 36.7 mg CE/g
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x=0.0751/0.3982

C=con. of CE obtained from calibration curve in mg/ml

Absorbance @510nm

0.35
0.3
0.25
0.2
0.15
0.1
0.05
0

y =0.3982x - 0.0068

*

R2 — N OARQ
RN==U/ 70060

7'y

¢ Absorbance @510nm

/

—— Linear ( Absorbance

d

@510nm)

0

0.2 0.4 0.6

0.8

1

b) Calibration curve total flavonoid content (TFC) of MSKE

Appendix 1c. Determination of concentration of unknown solution by calibration
curve TPC of RE

Sno.

A W N B

Sample

T1
T2

cl

c2

Concentration GA in pg/ml
0.2
0.4
0.6
0.8

Concentration
04
0.4

y=0.7591x+0.0317
x=y-0.0317/0.7591
x=0.2072-0.0317/0.7591
x=0.1755/0.7591
0.2312mg/mi=C
y=0.7591x+0.0317

Absorbance known at 765nm
0.1652

0.35974

0.4931

0.6268

Absorbance unknown at 765nm
0.2072
0.2689

TPC= (C*V)/m

C=0.2312&0.3125 mg/ml

V=volume of extract solution in m|=0.4
m= mass of extract in gram=0.00221
TPC=mg GAE/g
TPC=0.2312*0.4/0.00221=41.84
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x=y-0.0317/0.7591

x=0.2689-0.0317/0.7591

x=C=0.2372/0.7591
0.3125mg/ml

0.3125*0.4/0.00221=56.56

Average TPC value=49.2 mg

GAE/g

C=con. of GA obtained from calibration curve in

mg/ml

Absorbance @765nm

0.8
y =0.7591x + 0.0317
R2 o A
0.6 /g’)‘* @ Absorbance @765nm
0.4
0.2 ‘/’/ —Linear ( Absorbance
@765nm)
O T T T 1
0 0.2 0.4 0.6 1
c)  Calibration curve total phenolic content (TPC) of RE

Appendix 1d. Determination of concentration of unknown solution by calibration
curve TFC of RE

Sno.

A W N R

Sample
Tl
T2

di

Concentration in pg/ml
0.2
0.4
0.6
0.8

Concentration
0.25
0.25

y=0.3956x+0.0048
x=y-0.0048/0.3956
x=0.092-0.0048/0.3956

Absorbance known at 510nm
0.0893

0.15215

0.2479

0.32111

Absorbance unknown at 510nm
0.092
0.0694

TFC= (C*V)/m
C =0.22&0.1632mg/ml

V=volume of extract solution in
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ml=0.25

x=0.087032/0.3956 m= mass of extract in gram=0.0014
X=0.22=C TFC=mg CE/g
d2 y=0.3956x+0.0048 TFC=0.22*0.25/0.0014=39.29
x=y-0.0048/0.3956 0.1632*0.25/0.0014=29.51
Average TFC value=34.4 TFC=mg
x=0.0694-0.0048/0.3956 CE/g
C=con. of CE obtained from calibration curve in
x=0.0646/0.3956 mg/ml
x=C=0.1632
Ab(s)arbance@SlOnm

y= qggSGx +0.0048

0.3 R2=0.9943

/ & Absorbance@510nm
0.2
/ —— Linear (

Absorbance@510nm)

0.1 L

O T T T T 1
0 0.2 0.4 0.6 0.8 1

d) Calibration curve total flavonoid content (TFC) of RE
Appendix le. MSKE/Absorbance measurement data for calculation of scavenging
% (in DPPH assay)

sno. Con. AAin pg/ml control Sample RSC %
1 50 0.42 0.09114 78.3
2 50 0.42 0.0657 84.34

RE/Absorbance measurement data for calculation of scavenging % (in DPPH

assay)
sno. Con. AAin pg/ml control Sample RSC %
1 50 0.34 0.12053 64.55
2 50 0.34 0.1344 60.47
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DPPH Scavenging Capacity (%) = (Ablank — Asample) X 100........ equation
A blank
% = (Ab-As/Ab)*100
=(0.42-0.09114/0.42)*100
=78.3% MSKE
% = (Ab-As/Ab)*100
= (0.34-0.12053/0.34)*100
=64.55% RE

Appendix .2 Regression equation of (TA, pH, TAMBC, TCC and YMC) estimates each extent
to which the dependent variables or criterion variables changed by independent variables
(predictor variables) by one unit.
TA = 02267-0.0317MSKE +0.0608RE -0.0292MIX +0.0503Lo -0.0173L; — 0.0513L>
+0.0183L3 + 0.0183Ho — 0.0140H1 + 0.0443H> — 0.0487H3

Where, i. PE- Types of plant extract (MSKE, RE, MIX)
ii. L- level of concentration plant extract (L0=0%, L1= 0.5%, L2=1%, L3=1.5%)

iii. H- storage time (HO= Ohours, H1= 24hours, H2=48hours, H3=72hours)

pH = 5.736 — 0.017MSKE — 0.081RE + 0.098MIX — 0.082Lo 0.009L; -0.029L, +0.103L3+
0.252To—0.207T24+ 0.011T4s — 0.056T72

TAMBC = 8.3049 + 0.0542MSKE + 0.0367RE + 0.0175MIX + 0.0411L, + 0.1126L1+
0.0097L2- 0.1634L3- 0.0899Ho — 0.0097H1 - 0.0907H2 + 0.1902H3

TCC= 5.1165 -0.0892MSKE +0.0705RE +0.0187Mix +0.3764 Lo+0.0092 L1+0.0621 Lo-
0.3235 L3-0.1340Ho - 0.2205 H1+0.0046H2+0.3499 H3
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Appendix 3. Powder preparation and extraction procudere and Microbial colony counting

i Powder preparation and extraction procudere

ii. Microbial counting or colony counting

Appendix 4. Treatement symbol on plant extract on treat milk sample.

Symbol

Experimenet

T1

Control

T2

Mango seed kernel extract 0.5%

T3

Mango seed kernel extract 1.0%

T4

Mango seed kernel extract 1.5%

T5

Mango seed kernel and Rosemary extract 0.25/0.25%

T6

Mango seed kernel and Rosemary extract 0.5/0.5%

T7

Mango seed kernel and Rosemary extract 0.75/0.75%

T8

Rosemary extract 0.5%

T9

Rosemary extract 1.0%

T10

Rosemary extract 1.5%
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