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ABSTRACT

The study was conducted with aim to determine the gastrointestinal parasites of local
breed chickens (Gallus gallus domestica) slaughtered in Chicken's Market at Dhamar
city localities. A total of 246 faecal samples from the gastro-intestinal tracts of
slaughtered chicken were collected and examined from January to June, 2023, using
direct smear and sodium chloride floatation methods for the presence eggs and oocyst
of gastrointestinal tract (GIT) parasites. The results demonstrated that, out of 246
samples examined, 170 (69.11%) were found positive with one or more parasites
species. High infection rate was found among males (45.53%) compared to females
(23.58%). The parasites species identified were Ascaridia galli (21.95%), Raillietina
echinobothrida (10.57%), Eimeria spp. (14.63%), Railletina cesticillus (9.76%),
Capillaria spp (6.10%) and mixed infection (6.10%). Significant differences (P<0.05)
were observed among prevalence rates of parasites identified. The distribution of
parasites infections on the basis of risk factors/Characteristics, the higher rate was
found in age groups of less than 5 months (30.89%), in Albaladi Aljabali breed
(35.37%), in the month of March (17.07%) and in Anis localities (16.67); whereas,
the lower infection rate was found in age group of up to 12 months (17.89%), in
hybrid breeds (4.07%), in months of June (7.72%) and in Myfaa localities (10.98%).
Significant differences (P<0.05) were observed between prevalence rate and sex,
month variation (season) and area (localities); while, none with other factors. The
results of the logistic regression analyses showed significant association between GIT
parasites infection rate and sex (OR= .377; 95%Cl: 0.216-0.656; P= .001), Breeds
(OR= 1.366; 95%ClI: 0.216-0.656; P= 0.024) and parasites species (OR= 0.058;
95%CI 0.026-0.130; P= 0.000), and none with other characteristics or risk factors
investigated. In conclusion, gastrointestinal parasites infections are prevalent among
local chickens in study areas. An epidemiological control programme should be put in
place to minimize parasite infections and their impact on local chicken production.

INTRODCTION

The poultry industry occupies an important position

absence of biological security which is very

in the provision of animal protein (meat and egg) to
man and also plays an important role in the national
economy as a source of revenue (FAO, 2006).
Native chickens, known as Albaladi, are the chicken
breeding commonly rearing by people traditionally
under free-range or backyard control system (Zalizar
(et al., 2021) but constrained by many extrinsic
factors like malnutrition, poor management and the

outstanding. In addition, predation by other animals
also is effective threat to local chicken (Saidu et al.,
1994; Derbie and Mebrate, 2020). The chickens are
generally raised in a free-range system, scavenging
around the compound of households, feeding on the
locally available resources like earthworm,
household refuse, insects, residue from harvest,
animal and human faeces etc. (Ajala et al., 2007).
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Gastrointestinal tract(GIT)parasites are considered
an important problem of chicken reared in rural
scavenging system and incriminated as a major
cause of ill-health and loss of productivity in poultry
in different parts of world (Fakae and Paul-Abiade,
2003; Ajala et al., 2007).

Nematodes, Cestodes and trematodes and
protozoa are important parasites of poultry
production. These parasites can be found in the
intestine or fecal dropping especially when expelled
as fresh specimen (Fakae and Paul-Abiade, 2003;
Biu and Haddabi, 2005). These parasites are found
more frequently in the warm seasons, when the
intermediate hosts are abundant. Beetles and
houseflies inhabiting poultry houses act as
intermediate host for most species of cestodes (Baba
and Oveka, 2004).

Although the prevalence of parasitic
infection has been greatly reduced in the commercial
production system, mostly due to improve housing,
hygiene and management operations (Yoriyo et al.,
2008). A large number gastrointestinal parasites are
still widely distributed throughout the world in free
— range chicken. Previous studies ( Saidu et al.
(1994) ; Ruff (1999; Yoriyo et al., 2008 ) reported
that, 35-100% of the rural scavenging chicken
examined were positive for one or more of
gastrointestinal parasites.

To our best knowledge, there is no literature
in combined data on prevalence of gastrointestinal
parasites in Yemeni local breed at Dhamar, Yemen;
therefore, this study was designed to determine the
gastrointestinal parasite in local chicken breed in
Dhamar city, and associated risk factors.

MATERIALS AND METHODS

Study Area

A cross-sectional study was conducted between the
periods of January to June 2023 in Dhamar city,
Dhamar governorate. The Dhamar governorate
located to the south east of Sana'a governorate, to
the north of Ibb governorate, to the east of Al
Hudaydah governorate and to the north west of Al
Bayda'a governorate in the central highlands of
Yemen. The topography of Dhamar area varies from
level plain to slopes at elevation between 2400 to
2700 meters above sea level. It's irrigated by rainfall
and underground water. According to the last Census
in 2004, the total population for the governorate is
about 1,330,108 which expected to be 3,311,033 in
2034. Agriculture is the main economic activity in
the area. Majority of population working in
Agriculture (Abbas et al., 2018; Al-Aizari et al.,
2018).

Sample size

Since the prevalence of major GIT parasites of local
chicken in Dhamar city small scale production
system has not been reported, 15% expected
prevalence rate was suggested with 95% confidence
interval (CI) and 5% desired absolute precision
following keys given by Thrusfield (2006).
Therefore, the total sample was calculated using
Thrusfield formula. N= (1.96)? Pexp(1-Pexp)/d? .
Where, n= required sample size, Pexp= expected
prevalence and d= desired absolute precision.
Accordingly, the required sample is 246 chicken.

Collection of Samples

A total of two hundred forty-six gastrointestinal
tracts of local breed chickens slaughtered in different
areas of Dhamar city were collected, labeled with
necessary information, and then transferred to the
Department of parasitology laboratory, Thamar
University for processing and examination (Afia et
al., 2019).

Samples analysis

In laboratory, the gastrointestinal tract parts were
separated and their contents emptied into their
respectively labeled beakers. The contents were
washed into a petri dish and examined under a
microscope for eggs/cyst of gastrointestinal parasites
qualitatively using direct wet and flotation
techniques. The gastrointestinal worms were
recovered as described by Hansen and Perry (1994)
and Urquhart et al. (1996). The recovered worms
were preserved in bottles containing 10 % formal-
saline solution. The recovered worms were
identified under light microscope by observation of
their distinctive morphological features as described
by Soulsby (1982) and Ashenafi and Eshetu (2004).

Statistical Analysis

Data Obtained from this study were summarized
using Tables and histogram. Descriptive and other
statistical analyses were performed by using SPSS
version 21 for Windows. (Version 21; SPSS Inc.,
Chicago, IL, USA). Chi square, logistic regression
and Pearson’s correlation analyses were used to
examine the relationship between prevalence and
characteristics/risk  factors. The association is
considered significant when p- value is less than
0.05 and insignificant when greater than 0.05.

Ethical Consideration
This research was approved by the Faculty of
Agriculture and Veterinary medicine Authority,
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Thamar  University, = Dhamar, before the
commencement of the study.

RESULTS AND DISCUSSION

Disease is among the major constraint of poultry
production industry (Hunduma et al., 2010). The
common internal parasitic infections occur in poultry
include  gastrointestinal  helminths  (cestodes,
nematodes) and protozoal parasites such as
Eimmeria species) that cause considerable damages
and great economic losses to the poultry industry in
the term of malnutrition, decreased feed conversion
ratio, weight loss, lowered egg production and death
particularly in young birds (Puttalakshmamma,
2008). Furthermore, parasites can make the flock
less resistant to diseases and exacerbate existing
disease conditions (Gary and Richard, 2012; Katoch
et al., 2012; Belete, 2016). This study aimed to
determine the prevalence rate and associated risk
factors of gastrointestinal parasites in free-range
local chicken in Dhamar, Yemen.

The prevalence rate of gastrointestinal
parasitic infection among local chickens selected and
examined between January and June, 2023 in
Dhamar is presented in Table 1. The results showed
that out of 246 chickens examined, 170 were found
infected with one or more parasite species with
overall prevalence of 69.11%. These results are in
agreement with findings of Asumang et al., (2019)
and lower than rate reported by Negbenebor and Ali
(2018) and Afia et al. (2019) in Nigeria, and higher
than rate reported by Jegede et al. (2016). The
consistent and contrary between results of this study
and findings of above workers could be attributed to
the differences in the management system, control
practice in farms, and seasonal differences in the
study area (Jegede et al., 2007). In addition, the high
prevalence observed in local chickens is believed to
be associated with the free-range nature of the local
birds which roam from place to place in search of
food by scavenging on superficial layer of the soil
which contains various arthropods and earthworms
that serve as the intermediate hosts for most
helminths of Poultry (Idika, et al., 2016).

The study s results revealed that, nematodes,
cestodes and coccidia spp. were the most common
intestinal parasites of chickens. These results are in
accordance with the works of Luka and Ndams,(
2007) in Zaria, Junaidu et al., ( 2014) in Nigeria, and
Kumar et al. (2015) in India, who reported that,
cestodes and nematodes were implicated as the
major cause of helminth infection in domestic
chickens. Cestodes generally undergo an indirect
mode of transmission where they make use of

intermediate host such as ants, grasshoppers, and
beetles to perpetuate their transmission (Asumang et
a., 2019). These organisms serve as food for
scavenging birds and hence transmit the infective
stage of the parasites to the bird upon ingestion
(Idika, et al., 2016). The high prevalence rate of
gastrointestinal  infection also indicates the
availability of their infective stages in the study area
and the ability of the infective stages to withstand
environmental conditions for a long time before they
are taken in by the host (Asumang et al., 2019).

Among 170 (69.11%) infected birds with
gastrointestinal parasites, the prevalence rate
according to species identified was 21.95%,
14.63%,10.57%, 9.76%, 6.10% and 6.10 for
Ascaridia galli, and Eimeria spp., Raillietina
echinobothrida, Railletina cesticillus, Capillaria
spp. and mixed infection respectively (Table 1).
Significant differences (P<0.05) were observed
among prevalence rates of parasites species. On the
basis of parasites types, among nematodes parasites
A. galli (21.95%, %) and in cestodes, Raillietina
echinobothrida. (10.57%) were the most prevalent
parasites species. These results are in line with
previous studies (Jegede et al., 2015; Negbenebor
and Ali, 2018; Asumang et al., 2019; Saraiva et al.,
2020). The higher prevalence of A. galli parasite in
local chicken is in consonance with several studies
which indicate the species as the commonest and
most important helminth infection of poultry
(Cervantes-Rivera et al., 2006; Ohaeri and Okwum,
2013). This is not surprising as A. galli have a direct
life cycle and their eggs are very resistant to the
environment conditions. The eggs are passed out in
the faces of the host and develop into the infective
stage in the open, contaminating feed and water
source, and a new hosts become infected when they
ingest the infective eggs from these sources (Ybafiez
et al., 2018). In the deep litter system, the eggs can
probably remain infective for long period depending
on management practice, the temperature, humidity,
pH, and ammonium concentration, feed and water
sources of birds can easily be contaminated, as farm
handlers can transport the eggs of these parasites
from other sources to the locality of birds (Asumang
etal., 2019).

The infection rate in chicken with cestoda
was 20.33% out of all infected birds and was
represented by Raillietina echinobothrida and
Railletina cesticillus. Raillietina genus and these
species are reported in many parts of the world with
different rate of infection (Igbal et al. 2018). Species
of Raillietina need intermediate hosts (gastropod
mollusk and ants) to complete their life cycle.
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Therefore, the differences in prevalence rate can be
influenced the availability of intermediate hosts,
hygiene and local climate (Igbal et al., 2018).

Eimeria spp. are one of the most important
protozoan parasites of poultry, both in terms of
distribution, frequency, and economic losses
(McDougald, 1997). They are passed through a
chicken’s droppings and contaminated the
environment. The common clinical signs of
coccidiosis in birds are loss of appetite, blood or
mucus in the feces, diarrhea, dehydration, and even
death (Allen et al., 2002). Local chicken are
vulnerable to the transmission of this parasite
through the transportation of personnel and
equipment (McDougald, 1997). However, the
prevalence of most of the parasitic diseases in
poultry including Eimeria spp seems to have
reduced significantly in  commercial poultry
production systems due to improved housing,
hygiene and management (Permin and Hansen 1998)
but, its continue to be of great importance in deep-
litter and free-range systems of poultry rearing
(Kumar et al., 2015). In current study, the prevalence
rate Eimeria spp infections in local chicken was
14.63%. These results are in line with findings of
Negbenebor and Ali (2018) who studied prevalence
of gastro-intestinal parasites of local chickens
(Gallus Gallus Domestica) in Kano, Nigeria and
reached to similar results. The prevalent Eimeria spp
infection among local chicken may be due to
seasonal  variations, = management  practices,
biosecurity, and ecological conditions of the study
areas.

In mixed infection, Out of total 246 chickens
examined, 15 (6.1%) birds were found infected with
more than one parasites, this prevalence rate is lower
than findings reported by Jegede (2015) who
reported higher percentage of mixed infection in
local birds in Nigeria. This could be attributed to
managemental practices, breeds and size of samples
examined. Moreover, Afia et al. (2019) suggested
that, the mixed infection of two or more species of
parasites per bird could be due to food preference at
a particular time.

The effect of characteristic/ risk factors on
distribution of gastrointestinal parasites prevalence
in local chicken are presented in Table 2. As shown,
the higher rate of infection was recorded in bird of
age group less than 5 months (30.39%); whereas,
lower infection rate(17.89%) in birds of age group
up to 12 months. There were no significant
differences (P<0.05) between prevalence rate and
age factor. These results are in contrast with findings
of Jegede et al. (2015) who reported that there were

significant differences (p<0.05) among the age
groups, with highest infection rate occurring in
grower birds. This could be attributed to the existing
maternal immunity in the chicks and the longer
exposure of the older birds to both helminth ova and
coccidian oocyst from the environment.

On the basis of sex, the results revealed that,
the infection rate in males (45.53%) was
significantly (P<0.05) higher than females (23.58%)
as depicted in Table 2. These results are in
accordance with findings of Jegede et al. (2015) and
in contrary with findings of Uhuo et al. (2013) who
reported that the infection rate in females higher
compared to males. The higher prevalence rate of
infection in males may be attributed to behavior and
biological factors.

In Yemen, there are two breeds of
indigenous chicken. One of them is called “A/baladi
Aljabali” and is located in the high mountains and
uplands. The second breed is called “Albaladi
Alsahili” which is located in the lowland coastal
areas (Al-Mamari, 2008). In this study, the
gastrointestinal parasites were more prevalent in
Albaladi Aljabali(35.37%) compared to Albaladi
Alsahili (16.67%) and Hybrid breeds ( 4.07%).
Statistically, there were no significant differences (P
> 0.05) in prevalence rate of infection among local
breed chicken examined (Table 2). These results are
in parallel with findings of Zalizar et al., (2021)
who studied prevalence of gastrointestinal helminths
in Indonesian native chickens, and its impact on egg
production. The differences in prevalence rate in
Yemeni chicken breeds may be due to genetical and
environmental factors.

In present study, Month variation (season)
was significantly (P<0.05) effect on distribution of
parasites in local chicken, and the higher prevalence
rate of infection was recorded in month of March
(17.07%) and the lower rate in month of January
(9.76%) as indicated in Table 2. These variations
could be due to differences in local environmental
conditions, which support larval development and
facilitate transmission of infective stage to new host.
The impact of geographical zone in distribution of
gastrointestinal parasites also was investigated, and
the results were revealed that, the higher the
prevalence rate of GIT parasites in chicken was
recorded in  Anis and Dhamar city( 16.67%);
whereas; the lower rate in Myfaa area (10.93). There
were significant differences (P > 0.05) in prevalence
rate of infection among study localities/areas. The
reason behind that could be attributed to
geographical characteristics of areas, availability of
intermediate hosts.
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The results of logistic regression analysis for
assessing the association between prevalence rate of
gastrointestinal and risk factors in local chicken are
presented in Table 3. As shown, logistic regression
demonstrated that there association between
prevalence rate and sex (OR=.377; 95%Cl: .216-
.656; P=.001), Breed (OR=1.366; 95%Cl: .216-
.656; P= 0.024) and parasite species (OR= 0.058;
95%CI.026-.130; P= 0.000); while, none with other
risk factors investigated.

The  correlation  between infection
prevalence rate, season and climatic conditions are
presented in Fig. 1. As shown there is slightly
fluctuation in prevalence rates and the higher rate
recorded in month of March and April when climatic
condition is moderate (21.5 and 21.5°C), (53 and

53%) and (49.4 and 186.9 mm) for Temperature,
Relative humidity and rainfall respectively.
CONCLUSION

It could be concluded from this study,
gastrointestinal parasites infections are prevalent
among local breed chickens in study areas.
Prevalence rate of gastrointestinal parasites
infections is influenced by sex, breed of chicken,
seasons (month variation) and study area. An
epidemiological control programme should be put in
place to minimize worm infections and their effects
on local chicken. Further studies on the prevalence
of gastrointestinal parasites in chicken need to be
elucidated for improved intensive egg and poultry
meat productions.

Table. 1. Prevalence of gastrointestinal parasites identified in local breeds chicken in Dhamar city(n=246)

Parasite No. of birds infected Prevalence % P value
Ascaridia galli 54 21.95 0.000
Railletina cesticillus 24 9.76

Raillietina echinobothrida 26 10.57

Eimeria spp. 36 14.63

Capillaria spp. 15 6.10

Mixed infection 15 6.10

Overall prevalence 170 69.11

Table 2. Distribution of gastrointestinal parasites in local breeds chicken according to characteristics of chicken and environmental

factors(n=246)

Variable Factor Categories No. of infected birds Prevalence% P value
Age >5months 76 30.89 0.213
10m 50 20.33
<12M 44 17.89
Sex Male 112 45.53 0.000
Female 58 23.58
Breed Albaladi Aljabali 87 35.37 0.152
Albaladi Alsahili 41 16.67
Hybrid breeds 10 4.07
Month variation January 24 9.76 0.000
February 31 12.60
March 42 17.07
Avpril 41 16.67
May 31 12.60
June 19 7.72
Area/ localities Anis 41 16.67 0.002
Centre of Dhamar 36 14.63
Haran 36 14.63
Myfaa 27 10.98
Mariaa 11 12.19
Overall prevalence 170 69.11
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Table 3. Logistic regression analysis results for association between prevalence of gastrointestinal parasite
in chicken and associated risk factors(n=246)

Variable/ Factor  Categories Infected birds Prevalence % OR 95% Cl P value
Age >5months 76 30.89 1.32 .950-1.837 .098
10 m 50 20.33
<12M 44 17.89
Sex Male 112 45.53 377 .216-.656  .001
Female 58 23.58
Breed Albaladi Aljabali 87 35.37 1.366 0.024
Albaladi Alsahili 41 16.67
Hybrid breeds 10 4.07
Month variation January 24 9.76 1.151 .972-1.362 0.102
February 31 12.60
March 42 17.07
April 41 16.67
May 31 12.60
June 19 7.72
Area/ localities Anis 41 16.67 1.094 .936-1.279 0.260
Centre of Dhamar 36 14.63
Haran 36 14.63
Myfaa 27 10.98
Mariaa 11 12.19
Parasite species
Ascaridia galli 54 21.95 0.058 .026-.130  0.000
Railletina cesticillus 24 9.76
Raillietina
echinobothrida 26 10.57
Eimeria spp. 36 14.63
Capillaria spp. 15 6.10
Mixed infections 15 6.10
250.00
200.00 Prevalence %
150.00 Temp
100.00 Rh
50.00 Rainfall
0.00
Jan Feb March Apr May Jun

Fig.2. Correlation between parasites prevalence and season and weather in local chicken in study areas
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ABSTRACT

Rabies is a fatal zoonotic disease of mammals, including humans. It remains a public
health problem in many Asian and African countries, including Yemen. This study
aimed to describe the spatial-temporal distributions and associated risk factors of
rabies in Dhamar governorate, Yemen. Data on reported rabies cases for the years
2011 to 2017 was obtained from the National Rabies Control Program (NRCP)-Unit
of Dhamar Governorate. Three rabies indicators were analyzed, including total bites,
positive bites, and the number of deaths. The association of rabies indicators with
reporting year, month/season, district, as well as the age and gender of the victims,
was assessed. A total of 13,706 bites, 2,555 positive bites, and 49 deaths due to rabies
were reported in Dhamar governorate between 2011 and 2017. The annual incidence
was averaged at 111.64 bites, 20.80 positive bites, and 0.402 deaths per 100,000 capita.
Incidence in some rural areas was as high as in urban areas, and it was significantly
higher in the eastern districts than in the western districts. The highest exposure
occurred in winter (December—February) while the lowest exposure occurred in
summer (June—August). The incidence was significantly higher in males (OR > 2.36)
and in age strata 5-14 years (OR > 2.42). Rabies is still endemic in Dhamar
governorate, and several factors affect exposure to the disease. Factors associated with
higher exposure in some districts need to be clarified, in particular the determination
of the local wildlife reservoir(s) and its distribution/mobility. Study the incidence of
rabies in animals, like bovine and equine species, and their role in transmission of the
disease is also encouraged.

INTRODUTION

Rabies is a zoonotic disease that has been known for
thousands of years (Gnanadurai et al., 2013). It is
caused by Lyssavirus genotype 1 of the family
Rhabdoviridae (Warrell, 2004). Rabies is a fatal
disease of mammals, including humans (Singh et al.,
2017); nevertheless, all warm-blooded animals are
also susceptible to infection (Oyda and Megersa,
2017). The rabies virus maintains itself in the
environment in wildlife reservoirs that vary between
contents and subcontinental regions, including dogs,
foxes, wolves, hyenas, raccoons, and bats (Warrell,
2004). Dogs are the main vector, and approximately

95% of the human rabies cases arise from dog attacks
(WHO., 2018). The virus presents in the saliva of
rabid animals, and is most commonly transmitted by
the bites of rabid animals (Singh et al., 2017).
Administration of post-exposure prophylaxis (PEP)
immediately after exposure to the bite was reported to
be highly effective, while the disease is invariably
fatal after the appearance of clinical manifestations
(Warrell, 2004).

Rabies is a neglected tropical disease that
mostly affects vulnerable people and poor
communities (WHO, 2023). Human rabies is
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underestimated due to several factors, such as an
immature reporting system and a lack of diagnostic
infrastructure (WHO., 2018). Annually, 59,000
human deaths occur globally, with a one death case
every 10 minutes or less. It mostly affects Asia and
Africa, where 59.6% and 34.6% of the deaths,
respectively, occur (WHO., 2018). Annually, 29
million PEPs are received, with an average cost of
108 US dollars for each. The annual global burden of
rabies was estimated at 8.6 billion US dollars (WHO,
2023). Elimination of rabies is feasible, and rabies has
come under control in most of the developed
countries, largely through the vaccination of pet
animals, in particular dogs (Gnanadurai et al., 2013,
Wallace et al, 2017). In 2016, the World
Organization for Animal Health (OIE), the WHO, and
the Food and Agriculture Organization (FAO), as
well as many other non-governmental organizations,
set the goal of eliminating dog-mediated human
rabies deaths by 2030 (Wallace et al., 2017).

Control or elimination of rabies in a
particular region requires prior knowledge of its
epidemiology in that region. Several factors affect the
incidence of rabies, including, but not limited to, the
presence of wildlife reservoirs, their distribution and
mobility (Aiyedun et al., 2017), dog and human
densities and the dog-to-human ratio (Babaniyi et al.,
2016, FAO., 2014), human behaviors (WHO., 2018),
socio-economic factors (Bonilla-Aldana et al., 2022),
transportation, and the presence of roads (Song et al.,
2009). Accordingly, the incidence of rabies may not
evenly distributed over time or space and, in some
instances, tend to cluster (Bonilla-Aldana et al.,
2022). Spatial temporal distribution allows the
identification of regions/periods with higher exposure
and paves the way to assign the determining factors.

Little is known about the epidemiology of
rabies in Yemen particularly in Dhamar governorate.
Nationally, up to 7,000 bites and at least 30 deaths
were reported annually (Al-Shamahy et al., 2013).
Here, we aimed to describe the spatial-temporal
distributions and some associated factors of rabies in
Dhamar governorate and to highlight the rabies
problem accordingly.

MATERIALS AND METHODS

Study area and population

Dhamar governorate is located in the central west
region of Yemen, about 100 km south of the capital,
Sana’a, and between latitudes 14° - 15°N and
longitudes 43.30° - 44.50°E. Dhamar is an agriculture
governorate that produces some crops like potatoes,
corn, and others. It also harbors a large number of
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animals, especially sheep and cattle. Topologically,
Dhamar is a mountainous area that is elevated
between 760m and 2848 m above sea level.
According to the last official census conducted in
2004, the population of Dhamar governorate was
1,330,108 capita. Administratively, the governorate is
divided into 12 districts (NIC, 2018) and can be
separated by the longitude E44.075°E into an eastern
part (Al-Hada, Jahran, Dhowran, Al-Manar, Anss,
Maeffa’at Anss, Dhamar City, and Maghreb Anss)
and a western part (Jabal Al-Sharg, Utmah, Wisab Al-
Adali, and Wisab Al-Safel).

Data Collection

Data on rabies incidence for the years 2011 to 2017
were obtained from the National Rabies Control
Program (NRCP)-Unit of Dhamar Governorate. It
consists of monthly records of numbers of positive
bites, negative bites, unknown bites, and total bites
for males and females, as well as the number of deaths
for different age strata (0—4, 5-14, 15-40, and >41
years). The data presented at the district level with
records of two districts, Wisab Al-A’ali and Wisab
Al-Safel, merged under the name Wisabaen. The
estimated population size of Dhamar governorate for
the targeted years was obtained from the National
Information Center (NIC)-Yemen (NIC, 2018). The
population fraction contributed by each district to the
overall governorate population was obtained from the
last official population census (2004) (NIC, 2018).

Data analysis
The obtained data was tabulated in MS Excel sheet.
Assuming a constant growth rate of the district
population, the annual population size at the district
level was projected from the governorate’s annual
population size and the district population fraction.
Three rabies indicators were studied,
including total bites, positive bites, and the number of
deaths. Temporal and spatial distributions of the
rabies indicators were expressed as annual incidence
per 100,000 capita at the governorate and district
levels, respectively. Mapping spatial distribution was
performed using Epi-Info™ 7.2.4.0 (CDC, Atlanta).
The associations of the involved variables
with month/season, age strata, and gender were
expressed as percentages using the total count of each
variable as a denominator. The odd ratio (OR) was
also calculated to reflect the effect of population size.
The significance of the differences was
judged using the Chi-square test (X?) in Prism
(GraphPad software version 9, San Diego, CA, USA).
P-values less than 0.05 were considered statistically
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significant..

RESULTS

Annual incidence of rabies indicators in Dhamar
governorate

A total of 13,706 bites, 2,555 positive bites, and 49
deaths due to rabies were reported in Dhamar
governorate between 2011 and 2017. The annual
incidence of total bites in Dhamar governorate ranged
between 89.43 bites/100,000 capita in 2014 and
161.41 bites/100,000 capita in 2016, and averaged to
111.64 bites/100,000 capita (Figure 1). The annual
incidence of positive bites ranged between
14.97/100,000 capita in 2011 and 32.21/100,000
capita in 2016, and averaged to 20.80/100,000 capita.
The annual incidence of death due to rabies ranged
between 0.172/100,000 in 2014 and 0.686/100,000
capita in 2017 and averaged to 0.402/100,000 capita.
Significant differences were observed between the
studied years regarding the number of total bites (p
value <0.0001) and positive bites (P value <0.0001),
but not for the number of deaths (P value = 0.0923).

Seasonality

Comparing the number of total bites and positive
bites on a month/season basis showed significant
differences between months/seasons. Exposure was
higher in winter (December to February) and lower in
summer (June to August), as shown in Table 1. On
the other hand, differences in the number of deaths
were not significant.

Spatial distribution of rabies indicators in
Dhamar governorate

The presented data showed significant differences in
the distribution of the three rabies indicators between
districts of Dhamar governorate. Anss district showed
the highest incidence of the three indicators (290.5
bites, 49.57 positive bites, and 0.914 deaths/100,000
capita). On the other hand, Wisabaen showed the
lowest incidence of total bites and positive bites
(10.34 total bites and 2.57 positive bites/100,000
capita), while death due to rabies was not reported
from Maghreb Anss and Maeffa’at Anss, as shown in
Figure 2. For the three rabies indicators, there was a
significant difference (P value <0.001) between
eastern districts (160.91 bites, 28.59 positive bites,
and 0.552 deaths /100,000 capita) and western
districts (36.5 bites, 8.98 positive bites, and 0.167
deaths/100,000 capita). The incidence of bites and
positive bites in Anss, a rural district, was
significantly higher than that in Dhamar city (174
bites, 25.6 positive bites, and 0.435 deaths/100,000
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capita) the main urban area in the governorate.

Age of the victims

The present findings showed significant differences
between reported age strata over the three rabies
indicators. The highest exposure was associated with
the age strata 5 to 14 years old, with >2.42 times
higher than the other strata, as shown in Table 2.

Gender of the victims

The presented findings showed that exposure of
males to bites and positive bites (approximately 70%)
was significantly higher than that in females
(approximately 30%), as shown in Table 3. For both
indicators, the odd ratio showed that exposure of
males was approximately >2.36 times higher than
exposure of females. The genders of the dead victims
were not specified and, thus, not shown.

DISCUSSION
Analysis of the incidence of bite/rabies cases and
evaluating the major associated risk factors are
essential to establish a rabies control strategy. The
present study highlights the epidemiology of rabies in
Dhamar governorate and provides insights into the
incidence of bites, rabid bites, and deaths due to
rabies in Dhamar governorate, Yemen. The spatial-
temporal dynamics of the disease and its association
with the age and gender of the victims were assessed.
In the present study, average animal bites exposure
was 111.64/100,000/year and ranged between
89.43/100,000 in 2014 and 161.41/100,000 in 2016 in
Dhamar governorate. The reported rate is at the lower
margin of the global estimation of the annual
incidence of dog bites cases, which ranged between
100 and 5,000 bites per 100,000 capita (WHO.,
2018). In this way, an annual incidence of 42.4, 39.6,
and 1500 bites per 100,000 capita were reported from
Zambia, Uganda, and the USA, respectively (Fe'vre
et al., 2005, Babaniyi et al., 2016, Hiby et al., 2017).
In the current work, exposure to positive bites
in Dhamar governorate was averaged at 20.80 per
100,000 capita per year and ranged between
14.97/100,000 capita in 2011 and 32.21/100,000
capita in 2016. Comparable findings were reported
from Ethiopia, where exposure to rabid bites was 35.8
to 89.8 per 100,000 capita in Tigray (Teklu et al.,
2017) and 1.27 to 4.6 per 100,000 capita in Gondar
(Yibrah and Damtie, 2015). At the national level in
Ethiopia, the annual incidence of rabid bites was
estimated at 12 rabid bites per 100,000 (Beyene et al.,
2018). Similarly, exposure to a rabid bite was
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estimated at 27/100,000 in New York, USA, and
58/100,000 in Tanzania. Higher rates were reported
by active surveillance, for example, rabid bites was
estimated at 234/100,000 capita in Kenya (Yibrah and
Damtie, 2015).

In the current study, annual mortality due to
rabies in Dhamar governorate ranged from 3 deaths
(0.172/100,000) in 2014 to 13 deaths (0.686/100,000)
in 2016, with an average of 0.402 deaths/100,000
capita. This finding is lower than that reported in
Ethiopia, Kenya, and Tanzania, which were estimated
at 1.6, 2.5, and 4.9 rabies deaths per 100,000 capita,
respectively (Beyene et al., 2018, Taylor et al., 2017).
However, rabies in Dhamar governorate and in
Yemen is largely underestimated due to a shortage of
reporting systems (Al-Shamahy et al., 2013).

Significant differences were found in the
incidence  of  bites/positive  bites  between
months/seasons in Dhamar governorate, which peaks
in December—February. This is in agreement with the
findings reported by Yibran and Damtie (2015) who
showed higher exposure in the fall and winter months
(approximately 60%) and lower exposure in the
spring and summer in Gondar, Ethiopia (Yibrah and
Damtie, 2015). On the other hand, higher exposure to
dog bites (60%) was reported to occur between June
and October in Zaria, Nigeria (Ehimiyein et al., 2014)
and between March and May (40%) in Bhutan
(Tenzin et al., 2011).

The present findings showed that 36.73% of
the mortalities occurred from September to
November. This is in agreement with previous reports
from Ethiopia and elsewhere showing that a higher
incidence of rabies occurs in late summer and fall and
was attributed to the higher mobility of the wild
animals in search of food and mating partners during
this period (Oyda and Megersa, 2017). Similarly, a
study in Zimbabwe showed that the highest incidence
of human rabies occurs during the dry season from
July to November (Pfukenyi et al., 2007).

In the present work, a significant difference
in the incidence of rabies was observed between
Dhamar districts, with a higher incidence in the
eastern districts. This may be linked to the presence
of wildlife animals, including wolves, haynes,
hedgehogs, jackals, foxes, leopards, and caracals, that
have been reported in Dhamar, especially in the
eastern part, due to the presence of water springs in
this region (Beck, 1990, USAID-Yemen., 2013).
Nevertheless, Utmah district in the western part has
also been declared a protected area since June 2, 1999
(USAID-Yemen., 2013). Wild life is a central
component of rabies epidemiology, from which
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infection is transmitted to domestic animals,
especially dogs, and humans (Aiyedun et al., 2017).
In this regard, the red fox (Vulpes vulpes) and golden
jackal (Canis aureus) have been reported as the main
reservoirs of rabies in Yemen and surrounding
countries (WHO., 2018). Additionally, bites and
transmission of rabies by domestic animals, such as
bovines, have also been reported.

However, dogs remain the main attacking
animals and the main source of rabies for humans
(Babaniyi et al., 2016). Increases in dog and human
densities were associated with an increase in rabies
transmission. Hence, the incidence of rabies was
significantly higher in urban areas than in rural areas
(Beyene et al., 2018). No data on the size of the dog
population at the district or governorate levels was
available. The dog population in Yemen was
estimated to be more than 1,000,000, with 10—20% of
them owned (Al-Shamahy et al.,, 2013). The
size/management of the dog population, the human-
to-dog ratio, the availability of eatable food (for
example in garbage contents and carcasses of dead
animals/birds), and the mass immunity of the dog
population (induced by vaccination) are some of the
underlying factors affecting rabies epidemiology
(FAO., 2014).

Notably, in the present study, the incidence
of bites and positive bites in some rural areas was as
high as in urban areas or even higher. The two
districts with the highest incidence of total bites,
Dhamar city and Anss, contain about 60% of the
commercial poultry farms/sheds in  Dhamar
governorate (Al-Mamari, 2008). Indeed, a significant
positive correlation was found between the number of
poultry farms/sheds and the number of total bites at
district levels (data not shown).

In urban areas, the vast majority of the dogs
are stray (Al-Shamahy et al., 2013), while dogs are
frequently owned in rural areas to guard cultivations,
especially Qat trees which are widely grown in the
eastern districts of Dhamar governorate. These are
some of the factors with an expected link to the dog
population and spread of rabies. Other factors that
were reported to affect the incidence of dog
bites/rabies include land use, mobility, and the
presence of roads (Babaniyi et al., 2016).

In the current investigation, the exposure of
age strata 5 to 14 years was >2.42 higher than the
other strata for the three rabies indicators. Those aged
<14 years represented 57% to 63% of the total
victims. Previous findings from Yemen showed that
the age strata <10 years represented 56.1% of the
victims of the positive bites (Al-Shamahy et al.,
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2013). Compatible findings were reported from
Tigray-Ethiopia and from Oman, where 56% and
52% of the bitten victims were in age strata 0-15 and
0-19 years, respectively (Abebe et al., 2015, Al-
Abaidani et al., 2015). Lower exposure was also
reported from Ethiopia, Zimbabwe, and Ghana,
where 38.5% to 47.9% of the bites were reported in
the age strata <15 years (Yimer et al., 2002, Yibrah
and Damtie, 2015, Pfukenyi et al., 2007). On the other
hand, a higher exposure of this age strata (0—14 years)
to animal bites was reported in Irag, where it received
63% of the total bites (Horton et al., 2013). The higher
exposure of this age strata may be attributed to the
higher outdoor activity and close contact with
animals, as previously reported by others (Al-
Abaidani et al., 2015).

In the present work, males represented
70.66%, while females represented 29.34% of the
bitten individuals. Regarding positive bites, males
and females represent 69.7% and 31.3%,
respectively, of the victims. This is in fine agreement
with a previous report from Yemen, where males
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Bhutan (Tenzin et al., 2011); and 50.3% in Techiman,
Ghana (Punguyire et al., 2017). On the contrary, 89%,
80%, and 73.8% of the bitten victims in Iraq, India,
and Zimbabwe, respectively, were males (Horton et
al., 2013, Babaniyi et al., 2016, Pfukenyi et al., 2007).
Gender-related differences in exposure to bites may
be attributed to differences in outdoor activities
between males and females.

0.9
0.8
0.7
0.6
0.5
0.4
0.3

0.2

Annual incidence of death due to rabies/100,000 capita

0.1

2015 2016 2017

e Positive bites

Fig.1. Temporal distribution of rabies cases in Dhamar governorate for the period from 2011 to 2017
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Fig 2. Spatial distribution of rabies in Dhamar governorate at district level. The annual incidence of total bites (choropleth) and of positive
bites (case cluster in blue), as well as the total number of deaths due to rabies (case cluster in red). The map was constructed using Epi-Info™
7.2.4.0. Source of the Map: National Geographic, Esri, DeLorme, HERE, UNEP-WCMC, USGS, NASA, ESA, METI, NRCAN, GEBCO,
NOAA, iPC.
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Table 2: Comparison of numbers of animal bites, positive bites, and death due to rabies over ages of the

victims

Total bites (%; OR; Cl95%) |Positive bites (%; OR;|Deaths (%; OR; C195%)
Age strata Population* C195%)

1769 (12.91; 0.78; 0.74-|386 (15.11; 0.94; 0.84-6 (12.24;0.74; 0.31-1.73)
0 4 years 277,734 0.82)Y 1.05)

6195 (45.2; 2.47; 2.39-1212 (47.44; 2.68; 2.48-|22 (44.9; 2.42; 1.38-4.25)"
5 14 years 440,031 2.55)% 2.9)2

3906 (28.5; 0.52; 0.5-0.54)" (714 (27.95; 0.51; 0.47-|14 (28.57;0.52; 0.28-0.97)¥
15 40 years |755,519 0.55)Y
>40 years 272,265 1836 (13.4; 0.84; 0.8-0.88)Y 243 (9.51; 0.57; 0.5-0.65)"|7 (14.29; 0.9; 0.41-2.01)
Total 1,745,549 |13,706 2,555 49

*: Population size of the middle year (2014), V: Exposure is significantly lower than that in other strata
A: Exposure is significantly higher than that in other strata

Table 1. Comparison of numbers of animal bites, positive bites, and death due to rabies at level of season

Season Population*|Total bites (%; OR; CI95%) |Positive bites (%; OR; C195%) |Death (%; OR; CI195%)
3612 (26.35; 1.08; 1.04-|698 (27.32;1.13;1.03-1.23)* |11 (22.45;0.87; 0.44-1.7)
Dec. -Feb. (1,745,546 |1.12)*
Mar.-May  [1,745,546 |3416 (24.92;1;0.96-1.04) 686 (26.85; 1.1; 1.01-1.2) 7 (14.29; 0.5; 0.22-1.11)
3282 (23.95; 0.95; 0.91-|561 (21.96; 0.84;0.77-0.93)V |13 (26.53; 1.08; 0.57-2.04)
June-Aug. 1,745,546 |0.98)Y
3396 (24.78; 0.99; 0.95-610 (23.87; 0.94; 0.86-1.03) 18 (36.73; 1.74; 0.97-3.11)
Sep.-Nov.  |1,745,546 |1.03)
Total 13,706 (100;;) 2,555 (100;;) 49 (100;;)

*: Based on the population size of the year 2014 (middle year), V: Exposure is significantly lower than that in the rest of the year, 4: Exposure
is significantly higher than that in the rest of the year

Table 3: Comparison of numbers of animal bites and positive bites over gender of the victims

Gender Population* Total bites (%; OR; CI195%) |Positive bites (%; OR; CI195%)
Male 863,190 9685 (70.66; 2.48; 2.39-2.57)|1781 (69.71; 2.36; 2.16-2.56)"
Female 882,359 4021 (29.34; 0.4; 0.39-0.42)" 774 (30.29; 0.42; 0.39-0.46)"
Total 1,745,549 13,706 2,555

*: Population size of the middle year (2014), V: Exposure is significantly lower than that in the other group

A: Exposure is significantly higher than that in the other group

CONCLUSIONS

Up to our knowledge, this is the first effort to
understand the spatial-temporal dynamics of the
rabies and underlying factors in Dhamar governorate.
Rabies is still an endemic disease in Dhamar
governorate. Exposure to bites/rabies varies
according to several factors. The incidence of rabies
in some rural areas was higher than urban areas.
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Factors affecting differences in exposure between
eastern and western parts need to be studied,
including the size of the dog population and the
presence/behaviors of the wildlife reservoir(s). The
incidence of rabies in domestic animals, like bovine
and equine species, and their roles in transmission of
the disease also need to be studied. There is a need to
enhance surveillance, diagnosis, and public
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awareness of the disease. Additionally, management
and vaccination of the dog population are also
required for the control of rabies.
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Effect of deep frying and quantity of potatoes in some
frying oil characteristics
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ABSTRACT

This study aimed to determine the impact of deep frying process, number of
frying cycles per batch (B treatment) and potato to oil percentage as prepared
from 6 : 1 (Al treatment) and 3 : 1 (A2 treatment) ratio adds (w:w) (RDPO:
potato fingers), on some frying oil characteristics. Results obtained from this
study showed that the adds- ratio of oil and potatoes had no significant effect


http://journal.tu.edu.ye/index.php/yjavs/index
mailto:salehabdullah936@gmail.com
mailto:salehabdullah936@gmail.com

Yemeni Journal of Agiculture and Veterinary Sciences(2023) 4(1): 20-27

Al-Sanabani et al

Oil
Potato
Frying
repeat

frying

on moisture content, free fatty acids content and iodine value of the refined
deodorized palm olein (RDPO) frying oil. The results also showed that the
moisture content and free fatty acids content of frying oil were increase in
directly proportional to the number of frying cycles. The moisture content was
increased significantly from (0.040 + 0.041) before frying and reached to
(0.495 + 0.04) % after frying. The free fatty acids content of frying oil was
increased with increasing frying cycles, but did not exceed the acceptable
standards limits, whereas a decreases in iodine value of the frying oil were
noted as the number of the frying cycles increases. The lowest iodine value
was found in the oil of frying set A1B7, which it reached (56.27 £ 0.054 mg
/100g Oil). Both adds-ratios and the number of frying cycles as well as the
interaction between them had a significant effect on peroxide value of frying
oil. The highest peroxide value was found in the oil after the frying cycle B7,

where it reached (9.54 +£0.20) meqO2/kg oil.
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ABSTRACT

This work aimed to estimate the physical and chemical properties of local apple cultivar
(Anna variety) and three varieties of imported apple fruits include (Granny Smith, Red
Delicious and Honeycrisp apples) to compare the quality parameters of local apple with
imported apple fruits. The samples were collected from local markets in Dhamar city,
Yemen. The results showed that the physical properties of apple fruits were, the whole
fruit weight (122.04, 113.5, 117.68 and 102.94) g, the pulp weight (109.16, 98.59,
102.77 and 89.7) g, the peel weight (11.76, 11.62, 10.92 and 8.84)g and the seeds
weight was (0.0, 0.31, 0.14 and 0.41) g, the fruit extract volume was (47.83, 52.50,
57.83 and 41.70) ml in local, Granny Smith, Red Delicious and Honeycrisp apple
varieties respectively. The chemical properties of apples juice were as following ,the
moisture (83.43, 82.93, 84.40 and 86.27) %, total solids (16.57, 17.07, 15.77 and 13.73)
%, total soluble solids, TSS (13.82, 10.85, 12.15 and 11.68) °Brix, reducing sugars
(8.32, 6.59, 8.69 and 8.84) %, pH (3.61, 3.69, 4.10 and 4.2), titratable acidity (TA)
(0.53, 0.51, 0.22 and 0.22) %, while vitamin (C) content was (16.01, 15.72, 17.46 and
17.61 mg/100 ml) in local, Granny Smith, Red Delicious and Honeycrisp apple
varieties respectively. The Maturity indexes were the TSS/TA ratio (26.92, 24.88, 55.39
and 54.58), starch-iodine index (7.67, 10, 10 and 10) and Thiault index (TI) (198.28,
164.32, 149.67 and 143.92) in local, Granny Smith, Red Delicious and Honeycrisp
apple varieties respectively. The results of this research revealed that the local apple
fruits have good quality indicators, in terms of its physical properties and high TSS
content, but the high acidity and starch content may be the reasons of its low sweetness
and negatively effects on their quality characteristics.

INTRODCTION

Apple is the pomaceous fruit of the apple tree which
belong to the rose family. The genetic variability
found in the apple has allowed adapted types to be
selected for different environments and regions
(Abdualrahman, 2015). Apple fruits quality is an
important factor in minimally processed or fresh-cut
slices. The physicochemical properties of fruits are
important for nutritional, economic, food quality
after processing and storage stability considerations.

Fresh apples juices a source of various
bioactive compounds include antioxidants as
ascorbic acid, which give them a value addition in
food commercialization. It's highly appreciated and
consumed because of its flavor and nutritional

properties (Kanchan et al., 2020). Apple fruits
represent an important source of some antioxidant
nutrients in western countries because the apples are
the most consumed fruits in these countries. The
antioxidants and ascorbic acid contents in apple
fruits have been widely studied (Haytowitz et al.,
2009) and (Bodner-Montville et al., 2006). Bongers
et al., (1994) studied the physicochemical properties
of apple fruits and found significant differences in
some quality parameters between apples from
different origins. They also reported that the apples
produced in United States, especially delicious had
some superior quality parameters compared to the
apple fruits from other origins.
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The ecological conditions, cultural practices
and genetic features are the most factors that
affected on the phenology, morphology and
biochemical contents of apple fruits (Geger et al.,
2020). The pre-harvest treatments of apple trees
effects on their fruit’s physicochemical properties.
El-Sabagh et al., (2012) reported that the sprayed
with Hydrogen Cyanamide (Dormex) increased
significantly the average of fruit weight, fruit size,
length, diameter, Total Soluble Solids (TSS) and
TSS/acid ratio in compare to the control; however,
they caused a significantly decreased in both fruit
firmness and acidity).

Storage of apple fruits cultivars resulted in
significant increase in weight loss, while starch
score, juice content, acidity, TSS, total sugar, pH,
ascorbic acid and TSS: TA ratio decreased with
prolong storage period (Banoo et al., 2018). Aly et
al., (2019) reported that the total sugar and TSS
content was significantly increased with increasing
storage periods of Anna apples, while ascorbic acid
and acidity was significantly decreased during cold
storage.

The firmness and starch iodine in apple
fruits are decreased over the storage time since
harvest, but the TSS content is increased. Climate
changes effects on the texture and taste of apples due
to it early flowering and high temperatures during
the growing phase (Daniela and Vanessa,
2020).During the maturity progress of apple fruits,
the physicochemical properties are change. For
determination the maturity degree some tests are
used. The starch pattern index (SPI) test is one of the
tests that widely used to assess apple fruits maturity.
It measures the changes in starch concentration in
the fruits during maturation and ripening.

SPI  values increased and  starch
concentration decreased with maturity progress of
fruits. The binding capacity of iodine to starch
depends on starch composition and by the amylose
concentration. Amylose concentration in total starch
decreases during maturity progress and reached to
low levels at the later stages of fruits. The Starch
index (SI) is less reliable in representing total starch
during later stages of Fuji apple maturation
(Doerflinger et al.,, 2015 and Fan et al., 1995).
Thammawong and Arakawa, (2009) found that, the
starch degradation in apples are varied depends on
apples cultivars, and they suggested that, iodine
staining is recommended more for determining the
maturation of late-maturing cultivars rather than the
early-maturing.

In Yemen, the apples fruits are cultivation in
some areas like Saadah, Emran and Dhamar
governorates. The local apple varieties are belonging
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to the (Anna and Ein shemer) apple varieties. The
imported apples had more consumers' acceptability
than local apples in Yemen. Therefore, we
conducted this research to study and compare the
physiochemical properties of local and imported
apples and define the reasons for the more
acceptability of imported apples than local apples
fruit.

MATERIALS AND METHODS

Sampling:

Apple fruits were collected randomly from local
markets of Dhamar city during the period between
August and November, 2022. The local apple variety
was Anna variety while; an imported apple was
Granny Smith, Honeycrisp and Red Delicious (Fig.
1). The fruits were placed in plastic bags and
brought to the laboratory of Biotechnology and Food
Technology Department, Faculty of Agriculture and
Veterinary Medicine; Thamar University for
analysis the physical and chemical properties of
apple fruits and their extracted juice.

Physical properties of fruits

The total weight of fruit was measured using an
analytical balance. The peel was removed from the
fruits by knife carefully. Then, the fruits were
cutting and the seeds were removed manually. After
then, the fruits flesh, seeds and peel weight were
measured. For juice extraction, the fruits pulp was
crushed by electrical blender, the mixed, filtered
through sieving, weight and volume measured.

Chemical analysis of apples juice

Apples’ juice was obtained from fruits pulp. Fruits
pulp was blended and sieved to remove the seeds.
The extracted juice was used for chemical analysis
including the following parameters: Moisture and
total solids content, acidity, total soluble solids
(TSS), reducing sugars, vitamin (C) and the pH
value.

Determination of moisture and total solids
content

Moisture content was estimated by drying method
using microwave oven as described by (Suhaime et
al., 2018). 10 g of apple juice were weighted in Petri
dish and dried until the weight stable. The yield was
cooled, weighted. The moisture content and total
solids were calculated, five replicates were analysis
and the average was calculated.

Determination of total soluble solids (TSS)

The total soluble solids (TSS) of apples pulp were
determined using a hand refractometer, Atago
Company, Japan.
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Estimation of reducing sugars

Reducing sugars contents were estimated by Lane-
Eynon method (AOAC, 1990). Juice sample (20 ml)
was transfer to 500 ml volumetric flask. 100 ml
water were added, and then the juice
mixture/solution was neutralized with NaOH
solution to phenolphthalein end point. 10 ml of
neutral lead acetate solution was added to the flask
contents. The flask contents was shaken and let
stand for 10 min. Potassium oxalate solution in small
amounts was added to the mixture in the flask until
there is no further precipitation. The volume was
completed with distilled water and mixed well. After
that the sample mixture was filtered through
Whatman No. 1 filter paper. 50 ml of filtrate was
transferred to the burette. 5 ml each of Fehling A
and B solutions was transferred to 250 ml conical
flask. Fehling solution was titrated with sample
solution from the burette with continuous heating to
boiling and 3 drops of methylene blue indicator was
added and continuation the titration until the
indicator is decolorized and the brick red color was
appeared. The consumed sample solution volume in
titration was recorded. Duplicated titration was
carried and the average of sample solution was
calculated. The direct reducing sugar was calculated
by the equation. The Fehling factor was primary
found by wusing a known glucose solution
concentration.

Reducing sugar (%) =
(Fehling factor) x Vol.made up x 100
Wt.of sample x 1000

Granny Smith apple Red Delicious apple

S Esi O ' \
g

Local apple Honeycrisp apple

Fig. 1. Apple fruit varieties include in this study
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Red Delicious apple

|

-
Honeycrisp apple

Local apple
Figure 2: Starch-iodine index of apples fruits.

Estimation of pH:

The pH was estimated using a pH meter from
HANNA Company. During the measuring process,
the electrode was immersed directly in the juice
extract and reading was recorded.

Determination of titratable acidity (TA)

The titration method with sodium hydroxide NaOH
(0.1) N and phenolphthalein indicator was used for
acidity measuring. The amount of alkali consumed
in titration was recorded and the titratable acidity
was calculated and expressed as malic acid
(Kanchan et al., 2020).

Determination of vitamin (C) content

Vitamin (C) was estimated by iodine titration
method according to technique described by
Ciancaglinia et al. (2001). In brief, 20 ml of the
apples fruit juice was transferred to 250 ml
Erlenmeyer flask. 25 ml of distilled water were
added. From the diluted sample, 10 ml were
transferred to 250 ml beaker and 1 ml of cooled,
filtered, starch added. Slow titration by potassium
iodide with stirring was carried out to reach the end
point and dark blue color appeared. The volume of
potassium iodide used in titration was determined
and the vitamin C content was calculated as follows:

Vitamin C (mol/L) =

ml of potassium iodidexiodide molarity

sample volume (ml)
The amount of vitamin C in (mg/100 ml) was
calculated using the following equation:
Vitamin C (mg/100 ml) = Vitamin C (mol/l) x
(M.W) of Ascorbic acid x 100.
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Maturity indexes of apples

Estimation of starch index

Starch index was determined by the iodine test as
following, iodine solution was prepared by
dissolving (40 g Kl and 10 g I) in one liter of
distilled water. Fruits were cut with the greatest
diameter and dipped into solution for 3 min, after
then removed from the iodine solution, access
solution was drained and staining percentage
estimated. The starch-iodine rating was conducted
using the generic starch-iodine index chart for
comparison. This method uses a 1 to 10 scale, where
(0) represents the max starch content and (10) the
complete degradation of the starch content (Szalay et
al., 2013).

Calculation of Thiault Index (T1)

The Thiault index (TI1) was calculated from the
measurements of TSS as a total sugar (TS) and
titratable acidity (TA) expressed as malic acid (g/l),
using the equation below (Icka and Damo, 2014).
TI=TS + (TA x10), TS (Total sugar) =
(TSSx10.6) — 20.6

Statistical analysis

Descriptive statistics analysis was performed to find
the mean values and standard division (SD) of
parameters. Duncan test was used as a multiple
comparison test to express the differences between
the average values at (P < 0.05). The statistical
analysis was performed with the SPSS program
version 16.

RESULTS AND DISCUSSION

Physical properties of apple fruits:

Fruit and its parts weight:

The minimum size of apple fruits shall be (60) mm,
as a diameter, or (90) g, if measured by weight. Fruit
of smaller sizes may be accepted if the °Brix value
of the produce is (= 10.5) “Brix and the size is not
smaller than (50) mm or (70) g (FFV-50, 2020).

In this study, the results revealed that,
significant differences (P<0.05) were observed
among the physical properties of local and imported
apple fruits varieties (Table 1). These results showed
that the local apple had the higher fruits weight,
flesh and peel weight compared to imported apple
fruits, while the Honey crisp apple fruits had the
lower values. The local apple fruit weight, flesh and
peel weight were (122.04 + 23), (109.16 £24.94) and
(11.76 £2.84) g respectively; whereas, Honeycrisp
apple fruit weight, flesh and peel weight were
(102.94 + 1.156), (89.7 +4.61) and (8.84 £1.30) ¢
respectively. The weight of local apple fruits varied
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widely from one fruit to the other. One for the
reasons of this variation is that local apples fruits
didn't sort or grade before its marketing. These
results are in agreement with findings reported by
Kassem et al., (2016) on Anna apple fruit weight
which was (123) g. Furthermore, Macitet al., (2021)
researched to similar results. The results of this
study were lower than findings of(El-Sabagh et al.,
2012, Zakia et al., 2019; Kanchan et al.,
2020).However, it’s higher than findings reported by
Anwar et al., (2020).In others studies, Jan and
Davide, (2018) reported that the Red Delicious apple
had higher fruits weight (213.64) g than Fuji and
Granny Smith apples (204 and 202.08) g
respectively.

The results demonstrated that, seeds were
not existed in local apples fruit, while; presence in
Honeycrisp apples, Granny Smith and Red Delicious
apples with weight as 0.41+0.07,0.31 and (0.14) ¢
respectively (Table 1). The results obtained here
indicated that the local apples fruits had two good
physical properties compared to the imported apples,
which were its high fruit weight and the absence of
seeds. The differences between the present results
and the findings of previous studies may be
attributed to the growing conditions and geography
of the study areas. Pre-harvest treatments such as
foliar spraying of brassinoloide at (3 — 4) ppm
improved some physicochemical properties of Anna
apple such as the diameter, weight and color of the
fruits (Attia and Adss, 2021).

The juice volume and juice vyield ratio
results for all apples varieties investigated showed
no significant differences (P<0.0) were observed.
Red Delicious apple had the high juice volume and
juice yield ratio, while Honeycrisp apples and the
local apples had the low juice volume and low juice
yield ratio respectively. The juice content of apples
is an important parameter for industrial production
of juices from fruits. The low juice yield ratio in
local apple fruits may be related to the variation in
maturity degree, moisture contents and firmness of
local apple fruits. Higher volume juices contents in
apple fruits (58%) was reported earlier by Kanchanet
al., (2020), while lower juice content (29.03%) by
Agbaje et al., (2020). In other studies, Jan and
Davide, (2018) found high juices contents in Fuji
apple (74.38) % compared to Red Delicious and
Granny Smith apples which was (57.51) and (67.28)
% respectively.

Fruits diameter and length
The results of fruits dimensions are shown in Table
2. The length/diameter ratio was significantly
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different (P<0.05)among apple fruits varieties. The
local apple fruit had more length/diameter ratio
(1.362); while, Granny Smith apple had less
length/diameter ratio (0.952).Similar results are
reported on Egyptian Anna apple (Anwar et al.,
2020) and Anna apple fruits (El-Sabagh et al.,
2012). In addition, Zakia et al. (2019) studied the
fruit diameter and length apples and researched to
similar results. Previously, Jan and Davide, (2018)
reported that the fruit diameter was the more in
Granny Smith apple (76.20) mm compared to Fuji
and Red Delicious apples which were (74.38 and
76.14) mm respectively. Furthermore, Sotiropoulos
and Syrgianidis, (2009) found that, fruit
length/width ratio in Granny Smith apple was (0.81).
These variations may be related to many factors
including pre-harvest treatments, apples varieties
and environmental conditions.

Physicochemical properties of apple fruit juice
Moisture and total solids

The moisture and total solids contents didn’t differ
significantly (P<0.05) between local and imported
apples varieties. The higher mean of moisture
content was recorded as (86.27+2.11) in Honeycrisp
apple, while; the lower was (82.93 +£3.93) in Granny
Smith apple variety. The low moisture content
(83.43 +2.13)of local apple fruit is an indicator for a
good shelf life. These data are in agreement with
results of Lee et al., (2017) for the moisture in Fuji
apple (85%) and lower than moisture content values
reported in apples (90.02%) by Agbaje et al., (2020).
The moisture contents in apple fruits ranged between
(80) and (85) % depends on cultivar type and the
season of production (Guiné et al., 2009). In this
study, the total solid content in Golden delicious
apple juice was (15.21%) and these results are in line
with the finding of Rouchaud et al.(1986).

Titratable acidity and pH value

The apples cultivars are grouped by classes
according to their acid contents as: low-acidity class
(< 0.4%), intermediate-acidity apples (0.4 and
1.0%), and high-acidity apples (>1.0%) malic acid
(Guiné et al., 2009).Local and Granny Smith apples
juice had the higher titratable acidity value which
were(0.53 £0.11 and (0.51 £0.24); while, Red
Delicious and Honeycrisp apples juice titratable
acidity were (0.22 0.04) and (0.22 =0.03)
respectively (Table 3).The high value of acidity in
local apples may be due to that local apples didn’t
reach to optimum maturity degree at harvest and its
marketed fresh after harvesting without any
treatments or storage periods.
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The Anna apple fruits are characterized by
its high acidity content. This acidity content was
decreased gradually and significantly from harvest to
storage and post-storage shelf life periods (Nagy,
2018; Singh et al., 2017). Klein and Lurie (1990)
found that the acidity of Anna apple fruits at harvest
was (0.66) % and it decreased after two months of
storage at 0 °C to (0.55%). Moreover, they reported
that the titratable acidity was reduced in Granny
Smith and Anna apple fruits that treated with heat
treatment for 4 days before storage. In other hand,
the results of acidity in local apple fruits are similar
to those previously reported on Egyptian Anna
apples (Anwar et al., 2020), and Granny Smith
apples (Bongers et al., 1994). Furthermore, higher
acidity in Anna apple fruits was previously reported
by(Kassem et al., 2016, Attia and Adss, 2021 and
El-Sabagh et al., 2012).In addition, Lee et al., (2017)
and Zakia et al., (2019) found the titratable acidity in
Fuji apple and Red Delicious apple were (0.39) and
(0.42) % respectively.

In current study, the results revealed that,
the local apple and Granny Smith apple juice had the
low pH values which were (3.61 +0.12) and (3.69
+0.29) respectively; while; the pH of Red Delicious
and Honeycrisp apples were (4.10 £0.05) and (4.2
+0.35) respectively (Table 3).These results are in
line with findings of Abdualrahman (2015) and with
Sotiropoulos and Syrgianidis, (2009) who reported
the pH value in local apple fruit juice was
(3.90%),but it's lower than the pH in imported apple
fruit juice (4.18%). Macit et al., (2021) reported that,
local apple varieties from Anatolia (3.72 - 4.
18%).However, the pH value was3.24and 3.60 in
Golden delicious apple juice and in apple fruits
respectively as mentioned by Rouchaud et al. (1986)
and Kanchan et al., (2020) .

Total soluble solids ("Brix)

Total sugar concentration and TSS measurements
represent good tools to define the maturity degree of
apple fruits (Wosiacki et al., 2007).The results
obtained in current study showed that the local
apples juice had the highest total soluble solid
content (83.43 £2.13) °Brix, while the Granny Smith
apples juice had the low TSS content (10.85 £1.60)
‘Brix (Table 3).These results are closed to those
found in Egyptian Anna apple variety (12.67 and
12.83%) and (12.53 and 12.30%) by Anwar et al.(
2020) and Attia & Adss (2021).

These results are fallen in the range of
Bongers et al., (1994) for apple fruits from different
origins that sold in European markets which were
(11.25 — 15.60) %. They reported that the TSS
values were (12.40- 14.15), (11.25- 14.08), (11.41-
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12.61) % in Delicious, Golden Delicious and Granny
Smith apples respectively. Almeida and Gomes,
(2017) reported that the TSS value in Granny Smith
and Fuji apples was (10.8) and (13.9) %
respectively. These results are similar to the results
of TSS in local apple fruits from Sudan (13.80) %
(Abdualrahman, 2015). In other studies, Kanchan et
al., (2020) found the TSS in apple fruits was (11.50)
°Brix. Low TSS contents in Anna apple fruits was
reported by Kassem et al., (2016) as10.8 % and by
El-Sabagh et al., (2012) as 9.96 and 10.75 % at 2008
and 2009 seasons respectively. Meanwhile, Macit et
al., (2021) found the TSS in local apple from
Anatolia was ranged between (7.07 - 8.93) %.

The mean of TSS tended to increase with the
progression of either cold storage or post-storage
shelf life periods (Nagy, 2018). Fruits with higher
TSS content typically have more intense sweaty and
juicy (Alwaseai and Al-Gaber, 2023). However,
higher TSS value was found by BateljalLodeta et al.,
(2019) in traditionally grown domesticated apple
varieties from Croatia, which was ranged between
(14.97 — 20.27) Brix and by Zakia et al., (2019) for
Red Delicious apple juice TSS was (14.29) %.
Bongers et al., (1994) reported that the TSS were
(11.41 — 12.61) % in Granny Smith apples, while
Jan and Davide, (2018) found that, the highest TSS
content was in Fuji apple compared with Red
Delicious and Granny Smith apples, by (13.61,
13.39 and 13.0) °Brix respectively.

Vitamin C (Ascorbic acid):

The vitamin C content in Anna apple fruits was
significantly decreased with advanced storage and
post-storage shelf life periods to reach the least
content after three months of cold storage (Nagy,
2018). The results in Table 3 showed that the
ascorbic acid didn’t differ significantly (P<0.05)
among all apples varieties included in this study.

The local apples, Granny Smith, Red
delicious and Honeycrisp juice ascorbic acid content
were (16.01 +3.57), (15.72 +2.59), (17.46 +1.82)
and (17.61+3.37) mg/100 ml respectively.
Previously, studies reported that, low values of
vitamin C in apples varieties ranged between 1.28-
22.10 mg/100 ml; Zakia et al., 2019; Attia and Adss,
2021;Macit et al., 2021).

Reducing sugars content

Sugars content in apple fruits increased gradually
during fruit development. The sugars are
guantitatively or qualitatively converted to other
sugars. Conversion of polysaccharides into sugars
during growth and development lead to increase the
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sugar content in fruits. This conversion has a great
impact on the fruit quality (Dar et al., 2021).

The results of this study showed that no
significant differences (P<0.05) were found in
reducing sugar content among local, Honeycrisp and
Red Delicious apple varieties, while the reducing
sugar content of Granny Smith apple juice was
significantly differing than other apple varieties
measured in this study. The mean value of reducing
sugar content was (8.32+0.96), (6.59+ 0.32),
(8.69£0.53) and (8.84+0.93) in local, Granny Smith,
Red Delicious and Honeycrisp apples respectively
(Table 3). These results are similar to findings
reported by Kanchanet al. (2020),and Batelja Lodeta
et al., (2019)who studied the reducing sugar content
in traditionally grown domesticated apple varieties
from Croatia. The contrary between the present
results and previous studies findings may be
attributed to the differences in the treatments that
apply for apples fruits. Rouchaud et al., (1986) cited
that treatments of apple fruits with fungicide raised
the total sugars content by 22% in Golden Delicious

apple.

Maturity indexes

Consumer perception of sweetness or sourness is
determined not only by the concentration and type of
sugars and acids, but also by the relative proportion
of each. Two indices have been used in apple to
describe the relationship between sugars and acids
and express taste equilibrium: the simple ratio
between SSC and TA and the Thiault index
(Almeida and Gomes, 2017).The chemical
composition of apple fruits and their acid and sugar
contents depends on their maturity stage (Guiné et
al., 2009).The results of the maturity indexes of
local and imported apples fruit investigated in this
study are showed in (Table 4).

TSS/TA ratio

The TSS/TA ratio in apple fruits is used as indicator
to determine the fruits sweetness. The fruits that
have a high TSS/TA ratio are considered sweet,
whereas the fruits with low ratio are perceived as
sour.

The results in Table 4 showed that TSS/TA
mean ratios was (26.92 +4.20) and (24.88 £9.90) in
local and Granny Smith apples respectively,
whereas; 55.39 +9.69 and 54.58 +9.87in the
Honeycrisp and Red Delicious apples respectively.
The low TSS/TA mean ratio in local apple fruits
may be related to their high level of acidity, It's
mean that the local apples contain high
concentration of organic acids.
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The organic acids contents in apple fruits are

an important parameter in maintaining the quality of
fruits. Some treatments for apple fruits effect on
their TSS/TA ratio. The TSS/TA ratio was
significantly decreased in calcium treated “Jona
gold" fruits compared to the control fruits (Rabiei et
al. 2011). The other reason of low TSS/TA ratio for
local apple fruits may be due to the early harvesting
before they reached to the optimum maturity. During
ripening process some starch content in apples are
converting to sugar which caused the increase in the
TSS value, while the organic acids are consumed in
plant respiration so the acidity are decreased
(Cepeda et al., 2021).
These results were in agreement with the findings of
Almeida and Gomes, (2017) who reported that the
high mean ratios of TSS/TA in Starking and Fuji
cultivar of apples which were (66%) and (70%),
while the low values were found in Granny Smith
and Reinette apples (18%) and (21%) respectively.
These results also in parallel with findings of
Bongers et al., (1994) who studied the solids/acidity
ratio in Granny Smith and Fuji apples from
European markets. In elsewhere studies, Icka and
Damo, (2014) reported that the sugar/acidity ratio
for Red Delicious at harvesting time was ranged
between 33.007 and 52.473 according to harvest
time and suggested that t the optimum sugar/acidity
ratio for Red Delicious harvesting is 40 -50.

Starch- iodine index

The characteristic patterns of starch degradation
differ between apple cultivars (Fan et al., 1995). The
starch iodine index value is low at harvest of apple
fruits. This value indicates high starch content which
decreases over the course of ripening due to its
hydrolysis in fructose and glucose leading to high
values of the starch iodine index (Daniela and
Vanessa, 2020).

Results in Table 4 displayed that the starch-
iodine index for local apples had a significant
difference (P<0.05) compared to the imported apples
varieties which was (7.67 £2.88) and (10.0 +0.0)
respectively. This means that the local apples had
high starch content and the starch hydrolysis degree
didn’t reach to the maximum, whereas in the
imported apples the starch was completely
hydrolyzed. The high starch content in local apples
may be due to low sweetness (Figure, 2).These
results are in line with findings of Singh et al.,
(2017) who reported that the starch content was the
high at harvest of Anna in comparison to Galaxy and
GD apples and this content of starch are declined
during storage period. In study in Egypt, the
reported starch index of Anna apples was (6.78) and
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(6.42), during the 2016 and 2017 seasons
respectively (Serry et al., 2019). The low value of
starch index in local apple may be related to the
early harvesting for local apple fruits and freshly
marketed without storage periods, whereas imported
apple varieties were taking suitable time from
harvested, storage and marketing time. This storage
period encourages degradation of starch in apples
and conversion to sugars. The significant difference
in starch index values between local and imported
apples may relate to the variations in growing
conditions such as the temperature during growth
period and the variations of apples cultivar. Starch
conversions to sugar are depends on temperature
degree with a negative correlation between the rate
of starch hydrolysis and temperature (heat units)
over a period of several weeks before first
acceptable harvest. Low temperature encourages the
starch conversion to sugar. The test was not useful
for late maturing cultivars because there was little
starch loss at harvest, that is, during the normal
harvesting season (Smith et al., 1979). Starch
degradation pattern varied between apples cultivars,
so separate charts for each group of apples is
recommended for use in practice (Szalay et al.,
2013).

Some changes in apple fruit properties are
occurred during the maturation progress, which the
TSS content and starch pattern index increased. The
change in TSS was small compared to that of the
starch pattern index, so the starch pattern index
could be a reliable parameter for determine harvest
time and for evaluates maturity at harvest (Reid et
al., 1982). The apple fruits sweetness quality
influenced by the degree of starch degradation, sugar
translocation and accumulated of sugar content
(Thammawong and Arakawa, 2009).

Thiault index (T1)

Thiault index is one of the fruit quality indicators.
It's used to determine the optimum ripeness of apple
fruits at harvest and fruit storability. Thiault index
(TI) can be used as a tool for determine the
acceptability of apple juice because it produce
results qualitatively similar to the sensory scores
(Rouchaud et al., 1986).

The results in Table 4, showed a significant
difference (P<0.05) in Thiault index (TI) between
local and imported apple fruits. The Thiault index
(T) wvalues were 183.86+ 24.65, 150.91+
41.43,132.86+ 19.89 and 127.24+ 15.32in local
apple, Granny Smith, Red Delicious and Honeycrisp
apples respectively. Almeida and Gomes, (2017)
reported Thiault index (TI) in Granny Smith and
Fuji apple fruits as 168 and 159 respectively, while
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Sotiropoulos and Syrgianidis, (2009) found Thiault
index (TI) in Granny Smith apples as 182.

The high TI value for local apples indicates
that local apples had high storability but didn’t
indicate they have more sweetness than imported
apple fruits. These results revealed that the Thiault

the fruits sweetness because the local apples had the
highest TI value but their sweet taste was lower
compared to Red Delicious and Honeycrisp apple
fruits. The TSS/TA ratio and starch index are better
than TI as an indicator for the fruit’s quality in term
its sweet taste.

index (TI) couldn’t be used as a right indicator for

Table 1. Whole fruits and its parts weights and the juice volume of local and imported apple

Apple variety

Parameter Local Granny Smith  Red Delicious Honeycrisp
Fruit weight (g) 122.04 £ 23 a 11350+ 11ab 117.68+6.34ab 102.94+1.156b
Flesh weight (g) 109.16 +24.94a 98.59+952ab 102.77#6.96ab 89.7 +4.61b
Peel weight (g) 11.76 £2.84 a 1162 +2.36ab  10.92 +1.20 ab 8.84£1.30b
Seeds weight (g) 0.0b 0.31+0.25a 0.14+0.10 b 0.41+£0.07 a
Juice volume (ml). 47.83+15.24ab 52.50+12.97ab 57.8319.75a 41.70 £10.23 b
Juice yield% (V/W). 38.66 +6.60 a 45.89 £8.38 a 49.03 +7.16 a 40.44 £9.59 a
Different letters within a row mean significant difference (P < 0.05).
Table 2. Length and diameter of local and imported apple fruits
Apple variety
Parameter i _ i
Local Granny Smith  Red Delicious Honeycrisp
Fruit diameter (mm) 51.3+4.7b 56.7+24a 548+1.7ab 542+23ab
Fruit length (mm) 69.7+6.4a 540x7.7c 62.7+44ab 56.3+51ch
Length/diameter ratio 1.362+0.12 a 0.952 +0.10c  1.143+0.07b  1.042+0.09 bc
* Different letters within a row mean significant difference (P < 0.05).
Table 3. Physicochemical properties of apples juice
Parameter Apple variety
Local Granny Smith  Red Delicious Honeycrisp
Moisture 83.43+2.13a 82.93+393a 8440+1.69a 86.27+2.11a
Total solid 1657 +2.13a 17.07+£3.93a 1577+194a 13.73%21la
Total soluble solid ("Brix) 13.82+1.34a 10.85+1.60b 1215+157ab 11.68+1.39b
Acidity as (malic acid) 0.53+0.11a 0.51+0.24a 0.22 £0.04 b 0.22 £0.03 b
pH 3.61+0.12b 3.69%0.29b 4.10 +0.05 a 42+035a
Vitamin C (mg/100 ml) 16.01 £3.57a 15.72+259a 1746+1.82a 17.61+3.37a
Reducing sugar (g/100 g) 8.32+0.96a 6.59+0.32b 8.691+0.53 a 8.84+0.93 a
Different letters within a row mean significant difference (P < 0.05).
Table 4. Maturity indexes for apple fruits
Apple variety
Parameter Local Granny Smith  Red Delicious Honeycrisp
TSSITA 26.92+420b  24.88+9.90b 55.39 £9.69 a 54.58 +9.87 a
Starch index 7.67 £2.88 b 10.0+0.0 a 10.0+0.0 a 10.0+0.0 a
TI 183.86+ 24.65 150.91+ 41.43 132.86+ 19.89 127.24+15.32b
a b b

Different letters within a row mean significant difference (P < 0.05).
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CONCLUSIONS:

Local apple fruits characterize by its high fruit
weight and size. It's containing high TSS, total
solids, titratable acidity compared to imported
apples. The low TSS/TA ratio and starch iodine
index in local apple indicated that local fruit
harvested early. The low TSS/TA ratio and low
starch index in local apple may be the reasons of its
low sweet taste. The sweet taste in imported apples
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ABSTRACT

The present study was carried out at Poultry Research Station, Faculty of Agriculture
and Veterinary Medicine, Thamar University, with aim to study the effect of dietary
supplementation of zeolite and organic acids on the performance of broiler chickens.
One hundred eight one-day old broiler chicks (Ross) were purchased and randomly
divided into 4 experimental groups each group containing 3 replicates with 9 birds in
each replicate.: T1 received basal diet and acts as control, T2 received 2% Zeolite, T3
received acidified drinking water by 1% blend of organic acids and T4 received 2%
zeolite with acidified drinking water by 1% blend of organic acids. In the starter period
(0-3weeks), the best FCR was for the zeolite group and combined group compared to
acidified group and control group, but in the grower period (3-6 weeks) the best FCR
was in group of blends with organic acids and combined group than the other
treatments. Concerning whole experimental period (0-7 weeks) feed intake and weight
gain were better in groups of zeolite and blend of organic acids followed by group of
combined supplementations than the control group, however; at the end of the
experiment the three treated groups recorded the best FCR indices compared to control.
This can prove that supplementing diet had a significant (P<0.05) effect on parameters
of growth performance. There were significant differences(P<0.05) in the mean value
of carcass at the end of experiment, combined group had the best carcass value
followed by blend of organic acids and zeolite groups than control. Regarding the
weight of heart, liver, spleen, gizzard and proventriculus, organic acids group recorded
higher weights followed by zeolite and combined groups than control group. Total
protein was significantly (P<0.05) higher in treated groups. however, the blood
cholesterol and triglycerides decreased significantly. The results also revealed that,
serum urea and creatinine were lower in treated groups than control. It can be
concluded that supplementing broiler diets with zeolite in feed and organic acids in
water either alone or in combination have a significant effect on broiler performance,
carcass traits and blood parameters, and they have a preferable effect to consumers. So
these additives can be used efficiently in broiler diets.

INTRODUCTION

Poultry industry is considered as one of the main
suppliers of human's animal protein. This industry is
rapidly growing and is facing a future without
benefit of some biologically and economically
effective feed additives. Feed represents 60-70% of
the total cost of poultry production. For this reason,
the efficient use of feed is extremely important in

broiler production (Llanes and Ramirez 2022). For
many years' antimicrobial compounds have been
used in poultry industry to improve health status and
performance of birds by reduction or correction of
the population of the bacteria present in the
gastrointestinal tract (Smith et al., 1999, Stahl et al.,
2000, Thompson et al., 2000). Questioning use of
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antibiotic growth promoters (AGPs) in animal
production has resulted in withdrawal of these feed
additives in the Europe. Consequently, interest in
feed additives that may act as alternatives for AGPs
is growing (Papatsiros, et al., 2013), but the lack of
incentives for pharmaceutical companies to invest in
their development remains a significant barrier
(Callaway et al., 2021). Zeolites have the ability to
gain and lose water reversibly and to exchange
constituent ionic cations without major changes of
structure. It contained almost 88% calcium-rich
clinoptilolite, which is a naturally occurring zeolite
that belongs to a family of crystalline
aluminosilicate  minerals. They have a 3-
dimensional, porous structure that is responsible for
specific cation exchange capacity. Finally,
clinoptilolite’s antioxidant effects and restoration of
antioxidant defense mechanisms may also be linked
to the positive general systemic impact (Pavelic et
al., 2018). There has been recent interest in the use
of natural zeolites as a feed additive and as a means
of reducing odor and ammonia emissions from
broiler houses (Simona and Camelia 2019).

Organic acids work in poultry, not only as a growth
promoter but also as a meaningful tool of controlling
all enteritic bacteria, both pathogenic and non-
pathogenic (Wolfenden et al., 2007). Moreover,
organic acids feeding is believed to have several
beneficial effects such as improving feed conversion
ratio, growth performance, enhancing mineral
absorption and speeding recovery from fatigue.
Contrary to antibiotics, organic acids have other
properties like; lowering of the chime pH
consequently, enhancing of protein digestion
(Brzoska et al. 2013, Simona and Camelia 2019, Ali
et al, 2020). Little data are available on
performance of broiler chickens fed with organic
acids and zeolite. Therefore, this study was
conducted to investigate the effects of dietary
supplementation with natural zeolite (clinoptilolite)
in feed and the organic acids acidified drinking
water, either alone or in combination on the
performance, carcass traits and blood parameters of
broilers.

MATERIALS AND METHODS
Table 1. Summarizes the suggested experimental

T &G Cntrl | Ze AOs Ze & OA
Comm. diet + + + +

Ze in feed - + - +
OA in water - - + +
design

T&G=Treatment, Ctrl=Control, Ze=zeolite, O.Acid
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This An experiment was conducted at Division of
Veterinary Medicine, Faculty of Agriculture and
Veterinary Medicine, Thamar University to study
the effect of supplementing broiler diets with zeolite
in feed or organic acids in drinking water
individually or in combination on the performance,
carcass traits and blood serum parameters of broilers
during rearing period of broilers (1- 49 days). The
Zeolite used in this experiment is a product of
Yemen zeolite company and contains clinoptilolite
as the active substance, and the blend of organic
acids was a commercial acidifier (ACPure®)
imported by Yemen Ayadi, and consists of formic,
propionic, citric, and lactic acids.

Experimental Chicks and housing

A total number of 108 one-day old of mixed
Ross chicks obtained from a local commercial
source. Experimental birds were individually
weighed (averaged 45 g/ bird). The birds were
randomly allotted into four groups, each of 27 chicks
with three replicates with 9 chicks in each replicate.
All  groups were reared under standard
managemental condition. The prophylactic measures
were taken to control diseases and to increase the
viability of the birds. The experimental room of the
broilers house properly prepared, disinfected with
4% formalin and divided into four separated
compartments of equal size (1.5 x 2m) each of 3 m?.
The floor area was bedded by a layer of chaffed
sawdust. Experimental compartments were equipped
with cylindrical hanging feeders, water fount, gas
brooders, all the bird groups were subjected to 24
hours lighting which extended to the age of 7 weeks.
Room temperature maintained by gas brooders at
34°C during the first three days and gradually
decreased by 0.5°C daily till it reaches 25°C at the
end of the third week, then it maintained at 24°C
thereafter till the end of the experiment.

Chicks were investigated to evaluate the effect of
supplementing broiler diets with zeolite in feed
and/or with acidified drinking water by organic acids
for the period of 1-49 days of age on growth
performance, carcass traits and blood biochemistry.
1t group, birds were fed with broiler starter and
grower commercial diet, 2", 3 and 4™"groups were
receiving zeolite in feed, zeolite with organic acids
in feeds and water respectively as presented in
Table 1. All experimental diets were formulated to
meet the nutrient requirements according to NRC
(1994) recommendation for broilers.



Yemeni Journal of Agiculture and Veterinary Sciences(2023) 4(1):40-47

AlMaswari et al

Growth performance and feed conversion
Chicks were weighed weekly, live body weight
(LBW) and feed consumption was recorded to
calculate the body weight gain (BWG) and feed
conversion ratio (FCR). The amount of feed
consumed was weekly recorded in each bird of the
different experimental groups. The average amount
of feed intake (FI) by each bird was calculated by
dividing the weekly consumed feed by its respective
number of living birds in each group at this week.
Regarding the development of the body
weight and weight gain, the birds were individually
weighed every week and the live weight changes
were taken as the criteria of the effect of the
different treatments, and as a measure for growth,
the amount of feed consumed was divided by the
body weight gain of the bird in order to calculate the
rate of feed conversion.

Carcass traits and blood samples

Five birds were randomly selected from each group
and slaughtered at the end of the experimental period
for carcass traits and for blood samples collection.
Birds were prohibited from feeding, but not for
drinking 12 hours prior slaughtering. The weights of
Carcass and internal organs of birds including
gizzard, liver and heart were recorded individually at
the end of the experiment.

A blood samples were collected from each
slaughtered birds of all groups at the end of the
experiment. The blood samples were allotted to clot
at ambient temperature, centrifuged for 10 minutes
at 3000 rpm, and serum from each sample was
extracted. The serum samples (1ml/vial) were kept at
-20°C until biochemical parameters were measured.

Blood biochemistry

Biochemical parameters, including total serum
protein and its fractions (albumin and globulin),
cholesterol, triglycerides, urea and creatinine were
determined using standard test kits supplied by SGM
(Roma / Italia).

Statistical analysis

Analysis System (SPSS Inc., Chicago, IL, USA), for
analyzing the data were used. The differences
(P<0.05) among treatment means groups were tested
using Duncan's multiple range test.

RESULTS AND DISCUSSION

The effect of zeolite feed or/and organic acids
supplement on performance of broilers are presented
in Table 2. In the starter period (0-3weeks), there
were significant effects(P<0.05) on LBW, BWG, FI

and FCR. It was obvious in this period that birds in
the groups of zeolite and the blend of organic acids
showed significantly better feed intake and weight
gains but the best FCR was for the zeolite group and
the combined group than the acidified water group
and the control.

Also, there was a significant effect (P <
0.05) observed in the grower period (3-6 weeks) and
entire period (0-7weeks) for the groups of zeolite
and the blend of organic acids which recorded better
feed intakes and weight gains but the best FCR in
the grower period was for the groups of blend of
organic acids and the combined group (Table 2).

Concerning the whole experimental period
(0-7 weeks) feed intake was better in the groups of
zeolite and the blend of organic acids followed by
the group of combined supplementation than the
control, (Figure 1). Weight gain also was better in
the groups of zeolite and the blend of organic acids
followed by the group of combined supplementation
than the control (Figure 2). At the end of the
experiment, the three treated groups (the zeolite, the
blend of organic acids and the group of combined
supplementations) showed(P<0.05) the best FCR
indices than the control as presented in Table (2).
This study agreed with the other studies which
proved earlier that the addition of zeolite or an
organic acid-plus-zeolite to the diet, had positive
effects on the performance of broilers (Garcia et al.
2007, Levic et al. 2008, Suresh et al., 2018, Abas et
al., 2011).
The positive effect of zeolite on broiler performance
might be attributed to its chemical characteristics by
reduction toxic effects of aflatoxins, ammonia and
hydrogen  sulfide and  reduced  bacterial
contamination of intestine due to its high absorption
capacity. Furthermore. Zeolite contained minerals
(macro- and microelements) which in an ionic state
exist and can be beneficial for birds' growth (Amad,
& Al-ansi, 2018). Vasiljevl, et al. (2021) suggested
that zeolite is useful in the elimination of a variety of
contaminants from the body or in amelioration of the
intestinal status (Vasiljevl, et al., 2021).
In the present study, There were significant
differences in the Mean value(P<0.05) of carcass at
the end of this experiment, the group of combined
supplementation had the best carcass mean value
followed by the blend of organic acids and the
zeolite groups compared to control group. These
results are in accordance with findings reported by
Abbasi et al., (2018). Regarding the weight of heart
liver spleen gizzard and proventriculus, mean values
were increased significantly (P<0.05) in the treated
groups compared to control. The organic acids group
recorded higher weights followed by the zeolite and
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the combined groups compared to control group, as
presented in Table 3. Total protein mean value was
significantly (P<0.05) higher in the treated groups.

However, the blood cholesterol and triglycerides
decreased significantly. Serum urea and creatinine

were lower in the treated groups compared to control
(Table 4). These results in agreement with findings
of Abas et al. (2011).

Table 2. Effect of zeolite and organic acids on feed intake, body weight, feed conversion rate in broiler

chickens
Stage Experimental treatments
g Control Zeolite Organic Acids Z. & O.A
Feed intake (g/bird)
(0-3 weeks) 797.89 823.03 820.63 788.67
(3-6 weeks) 2339.31 2569.33 2538.97 2486.08
(6-7 weeks) 1145.89 1059.56 1074.27 1075.63
(0-7 weeks) 4283.09 4451.92 4433.87 4350.38
Body weight gain (g/bird)
(0-3 weeks) 379.13 +6.38° 400.44 +7.45° 384.72 +6.74%® 381.85+6.25%
(3-6 weeks) 1117.16+17.70P 1264.27+21.62° 1279.48+19.11°2 1246.16+20.43%
(6-7 weeks) 543.08 +13.99° 540.59 +12.05° 556.62 +14.80? 551.61 +12.972
(0-7 weeks) 2039.37+31.14°¢ 2205.30+33.23? 2220.82+37.59? 2179.62+32.732
FCR (g/9):
(0-3 weeks) 2.1 2.05 2.13 2.06
(3-6 weeks) 2.09 2.03 1.98 1.99
(6-7 weeks) 2.11 1.96 1.93 1.95
(0-7 weeks) 2.10 2.02 1.99 1.99

*Letters in the same row having the same superscripts are not significantly different (P< 0.05)

Table 3. Mean weights of dressed carcass and some internal organs of broilers supplemented with zeolite in
feed or/and organic acids in water

Experimental treatments

Item
Control Zeolite Organic acids Z. & 0.A.

Dressed carcass 71.46+ 0.93¢ 72.1+ 1.11° 72.67+ 0.91% 72.94+ 1.022
Heart 0.490+ 0.02° 0.478+ 0.04¢ 0.517+ 0.04° 0.510+ 0.04%
Liver 2.25+ 0.04¢ 2.27+ 0.05 2.32+ 0.052 2.29+ 0.03°
Spleen 0.153+ 0.01° 0.158+ 0.01% 0.168+ 0.03? 0.166+ 0.032
Gizzard 1.490+ 0.08° 1.480+ 0.05° 1.630+ 0.052 1.620+ 0.042
Proventriculus 0.406+ 0.01° 0.420+ 0.01% 0.430+ 0.012 0.421+ 0.02%

*Letters in the same row having the same superscripts are not significantly different (P< 0.05).
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Table 4. Mean blood parameters of broilers supplemented with zeolite in feed or/and
Organic acids in water

Treatments and control groups

Item

Control Zeolite Organic acids Z.& O.A.
Cholesterol (mg /dI) 114.13+0.6°  107.34+0.6®  104.06+0.92° 102.12+0.6°
Triglycerides (mg /dl) 68.44+0.65%  65.4410.412 59.98+0.96 ¢ 62.65+0.18%
T-protein (g /dl) 4.32+0.18° 4.54+0.04% 4,74+ 0.19? 4.64+ 0.20°
Albumin  (g/dl) 2.18+0.07° 2.30+ 0.08%®  2.48+ 0.042 2.37+£0.192
Globulin  (g/dl) 2.14+0.21° 2.21+ 0.03%® 2.26+ 0.152 2.27+0.202
Urea (mg/dl) 2.14+ 0.042 1.92+ 0.05° 1.98+ 0.07® 1.97+0.03®
Creatinine (mg/dl) 0.19+ 0.022 0.17+ 0.042 0.15+ 0.01% 0.14+ 0.02°
*Letters in the same row having the same superscripts are not significantly different (P< 0.05).
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Fig. 1. Body weight gain (gm) of broilers supplemented with zeolite in feed and organic acids in water
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Fig. 2. Feed intake (gm) of broilers of broilers supplemented with zeolite in feed and organic acids in water

CONCLUSION

The present results showed that there are a positive
and significant effect of supplementing the broiler
diets with zeolite in feed and organic acids in water
either alone or in combination on broiler chickens in
terms of growth performance, carcass and blood
parameters, and they have a preferable effect on to
consumers. Thus, these additives can be used
efficiently in broiler diets.
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