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ABSTRACT

Mycotoxins contamination in feed is a global safety concern. It induces significant economic
losses to the poultry industry and poses substantial hazards to human health. The present
study aimed to determine the levels of mycotoxin contamination in formulated and raw
materials feeds used to grow broilers chicken in Dhamar Governorate, Yemen. A total of 36
samples were randomly collected from variety types of poultry feed used in poultry farms
at Dhamar governorate. Methanol was used as organic solvents for mycotoxin extraction
from solid feed samples. Quantitative, rapid ELISA test kits were used to detect levels of
mycotoxins. The results revealed that, Aflatoxins, T-2 toxins, Ochratoxins A, and Zeralenone
were detected in 36.11%, 83.33%, 22.22%, and 100% of the tested samples, with
contamination levels of 0.37, 21.67, 0.8, and 14.04 ppb, respectively. The highest levels of
aflatoxins and Ochratoxins were found in Ordinary Feed-1 (1.00 and 3.47 ppb) and Ordinary
feed-1l (1.07 and 4.9 ppb) respectively. Similarly, the highest level of Zearalenone was
detected in Ordinary feed-I (19.87 ppb). The highest levels of T-2 toxin were detected in the
Primitive concentrate (49.23 ppb) and Final Concentrate (49.47 ppb). Mycotoxins were
detected at relatively lower levels in the other feed types tested. Statistical analysis showed
a significant difference (P value < 0.05) in mycotoxin levels between feed types. Ordinary
Feeds were more contaminated compared to raw ingredient feeds. These findings highlight
the threat posed by mycotoxins to poultry and public health in Dhamar governorate and
point to the need to implement intervention measures to reduce these risks. Further studies
are required to determine the factors associated with mycotoxins contamination in poultry
feeds.

INTRODCTION

contaminants of poultry feed, they interact in a
synergistic manner. When AF and T-2 toxin are co-

Mycotoxins, a diverse group of toxic secondary
metabolites produced by filamentous fungi, pose
detrimental effects on human and animal health.
These toxins can enter human and animal bodies
either directly, through contaminating Agricultural
products or ready-to-eat items, or indirectly,
through the consumption of products derived from
animals and poultry feed on contaminated materials
(Adanyi et al., 2018). Mycotoxins produce a variety
of diseases, collectively called “mycotoxicoses,”
directly or in combination with other primary
stressors such as pathogens (Raju and Devegowda,
2000). These diseases are exhibited by symptoms
and lesions, which can be used to clinically diagnose
the presence of mycotoxins although these
symptoms are not just straightforward. When
Aflatoxins (AF) and Ochratoxins (OTs) are co-

contaminants of poultry feed, the T-2 toxin prevent the
major effects of AF. This reduces the ability to diagnose
aflatoxicosis in the field (Huff et al., 1988).

Recent literature has implicated physiological and
immunological effects of mycotoxins at lower and more
common levels of contamination. As many of the
mycotoxins and their metabolites inhibit protein
synthesis, tissues with high levels of protein synthesis
and turnover, such as those within the gastrointestinal
tract (GIT) can be particularly susceptible to their toxic
effects. In particular, the GIT is repeatedly exposed to
mycotoxins at concentrations likely higher than other
organ systems (Grenier and Osoald. 2011). However,
it has been clearly demonstrated that some cells of
poultry bodies (such as immune, intestinal, and hepatic
cells) are predominantly affected by mycotoxins



Yemeni Journal of Agriculture and Veterinary Sciences (2024) 5(2):1-11

Golah et al

(Grenier and Applegate, 2013).

Mycotoxins do not possess immunogenic
properties, meaning they are not able to induce an
immune response unlike pathogens. But they do
interfere with the signaling pathways that are
responsible for cell growth or death (apoptosis)
(Murugesan et al., 2015). Mycotoxins are typically
produced by filamentous fungi, especially those
belonging to the genera Aspergillus, Penicillium,
Alternaria, Fusarium, and Claviceps spp, which are
the main producers of mycotoxins (Sforza et al.,
2006).

Approximately 300 to 400 mycotoxins have
been identified and reported so far by the Council for
Agricultural Science and Technology and others
(CAST, 2003; Schollenberger et al., 2007; Pinotti et
al., 2016). While hundreds of mycotoxins have been
identified, only a few, including Aflatoxins (AFs),
Fumonisins (FMs), Ochratoxins (OTs),
Trichothecenes (TRCs), and Zearalenone (ZEN), are
considered major safety and economic concerns
(FAO and WHO., 2007; Smith et al., 2016; Santos et
al., 2019). T-2 toxin is the most toxic fungal
secondary metabolite produced by different
Fusarium spp, (Chen et al., 2020). Moreover, T-2 is
the most common cause of poisoning that results
from the consumption of contaminated cereal-
based food and feed reported among humans and
animals (Milicevic et al., 2010). T-2 toxin was
identified as a significant threat to human and
animal health (Nayakwadi et al.,, 2020). T-2 has
different toxic effects depending on the dosage, age,
and ways of exposure (oral, dermal, and aerosol).

Generally, observed acute toxicological effects
are feed refusal, vomiting, hemorrhages, stomach
necrosis, and dermatitis (Garai et al.,, 2020).
Aflatoxins, in particular, are notorious for their
carcinogenic properties and are classified as human
carcinogens (group 1) by the International Agency for
Research on Cancer (IARC, 2012). It is produced by
Aspergillus spp. and includes four forms: AFB1, AFB2,
AFG1, and AFG2 (Awika, 2011). Similarly, OTs, FMs,
and Sterygmatocistin have been classified as
possible human carcinogens in Group 2B (IARC,
1994). On the other hand, some mycotoxins, such as
Zearalenone, exhibit estrogenic activity, leading to
hyperestrogenism, sterility, and abortions in
affected animals (da Rocha et al., 2014). Although
not very prevalent, HT-2 and T-2 toxins are the most
toxic TRCs (Streit et al., 2012; Groopman et al., 2013;
Marin et al., 2013; Kovalsky et al., 2016). Where they
are linked to specific syndromes in farm livestock

and poultry (Caloni and Cortinovis., 2010).

In livestock and poultry, the consumption of
mycotoxin-contaminated feed results in substantial
economic losses, manifesting as impaired growth,
decreased productivity, and compromised
reproductive efficiency. It causes liver and kidney
damage and immunosuppression (Bentvihok et al.,,
2002; Richard, 2007; Marroquin-Cardona et al 2014).
Moreover, simultaneous exposure to multiple
mycotoxins can lead to synergistic effects, exacerbating
the negative impacts on animal performance and
health (Streit et al., 2013).

Consequently, regulatory bodies worldwide have
established permissible limits for mycotoxin levels in
feed to mitigate these risks (FAO, 2004). For instance,
the maximum permitted levels according to the
European Union (EU) regulations are 5-20 ug/kg for
AFB1, 100-500 pg/kg for zearalenone, and 50-100
ug/kg for OTs, depending on the feed materials (ECCR,
2006). Despite the regulatory measures in place,
studies have highlighted the pervasive presence of
mycotoxins in poultry feed and its raw ingredients, with
some samples exceeding permissible limits (Kosicki et
al., 2016; Arroyo-Manzanares et al., 2019). Therefore,
continuous monitoring and control of mycotoxin
contamination in animal feed are imperative to
safeguard animal and human health and maintain low
toxin levels in the food chain (EUC, 2015).

In Yemen, data on mycotoxin contamination of
poultry feeds are scarce. A study published in 2018
assessed mycotoxin levels in poultry rations from four
governorates in Yemen, including Sana’a, Taiz, Ibb, and
Dhamar. The highest contamination with aflatoxins
(42.5 ppb) was found in rations from Taiz and Dhamar.
The study highlights significant fungal contamination
and mycotoxin levels in poultry feed, which could
impact the poultry industry economically in Yemen
(Algabr et al., 2018). In 2022, the poultry sector in
Yemen faced significant obstacles, with data indicating
a negative growth rate (FAOSTAT, 2024), largely due to
exposure to infections and mycotoxins (Anonymous,
2022). This study aimed to assess the contamination
levels of mycotoxins in broiler poultry feed and its raw
materials in Dhamar Governorate, Yemen.

MATERIALS AND METHODS
Study area and Sampling

This study was conducted in Dhamar Governorate;
Samples were collected at the end of the summer
season in 2023. Thirty-six feed samples were randomly
collected from twelve types of poultry feed and raw
materials used in different broiler rearing stages. 100g
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were collected for each sample. These samples were
gathered from feed manufacturing companies and
feed stores in poultry farms of Dhamar Governorate.
The feed samples represented four poultry feed
categories including: Starter feed, grower feed,
finisher feed and raw materials. All the samples were
collected with a sterile spoon, placed inside sterile
plastic bags, and labeled with the necessary
information data. Samples were then stored at 4°C
until sent to the laboratory for mycotoxins analysis.
The first group of feed samples from 1- 9 were
contain Soybean, Corn, Broiler concentrate and
supplementation with different concentrations;
Whereas; the second group of feed samples from 10-
12 were contain yellow corn, white corn and soy-
bean as presented in Table 1.

Laboratory analysis and quantification of
mycotoxins

The mycotoxin content or level in the feeds was
determined by the ToxinFast® ELISA kit (Meizheng
Bio-Tech Company, Beijing, China). Four ELISA test
kits were used to determine levels of the mycotoxin
in poultry feeds. The test was performed at the
laboratory of Al-Sanabany Company, Sana’a, Yemen.
The test was performed following the
manufacturer’s instructions. Briefly, samples of raw
materials were ground. Mycotoxins were extracted
from each sample using the following procedure:
20g of each sample was mixed with 100 ml of 70%
methanol solvent (ratio 1:5 w/v) in sterile tubes. The
mixture was shaken, centrifuged, and then filtrated
with filter paper. Filtrates were collected in sterile
tubes and diluted in deionized water at a ratio of 1:1
v/v). The extracted, filtered samples were cleaned by
add deionized water. Diluted filtrates samples were
run in ELISA in triplicate, and placed in a microwell
strip holder (ELISA microplate) to tested with the
ELISA test kits as indicated by the manufacturer
instructions. The optical density/absorbance value
(OD) was measured at 450 nm by ELISA
spectrophotometer. The amount of mycotoxins in
the feeds samples were calculates automatically by
Microwell Reader (NEOGEN ® Stat-Fax 4700, SKU No.
9303. USA).

Statistical analysis

Microsoft Excel was used for data
manipulation. A two-way ANOVA was used to
determine descriptive statistics, interaction, and
generation of graphics using Graph Pad Prism 8.4.2
software. Results were presented as mean £ SD. A P

value of <0.05 was used as a statistically significant
difference.

RESULTS

The contamination level of mycotoxins in poultry feeds
in Dhamar governorate are presented in Figure 1. As
shown, four toxins were identified, namely, Aflatoxins,
T-2 toxins, Ochratoxins, and Zeralenone. The levels of
contamination with these mycotoxins were 0.37, 21.67,
0.8, and 14.04 ppb respectively.

Aflatoxins were present in 36.11% of the tested
samples. The highest level of aflatoxins. contamination
was in Ordinary Feed-l one and Ordinary feed-ll, the
mean aflatoxin level in parts per billion was highest was
1.00 and 1.07ppb respectively. Very low quantities of
aflatoxins with mean range between 0.33 to 0.73ppb
were also detected in Levantine corn, Soya bean, Final
non-granular, Primitive concentrate, and Final
concentrate. Other feed varieties, including Primitive
granular, Final granular, Primitive local feed, White
corn, and Primitive non-granular, do not contain any
measurable quantities of aflatoxins.

T-2 toxin was present in 83.33% of the tested samples.
The mean of T-2 toxin levels in the Primitive
concentrate and Final concentrate were the highest,
with mean values as 49.23 and 49.47ppb respectively.
The feed samples labeled "Ordinary feed-l, "Primitive
local feed", "Soya bean," "Final granular," and
"Levantine corn" exhibited notable amounts of
T-2 toxin with mean value as 19.1-22.5 ppb. The
amounts of T-2 toxin in Ordinary feed-Il (a grower mash
feed Il - Soybean, Corn, Broiler concentrate and
Supplementation), Primitive granular, Final non-
granular, and Primitive non-granular are rather low,
ranging between 10.67 to 15.20 ppb. however, white
corn was not contaminated with T-2 toxins.

Ochratoxins were detected in 22.22% of the tested
samples. Only Ordinary feed-l and Ordinary feed-Il
were exhibited low quantities of Ochratoxin, with mean
concentration value as 3.47 and 4.9 ppb), respectively.

Zeralenone was detected in all the tested samples. The
zearalenone contamination level in Ordinary feed-I (a
grower mash feed. | - Soybean, Corn, Broiler
concentrate and Supplementation) was the highest,
with mean value as 19.87 ppb, whereas; notable
amounts of zearalenone were detected in Primitive
granular, Final granular, Primitive local feed, Soya bean,
Final non-granular, and Primitive non-granular, with
range values between 13.3 to 16.1ppb. Furthermore,
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the results of this study revealed that, the samples
of White corn, Primitive concentrate, Final
concentrate, and Levantine corn exhibited the low
amount of contamination with means ranging
between 10.5 to 12.4 ppb.

The statistical analysis of the present study
findings revealed notable differences in the levels of
contamination among various feed types and
different mycotoxins types as depicted in Table 2.
The tested 12 feed types showed a significant
difference in mycotoxin contamination (F value =
19.58 and P value < 0.0001). The type of feed
accounts for 9.135% of the total variance. On the

other hand, the type of the mycotoxin (n = 4) showed a
significant difference in their distribution among feed
types (F value = 467.0 and P value < 0.0001). The type
of mycotoxin was the main factor affecting variance,
where it accounts for 59.41% of the total variance.
Additionally, there was a significant interaction
between the types of feed and the types of mycotoxins
(Fvalue =19.57 and P value < 0.0001), implying that the
impact of feed type on the levels of mycotoxins
contamination differs depending on the specific type of
mycotoxins. The interaction accounts for 27.39% of the
total variance.

Toxin
Aflatoxins T-2 toxin Ochratoxins Zearalenone
= Soya-beanf———3 . —— ]
5 Levantine-com -t ‘ Py - _—
3 White-corm= _)
©  Primitive-local-feed- from— f——
g Final-concentrate = | eee——
S Primitve-concentratefmg—— | e s
8 Finalnon-granuiar—3—— = — e
~ Prmitive-non-granular- _ _
o Final-granular- s fe——
4 Primitive-granular- —_ ———
2  Ordinary-feed-two -} o } )
Ordinary-feed-0ne | — [ o — —
p] 1 1 1 1 1 1 ] L) 1 1] 1 ] ] 1
00 05 10 15 0 20 40 600 2 4 60 5 10 15 20 25
Mean and SD of toxin levels (ppb)

Figure 1. Contamination level (ppb) of mycotoxins in poultry feed and raw materials used on growing broilers in

Dhamar governorate

Table 1. Type, Categories and composition of poultry feed tested in this study

NO. Feed's type Categories Cp(%) & Me(K/Kg) Age of chicks
1 Primitive concentrate A starter concentrate feed CP 44,0, ME 2230 1-3 weeks
2 Primitive local feed A locally starter feed CP 8.9, ME 3350 1-3 weeks
3 Primitive granular A starter pelleted feed CP 9.0, ME 3350 1-3 weeks
4 Primitive non granular A starter mash feed CP 22.8, ME 3150 1-3 weeks
5 Final non granular A grower mash feed. CP 18.3, ME3250 3-6 weeks
6 Ordinary feed -I A grower mash feed. | CP 23.0, ME 3180 3-6 weeks
7 Ordinary feed -l A grower mash feed. I CP 18.5, ME3260 3-6 weeks
8 Final granular A finisher pelleted feed CP 23.2, ME 3230 6wk upwards
9 Final concentrate A finisher concentrate feed CP 17.9, ME 3155 6wk upwards
10 Levantine corn Feed raw material CP 23.4, ME 3320 All ages
11 White corn Feed raw material CP 20.2, ME 3205 All ages
12 Soy-bean Feed raw material CP 20.0, ME 3200 All ages

CP = crude protein (%), ME = metabolizable energy (K Calorie/Kg), Wk= Week
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Table 2. Results of the two-way ANOVA analysis on contamination level of Mycotoxins in different Poultry Feeds

tested
Sources of Attributed
variation SS DF MS F (DFn, DFd) P value Variance %

Int ti

nteraction 35 33 164.7 F (33,96) = 19.57 P<0.0001 27.39%
Type of feed " 164.8 F (11, 96) = 19.58 P<0.0001 9.135%

1813

Type of mycotoxin 11790 3 3930 F (3, 96) = 467.0 P<0.0001 59.41%
Residual 807.9 9% 8.416

S$S=Sum of Square

DISCUSSION

The poultry sector is a vital sector in the Yemeni
economy (UNDP, 2020), and it has experienced
challenges in the past few years, including broiler
poultry in Dhamar Governorate. The country’s annual
poultry production (live birds) in the year 2022
dropped by 1.91% compared to the year 2021
(FAOSTAT, 2024). Non-compliance with vaccination
programs and inappropriate storage of poultry feeds
were accused for exposure to infections and
mycotoxins (Anonymous, 2022).

In this study, the contamination level of feed
samples with aflatoxins and T-2 toxins were as
follows: (0.37 and 21.67 ppb), respectively. The levels
were below than the levels established by the safe
feeding levels for mycotoxins in poultry feed, the
recommendations of European Community
concerning complete feeding stuffs and European
Union regulatory levels (a) and established guidelines
(b) on mycotoxins in feed stuffs for broilers i.e 20 and
250 ppb (ECCR, 2006; ECCR, 2013). The mean
concentration levels of contamination of feed samples
with Ochratoxins was as 0.8 ppb; this level also was
below than level established by the safe feeding levels
for mycotoxins in poultry feed, the recommendations
of Food and Agriculture Organization, the acceptable
recommended level is 100 ppb (FAO, 2004).
Moreover, the results of this study also displayed that,
the mean concentration of zearalenone in feed
samples was 14.04 ppb, these findings are lower than
level established by the safe feeding levels for
mycotoxins in broilers and recommendations used by
the OISC i.e. 500 ppb (MPFC, 2011; ECCR, 2006). The
results of present study on aflatoxins levels in poultry
feeds are in agreements with findings of previous

DF= Degree of Freedom MS= Mean Squares F= F value

reports studies in Dhamar governorate (Algabr et al.,
2018).

The contamination of the food and feed
ingredients with aflatoxins in current study was in line
with several previous reports on aflatoxin
contamination of cereals, nuts, legumes, oilseeds, and
their products (Ezekiel et al., 2012; Ezekiel et al., 2013;
Adetuniji et al., 2014; Egbontan et al., 2017; Oyedele
et al.,, 2017;). The most frequently found toxin in
soybeans was aflatoxins, which are produced by
Aspergillus spp. Similarly, High level of aflatoxins was
reported from other countries, including Cameroon,
India, Nigeria, South Africa and Cuba (Oluwafemi et
al., 2009; Njobeh et al.,, 2012; Abia et al.,, 2013;
Kehinde et al., 2014; Kotinagu et al., 2015; Ochieng et
al., 2021). For example, the aflatoxins level in poultry
feed reported from Nigeria and Cuba were 198 ppb
and 5.0 ppb (Escobar and Regueiro, 2002)
respectively.

In present study, the aflatoxins concentration in
poultry feed was 0.37ppb, these findings are higher
than that reported in broiler feed (0.104 ppb) from the
Czech Republic (Mikula et al., 2020) and lower than
findings reported from Pakistan i.e. 5 to 89.9 ppb by
Fareed et al, (2014). The concentration of
Ochratoxins was 0.8 ppb, these results are higher than
(0.380 ppb) reported from the Czech Republic (Mikula
et al., 2020) and lower than findings reported from
Pakistan (22.5 to 85ppb) by Sherazi et al., (2015). In
Serbia, Krnjaja et al., (2014) reported the Ochratoxins
in chicken feeds as 34.4 ppb, and in laying hen feeds
as 43.89 ppb. The concentrations of T-2 toxins and
zearalenone were as 21.67 and 14.04 ppb
respectively, these results are lower than findings of
Mikula et al. (2020) who reported the level of
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contamination as 40 and 343 ppb respectively in
Czech Republic.

The discrepancy in mycotoxins contamination
level in poultry feeds reported among above studies
and present study could be attributed to several of
factors such as: climatic factors, agricultural,
processing practices (handling and storage) of raw
materials and formulation utilized during the
compounding of the feed (Gutleb et al., 2015).
Moreover, many workers (CAST, 2003; Golob, 2007;
Daghir, 2008; Waliyar et al., 2009; K6éppen et al., 2010;
Schmidt-Heydt et al., 2011; Rodriguez-Carrasco et al.,
2013; Dzuman et al., 2014, Pereira et al., 2014; Xie et
al., 2016; Smith et al., 2016; Anfossi et al., 2016;
Marroquin-Cardona et al., 2014; Garbaba et al. 2018)
suggested that, the occurrence of mycotoxins varies
with seasons, poor storage ( the main factor that may
encourage fungal growth and mycotoxin production
for both local and imported poultry feeds),
environmental and weather factors such as
temperature, rain, PH and analysis techniques or
assay for determination of mycotoxins. Furthermore,
It has been reported that poultry feed components,
primarily imported to Yemen from abroad, that may
could be carried mycotoxins contamination from their
origin to country (Algabr et al., 2018).

CONCLUSIONS

The present results showed that all feed types
and raw ingredients tested contained relatively low
levels, and there were differences in the level and
types of mycotoxins between the feed manufacturing
companies, with the exception of zearalenone, which
is found in all types of feed and exceeds the permitted
limit. The co-occurrence of multiple mycotoxins may
enhance overall toxicity due to synergistic effects,
reduce profitability for farmers, and possibly affect
final consumers. There is a need to minimize
mycotoxin contamination in broiler feeds, these may
be adapted through the proper storage of feeds and
ingredients, regular monitoring of mycotoxins in
poultry feeds, implementing good agricultural
practices, and exploring less contaminated crop
alternatives.
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ABSTRACT

This cross sectional study was carried out during 2020-2021 on Yemeni currency
papers to determine the prevalence rate of bacterial contamination and associated risk
factors. Anti-microbial sensitivity patterns of the common pathogens contaminated Yemeni
currency papers were also investigated. A total of 324 currency papers were collected
randomly from different areas of Dhamar city and examined. The samples were collected
from different categories of community people such as health care workers, butcher’s shops,
vegetable vendors, restaurants waiters, public transport conductors, Berbers and Bankers.
The currency papers were transferred to microbiology laboratory and tested for bacterial
contamination using standard microbiological methods. Antibiotic resistance patterns of
isolated bacteria were determined by disk diffusion method. The results revealed that, out
of 324 samples examined, 315 samples were positive for bacterial contamination with
overall prevalence rate as 97.22%. The results of bacterial culture revealed that, 14 bacterial
species were identified. The species identified were Escherichia coli (E. coli) with the highest
prevalence rate (23.81%) followed by Citrobacter spp. (18.73%), Staphylococcus epidermidis
(14.6 %), Klebsiella. (9.52%), Staphylococcus aureus (8.57%), Pseudomonas spp. (6.03%),
Proteus spp. (5.4%), Shigella spp (3.17%), Streptococcus pyogens (3.17%), Salmonella spp
(2.86%), Streptococcus pneumonia (2.54%), Enterobacter spp. (0.95%) and Enterococcus
(0.63%). There were significant differences (P<0.05) on the prevalence rates among isolates
species. There were no association (P<0.05) between contamination rate of currency papers
and source of samples. All isolated bacteria were resistant to Methicillin and Ceftazidime;
whereas, sensitive to others antibiotics in particular Piperacillin/ Tazobactam. In conclusion,
the Yemeni currency papers circulating among community people were contaminated with
verity range of bacterial species and some of them multi-drug resistant to common
antibiotics. The decontamination of currency paper with disinfections in the banks and
markets is recommended to reduce the transmission of pathogens to human.

INTRODUCTION

Microorganisms are present almost everywhere in our
surroundings. They may propagate via food, water, air
and most importantly by fomites (Barolia et al., 2011,

Ejaz et al., 2018; Abdul Kader and Al-Rawi, 2021). The
environment plays an important role in transmission of
microorganisms to humans and materials such as
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currency papers/notes serve as vehicles for microbial
transmission (Elumalai et al.,, 2012). Currency
papers/notes are the most needed material by each
and everybody in a civilized society to reach a socio-
economical class of getting basic needs useful to
human (Beattie, 2018). Currency note is widely
exchanged for goods and services in the entire global
economic environment, it has promoted trade in
communities since its first introduction in China
approximately 1,000AD (lreland and Bernholz, 2003;
Assayaghi et al., 2021).

People are aware about spread of pathogens
through food, air, water and have taken enough steps
to control it. However, Studies of the contamination of
money with microbial agents are lacking in most
countries of world. Shortage of information may
contribute to the absence of public health policies
regarding currency usage, handling, and circulation (Al-
Ghamdi etal., 2011; Sucilathangam et al.,, 2016;
Anuranjini et al., 2017).

Microbial contamination of currency paper
could be occurred during the production process,
storage, counting, and handling (Awodi and Nock,
2001; Thiruvengadam et al., 2014). Other, practices
like wetting the fingers with saliva when counting the
papers, scattering currency paper during the several
events and ceremonies, keeping the papers in unclean
pocket, dirty stockings, in time of animal slaughtering
and food preparation (Ameh and Balogun, 1997; Ogo
et al.,, 2004; Khalil et al., 2014). The contaminated
papers go in circulation and spread contaminated
microbes among the people. These ways of
transmission are significance in public health
community worldwide (Thiruvengadam et al., 2014).
Currency papers play a significant role in transmission
of infectious diseases such as trachoma, diphtheria,
gastroenteritis, whooping cough, diarrhea and other
diseases (Sharma and Dhanashree, 2011); and
multidrug-resistant microorganisms (Gedik etal.,
2013). Maintaining personal hygiene can help for
reducing the presence of microbes on currency paper,
thereby reducing the risk of transmission during
currency exchange (Al-Hajj et al., 2024).

The quantity and quality of pathogens transfer
by currency papers are influenced by many factors, for
example; currency notes of lower denominations
exhibit higher contamination level comparing to
currency notes of higher denominations due to their
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more rapid turnover. Bacterial contaminations also
depends upon the age of currency and the materials
used in the production of the currency notes
(Basavarajappa et al., 2005; Vriesekoop et al., 2010;
Firoozeh et al., 2017; Ejaz et al., 2018).

Considerable investigations in different
geographical regions of the world have been
conducted on microbial contamination of currency
papers in circulation and reported variation ratse of
currency contamination (Thiruvengadam et al., 2014;
Elsharief et al., 2018; Gedam et al., 2018; Usman et al.,
2021; llyasu et al., 2021; Elleboudy et al., 2021; Cozorici
et al.,, 2022); and in some governorates of Yemen
(Hanash et al., 2016; Assayaghi et al., 2021; Al-Hajj et
al., 2024). The bacterial species isolated and identified
of above studies were Escherichia coli, Salmonella spp.,
Enteroccci spp., Klebsiella spp., Shigella spp.,
Mycobacterium tuberculosis, Vibrio cholera, Bacillus
spp., Staphylococcus spp., Pseudomonas spp., and
Corynebacterium spp., Aerobacter spp,
Mycobacterium  tuberculosis and  Streptococcus
faecalis ( Kawo et al., 2009; Moosavy et al., 2013;
Akond et al., 2015; Boidya et al., 2015; Hanash et al.,
2015; Mbata et al., 2016; Firoozeh et al., 2017; 2018;
Gedam et al., 2018; Obajuluwa et al., 2023). However,
there are dearth of information on microbial
contamination of Yemeni currency papers at Dhamar
city. Therefore, the aim of the present study was to
investigate the bacterial contaminants on majority
denominations of Ryial notes in circulation at Dhamar
city and their antibiotic resistance patterns.

MATERIALS AND METHODS

Study area

This study was conducted at Dhamar city, Dhamar
governorate during 2020-2021. Geographically,
Dhamar is located at 14°.58'N latitude, 44° 43'E
longitude and at an elevation of 2415.09 meters
(7923.52 feet) above sea level, Dhamar has a Mid-
latitude desert climate. The city’s yearly temperature
is 20.972C (69.759F) and it is -4.56% lower than
Yemen’s averages. Dhamar typically receives about
109.11 millimeters (4.3 inches) of precipitation and has
149.45 rainy days (40.95% of the time) annually
(Anonymous, 2024).

Study Samples

The study samples of this study were Yemeni currency
papers with various denominations. The samples were
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collected from different categories people of
community working in hospitals, butchers’ shops,
vegetable vendors, restaurants, public transport,
barber shops and banks at Dhamar city.

Size of sample

The sample size was calculated according keys
given by Allan et al. (2018) considering 30% expected
prevalence and 95% confidence interval with a 5%
desired absolute precision using the following formula:
N= (2' 2P(1-P)/d?, where, (p)expected prevalence and
(2) 95% confidence interval (Z= 1.96) and (d) a 5%
desired absolute precision. N= 1.96%Pexp (1-Pexp)/D?:
Where, Pexp = expected prevalence; d= absolute precision;
n=sample size. A total of 323 currency papers were
investigated in this study.

Study design and sitting

This cross sectional study was carried out during years
of 2020-2021 in laboratory, Department of
Microbiology, Faculty of Medical Science, AlHikma,
Dhamar, Yemen. A total of 323 Yemeni currency
papers of various denominations (100, 250,500 and
1000 Ryials) were collected from different community
people of the city, namely, health care workers,
butchers, vegetable vendors, restaurants waiters,
public transport conductors, Berbers and Bankers;
whereas, the currency papers with denomination of 50
and 200 Ryials were excluded from study due to their
less circulation in study areas. To collect the paper
currency, the individuals were requested to drop
currency papers into a sterile polythene bag and
labelled accordingly; Papers/notes were not touched
by the researcher using bare hands at any stage. The
individuals were given a replacement note equivalent
to the denomination they had deposited in the
sampling bag. The bag was sealed and immediately
transported to the laboratory for analysis
(Sucilathangam et al., 2016; Usman et al. (2021).

Isolation and Identification of bacteria isolates

In laboratory, isolation of bacterial species
contaminated the currency paper was performed
according the technique described by Cheesbrough
(2000); Thiruvengadam et al. (2014) and Firoozeh et
al,, (2017). Briefly, a sterile cotton-tipped swab
moistened with sterile physiological saline (0.85%
NaCl) was used to swab both sides of the currency
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paper. The swabs were directly inoculated on
MacConkey agar and blood agar. The inoculated media
were incubated aerobically at 35- 372C for 24h and
then examined for bacterial growth.

Identification of bacteria isolates was based
on morphology characteristics, Gram reaction as well
as biochemical techniques such as the Indole,
Coagulase, Oxidase, Urease, Catalase test and Triple
sugar iron tests (sugar fermentation and gas
production) in pure culture according to protocols
described previously by Cheesbrough (2000) and
Leboffe and Pierce, 2011).

Antimicrobial susceptibility test

Antimicrobial susceptibility test was performed
according to keys given by Clinical and Laboratory
Standards Institute (CLSI, 2014) and Ali et al. (2015). In
brief, a standard bacterial suspension was prepared in
sterile Mueller-Hinton broth with 8 hrs.” incubation at
37°C till its turbidity exceeds the standard McFarland
tube No. 0.5. Then dipped sterile cotton swab into
standard bacterial suspension and swab was used to
streak entire surface of Mueller-Hinton agar by
rotating clock wise and anti-clock. Then antibiotic disks
were placed on the surface of inoculated plates by
gentle pressing with sterile forceps to make sure the
contact of disk with media plate surface. The plates
were then incubated for overnight incubation at 37°C.
Results for sensitivity were noted next day by
measuring zone of inhibition with standard scale and
interpreted the results according to guidelines given by
CLSI (2014). The testes antibiotics were Cefuroxime
(CXM), Piperacillin/Tazobactam (PTZ), Methicillin
(MET), Amoxicillin (AX), Ampicillin (AS), Ceftazidime
(CAZ), Penicillin G (P1), Doxycycline (DOX) and
Vancomycin (VA).

Data analysis

The collected raw data were organized and arranged
using the Microsoft Excel spread sheet computer
programme and analyzed using SPSS version 20
statistical software’s. Chi-square tests was applied to
test the statistical association exists among the
variables, prevalence rate of bacterial infections. All
results were considered statistically significant when
the P-value <0.05.
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RESULTS

In this study, 323 Yemeni currency papers were
collected and screened for bacterial contamination,
315 papers were found positive for one or more
bacterial species with overall prevalence rate as
97.22%, furthermore, the results of bacterial culture
revealed that, many species of bacteria were identified
with variety of percentages, these include: Escherichia
coli (23.49%) followed by Citrobacter spp (20.95%),
Staphylococcus epidermidis. (12.70 %), Klebsiella spp.
(9.52 %), Staphylococcus aureus (8.89%), P.
aeruginosa. (5.71%), Proteus spp. (5.40%), Shigella spp.
(3.17%), Streptococcus pyogens (3.17%), Salmonella
spp. (2.86%), Streptococcus pneumonia (2.54%),
Enterobacter spp. (0.63%) and Enterococcus spp.
(0.63%) as illustrated in Fig. 1. Significant differences
(P<0.05) were observed among prevalence rates of
different bacteria isolates.

The impact of month variation (season),
currency denomination and currency papers sources
on distribution of bacterial contamination on the
currency papers were depicted in Table 1.

Enterococcus spp. I
Enterobacter spp. I
S. pheumonia

S. pyogens
Salmonella spp.
Shigella spp.
Proteus spp.

P. aeruginosa

S. aureus

Species of bacteria isolated

Klebsiella pneumoniae
E. coli

Citrobacter spp.

S. epidermidis

o
(%]

As shown, the highest contamination rate was
recorded in month of February (24.44%); whereas, the
lower in month of May (10.16%). The higher
contamination rate was recorded in currency papers of
100-denomination; whereas, the lower rate in
currency papers of 250-denomination. The highest
contamination rate was recorded in health care
workers’ category working at Dhamar General Hospital
(16.2%); whereas, the lower rate (12.70%) in workers
working at Groceries. Statistically, significant
differences (P<0.05) were observed between
contamination rate and month variation; while, none
with denomination and source of papers variables.

The antibiotics analysis of sensitivity and
resistance patterns of the isolated bacteria showed
increasing resistance of isolates to the methicillin and
ceftazidime antibiotics; whereas, susceptibility to
other antibiotic drugs with particular to Piperacillin /
Tazobactam as depicted in Table 2.

=
o
=
wn
N
o

25

Prevalenc %

Fig. 1. Bacterial species isolated from contaminated Yemeni currency Papers at

Dhamar city
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Table 1. The impact of month variation, currency denomination and currency’s source on distribution of bacterial
contamination on Yemeni currency (n=315)

Variable Categories No. of samples contaminatec Prevalence % P value
Months Jan 70 22.22 0.03
Feb 77 24.44
Mar 70 22.22
Apr 66 20.95
May 32 10.16
Currency denominations 1000 RY 78 24.76 0.452
500 RY 75 23.81
250 RY 71 22.54
100 RY 91 28.89
Source of currency paper Restaurants 42 13.33 0.066
Transports 46 14.60
Banks 46 14.60
Hospitals 51 16.19
Butchers’ shops 46 14.60
Barber shops 44 13.97
Groceries 40 12.70

Table 2. Antimicrobial susceptibility pattern of bacterial isolates contaminated currency Papers

Isolates N CXM PTZ| MET AX AS CAz P10 DOX AV

P O OO0OFrRr P OOORrR —»r =X

O O OO0 Fr OOO0OO0O OoOWwm

OO0 coooooooo r <

S. epidermidis
Citrobacter spp.

E. coli

Klebsiella spp.

S. aureus
Pseudomonas spp.
Proteus spp.
Shigella spp.
Salmonella spp.

O O owm

S. pyogens
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N P AN EFEPNPPWRELE WOK
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R R, NN PRFRP R WONO WOWm
O P OO FRP, P OOOWNDX
O N WINODNERPRPRRERENEREROWMD
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S. pnumonia
Enterobacter spp. 2 2 0 0 2 1 01 00 2 1 1 1 1
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N= Number of Isolates, S=sensitive, M=Moderate, R= resistant, CXM= Cefuroxime, PTZ= Piperacillin / Tazobactam, MET=
Methicillin, AX= Amoxicillin, AS= Ampicillin, CAZ= Ceftazidime, P10= Penicillin G, DOX= Doxycycline, VA= Vancomycine
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DISCUSSION

Currency papers are widely exchanged for goods and
services in countries worldwide. Currency Papers are
exchanged by persons with different hygiene habits,
and are often stored under improper hygienic
conditions. Although credit cards have replaced cash
exchange in some cases, currency papers are still
commonly used all over the world for the purchase of
services and materials (Firoozeh et al., 2017).

Microorganisms that are present in air,
water, etc., are easily spreading from one person to
another. The most common mechanism of the spread
of pathogens is by fomites including currency papers
(Barolia et al., 2011; Elsharief and Haider, 2018). The
main aim of this study was to investigate bacterial
species contaminated Yemeni currency papers and
associated factors in circulation at Dhamar city,
Yemen.

The results of present study revealed that the
bacterial contamination rate of Yemen currency
papers was 97.52%. These results are in agreement
with findings of Gabriel et al. (2013)) and Ejaz et al.
(2018), who reported the contamination rate as 97%,
and lower than contamination rates previously
reported by Feglo and Nkansah (2010) in Ghana
(98.6%); Moosavy et al. (2013) in Iran (100%); Hanash
et al. (2016) in Yemen (100%); Allan et al. (2018) in
Uganda (100%); Elsharief and Haider ( 2018) in Libya
(100%); Sunil et al. (2020) in India (100%); El-dars and
Hassan ( 2020) in Egypt (100%); and higher than rates
recorded by Saadabi et al.( 2017) in Saudi Arabia
(96.2%); Barua et al.( 2019) in Bangladesh (95%). The
differences between the contamination rates of
current study and above studies could be attributed to
hygienic practices and handling of currency, economic
and social habits of people in different countries.

Bacteria species isolated from the Yemeni
currency paper were S. epidermidis, Citrobacter spp., E.
coli, Klebsiella pneumonia, S. aureus, P. aeruginosa,
Proteus spp., Shigella spp, Salmonella spp., S.
pyogenes, S. pneumonia, Enterobacter spp.,
Enterococcus spp. with varied percentages. These
results are partially or in complete accordance with
findings of other researchers (Asikong et al., 2007;
Oyero and Emikpe, 2007; Tagoe et al., 2009; Hiko et al.,
2016; Saadabi et al., 2017; Dadgostar et al.,, 2017,
Elsharief and Haider, 2018). Contrary or consistent
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among the results of this study and findings of above
workers may due to the environmental factors and size
of sample. Furthermore, Sunil et al. (2020) suggested
that, several behavioral practices in study site may
contribute to currency contamination: keeping money
underbody surfaces, improper washing of hands after
using the toilet, wetting fingers with saliva when
counting currency, coughing and sneezing on hands
and handling currency, and placement or storage of
money on dirty surfaces during transactions.

E. coli was found slightly predominant species
compared to other species isolated; these results are
in agreement with findings of Sunil et al. (2020) who
assessed the microbial contamination of Indian
currency papers in circulation and reported similar
results. The predominant of E. coli species may due to
the nature of this species and poor personal hygiene
practices of currency handlers.

The impact of months (season), currency
denominations and source of currency papers on
distribution of bacterial contamination on currency
papers also was investigated. The results displayed
that, the higher contamination rate was recorded in
month of February; whereas the lower in month of
May. The higher contamination rate in February may
be due that microclimate favor for survival and
multiplication microorganisms in this month. All
currency denominations papers investigated revealed
that bacterial growth on lower denominations papers
(100 YR) was more compared to higher denominations
papers. These results are on line with previous studies
conducted by many workers (Basavarajappa et al.,
2005; Igumbor et al., 2007; Bhat et al., 2010; Anning et
al., 2019; Yar, 2020). The reason behind that could be
attributed to the lower denomination paper pass
through more hands of people in diverse economic and
social activities than the higher denomination papers
which are often saved in banks, more respected and
less frequently handled.

The currency papers obtained from hospitals
and restaurants showed more bacterial contamination
rate compared to groceries. These results are in
agreement with findings of Ahmed et al. (2017). The
relationship between contamination rate and source
of currency papers may be attributed to variety of
hygienic practices and handling of currency in different
areas. Furthermore, hospitals are main sources for
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nosocomial pathogens (Ejaz et al., 2018; Sunil et al.,
2020).

Nowadays, antimicrobial resistance has
become a burning issue throughout the world.
Indiscriminate use of antibiotics has leads to treatment
failure and augments health cost (Sharma and
Dhanashree, 2011). Currency papers are usually
contaminated with pathogenic microorganisms in
circulation, of which most of them are resistant to
commonly used antibiotics reported elsewhere world
(Firoozeh et al., 2017). Transmission of these antibiotic
resistance microorganisms from one individual to
another through currency papers may cause serious
public health hazards. In the current study, bacteria
isolated from Yemeni currency paper were subjected
to antimicrobial susceptibility test with nine commonly
used antibiotics in markets; the results revealing that
most of the antibiotic tested, namely, MET, CAZ and Pjo
were non-effective against majority of bacterial
isolates compared to Piperacillin / Tazobactam
antibiotics tested. These results are partially in
agreement with findings of Ali et al. (2015). The
developed resistance of some isolates to tested
antibiotics in our study may be attributed overuse and
misuse of these medications, as well as a lack of new
drug development by the pharmaceutical industry due
to reduced economic incentives and challenging
regulatory requirements as suggested by Gould and
Bal (2013).

CONCLUSION

It could be concluded from this study that, The
Yemeni currency papers circulating among community
people are contaminated with highly pathogenic and
most of them resistant to common antibiotics used in
markets. The pathogenic organisms represent risks
and public health hazards to the community and
individuals.

RECOMMENDATIONS

This study could be recommended that, the
decontamination of currency papers by ultraviolet light
or formalin vapors at the banks and markets could help
to reduce the transmission of the pathogen organism
to human. It is also suggested that people should keep
strict adherence to hygienic practices before handling
food and water after contact with currency papers.
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Assessment of bacterial resistance to common
antibiotics should be performed regularly.
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ABSTRACT

The present study was aimed to evaluate the effect of Trisodium phosphate (TSP), fresh
ginger rhizome extract (GE) and their mix on some microbiological properties of chicken
meat. The chicken carcasses samples were collected after evisceration processes and before
coming in to the immersion chiller, from the production line of private automatic poultry
slaughter-house in Dhamar city, Yemen. The chicken 's carcasses were divided into four
treatment groups and control: The G-I was acts as control (3 carcasses), G-1I (6 carcasses),
G-III (6 carcasses) and G-1V (3 carcasses) were dipped in 3 and 5% ginger extracts, 6 and
8% TSP solutions and mix of TSP (6%) and ginger extract (3%) respectively.
Measurements were taken before and post treatment at 0, 48 and 72 hrs. at 4+1°C. The
results showed a significant reducing(P<0.05) in populations of total bacteria counts and
Staphylococcus by 0.85 and 0.79 log cfu/ml in treated group with 8% TSP; while, in treated
groups with 6%, 8% TSP and with the mix of (3% GE + 6 % TSP) caused a significant
reduction in Salmonella counts by 0.82, 1.05 and 0.89 log cfu/ml respectively. Changes in
microbial loads during cold storage indicated that chicken meat group treated with 8% TSP
resulted in a significant reduction in total bacterial counts by 3.45 log cfu/ml compared to
control group 4.36 log cfu/ml after 48 hrs. of storage at 4+1°C; while, Salmonella count
was significantly reduced by 2.46 log cfu/ml as compared to control 3.78 log cfu/ml after
72 hrs. of storage at 4+1°C. In conclusion, Trisodium phosphate, ginger, and Trisodium
phosphate and ginger in combination at different concentration exhibited antibacterial
activities in reduction of bacterial counts and load on chicken meat. Trisodium phosphate
compound showed more efficacy compared to ginger extracts. The treatments of chicken
meat with TSP, GE and their mix increased the shelf life of the meat. Further studies are
needed to study the effect of other plant extract on microbiological properties of chicken
meat.

INTRODUCTION

The consumption of poultry meat is increasing around
the world, due to it is a low in fat, rich in protein and
low price (OECD/FAO, 2021; Wang et al., 2023;
Henchion et al., 2014; Bordoni and Danesi, 2017). In
addition, several key factors contribute to chicken's
dominance in the global meat market, including

affordability, nutritional value, palatability, and ease of
preparation (Petracci, 2022; Shaltout et al., 2023). In
spite of, the relative safety and nutritional value of fresh
chicken meat, its physicochemical properties make it
prone to microbial spoilage. As it is exposed for
microbial contamination from various sources (Al-
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Maagar et al., 2023). The presence of foodborne
pathogens in poultry represents a significant thrseat to
the poultry meat industry due to huge economics caused
by these organisms. These pathogenic bacteria,
naturally present in the gut of chickens, can contaminate
the meat during processing the carcasses in plants,
posing a serious health risk to consumers (Maharjan et
al., 2019; Tahir et al, 2024). The common pathogenic
bacteria associated with poultry are Salmonella,
Campylobacter, Staphylococcus aureus, E. coli, and
Listeria, (Bhaisare et al., 2014). Some treatments are
applying for poultry carcasses to improve the
microbiological quality parameters such as the
treatment with sodium chloride, sodium lactate,
Trisodium phosphate and plant extracts. Several plants
extracts are used against the bacterial activities on
poultry meat such as rosemary, garlic, pineapple and
ginger extracts, (Khaled, 2016; Hmiadei et al., 2010).

Ginger contains some volatile compounds
such as o-pinene, borneol, camphene, and linalool,
which are responsible for antimicrobial activities,
(Nychas and Skandamis, 2003; Sa-Nguanpuag et al.,
2011). The major pungent components of ginger are
gingerone and gingerol, which have strong inhibitory
activity against pathogenic bacteria (Park et al., 2008).
The ginger essential oil contains amounts of phenolic
compounds i.e. eugenol, shogaols, zingerone,
gingerdiols and gingerols, which might be responsible
for antimicrobial potency (Singh et al., 2008).

In previous studies, the dipping of slices spent
hen breasts in 3 and 5% ginger solution with added 2%
of salt and stored for 24 hrs at 4°C showed a significant
reduction in population of total bacterial count by 4.83
and 4.16 log cfu/g, respectively, compared to control
6.20 log cfu/g (Zangana and Aljami, 2010). The
Treating camel meat chunks with 30% ginger extract by
spraying reduced the total bacterial count and
Staphylococcus aureus count to 3.1 x 10° and 2.5 x 107?
cfu/g, respectively, compared to the control counts of
7.8 x 10° and 8.6 x 107 cfu /g, while after 3 days of
storage at 4+1°C the total bacterial count and
Staphylococcus aureus counts were reduced to 7.9 x10°
and 5.1 x 10? cfu/g compared to the counts in control
5.2 x 10% and 2.4 x 10° cfu/g respectively (Abdeldaiem
and Ali, 2014).

Trisodium Phosphate (TSP) is generally
known as safe by the US (FDA) and has been approved
by USDA-FSIS at levels of 8-12% as an antimicrobial
agent on raw chilled poultry carcasses that have been
passed for wholesomeness (Capita et al., 2002).
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Carcasses are either spray or dip in TSP solution for up
to 15 sec at 13 -17°C (Federal Register, 1994).

Treatment of poultry carcasses with TSP was
effective in reducing populations of food-borne
pathogens including Salmonella, Campylobacter,
Escherichia coli O157:H7, Listeria and Staphylococcus
aureus as well as spoilage bacteria including
Pseudomonas and Lactobacillus (Ledesma et al., 1996;
Capita et al., 2002). The dipping of chicken breast
samples in 5%, 8% and 10% TSP solutions for 15 min
at room temperature 25°C cause a reducing in the
aerobic plate count and Staphylococcus counts to 7.69,
6.32, 5.69, 3.56, 3.32 and 2.07 log cfu/g compared to
control 8.2 and 4.30 log cfu/g, respectively (Hemmat et
al., 2016).

In light of the growing need for safe and
healthy food and to limit the proliferation of
microorganisms that cause meat spoilage, improving
meat quality has become essential. This can be achieved
by reducing or eliminating microorganisms, whether
they cause spoilage or deterioration of chicken meat.
Therefore, the aim of this study was to investigate the
effect of Trisodium phosphate (TSP) and fresh ginger
rhizome extract (Zingiber officinale) extract at different
concentration on total counts and load of
Staphylococcus and Salmonella of chicken meat under
refrigerated storage.

MATERIALS AND METHODS

Samples Collection

A total of eighteen fresh whole chicken carcasses (30—
35 days old and weight of 1100 to 1200g) were
randomly, Yemen. Chicken were slaughtered by
butcher (bled for 2.22 min), scalded for 1.36 min at
58°C and mechanically de-feathered for 53 sec. All
selected from the production line of private automatic
poultry slaughter-house in Dhamar city. Carcasses were
collected after the evisceration processes and before
coming in to the immersion chiller.

Preparation of chemical solutions and plant extracts
Trisodium phosphate (TSP)

Trisodium phosphate 98% (made in China) was
purchased from a local market in Sana'a, Yemen. TSP
was used to prepare 6 % and 8% solutions in sterile
water.

Ginger extract
Ginger extract was prepared according to the
(Indu, et. al. 2006). Fresh ginger rhizomes (Zingiber
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officinal) were purchased from a local market in
Dhamar city, Yemen. The fresh ginger rhizomes were
cleaned, peeled, sliced and washed in sterile water. In
order to obtain aqueous extract of the ginger rhizomes,
100g of washed ginger rhizome was crushed using
mortar, then blender was used to obtain ginger extract.
After then, the extract was filtered through filter paper
and sterilized by using a syringe filter (made in
Taiwan). This extract was considered as the 100%
concentration of the extract. The concentrations of 3%
and 5% were made by diluting the concentrated extract
with appropriate volumes of sterile water. The extracts
were prepared fresh before each trail.

Experimental design and measurements

The chicken's carcasses were divided into four
treatment groups and control as following: The group-I
was acts as control (3 carcasses), group -1I (6 carcasses),
group -III (6 carcasses) and group -IV (3 carcasses)
were received treatment through dipped in 6 and 8%
TSP solutions, 3 and 5% ginger extracts, and mix of
TSP (6%) and ginger extract (3%) respectively for 15
min. at 18+£2°C.

After treatments, the carcasses were removed
from the solutions, rinsed with sterile water to remove
residual solutions, and drained for 5 -10 min. The
carcasses were packed separately in sterile polyethylene
bags and stored at 4+1°C for 48 and 72 hrs.
Measurements were taken before and post treatment at
0, 48 and 72 hrs. at 4+£1°C. The results were expressed
as log cfu/ml of rinse.

Microbiological analysis

The microbial counts of the carcasses were assessed
according to the (Roberts and Greenwood, 2003;
Simmons et al., 2003). The carcass rinse method was
used as technique for microbiological analysis. The
technique in brief, carcasses were shaken for 1-2 min in
500 ml of sterile water in sterilized polyethylene bags
(41x41 cm). Twenty-five ml of the rinsing solution was
transferred to 225 ml of sterile buffered peptone water
and shaken to homogenate carefully. A series of
decimal dilutions were made with buffered peptone
water from this solution, for the microbiological
analysis.

Total bacteria counts

The total bacterial counts were determination by poured
method and plate count agar (Himedia Laboratories Pvt.
Ltd, India). One ml of the series of decimal dilutions
was poured in petri dishes and molten media was added
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then incubated at 37°C for 2442 hrs. under aerobic
conditions.

Staphylococcus counts

Staphylococcus counts were determined as
described above for total bacterial counts except that
media culture were Baird-Parker Agar (Himedia Labs.
Pvt. Ltd, India).

Salmonella spp. counts

Salmonella count were determination by
poured plate and decimal dilution using Selenite
Cysteine Broth with sodium chloride solution (0.9%). 1
ml of decimal dilutions was poured in petri dishes and
Salmonella and Shigella agar (SSA) was added
(Himedia Labs. Pvt. Ltd, India). The petri dishes were
incubated at 37°C for 24+2 hrs. Colonies with black or
black center were counts.

Estimate of microbial load reduction

Microbial counts were transformed to logie cfu/ml
values. The reduction of microbiological load was
calculated according to following formula:

Reduction % (logio cfu/ml) = W, — W,

Where: ~ W;: microbial counts before treatment, W:
microbial counts after treatment

Statistical Analysis

Microbial counts were transformed to logio cfu/ml
values. The data were subjected to analysis of variance
with a confidence level of (P < 0.05) and expressed as
the mean + and standard deviation. The comparisons
among mean values were carried out by using Duncan’s
comparison test. The SPSS Statistics Version 22.0
software was used for data analysis.

RESULTS AND DISCUSSION
Effect of TSP, GE and their mix on microbiological
properties

Reduction of the microbial load in chicken meat
Table 1. Shows the treatments results of raw
whole chicken meat with TSP, GE, their mix and
reduction of total bacterial counts of Staphylococcus and
Salmonella.
The treatment of chicken meat with 8% TSP solution
exhibited a significant reduction (P < 0.05) in total
bacteria and Staphylococcus counts compared to other
treated groups. The total bacterial counts (TBC) and
Staphylococcus counts were reduced to 0.85 and 0.79 log
cfu/ml respectively. The treatment with 6% TSP, 3 and
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5% GE and their mix solution caused a reducing in the
total bacterial counts and Staphylococcus counts. The
TBC and Staphylococcus counts were reduced to 0.72,
0.17, 0.25, 0.78, 0.67, 0.18, 0.29 and 0.72 log cfu/ml in
(6%) TSP, (3 and 5%) GE and their mix respectively.

Treatment of raw chicken carcasses at
concentrations of 6 and 8% TSP and mix of GE +TSP
showed a significant reduction (P < 0.05) on Salmonella
counts compared to GE treated groups. These counts
were reduced to 0.82, 1.05 and 0.89 log cfu/ml in (6 and
8%) TSP and mix of (GE +TSP), respectively, while they
were reduced to 0.1 and 0.21 log cfu/ml in in group
treated with 3 and 5% GE extract respectively.

The results of this study indicated that the treated
groups with 8% TSP showed the highest reductions on
Salmonella counts, TBC and Staphylococcus counts
respectively. The effect of TSP may be due to its high
pH (aboutl1 -12) and ionic strength, which can influence
the reduction in bacterial counts. The current results are
in agreement either in complete or partially with findings
of other workers in different geographical regions in the
world for example: Lillard (1994; Lillard (1994) in USA;
Sampathkumar et al., (2003) in Canada; Capita et al.,
(2002) in France; Bin Jasass (2008); Sudarshan et al.,
(2010; Capita et al., (2000); Abdeldaiem and Ali (2014);
Hemmat et al., (2016); Singh, (2016); Selvan and
Mendiratta (2019); Uysal et al., (2020);) who studied the
effect of TSP, Ginger and their mixture in reduction of
microbial load/counts of on Salmonella and
Staphylococcus counts chicken meats in different
concentrations and temperature conditions and reported
TSP, Ginger and their mixture reduced significantly the
total bacterial counts and Staphylococcus and
Salmonella counts. However, the findings of present
result disagreeing with findings of Hutton et al., (1991);
Zingano and Aljami (2010). The contrary or consistent
between current results and findings of above studies
could be attributed to the period of dipping in treatments
solutions, addition of salt to treatments solutions, pH,
and processing techniques used.

Effects of treatments in microbial load of chicken meat
during cold storage

Total bacterial count of chicken meat during cold
storage

Table 2. Shows the results treatments of raw
whole chicken meat with TSP, GE and their mix on total
bacterial count during cold storage. The treatments at
concentration of 8% TSP solution exhibited a significant
reduction (P < 0.05) on total bacterial counts compared
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to control group. These counts were reduced to 3.35 and
3.45 log cfu/ml with 8%TSP solution; while the count in
control was 4.32 and 4.36 log cfu/ml after 0 and 48 hrs.
of storage at 4+1°C, respectively. The treatments at
concentrations of 6% TSP and the mix of (GE +TSP)
showed a significant reduction (P < 0.05) in TBC in
treated group compared to control group. These counts
were reduced to 3.54 and 3.52 log cfu/ml TSP and mix
of (GE +TSP) respectively, while the count in control
was 4.32 log cfu/ml after 0 hrs. of storage at 4+1°C.

Treatment of raw chicken carcasses with 6 and
8% TSP, 3 and 5% GE and their mix solutions resulted
in a reduction in the total bacterial counts of treated
groups compared to control. These counts were reduced
to (3.71and 3.45), (4.41and 4.33) and (3.68) log cfu/ml,
in treated group respectively, while the count in control
448 log cfu/ml after 72 hrs of storage at 4+1°C.
However, TBC were reduced to (3.69), (4.30 and 4.26)
and (3.65) log cfu/ml in groups treated with (6%) TSP,
(3 and 5%) GE and their mix, respectively, while in
control was 4.36 log cfu/ml after 48 hrs of storage at
4+1°C. in addition, the counts were reduced to 4.16 and
4.10 log cfu/ml in groups treated with (3 and 5%) GE
solution respectively, after 0 hrs of storage. The higher
reduction observed in the group treated with 8% TSP,
this may due to the higher concentration used, period of
storage and processing technique used.

Similar studied have been carried out on the
treatments effect of TSP and GE on total microbial load
of chicken meat during cold storage by many workers
(Kim et al., (1994); Okolocha and Ellerbroek (2005);
Capita et al (2000) ; Del Rio et al., (2007); Abdeldaiem
and Ali (2014); Khaled (2016); Abdel-Nacem et al.,
(2022) and researched to similar results. However, the
results findings reported by Babatunde and Adewumi
(2015) were in discrepancy with above mentioned
findings. The reasons behind varying effects of TSP and
GE on TBC could be attributed to several factors
including contact time, TSP and ginger concentrations,
application method, temperature, and exposure period of
storage.

Staphylococcus count of chicken meat during cold
storage

The results in Table 3. Shows the effects of
treatments by TSP, GE and their mix on Staphylococcus
bacteria count of raw whole chicken meat during cold
storage. The treatments with both (6 and 8%) TSP, (3and
5%) GE and their mix solution showed a reducing in
Staphylococcus counts but not significant (P<0.05)
compared to control group. These counts were reduced
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from 3.75, 4.24 and 3.89 log cfu/ml in the control to
(3.12 and 2.86), (3.55and 3.48) and (3.05), (3.49 and
3.12), (4.03and3.94), (3.48), (3.58 and 3.20), (3.77and
3.69) and (3.52) log cfu/ml in (6 and 8%) TSP, (3and
5%) GE and their mix after 0, 48 and 72 hrs of storage at
4+1°C respectively.

These results indicated that the samples treated
with (8%) TSP showed a highest reduction in the
numbers of Staphylococcus after 48 hrs of storage at
4+£1°C. Similarly, Ledesma et al., (1996) studied the
effect of TSP, GE and their mix on Staphylococcus
bacteria count of chicken meat during storage on
Staphylococcus counts and reported that the dipping of
chicken wings in 10% TSP for 15 sec. at 10°C caused a
significant reduction on Staphylococcus aureus count by
80.33% and 54.45% respectively after overnight storage
at4 and 10°C. Abdeldaiem and Ali, (2014) also reported
that the treating of camel meat chunks with 30% ginger
extract by spray caused a reducing in the Staphylococcus
aureus count to 2.5 x 10? and 5.1x10? cfu/g, compared to
control 5.1 x 10% and 2.4 x 10° cfu/g after 0 and 3 days
of storage at 4+£1°C, respectively.

Salmonella spp. of chicken meat during cold storage.

Table 4. Shows the results treatments of raw
whole chicken meat by TSP, GE and their mix for
reduction Salmonella count during cold storage. The
treatment at concentration of 8% TSP solution showed
a significant decrease (P < 0.05) in population of
Salmonella compared to control group. These counts
were reduced to 2.45 and 2.46 log cfu/ml; while, the
count in control was 3.55 and 3.78 log cfu/ml after 0
and 72 hrs respectively of storage at 4+1°C. There were
no significant differences ( P<0.05) in the population of
Salmonella in chicken meat treated group with 8% TSP
compared to the control after 48 hrs. of storage at

4+1°C. This count was reduced from 3.8 log cfu/ml in
the control to 2.69 log cfu/ml in 8% TSP treated group.
The treatments at the concentrations of 6%TSP, 3 and
5% ginger and their mix exhibited reduction in
Salmonella counts. These counts were reduced from
3.55, 3.8 and 3.78 log cfu/ml in control group while;
2.75, (3.48 and 3.4), (2.68), (3.09), (3.56 and 3.51),
(3.01), (3.28), (3.64 and 3.54) and (3.17) log cfu/ml in
groups treated with 6% TSP, 3 and 5%) ginger and their
mix respectively after 0, 48 and 72 hrs of storage at
4+1°C. The higher reduction of Salmonella in chicken
meat treated group with 8% TSP may be attributable to
the increased concentration of TSP used and the storage
period.

In this context Kim et al., (1994) reported that the
dipping of chicken carcasses inoculated with high levels
of salmonellae in 10 % TSP solution at either 10 or 5°C
for 15 sec and stored for 6 days at 4°C caused a significant
reduction on Salmonella count by1.6 and 1.8 logs on day
1 and day 6 of cold storage respectively. They conclude
that the difference in log reductions between the first day
and the six days of storage may be due to the supports the
residual effect of TSP on bacterial reduction during six-
day storage at 4°C. Fabrizio et al. (2002) reported that the
reductions of Salmonella typhimurium were 0.9 log10 and
2.17 log10 cfu/ml at both 0 and 7 days of storage at 4°C
respectively, when half carcasses were spray washed with
10% TSP for 45 min (85 psi, 25°C, 15 sec). Ledesma et
al., (1996) reported that the dipping of chicken wings in
10% TSP for 15 sec at 10°C showed a significant
reduction on Salmonella typhimurium count by 93.45%
and 62.42% after overnight storage at 4 and 10°C,
respectively.

Table 1. Effect of Trisodium phosphate, Ginger extract and their mix on microbial load reduction on chicken

meat

TSP Ginger GE+ TSP
Reduction(log cfu/ml)

6% 8% 3% 5% 3 %+6%
Total bacterial count 0.72+0.41abc 0.85+0.25¢c 0.17+025a 025+0.34ab  0.78 £0.17bc
Staphylococcus 0.67+0.08ab  0.79 £ 0.55b 0.18+0.08a 0.29+0.28ab 0. 72 £0.09ab
Salmonella 0.82 =0.40b 1.05+0.03b 0.10£0.06a 0.21+0.01a 0.89+0.27b

* Different letters mean significant differences within a column (P < 0.05)
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Table 2. Effect of Trisodium phosphate, Ginger extract and their mix on total bacterial counts of chicken

meat during storage

. Storage time (hrs.)
Treatments Concentrations 0 43 7
Control - 432+0.54c¢ 436+0.19b 448 £0.58a
TSP 6% 3.54 +£0.58 ab 3.69 £0.74 ab 3.71+0.96 a
8% 3.35+0.21a 345+022a 345+0.12a
Ginger 3% 4.16 £0.19 bc 430+£0.1b 441+023a
5% 4.10+0.33 abc 426+048b 433+048 a
Mix 3% G + 6% TSP 3.52+0.43 ab 3.65+0.37 ab 3.68+0.52a

* Different letters mean significant differences within a column (P < 0.05).

Table 3. Effect of Trisodium phosphate, Ginger and their mix on Staphylococcus bacteria counts of chicken

meat during storage

Storage time (hrs.)

Treatments Concentrations 0 48 7
Control - 3.75+£022a 424 +0.72 a 389+095a
6% 3.12+0.19a 3.49+0.99 a 358+1.23a
TSP
8% 2.86+0.50a 3.12+0.55a 320+0.92a
Ginger 3% 355+0.57a 403+0.15a 377+04 a
g 5% 348+ 1.09a 3.94+0.57a 3.69+0.52a
Mix 3% G + 6% TSP 3.05+0.04 a 348+0.07 a 352+0.04a

* Different letters mean significant differences within a column (P < 0.05).

Table 4. Effect of Trisodium phosphate, Ginger and their mix on Salmonella spp. counts in chicken meat

during storage

. Storage time (hrs.)
Treatments Concentrations 0 48 7
Control 0.0 355+0.37b 3.8+089a 3.78+0.68 b
TSP 6% 2.75+0.1 ab 309+045a 3.28+£0.36 ab
8% 245+032a 2.69+0.49 a 246+0.7a
Ginger 3% 348+0.15b 356+0.15a 3.64+0.38b
g 5% 34+1b 3.51+0.99a 3.54+0.58 ab
Mix 3% G + 2.68 £0.22 ab 3.01+0.19a 3.17+0.75 ab
6%TSP

* Different letters mean significant differences within a column (P < 0.05).

CONCLUSIONS AND RECOMMENDATIONS
Trisodium phosphate, ginger, and Trisodium
phosphate and ginger in combination at different
concentration exhibited antibacterial activities in
reduction of bacterial counts of chicken meat. Trisodium
phosphate compound showed more efficacy compared to
ginger extracts. The treatments of chicken meat with TSP,
GE and their mix increased the shelf life of the meat.
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Further studies are needed to study the effect of other
plants extract on microbiological properties of chicken
meat.
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ABSTRACT
Yemen's accession to the World Trade Organization was a goal for successive Yemeni

governments. In order to achieve this goal, it entered into long and arduous negotiations. Yemen took
about thirteen years from the date of submitting the official application for accession. It continued to
work hard and make continuous national efforts to achieve this goal. In December 2013, Yemen's
application was accepted to become the 160" member of the World Trade Organization. The study
aimed to explore the status of Yemeni foreign trade by studying the economic indicators of the status
of foreign trade and to know the impact of Yemen's acceptance of joining the organization by
identifying the most important indicators of foreign trade efficiency, with a focus on studying these
indicators during the two study periods, which were divided into the period before Yemen's acceptance
of joining the World Trade Organization as a first period and after Yemen's acceptance of joining the
organization as a second period. The study relied on the descriptive and quantitative analytical
approach. The study was based on published and other secondary data collected from reports and
statistics issued by government agencies. The study concluded that the second period witnessed a
decrease in average exports while the average imports increased, so the trade balance deficit
increased. It also showed that the average of most economic variables and study indicators in the
second period decreased, with the exception of imports and GDP. It also became clear that there was
an increase in the degree of concentration of exports and imports in the two study periods. It was
found that Yemen did not benefit from providing some transitional periods or from any advantages
that would have been provided to Yemen during the transitional period that followed the date of
Yemen's acceptance as one of the least developed countries. The study recommended the necessity of
national reconciliation, ending the war, and working to reconsider the policies followed in the field of
foreign trade for what is in the interest of Yemen, and working with the international community to
remove the effects and improve the economic and commercial situation and working with the relevant
international bodies.

Keywords: Yemeni Foreign Trade, World Trade Organization
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ABSTRACT

The structure of the stomach is correlated to the type of the food of the organism. This
study investigated the gross, microscopic, histochemical and ultrastructure of the stomach
of the stone curlew and pied king fisher. Six adult stone curlew and six adult pied
kingfisher of both sexes were used. The results revealed that, the proventriculus was
truncated cone- shaped organ in curlew; while, it is very short tube-like in kingfisher. The
mucosal surface of the proventriculus has proventricular papillae over its entire surface.
The ventriculus was biconvex lens in shape in curlew; while, in kingfisher it is sac-like
organ. The thick muscular wall in curlew consisted of the Crassus caudodorsalis, C.
cranioventralis muscles, tenuis craniodorsalis and caudoventralis; while, the wall is thin in
kingfisher so this organization is unclear. The proventriculus and ventriculus in both
studied birds have folds of the tunica mucosa lined by columnar epithelium. Simple
tubular glands occupied the lamina propria. The ventricular glands were lined by simple
columnar cells. The proventricular glands were situated between the inner and outer
layers of the lamina muscularis mucosae. The tunica submucosa was very thin in the
proventricular wall; while, in the ventriculus, it was not separated from the lamina propria
due to the absence of any lamina muscularis mucosae. Musclosa of ventriculus in
kingfisher consisted of three layers: an internal longitudinal layer, a middle circular layer
and an external layer of longitudinal smooth muscle fibers; while, in curlew the outer
longitudinal layer was absent. In conclusion, the study detected many variations in the
stomach structures of birds subjected to study and these differences could be due to the
differences in food habit. Further studies should be carried out for more understanding
the physiological process of digestion and nutrient absorption in these birds.

INTRODUCTION

Egypt is located at the Northeastern corner of Africa
and occupies an area of about one million kilometers.
It enjoys a unique strategic location, at the crossroads
between Africa, the Middle East, and Europe. Egypt is
divided into four geographical regions, namely, Nile
Valley and Delta, Western Desert, Eastern Desert, and

Sinai. The country is rich in wild bird species due to its
wide range of habitats (Issa, 2019). The Eurasian stone-
curlews, also known as dikkops or thick-knees, consist of
10 species within the family Burhinidae, and are found
throughout the tropical and temperate parts of the world,
with two or more species occurring in some areas of
Africa, Asia, and Australia. Despite the group being
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classified as waders, most species have a preference
for arid or semiarid habitats Bock (1994). It is a species
of European conservation concern (BLI, 2012; BLI,
2015). The Eurasian stone-curlew is largely nocturnal,
especially when singing its loud wailing songs. Its food
consists of insects and other small invertebrates, and
occasionally small reptiles, frogs and rodents (Dunning,
1992). Eurasian Stone Curlew Burhinus oedicnemus is a
summer breeder in Turkey (Boyla 2016), a resident
breeder in Cyprus (Bird Life International, 2015).

Pied kingfisher (Ceryle rudis) belongs to a family of ~90
species that range in size from the 9-g African Dwarf
Kingfisher (Ceyx lecontei) to the ~500-g Laughing
Kookaburra, Dacelo novaeguineae (Woodall 2001 ),
widely distributed across Africa and Asia. It was one of
the three most common types in the world. In ancient
times believed this type descended from an ancestral
American green kingfisher which crossed the Atlantic
Ocean about 1 million years ago (Fry, 1980; Al-
Mamoori, 2016). The Pied Kingfisher (Ceryle rudis)
characterized by maculata plumage consisting of the
black and the white color. It's non-migratory birds, can
be seen near lakes and rivers, and the feeds mainly on
fish, crustaceans and large aquatic insects such as
dragonfly larvae fish (Wanink, 1994; Al-Mamoori,
2016). Its characterized by ability to fly for a long time
(fry et al, 1992; Dyce et al.,, 2010; Al-Mamoori,
2016).The digestive system in birds composed of
buccal cavity, pharynx, esophagus, proventriculas,
gizzard, small and large intestine and cloaca (Al Kinany,
2017). Clear variations are reported in avian digestive
tract and type of food ingested (Al Kinany, 2017). The
avian wall of digestive tract is composed mainly of four
basis layers arranged from inner to outer, mucosa,
submucosa, muscularis externa There is some
variations in the microscopic structure and also
thickness of these layers according to types of birds
also types of ingested food (Rajabi and Nabipour,
2009).

Bird could be classified to three categories or
group in relation to their stomachs function and food
digestion process; first group; birds eat soft food, in
this group, the gizzard acts as stock piling of food.
Second group; birds eat hard diet and gizzard grinds
the food and third group, birds eat intermediate diet
and the gizzard acts for storage and physical digestion
(Hassouna, 2001).

Due to the dearth of information on
histological and anatomical structures of digestive
system in wild birds, especially Eurasian stone curlew
and pied king fisher birds. The aim of the present
study was to illustrate the morphology, histology,
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histochemistry, and ultrastructure of the stomach of the
Eurasian stone curlew and pied kingfisher. These
observations will provide a basis for understanding the
digestive physiology and help pathologists and
nutritionists in future studies on diet and diseases
affecting the species by facilitating the histopathological
diagnosis of such diseases affecting bird digestive system.

Materials and Methods

Study area and Experimental birds

A total of twelve adult apparently healthy birds of both
sexes from Eurasian stone curlew and pied kingfisher
birds, were obtained from bird’s hunters at Sharkeia
governorate, Egypt between years of 2023-2024. Species
identification and age determination were adopted
according to keys given by Klos and Lang (1982). The
current work was completed in accordance with animal
welfare guidelines and the Faculty of Veterinary
Medicine, Suez Canal University Ethics Committee, as well
as Egyptian laws.

Gross morphological examination

Four birds from each species were selected, weighed, and
anaesthetized with chloroform, slaughtered and allowed
to exsanguinate. The ventral body wall of birds were
longitudinally incised from the vent as far as the cranial
end of the sternum, the flaps of the body wall were
reflected on both sides sternum. The birds were laterally
dissected, and the upper digestive tract were
photographed in situ to provide a detailed description of
its shape, position, and relationships with other organs,
according the technique described by Basha et al. (2023).

Macro-morphometric measurements

The macro-morphometric measurements  were
performed as the following, the upper digestive tract
birds were carefully resected. The stomachs were grossly
examined in situ and carefully dissected, the isolated
whole stomach, glandular stomach and muscular stomach
were weighed, photographed. Gross morphometric
measurements were conducted using Vernier’s caliber
following the procedures outlined by El Nahla et al.
(2011) and El Mahdy et al. (2022)

Light microscopic examination

Small pieces of 1 cm? were taken immediately from same
specimen of proventriculus and gizzard, that were used
previously for the gross examination. specimens were
fixed in 10% formaldehyde for one week, dehydrated at
increasing ethanol concentrations, embedded in paraffin,
sectioned at 5.0 um with a rotary microtome and stained
with hematoxylin—eosin (H&E), Masson’s trichrome stain,
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Verheofen van Gieson stain, Alcian blue (AB) and
Periodic acid Schiff (PAS) stains according guidance and
keys given by Bancroft et al (2008).

Scanning electron microscopy

The remaining birds from each species(two birds each)
were utilized for scanning electron microscopic
examination. The specimens were placed in 2.5%
glutaraldehyde for 24 h at 4°C, then washed with
phosphate-buffered saline (PBS, pH 7.4). Subsequently,
the specimens were post-fixed in 1% aqueous osmium
tetroxide for 4 h and rinsed in PBS (pH 7.4). after then
the samples were dehydrated in ascending grades of
ethanol and underwent critical point drying. The dried
specimens were sputtered with a layer of gold at a
thickness of 100 nm using a BIO-RAD sputter apparatus
(Bio-Rad) and scanned using a scanning electron
microscope (SEM, Model-JEOL ASID-10, Cambridge
Ltd.) in the National Research Center, Cairo, Egypt. The
scanning process was carried out According to
instructions of manufacturer. The histological analysis
and identification of stomach ultrastructures were
performed by researchers and assistance from experts
in the above mentioned center

RESULTS

Gross Morphological Structures

Glandular Stomach (proventriculus)

The result revealed that, the glandular stomach is an
elongated, truncated cone- shaped organ in curlew;
while, it is very short tube-like in kingfisher. It is
directed craniocaudally somewhat ventrally and to the
left, in the left ventral part of the body cavity. It
extends between the levels of the 3™ and 7™ in
kingfisher, 3™ and 6" in curlew (Fig. 1C and D).
Externally the junction of the glandular stomach and
the esophagus is obvious in curlew; while, in kingfisher
it is indistinct. Caudally, however, at the junction with
the muscular stomach there is a distinct lighter colored
constriction, the isthmus in kingfisher; while, it is
unclear in curlew (Fig., 2A & B). The demarcation was
by the appearance of the surface (the surface of
oesophags was smooth with longitudinal folds; while,
that of proventriculus showed densely packed
elevations which represent the proventricular glands
(Fig. 2 C, D, E & F). The color line of demarcation in
oesophagus was whitish; while that of proventriculus
was light brown (Fig., 2E & F) in addition, The wall of
proventriculus was thicker than that of the
oesophagus. Much of the left and ventral surfaces of
the glandular stomach is close to the liver, and
especially to the left lobe in which it produces an
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impression. The right side is caudo-dorsally close to the
spleen; while, in kingfisher the spleen related to the left
side of the junction of glandular and muscular stomach.
The dorsal surface is related to the ventral surface of the
lung (Figs., 1A & B). The caudal part of the dorsal surface
is related to the left testicle in the male (and from the
ovary and the cranial part of the oviduct in the female)
(Figs., 1A & B).

Examination of the mucosal surface of the
proventriculus revealed the presence of raised papillae,
papillae proventricularis, over its entire surface (Fig. 1).
The average number of the proventricular papillae in
curlew was 167 * 1.99 /cm? whereas; in kingfisher was
229 + 2.08 /cm?. The mean length of the proventriculus in
curlew was 1.885 * 0.016 cm; whereas, in kingfisher was
1.071 + 0.025 cm. The diameter of the proventriculus in
curlew was 1.935 + 0.027 cm; whereas, king fisher was
147+ 0.038 <cm. The other morphometrical
measurements were illustrated in Table 1.

Muscular Stomach

The muscular stomach is a large organ shaped like a
biconvex lens in curlew; while, in kingfisher it is sac-like
organ. Its craniocaudal diameter is greater than its
dorsoventral diameter. It lay in the left caudo-dorsal
region of the thoraco-abdominal cavity (Figs. 1C & D) in
all  examined species. It is situated between
approximately the levels of the 1%t and 12% lumbosacral
vertebrae in kingfisher and 1% and 10™ lumbosacral
vertebrae in the curlew. It lies essentially in the vertical
plane. However, its craniocaudal axis is directed
somewhat ventrally and to the right in the left ventral
part of the body cavity, and its most ventral part often
crosses the midline to the right side. Its right surface
related to the right lobe of the liver and the descending
lobe of duodenum in kingfisher the right lobe of liver
covers the cranial third of the right surface of the
ventriculus; while, in curlew it covers all the same surface
(Figs. 1A & B). It joined the proventriculus by the cardiac
sphincter and joined the hind gut by the pyloric sphincter.
In the two examined species the cranial one third of the
left surface is related to the left lobe of liver; while, the
caudal two thirds were against the flank covered by the
abdominal air sac (Figs. 1). The craniodorsal sac is ill-
distinct in all examined species; while, the caudoventral
blind sac is only visible in same extremity of the
ventriculus of the curlew.

In the male and female, part of the jejunum also
lies dorsal to the muscular stomach. The dorsal part of
the right surface is separated from the intestine by the
left abdominal air sac. The ventral part is close to the
descending and ascending parts of the duodenum and the
pancreas. Caudal to the muscular stomach are the loop of
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the duodenum, part of the jejunum and the distal parts
of the ceca (Figs. 1). The dark-colored smooth muscle
of the muscular stomach is moderately developed and
can be separated into two lateral muscles (the dorsal
and ventral muscles) of the body in kingfisher; while,
curlew has additional intermediate muscle (the
caudoventral muscles) of the blind sac. All muscles
attach to extensive aponeuroses in the right and left
walls (Fig. 2A & B). Of the two lateral muscles the
dorsal muscle extends between the aponeuroses and
over the dorsal surface of the muscular stomach. The
ventral muscle is similarly distributed over the ventral
surface. The lateral muscles are circularly orientated.
The thickness, however, is asymmetrical since the
dorsal muscle is thicker caudally and the ventral
muscle thicker cranially. The intermediate muscle in
curlew extend between the aponeuroses over the
blind sacs. It is thinner than the lateral muscles. The
caudoventral intermediate muscle in curlew s
continuous with the ventral lateral muscle. These
muscles responsible to crush the food content of the
ventriculus. The pyloric region of the stomach,
connecting the ventriculus and duodenum arose from
the right face of the ventriculus. The inner aspect of
the ventriculus in all examined species was lined by a
hardened membrane, the cuticula gastrica, which is
light orange in king fisher; while, in curlew it is grayish
(Fig. 2A &B). The color of the mucosa of Isthmus gastric
was pinkish in curlew; while, it is ill-distinct in
kingfisher (Fig., 2C & D). No stones or grit were found
in the three species examined (Fig. 2).

The mean length of the ventriculus in curlew
was 4.28 + 0.049 cm; while, in kingfisher it is about
2.937 £ 0.014 cm. The mean width of the ventriculus in
curlew is 3.194 + 0.018 cm; while, in kingfisher about
2.645 = 0.075 cm . The mean wall thickness of the
ventriculus in curlew was 0.879 * 0.031 cm; while, in
king fisher about 0.197 * 0.001 cm. The other
morphometrical measurements were illustrated in
Table 1.

Histological findings

Proventriculus

The results of histological examination showed that
the wall of the proventriculus and ventriculus
consisted of four layers: a mucous membrane (tunica
mucosa gastris), the submucosa (tela submucosa
gastris), a muscular layer (tunica muscularisgastris) and
the serosa (tunica serosa gastris). The mucous
membrane (tunica mucosa) presented folds (plicae
proventriculares) and sulci at its luminal surface (Fig. 3)
in curlew. The folds varied in height. These folds are
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unclear in kingfisher. Some of the folds were confluent
with each other. The folds were lined by a columnar
epithelium, but the cells seemed to diminish in height,
becoming cuboidal towards the base of the sulci. Sections
stained by PAS showed a positive reaction in curlew for
neutral mucin (PAS positive), especially in the upper part
of the folds and the surface epithelia (Fig. 3); while, it
gives negative reaction in kingfisher. From the base of
these folds, in curlew short simple tubular glands
extended through the lamina propria. The glandular cell
lining was similar to that of the folds lining the
epithelium. These glands in kingfisher are tubuloalveolar
and too crowded in the lamina proprea. The lamina
muscularis mucosae consisted of an inner layer, which
appeared as longitudinal smooth muscle bundles lying
along the inner surface of the lobules of the
proventricular glands (Fig. 3), and an external layer of
longitudinally disposed smooth muscle fibers that
appeared thicker, especially opposite the areas between
the lobules of the glands (Fig. 3). The lamina propria
showed many mucous glands with lymphatic infiltration.

The proventricular glands occupied the main part of the
proventricular wall. The lobules of the glands were
conical or rounded in curlew and elongated oval in
kingfisher and are demarcated from one another by
connective tissue fibers rich in blood vessels (Figs. 3).
Each glandular lobule consisted of tubulo-alveolar units.
These secretory units were lined by cuboidal in curlew
and kingfisher that were juxtaposed in their basal
portions where they made contact only with adjacent
cells, giving them a dentate appearance (Figs., 3). These
cells mostly had a conical shape, with a nucleus located
basally and the free surface of each cell extending into
the lumen of the gland, but cells with wide straight apices
and a centrally located nucleus were also seen. The
collecting tubules and excretory ducts were lined by a tall,
simple columnar epithelium; the glandular cells of the
collecting ducts showed a dentate appearance similar to
that of the glandular alveolar cells (Fig. 3). However, each
glandular cell group drained into the main proventricular
lumen through a single mucosal papilla. The nuclei of the
cells of the proventricular glands were large, round and
regular. The proventricular glandular cells showed a
negative reaction with the blue—PAS technique for
neutral mucins but the basal lamina showed positive
reaction (Fig. 3); while, in curlew it is positive. The
telasubmucosa was a narrow connective tissue layer
sandwiched between the circular layer of the tunica
muscularis and the main mass of the lamina muscularis
mucosae (Fig. 3). The tunica muscularis consisted of an
inner longitudinal, middle circular layer of smooth muscle
fibres and an external longitudinal layer (Fig. 3) in the two



Yemeni Journal of Agriculture and Veterinary Sciences (2024) 5(2):46-61

Abdul-Mughni et al

species, the longitudinal layer is thicker. The tunica
serosa consisted of connective tissue rich in blood
vessels, a nervous plexus and adipose tissue, all
covered by mesothelium (squamous cell layer).
Ventriculus
The ventriculus of the two species was characterized
by an internal abrasion-resistant lining membrane
(koilin) and a thick muscular tunic. The tunica mucosa
was covered by an inner layer or ‘horizontal koilin
lining’ which was a PAS-positive layer. The coilin is
thick in curlew. The folds of the mucous membrane are
lined by columnar epithelium in the two species (Fig.
4). In curlew, the cells at the tip of the epithelial folds
appeared taller. The epithelial folds are longer in
curlew. The cells at the tip of the epithelial folds
appeared taller and seemed to have larger secretory
vesicles in all species examined which stained green
with Masson’s trichrome stain, revealing their mucous
secretions; they secret mucous which appeared mostly
in the lumen and underneath the koilin lining (Fig. 4).
Simple tubular glands extended from the
lamina propria to the surface epithelium. Each tubule
consisted chiefly of cuboidal cells with large, round
nuclei in a basophilic cytoplasm and a few, large, pale
staining basal cells (Fig. 4). The glandular lumina were
filled with PAS-positive vertical koilin material (basal
and luminal secretions) that extended to the horizontal
koilin lining (Fig. 4).

The basal ends of the glands, which were situated deeply
in the lamina propria, showed great coiling (Fig., 4). The
lamina muscularis mucosae consists of thick layer of
longitudinally arranged smooth muscle cells (Fig. 4). The
ventricular glands obscured most of the lamina propria,
terminating at a layer of dense connective tissue known
as the tela submucosa (Fig. 4). The tunica muscularis in
kingfisher consisted of three layers: an internal
longitudinal layer, a middle circular layer and an external
layer of longitudinal smooth muscle fibres; while, in
curlew the outer longitudinal layer was absent. The
cercular layer form most of the bulk of tunica muscularis
in the two species. The muscle bundles were extensively
surrounded by dense connective tissue fibres (Fig. 4). The
tunica serosa consisted of connective tissue and
ganglionic cells of the nervous plexus that were covered
by mesothelium (Fig. 4).

Scanning microscopic findings

The epithelium and lamina muscularis mucosa of
proventriculus are thicker in curlew than kingfisher (Fig.
5). The surface of the mucosa of gizzard was even in
curlew; while, in kingfisher it was folded (Fig. 6). The
opening of the tubular glands of gizzard were wide,
circular with the same size and regularly distributed filled
with vertical koilin in curlew; while, in kingfisher they
were very small irregularly distributed with different sizes
(Fig. 6). The tubular glands of gizzard are more numerous
in kingfisher the curlew, while the epithelium and tunica
musclosa is thicker in curlew than kingfisher (Fig. 6).

Table 1. Gross morphometrically measurements of the stomach in Stone curlew and pied kingfisher

Stomach’s part

General

Proventriculus

Ventriculus

Measurement Stone curlew Pied kingfisher
Whole weight of bird (gm) 387.5+2.82 95+1.8
Whole GIT length (cm) 89.438 +0.049 91.50+0.01
Weight of whole stomach (gm) 11.68 £ 0.163 2.85+0.07
Weight ratio of whole stomach to body weight 3% 3%

Length ratio/ GIT 12.90% 7.80%

Wall thickness (cm) 0.26 +0.017 0.06 + 0.002
Width (cm) 1.935 + 0.027 1.47 +0.03

Length(cm) 1.885 +0.016 1.071 £ 0.02
Length ratio /GIT 2.11% 1.17%
Weight ratio to whole stomach 11.95% 16.10%

Wall thickness (cm) 0.344 +0.026 0.102+ 0.005
Number of proventricular gland openings /cm? 167 £1.99 229+2.08
Shape of the glandular opening Rounded Rounded
diameter of the glandular opening (cm) 0.031+0.003 0.04 £ 0.002
Width (cm) 3.194 + 0.018 2.645 +0.07
Length (cm) 4.284 +0.049 2.937+0.01
Length ratio /GIT 4.79% 3.21%
Weight (gm) 10.168 +0.014 2.348 +0.02
Weight ratio to whole stomach 87.05% 82.18%

Wall thickness (cm) 0.879+0.031 0.197+0.001
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Fig.1.A photograph of ventral view of dissected thoraco-abdominof adult curlew (A) and kingfisher (B) and after removal of
liver, lung and heart of adult curlew (C) and kingfisher (D) showing, esophagus (o), heart (h), Proventriculus (pr), Ventriculus

(g), right lobe of the liver (rl), left lobe of the liver (ll), duodenum (d), ribs (r).
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crd cad

Fig.2. A photograph of intact stomach of adult curlew (A) and kingfisher (B). A photograph of the interior of the stomach of
adult curlew (C&E) and kingfisher (D&F) showing, Esophagus (o), Proventriculus (pr), Ventriculus (g), M. crassus
cranioventralis (crv), M. tenuis craniodorsalis (crd), M. crassus caudodorsalis (cad), M. tenuis caudoventralis (cav), isthmus
gastris (i), Junctura esophago-proventricularis (j).
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Fig. 3. A photomicrograph of a longitudinal section in the proventricular wall of adult curlew (A) and kingfisher (B) H and E,
adult curlew (C) and kingfisher (D) PAS, adult curlew (E) and kingfisher (F) alcian blue and adult curlew (G) and kingfisher (H)
massons trichrome showing, lamina epithelialis (ep), Lamina propria submucosa (Ip), superficial proventricular simple tubular
glands (tg), deep proventricular glands (pg), which had clear lumen (Ig).
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Fig. 4. A photomicrograph of a longitudinal ect‘ion in the ventricular wall of adult curlew (A) and kingfisher (B) H ad

adult curlew (C) and kingfisher (D) PAS, adult curlew (E) and kingfisher (F) alcian blue and adult curlew (G) and

kingfisher (H) massons trichrome showing,

(Ip), tubular glands (tg),
horizontal koilin (hk),

E,

), Lamina propria

lamina epithelialis (ep), lamina muscularis mucosa (Imm

),

), submucosa (sm

muscular longitudinal layer (cm), smooth muscular circular layer (cm

vertical koilin (vk), mucosal glands (mg).
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DISCUSSION

The present work was carried out on 10 birds of two
species, namely, Eurasian stone curlew and pied
kingfisher in order to observe the morphological and
histological as well as fine structure of stomach.

The stomach of the birds is divided into two
chambers. The first stomach is proventriculus and the
second chamber is called gizzard or ventriculus.
Gizzard stomach is grinding function of grains by their
muscles, so that it's facilities indigestive process
(Rebecca, 2021). The two chambers of stomach are
different in size and shape depending on the nature of
birds’ diets as carnivores, piscivorous and granivorous
birds. The glandular stomach (proventriculus) is
characterized thin layer based on the food force, grains
(AL-Taai, 2022). The stomach in fowl is composed of
glandular stomach (proventriculus) and muscular
portion that is ventriculus or gizzard (Suganuma et al.,
1981; Macari et al. (1994); Dyce et al., 1996; Baily et
al., 1997; Bacha and Bacha, 2000), which are separated
by an isthmus. The chicken stomach is located at the
left of the median line and is situated dorsal to the
liver. In carnivorous and piscivorous fowls that swallow
big victuals very little distinction exists between the
glandular and the muscular stomach (Sisson &
Grossman, 1986; Baumel et al., 1993). The statements
and findings of above workers are in line with results
of this study. The results displayed that, the isthmus
was ill-distinct in the studied birds of this study, this
could be explained that the investigated birds are
carnivorous in contrary with the grainvorous species
the isthmus is clear as they eat small grains like chicken
(Macari et al., 1994) and bustards (Baily et al., 1997).

Macari et al. (1994; AL-Taai, 2022), cited that,
the avian proventriculus is a structure located between
the lower esophagus and the ventriculus, lined by a
glandular mucosa with secretory function, this
statement is in accordance with results of current
study. The long proventriculus in curlew and king fisher
may due to the need of coarse food storage like what
mentioned in ratites (Angel et al. 1996); while, the very
short proventriculus in bee eater, this may due to that
bees do not need much digestive enzyms to be
digested (Basha et al., 2023). On the inner surface of
the proventriculus of the bee eater (Basha et al,
2023), chicken (Sisson & Grossman, 1986, Banks, 1992,
Melvin and Reece, 1996; Turk, 1982; Dyce et al., 1996)
and bustards (Baily et al., 1997), there is papillae, low
and wide, on the lumen; on the apex of each papilla
opens one of the proventricular glands. However, in
the curlew and king fisher proventriculus there are no

grossly detected papillae, the ducts of the
proventricular glands open in depressions on the
mucosal surface. These findings are in agreement with
results of the current study.

The mucosa is excessively folded, forming flat
folds, Hassan and Moussa (2012) stated that the
mucosal epithelium of the proventriculus of pigeon
and duck was columnar and this is unlike the findings
of Banks (1992) in fowl and Juliana et al. (2005) in
partridge who stated that it is cuboidal. Banks (1992)
in fowl and Hassan and Moussa (2012) in pigeon and
duck and Basha et al. (2023) in bee eater observed that
the lamina propria in the proventriculus is typical and
it contains numerous lymphatic tissues, which are
nodular or diffuse. An interrupted layer of guided
fibers forms the muscularis mucosae longitudinally,
and bunches are interdigitated between the mucous
glands. Submucosa occupied by numerous submucosal
glands, which are compound, ramified or tubular.
Juliana et al. (2005) in partridge the gland lobules
separated by connective tissue septa. These findings
were on line with this study in curlew and king fisher.

In fowl, Banks (1992) and bee eater (Basha et
al., 2023) recorded that tunica muscularis is formed of
inner longitudinal, middle circular and outer
longitudinal layers. Similar findings were recorded in
this study; while, Juliana et al. (2005) in partridge and
Hassan and Moussa (2012) in pigeon and duck stated
that it is formed of inner longitudinal musculature and
an outer circular layer. The tunica serosa in fowl
(Banks, 1992), partridge (Juliana et al. 2005) and
pigeon (Hassan and Moussa, 2012) is composed of
connective tissue and a cuboidal cells layer; while, in
the current study the cell layer was squamous as that
recorded in duck (Hassan and Moussa, 2012). The
differenced may be attributed to species and biological
variation of the birds.

Ventriculus contains the acids and enzymes
secreted in the gastric proventriculus (Turk, 1982;
Macari et al., 1994). These findings in consistent with
our results in curlew. considering the studied birds are
carnivores, the reason behind that could be explained
in view of Moawad et al., 2017, who stated that, the
feeding activities of fishes and birds are classified
according to the nature of food consumed by all fish
and bird species into three categories; herbivores that
eat plant material, omnivores which consume both
plant and animal materials and carnivores one which
consume animal material secreting acid and enzymes
to digest their food.
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Nickel et al. (1977) in avian, Juliana et al. 2005
in partridge as well as Baily et al. (1997) in bustards
and Basha et al, in bee eater have described muscular
stomach had format of a biconvex lens lying in the left
dorsal and ventral regions of the thoracoabdominal
cavity. Like that recorded by Chikilian and Speroni
(1996) in Nothura maculosa and Nothoprocta
cinerascens, the gizzard in kingfisher has round format;
while, in Crypturellus tataupa it presents an oval
format. The findings of above workers are partially in
agreements with findings of current study. the contrast
could be attributed to capacity factor and nature of
food.

Baily et al. (1997) reported in chicken that, the
ventriculus is constituted by four muscles, two thick
and dark colored, the caudodorsalis and the
cranioventralis; and two with fine thickness and clear
colored, the craniodorsalis and the caudoventralis, that
are responsible to crush the victuals ingested, These
muscles are organized is ill-distinct in ours study as the
species of the study are carnivors eating fish , whereas
the fish are not so hard compared to grains which
need high force for grinding.

Similar to our findings in curlew, Sisson and
Grossman (1986) in chicken; Baily et al., (1997) in
bustards and Hassan and Moussa (2012) in duck and
pigeon indicated that the body of ventriculus separates
the two tapering ends, the saccus cranialis and saccus
caudalis; while, these two sacs are indistinct in
kingfisher this may be due to that the muscular wall of
the gizzard is ill-developed as they do not need much
force to grind the fish.

In our study, the Ventriclus® weight recorded
was 2.6% in curlew and 2.5% in king fisher body
weight, these results are higher than findings reported
in Houbara and Kori Bustards birds (1.3%), in chickens
(1.9%), in duck (2.2%) of body weight (Hassan and
Moussa, 2012), and lower than mean value reported
by Basha et al. (2023) in bee eater (4.7%.) body weight.
The discrepancies between our results and above
findings could be attributed to the function of stomach
in differs birds. Regarding the presence of stone in
Ventriclus, Hassan and Moussa (2012) reported that
presence of stones in ventriculi of duck and pigeon
with different sizes. Moreover, they suggested that,
the presence of stones probably ingested intentionally
to assist with the grinding down of food; in contrast,
the current study no stones were found in gizzards of
all birds investigated, this could be explained that,
investigated birds are carnivores and their food are
fishes which needs only acid and enzymes to be
digested.
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Zhu, (2015) cited that, the ventriculus is
internally lined by columnar epithelium has tubular
glands open in crypts of the epithelium. Similarly, the
inner layer of the muscular stomach of the birds
subjected to investigation in this study, was lined by a
thick cuticula gastrica, which is grayish in curlew and
orange in kingfisher. Furthermore, the results revealed
that, the cuticle is yellowish in most birds examined,
this results are on parallel with findings recorded by
Suganuma et al. (1981) in wild fowls and Juliana et al.
2005 in partridge, and Baily et al. (1997) in bustards.

Basha et al. (2023) stated that, in bee eater the
lumenal surface of ventriculus is lined by a
proteinaceous substance similar to keratin produced
by mucous glands. These findings were similar to ours
study findings in the two bird’s species studied. George
et al. (1998) claimed that the glands produce the
material of the hardened membrane of the gizzard are
called koilin. Furthermore, Eglitis and Knouff (1962)
demonstrated that the secretion of the tubular glands
was a carbohydrate-protein complex; this established
the non-keratin nature of the membrane, since a
carbohydrate component is absent in pure keratin.
George et al. (1998) in chicken recorded that there was
a layer of elastic and collagen fibers is observed
surrounding the ventricular mucosae, constituting the
compact stratum, and externally is limited with the
submucosa. The differences in nature of material
produces by above glands could be attributed to needs
of digestion process and protection the wall of
stomach in various birds.

In accordance to the current study, Bennett &
Cobb (1969) in their studies on birds demonstrated
that the muscular stomach smooth muscle is mainly
disposed in crossed bunches or layers, separated by
connective tissue, in relation to the other visceral
muscles. Banks (1992) in chicken, Basha et al. (2023) in
bee eater researched to similar results on their studies,
that the serosa outer to the tunica muscularis,
composed of connective tissue lined by a squamous
cell layer.

CONCLUSION

It could be concluded from this study, there are some
variations between the stomach of stone-curlew and
kingfisher. The stomach features undoubtedly
correlated with its feeding habits. Further studies
should be carried out for more understanding the
behavior, digestion process and nutrient absorption of
these birds.
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