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1. Introduction
Herd management on production, reproduction, or 
health, etc. in livestocks includes all kinds of practices 
from the birth of an animal to culling. In fact, these 
activities, which start with navel care at birth, mother’s 
care at birth, milking colostrum from the mother, making 
the offspring drink milk, separating the offspring from the 
mother, hand lactation or natural lactation, continues in 
the form of activities  such as the control of reproduction, 
milking, hoof care, shearing, raw material supply for feed, 
feed preparation and feeding, etc. until the animal is out of 
breeding or slaughtered. Some scoring studies have been 
carried out recently in order to facilitate these activities in 
an economical way. Some scoring of this kind have been 
developed in cattle breeding. These are applications such 
as body condition scoring 1, udder hygiene scoring in 
controlling mastitis 2 [1, 2], rumen fill scoring related to 
nutrition [3,4], manure scoring related to digestion [5,6], 
locomotion scoring related to lameness [7] are among the 
topics studied recently in terms of facilitating the work and 
1 Kellogg W. Body Condition Scoring with Dairy Cattle-FSA4008 2013; https://www.uaex.edu/publications/PDF/FSA-4008.pdf.[Accession 
Date:17.07.2020]. 
2 Cook NB, Reinemann DJ.  A tool box for assessing cow, udder and teat hygiene. 46th Annual Meeting of the National Mastitis Council. San Antonio, 
Texas. 2007; http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.179.2886.[AccessionDate:17.07.2020].

being economical. In addition to some applications such as 
body condition scoring [8] and faecal soiling (dag score) in 
herd management [9,10], the FAMACHA card scoring is 
widely used in sheep and goat breeding in the identification 
of parasite-based anemia [11,12,13,14,15,16]. FAMACHA 
eye color chart, FAMACHA card, is a system developed and 
approved for grading anemia in South Africa; it is an easily 
accessible, practical, and inexpensive tool that provides 
information to determine the degree of anemia in tropical 
and subtropical countries by comparing conjunctival color 
in sheep and goats with a color chart on a scale of 1–5 [11].  

According to Kaplan et al.  [17] and Katsogiannou et 
al. [18], the use of the FAMACHA system helps to make 
a decision in combating the parasite based on an estimate 
of the level of anemia in sheep and goats associated 
with infection of small ruminants. The FAMACHA card 
developed in South Africa has been used by a small 
ruminant parasite control consortium (www.acsrpc.org) 
in the USA. It is a device that matches the color of the eye 
mucous membranes of small ruminants with a laminated 
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color chart showing five color categories corresponding 
to different levels of anemia. There is a color scale on the 
card in the form of red (1), red-pink (2), pink (3), pink-
white (4), or white (5) associated with PCV values (packed 
cell volume). This method is a tool to identify quickly 
the anemic animals from haemonchosis (Haemonchus 
contortus). The main purpose of the method is to prevent 
the risks that may occur in anemic animals individually 
and to reduce the use of anthelmintics with selective 
targets [19,20].  

The aim of this study was to determine the relationship 
between Famacha scores and some blood values in sheep 
and goats.

2. Materials and methods
The animal material of the study consisted of 110 
Akkaraman sheep and 110 Hair goat raised under extensive 
conditions by a smallholder farm in the Sızma village, 
within the boundaries of Konya province, 40 km far from 
the city center. Since the values could not be determined in 
some animals, the results of the animals whose values were 
determined are presented in the tables.

In the study, blood samples were taken from the vena 
jugularis of the animals at the beginning of the pasture 
period at the end of March 2019 using vacuum EDTA 
blood collection tubes and were transported under 
cold chain and brought to the Central Laboratory of the 
Animal Hospital of Selçuk University Veterinary Faculty. 
The collection of blood samples and the animal care 
practices used in the experiment were compatible with 
animal welfare rules stated in Article 9 in government law 
in Turkey (No. 5996).

The FAMACHA scoring technique involves exposing 
the lower eye mucous membranes and matching them 
with the equivalent color on the FAMACHA card. Animals 
were individually scored using the FAMACHA score card 
[11]. The conjunctival colors of the animals were scored 
on a scale of 1–5 using the FAMACHA score card by the 
assessor. Ocular mucous membrane colors of each animal 
according to FAMACHA graphic color scale were scored 
as follows: 1 = red, non-anemic; 2 = red-pink, non-anemic; 
3 = pink, slightly anemic; 4 = pink-white, anemic; 5 = 
white, severely anemic (Figure 1). 

Blood samples taken from the animals caught during 
scoring were mixed homogeneously on the BioClinica 
shaker. Hematological analyzes were performed in whole 
blood on Hemocell Counter MS4e (Melet Schloesing 
Laboratories, France) within two hours. As a result of 
the hemogram analysis, blood parameters including red 
blood cells (RBC), hemoglobin (HGB), hematocrit (HTC), 
mean corpuscular volume (MCV), mean corpuscular 
hemoglobin (MCH), and mean corpuscular hemoglobin 
concentration (MCHC) were evaluated.

Statistical analyzes were performed by the GLM 
procedure in Minitab 16.1.1 and the differences between 
the FAMACHA score groups were tested by the Duncan 
comparison test [21]. 

3. Results and discussion
According to the FAMACHA scoring, no animals with 
a score of 1 or 2 were detected in goats. The number 
of animals with 3, 4, and 5 scores was 6, 55, and 41, 
respectively. While no animals with 1 or 5 scores were 
detected in sheep, the number of animals with 2, 3, and 4 
scores were found to be 9, 46, and 55, respectively.

Hematological blood values were obtained for 102 
animals out of 110 goats and 110 sheep, and they were 
evaluated below.

Hematological blood analysis results for 102 goats are 
grouped according to FAMACHA scores and presented in 
Table 1. 

Figure 2 was created in order to better understand the 
distribution of some hematological blood analyses in goats 
in Table 1.

Among these features, for example, WBC is used to 
decide whether an individual is exposed to an infection, 
while RBC, Hct, and Hb amounts are effective criteria in 
the diagnosis of anemia that is studied. MCV and MCHC 
properties are taken into consideration to determine the 
severity of anemia, and they are also important as other 
features that determine whether anemia will respond to 
treatment. Table 1 includes 6 animals with a score of 3 
according to FAMACHA scores, 55 animals with a score 
of 4, and 41 animals with a score of 5 . The higher the 
FAMACHA scores, the higher the severity of the anemia. 
In other words, scores 1, 2, and 3 do not pose much danger, 
while score 4 requires absolute treatment, and although the 
score is 5, fatal outcomes may occur. The number of animals 
with a score of 4–5 in the goat herd is 96. So, a serious 

1 
Figure 1. FAMACHA scoring card. Colors are not likely to be 
accurate in this article. Cards are provided from Prof. G.F.  Bath.
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anemic condition should be suspected. The differences in 
terms of RBC, Hct, and Hb amounts according to these 
score groups were statistically significant, confirming 
anemia (p < 0.01). According to Duncan test performed in 
terms of RBC values, the differences of score 5 from both 

score 4 and score 3 were significant, while the difference of 
1.82 μ / mm3 between scores 3 and 4 was not significant. 
The same situation was observed between hematocrit 
values. However, in terms of hemoglobin values, the value 
which was 9.10 g / dL in score 3 decreased to 7.73 in score 

Table 1. Descriptive statistics of hematological blood analysis for goats.

Values
FAMACHA© scores

p value
3 (n:6) 4 (n:55) 5(n:41)

WBC μ/mm3 16.44 ± 4.19 16.81 ± 4.10 17.43 ± 4.41 p > 0.05
Lym % 40.35 ± 2.43 35.40 ± 8.42 36.78 ± 9.41 p > 0.05
Mon % 6.33 ± 0.99 6.09 ± 1.06 5.88 ± 0.76 p > 0.05
Gra % 53.31 ± 3.38 58.49 ± 8.44 57.32 ± 9.42 p > 0.05
Lym  μ/mm3 6.63 ± 1.70 6.07 ± 2.41 6.60 ± 2.75 p > 0.05
Mon μ/mm3 1.04 ± 0.32 1.20 ± 1.13 1.01 ± 0.27 p > 0.05
Gra μ/mm3 8.76 ± 2.25 9.72 ± 2.41 9.79 ± 2.38 p > 0.05
RBC μ/mm3 16.51A ± 2.33 14.69A ± 1.81 13.68B ± 1.57 p<0.01
MCV fL 14.25 ± 0.38 14.35 ± 1.29 13.91 ± 1.40 p > 0.05
Hct % 23.48A ± 3.75 21.15A ± 3.13 19.07B ± 3.42 p<0.01
MCH pg 5.50 ± 0.57 5.20 ± 0.35 5.24 ± 0.37 p > 0.05
MCHC g/dL 38.91 ± 4.10 36.89 ± 4.07 38.54 ± 5.27 p > 0.05
RDW 15.23 ± 0.78 15.08 ± 1.63 14.70 ± 1.52 p > 0.05
Hb g/dL 9.10A ± 1.34 7.73B ± 0.88 7.21C ± 0.78 p<0.01
THR μ/mm3 521.7 ± 91.2 598.3 ± 345.2 673.9 ± 418.6 p > 0.05
MPV fL 4.88 ± 0.11 4.93 ± 0.21 4.91 ± 0.20 p > 0.05
Pct % 0.25 ± 0.03 0.36 ± 0.57 0.32 ± 0.18 p > 0.05
PDW 4.78 ± 0.47 4.63 ± 0.60 4.68 ± 0.55 p > 0.05

A-C: p < 0.01

1 Figure 2. Bar charts of some hematological blood in goats according to FAMACHA 
scores.
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4 and 7.21 in score 5. While the differences of score 3 from 
4 and 5 were statistically significant, the difference of 0.52 
g / dL between scores 4 and 5 was also found significant.

The fact that these three parameters, which are one 
of the important indicators of anemia, coincide with the 
FAMACHA card scores in goats can be considered as 
evidence that the use of the FAMACHA card is a useful 
and practical tool in the identification of anemia.

Egbe-Nwiyi et al. [22] investigated the effects of age 
and sex on some blood parameters in goats. WBC values 
were 8.41, 7.57, 5.79, and 7.36 (x 103 / μL) in males at the 
age of 0–3 months, 9–12 months, 1–2 years, and 3–5 years, 
respectively, while the values in females were 6.82, 6.81, 
6.30, and 6.73 (x 103 / μL), respectively. High WBC values 
in the current study indicate the presence of an infection 
in the herd. In the present study, hemoglobin amounts 
were slightly lower than those of [22]. Egbe-Nwiyi et al. 
[22] determined the amount of hemoglobin in males as 
11.88, 14.22, 13.34, and 14.16 g %, respectively according 
to the above age groups and 12.16, 12.75, 13.98, and 13.75, 
respectively according to the same age groups in females. 
Hemoglobin amounts of animals with scores of 4 and 5 
according to FAMACHA were within the reference range 
of 8–12 g / dL reported by [23] and [24]. The score values 
4 and 5 reflect anemia. The same is true for Hct values for 
scores 4 and 5. Hct values for scores 4 and 5 are below 22%, 
the lower limit reported by [24].

Egbe-Nwiyi et al. [23] determined some hematological 
blood parameters of infected and noninfected goats as 
follows. Hb, WBC, RBC, MCV, MCH, and MCHC values 
were 9.53, 9.88, 12.94, 21.83, 7.58, and 35.41, respectively 
in goats that were not infected with blood parasitic. The 
values were determined as 8.81, 8.97, 11.91, 23.59, 7.52, 
and 33.99 respectively, in blood parasitic infected patients 
(tick-borne haemoparasitic). The same researchers 
reported the ranges of normal (reference) Hb, WBC, RBC, 
MCV, MCH, and MCHC values as 8–12, 4–13, 8–18, 16–
25, 5.2–8.0, and 30–36, respectively.

Al-Bulushi et al. [24] found the mean values of WBC, 
Neu, Lym, Mono, Eos, Baso, RBC, Hb, Hct, Mcv, Mch, 
Mchc, RDW values as 14.6–8.05, 60.87–39.90, 32.32–
47.15, 3.34–5.61, 2.78–6.04, 0.67–1.36, 12.8–10.44, 10.4–
6.97, 38.29–12.70, 30.08–12.15, 8.09–6.70, 27.05–55.25 
and 35.86–31.35 respectively in Omani–Damascus goats. 
Researcher declared that reference value ranges for WBC, 
Neu, Lym, Mono, Eos, Baso, RBC, Hb, Hct, Mcv, Mch, 
Mchc were as 3–13, 30–48, 50–70, 0–4, 1–8, 0–1, 8–18, 
8–12, 22–38, 16–25, 2.20–8 and 30–36, respectively. But 
they did not report any values for RDW. 

Khan et al. [25] determined the mean of some 
hematological values for Hb (g / dL), Lymphocyte (%), 
Monocyte (%), Neutrophils (%), Eosinophils (%) and 
Basophils (%) in goats 8.9, 35.2, 2.4, 51.5, 10.2 and 0.7, 

respectively and the minimum and maximum values as 
8.12–10.58, 17.42–51.7, 1–4.8, 31.78–67.9, 6.65–19.34 and 
0–1.93, respectively. Values for Lymphocyte in the current 
study are similar to those reported by [25]. Monocyte 
values around 6 % are much higher than the study above.

Kaplan et al. [17] found significant positive correlations 
between PCV (packed cell volume) and FAMACHA eye 
scores, FEC (number of eggs in feces), and FAMACHA 
eye scores in goats and sheep. It has also been determined 
that the FAMACHA method is less sensitive in goats 
than sheep [17]. Considering that anemia is the main 
pathological effect of Haemonchus contortus, the parasite 
burden causes erythrocyte loss for the animal [26].  The 
number of Trichostrongylid eggs in feces and PCV (packed 
cell volume) is associated with the number of Haemonchus 
spp. worms. The correlation between Haemonchus spp [26] 
and FEC, PCV, Hb, and FAMACHA in sheep abomasum 
has been observed in many studies [17, 27, 28].

Hematological blood analysis results for 110 sheep are 
presented in Table 2.

Figure 3 was created in order to better understand 
the distribution of some hematological blood analyses in 
sheep in Table 2.

Unlike goats, definition of score 5 could not be made 
according to FAMACHA scores in Table 2. According to 
the scoring, (2) scored 9 animals, (3) scored 46 animals 
and (4) scored 55 animals were determined. As mentioned 
earlier, as the FAMACHA© scores increase, the severity of 
anemia also increases. In the sheep herd in which the study 
was conducted, the number of animals with a score of 3–4 
is 101. In other words, a serious anemic condition should 
not be suspected as much as in goats. However, differences 
in Hct and Hb amounts according to these score groups 
were found statistically significant, confirming anemia 
(p < 0.05). In terms of hematocrit values, the differences 
between score 2 and 3 and score between 3 and 4 were 
statistically insignificant. Yet, the differences between 
score 2 and score 3 from score 4 were found significant. 
The fact that the hemoglobin and erythrocyte amounts in 
the blood are below normal plays a role in the formation 
of anemia. Hematocrit values are associated with anemia, 
since they show both parameters, namely the status of 
both hemoglobin and erythrocyte levels. Similar results 
were observed in the amount of hemoglobin in sheep. In 
terms of hemoglobin values, the value which was 10.48 
g / dL in score 2 decreased to 10.05 in score 3, and the 
score decreased to 9.56 in score 4. Hb values obtained 
in the current study were higher than the average values 
reported by [29] for sheep. While the differences of score 
2 and 3 from score 4 were statistically significant as in Hct, 
the difference of 0.43 g / dL between scores 2 and 3 was 
found insignificant. Likewise, Berton et al. [29] reported 
a value lower than the Hct values obtained in the current 
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study. Berton et al. [29] determined WBC, RBC, Hct, and 
Hb values as 10.96 103 / μL, 9.97 106 / μL, 29.05 % and 8.43 
g / dL, respectively, in their study on sheep.

Rodriguez et al. [28]  determined RBC, WBC and Hb 
values as 8.8 x 106 erythrocytes / mm3, 5919 leukocytes 

/ mm3 and 7.8 g / dL, respectively, at the beginning of 
the experiment in sheep they experimentally infected 
with Haemonchus contortus. Significant decreases in 
these values occurred on the 25th day of the trial and on 
the 25th  day, RBC, WBC and Hgb values were 5 x 106 

Table 2. Descriptive statistics of hematological blood analysis for sheep. 

Values
FAMACHA© Scores

p value
2 (n:9) 3 (n:46) 4 (n:55)

WBC μ/mm3 9.71 ± 4.85 8.49 ± 5.02 7.05 ± 5.37 p > 0.05
Lym % 62.48AB ± 12.28 65.44A ± 9.02 57.38B ± 11.11 p<0.01
Mon % 5.33 ± 1.93 5.27 ± 2.05 6.04 ± 2.11 p > 0.05
Gra % 32.18A ± 11.24 29.29AB ± 7.59 36.57B ± 10.14 p<0.01
Lym  μ/mm3 6.38 ± 4.34 5.87 ± 4.30 4.37 ± 4.76 p > 0.05
Mon μ/mm3 0.44 ± 0.11 0.36 ± 0.11 0.35 ± 0.12 p > 0.05
Gra μ/mm3 2.88 ± 1.25 2.25 ± 1.00 2.32 ± 1.10 p > 0.05
RBC μ/mm3 11.43 ± 1.23 10.68 ± 1.70 10.15 ± 1.62 p > 0.05
MCV fL 32.26 ± 2.19 34.11 ± 5.27 33.40 ± 4.79 p > 0.05
Hct % 36.73a ± 3.52 35.42a ± 4.96 32.97b ± 5.22 p<0.01
MCH fL 9.15 ± 0.62 9.62 ± 2.12 9.81 ± 4.12 p > 0.05
MCHC g/dL 28.55 ± 2.32 28.95 ± 5.27 29.62 ± 8.58 p > 0.05
RDW 11.84 ± 0.99 11.89 ± 0.87 11.74 ± 0.88 p > 0.05
Hb g/dL 10.48a ± 1.18 10.05a ± 0.96 9.56b ± 1.13 p<0.01
THR μ/mm3 381.6 ± 163.5 356.6 ± 169.2 337.5 ± 142.1 p > 0.05
MPV fL 8.16 ± 0.21 8.11 ± 0.22 8.12 ± 0.28 p > 0.05
Pct % 0.31 ± 0.13 0.28 ± 0.13 0.27 ± 0.11 p > 0.05
PDW 7.31 ± 2.85 7.30 ± 2.65 6.97 ± 3.02 p > 0.05

a, b: p < 0.05, A, B: p < 0.01

1 
Figure 3. Bar charts of some hematological blood in sheep according to FAMACHA 
scores. 
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erythrocytes / mm3, 5107 leukocytes / mm3 and 4.5 g / dL, 
respectively.

Macedo et al. [30] determined the Hct (%) values for 
FAMACHA scores 1,2,3,4, and 5 in sheep as ≥ 28, 23 ≤ x 
≤ 27, 18 ≤ x ≤ 22, 13 ≤ x ≤ 17 and ≤ 12, respectively. These 
findings are in consistency with this study’s results. Egbe-
Nwiyi et al. [22] investigated the effects of age and sex on 
some blood parameters in sheep. They found WBC values 
as 7.69, 7.49, 7.53, and 6.95 ( x 103 / μL) in males at the 
age of 0–3 months, 9–12 months, 1–2 years, and 3–5 years, 
respectively, while, in females, the values were 8.29, 7.74, 
7.65, and 6.99 ( x 103 / μL), respectively. In the same study, 
hemoglobin amounts were determined as 11.55, 13.03, 
11.56, and 10.98 g % in males, respectively according to the 
above age groups and in females as 11.79, 12.41, 11.33, and 
10.32, respectively.

Egbe-Nwiyi et al. [23] determined some hematological 
blood parameters in infected and noninfected sheep as 
follows. Hb, WBC, RBC, MCV, MCH, and MCHC values 
were 10.69, 10.17, 12.62, 24.64, 8.48, and 35.06, respectively 
in sheep that were not infected with blood parasitic and 
8.72, 10.45, 9.39, 24.25, 8.16, and 32.95 respectively in 
sheep infected with blood parasitic. The same investigator 
reported the reference ranges of Hb, WBC, RBC, MCV, 
MCH, and MCHC values as 9–15, 4–12, 9–15, 28–40, 
8–12, and 31–34, respectively. Yılmaz et al. [31] determined 
2 animals had a score of 1, 12 had a score of 2, 26 had a 
score of 3, 20 had a score of 4, and 7 animals had a score of 
5 according to the FAMACHA scoring they performed in 
their study in Aydın province, Turkey on Saanen goats. RBC 
values were 15.77, 12.77, 11.68, 11.38, and 7.28, respectively 
for scores 1, 2, 3, 4 and 5; Hb values were 10.60, 7.47, 7.11, 
6.28, and 3.95; Hct values were 27.31, 19.10, 17.80, 16.57, 
and 10.81, respectively. They determined the MCV values 
as 17.00, 14.92, 15.42, 14.65, and 15.29, MCH values as 
6.70, 5.90, 6.18, 5.54, and 5.58, and MCHC values as 38.75, 
39.52, 41.28, 38.12, and 36.64. Among these values, they 
reported that the differences between scores for RBC, Hb, 
and Hct were statistically significant. Mean values of score 
1 in terms of RBC, Hb, and Hct were found different from 
the other score averages. Likewise, the average values of 
score 5 were found significantly different from the other 
averages, as well.

4. Conclusion 
As a result, the differences or similarities of the current 
study results from these hematological values, which are 

affected by factors such as age, sex, race, in both sheep and 
goats do not have much importance. Despite all these, the 
fact that Hb and Hct, which are important indicators of 
anemia, overlap with the FAMACHA card scores in sheep, 
that is, it can be said that the use of the FAMACHA card 
is a useful and practical tool in identifying anemia in 
sheep as well as in goats. In other words, it was concluded 
from the research findings that the relationship between 
scoring using the FAMACHA card and hematological 
blood analysis in the detection of anemia is more effective 
in goats, whereas it is possible to use it in sheep. In 
scoring with the FAMACHA card, evaluations are made 
for anemia caused by the parasite named Haemonchus 
contortus. However, in the present study, an evaluation was 
made about anemia by considering the FAMACHA scores 
and blood hematological features.

According to Katsogiannou et al. [18], toxins produced 
from hemoparasites such as Clostridium perfringens 
type D, Clostridium hemolyticum, and leptospirosis are 
some of the causes of hemolytic anemia. Moreover, some 
herbs, medicines or heavy metals and a lack of some trace 
elements can cause hemolysis. Immune-related hemolytic 
anemia has also been reported in ruminants. This can be 
caused by reduced red blood cell production, vitamin B12, 
or iron deficiency, as well as chronic diseases. Pathological 
conditions of the bone marrow, such as inflammatory or 
neoplastic cell filtration, and hypoplasia or aplasia of the 
bone marrow are associated with reduced erythrocyte 
production. Accordingly, anemia may have different 
causes.

It can be stated that scoring using the FAMACHA card 
in parasite control, which is a part of herd management, 
can also be used to determine anemia that occurs due 
to other reasons. In other words, based on the literature 
and the data in the current study, it can be said that the 
FAMACHA score card can be used practically by the 
breeders in the diagnosis of anemia without the need for 
blood analysis of the animals in the herd.

Acknowledgments
This research was supported by the Scientific Research 
Project Coordinatorship of Selçuk University (Project No 
: 19401047). We thank Prof. G F Bath for his support in 
supplying the FAMACHA scoring cards.

Conflict of interest  
The author has no conflict of interest.

References

1. Reneau JK, Seykora AJ, Heins BJ, Endres MI, Farnsworth RJ et 
al. Association between hygiene scores and somatic cell scores 
in dairy cattle J Am Vet Med A 2005; 227 (8): 1297-1301. doi: 
10.2460/javma.2005.227.1297

2. Aytekin İ, Altay Y, Boztepe S, Keskin İ, Zulkadir U. The effect 
of body cleanliness (hygiene) score on some criteria used in 
the detection milk quality in dairy cattle. Large Animal Review 
2021; 27 (2): 69-74.



ŞAHİN et al. / Turk J Vet Anim Sci

320

3. Hartnell GF, Satter LD. Determination of rumen fill, retention 
time and ruminal turnover rates of ingesta at different stages of 
lactation in dairy cows. Journal of Animal Science 1979; 48 (2): 
381-392. doi: 10.2527/jas1979.482381x

4. Burfeind O, Sepúlveda P, Von Keyserlingk MAG, Weary DM, 
Veira DM. Heuwieser W. Evaluation of a scoring system for 
rumen fill in dairy cows. Journal of dairy science 2010; 93(8): 
3635-3640.

5. Quigley JD, Drewry JJ, Murray LM, Ivey SJ.  Body weight gain, 
feed efficiency, and fecal scores of dairy calves in response to 
galactosyl-lactose or antibiotics in milk replacers. Journal of 
Dairy Science 1997; 80(8): 1751-1754. doi: 10.3168/jds.S0022-
0302(97)76108-3

6. Kononoff P, Heinrichs J, Varga G. Using manure evaluation to 
enhance dairy cattle nutrition. PennState, Coll. Agric. Sci. 2002; 
Coop. Ext. DAS 02-51: 1-5.

7. Schlageter-Tello A, Bokkers EAM, Koerkamp PWG, Van 
Hertem T,Viazzi S et al. Comparison of locomotion scoring for 
dairy cows by experienced and inexperienced raters using live 
or video observation methods. Anim Welf 2015; 24(1): 69-79. 
doi: 10.7120/09627286.24.1.069

8. Aytekin İ, Kaplan S. Body condition scoring and its importance 
in sheep breeding. Hasad Hayvancılık 2010; 26 (303): 42-45.

9. Scobie DR, O’Connell D, Morris CA, Hickey SM.  Dag score 
is negatively correlated with breech bareness score of sheep. 
Australian Journal of Experimental Agriculture 2008; 48 (7): 
999-1003. doi:10.1071/EA07397

10. Smith JE, Woodgate RG, Curnow CA, Michael DL. Influence of 
dag score and breech wrinkle score on the time taken to crutch 
unmulesed Merino sheep. Animal Production Science 2010; 
50(6): 608-610. doi: 10.1071/AN09190

11. Bath G, Malan F, Van Wyk J. The FAMACHA© ovine 
anaemia guide to assist with the control of haemonchosis. 
Proceedings of the 7th Annual Congress of the Livestock 
Health and Production Group of the South African Veterinary 
Association;Port Elizabeth, South Africa; 1996. pp. 61-67.

12. Rinaldi L, Veneziano V, Cringoli G. Dairy goat production 
and the importance of gastrointestinal strongyle parasitism. 
Transactions of the Royal Society of Tropical Medicine 
and Hygiene 2007; 101(8): 745-746. doi:10.1016/ 
j.trstmh.2007.03.010

13. Di Loria A, Veneziano V, Piantedosi D, Rinaldi L, Cortese L et al. 
Evaluation of the FAMACHA system for detecting the severity 
of anaemia in sheep from southern Italy. Veterinary parasitology 
2009; 161(1-2): 53-59. doi: 10.1016 / j.vetpar.2008.12.002

14. Glaji YA, Mani AU, Bukar MM,  Igbokwe IO.  Reliability of 
FAMACHA© chart for the evaluation of anaemia in goats in 
and around Maiduguri. Sokoto Journal of Veterinary Sciences 
2014; 12(3): 9-14. doi: 10.4314 / sokjvs.v12i3.2

15. Adehanom B, Dagnachew D, Teklue T, Surendra N. Validation 
of the FAMACHA© Eye Color Technique for Detecting Anemic 
Sheep and Goats in Jigjiga Zone of Somali Region, Eastern 
Ethiopia. Research Journal of Veterinary Sciences 2015; 8 (3): 
61-67. doi: 10.3923 / rjvs.2015.61.67

16. Marques CA, Saraiva LA, Torreão JN, Silva TP, Bezerra LR 
et al.  The use of targeted selective treatments on controlling 
gastrointestinal nematodes in different sheep categories under 
grazing system. Pesquisa Veterinária Brasileira 2018; 38(3): 
470-476. doi:10.1590/1678-5150-pvb-4997

17. Kaplan R, Burke J, Terrill T, Miller J, Getz W et al. Validation of 
the FAMACHA© eye color chart for detecting clinical anemia 
in sheep and goats on farms in the southern United States. 
Veterinary Parasitology 2004; 123 (1-2): 105-120. doi: 10.1016 
/ j.vetpar.2004.06.005

18. Katsogiannou E, Athanasiou L, Christodoulopoulos G, 
Polizopoulou Z. Diagnostic approach of anemia in ruminants. 
Journal of the Hellenic Veterinary Medical Society 2018; 69 (3): 
1033-1046. doi:10.12681/jhvms.18866

19. Vatta A, Letty B, Van der Linde M, Van Wijk E, Hansen J et 
al. Testing for clinical anaemia caused by Haemonchus spp. in 
goats farmed under resource-poor conditions in South Africa 
using an eye colour chart developed for sheep. Veterinary 
Parasitology 2001; 99 (1): 1-14. doi: 10.1016 / s0304-4017 (01) 
00446-0

20. Van Wyk JA, Bath GF. The FAMACHA© system for managing 
haemonchosis in sheep and goats by clinically identifying 
individual animals for treatment. Veterinary Research 2002; 33 
(5): 509-529. doi: 10.1051 / vetres: 2002036

21. Minitab, (2010). Minitab 16.1.1 for Windows, State College. 
PA, USA: Minitab Inc

22. Egbe-Nwiyi T, Nwaosu S, Salami H.  Haematological values 
of appararently healthy sheep and goats as influenced by age 
and sex in arid zone of Nigeria. African Journal of Biomedical 
Research 2000; 3 (2): 109-115.

23. Egbe-Nwiyi T, Sherrif G, Paul B. Prevalence of tick-borne 
haemoparasitic diseases (TBHDS) and haematological changes 
in sheep and goats in Maiduguri abattoir. Journal of Veterinary 
Medicine and Animal Health 2018; 10 (1): 28-33. doi: 10.5897 
/ JVMAH2017.0623

24. Al-Bulushi S, Shawaf T, Al-Hasani A. Some hematological and 
biochemical parameters of different goat breeds in Sultanate of 
Oman “A preliminary study”. Veterinary World 2017; 10 (4): 
461. doi: 10.14202 / vetworld.2017.461-466

25. Khan K, Ali M, Abdullah M, Amin S. Reference values for 
haemato-biochemical parameters in the Maraz goats. Research 
Opinions in Animal and Veterinary Sciences 2016; 6 (2): 74-77.
doi: 10.20490 / ROAVS / 16-012

26. LeJambre L, Ractliffe L, Uhazy L, Whitlock J. Fecal egg output 
of lambs in relationship to Haemonchus contortus burden. 
International Journal for Parasitology 1971; 1 (2): 157-160. 
doi:10.1016/0020-7519(71)90010-5

27. Bisset S, Van Wyk J, Bath G, Morris C, Stenson M et al. 
Phenotypic and genetic relationships amongst FAMACHA© 
score, faecal egg count and performance data in Merino 
sheep exposed to Haemonchus contortus infection in South 
Africa. Proceedings of the 5th International Sheep Veterinary 
Congress 2001; 22-25.

https://doi.org/10.1590/1678-5150-pvb-4997


ŞAHİN et al. / Turk J Vet Anim Sci

321

28. Rodríguez A, Goldberg V, Viotti H,  Ciappesoni G, Early 
detection of Haemonchus contortus infection in sheep using 
three different faecal occult blood tests. Open Veterinary 
Journal 2015; 5 (2): 90-97.

29. Berton MP, de Oliveira Silva RM, Peripolli E, Stafuzza NB, 
Martin JF et al. Genomic regions and pathways associated 
with gastrointestinal parasites resistance in Santa Inês breed 
adapted to tropical climate. Journal of animal science and 
biotechnology 2017; 8 (1): 73. doi: 10.1186/s40104-017-0190-4

30. Macedo FDAFD, Lourenço FJ, Santello GA, Martins EN, Mora 
NHAP et al. Acurácia do método FAMACHA© em fêmeas 
ovinas alimentadas com diferentes níveis de proteína bruta, 
Acta Scientiarum. Animal Sciences 2014; 36 (2): 209-214. 
doi:10.4025/actascianimsci.v36i2.21871

31. Yılmaz M, Taskin T, Bardakcioglu H, Balkaya M. The 
comparison between FAMACHA© chart scores and blood 
parameters in goats raised under intensive and semi-intensive 
systems. Research Opinions in Animal and Veterinary Sciences 
2016; 6 (3): 96-100. doi: 10.20490 / ROAVS / 16-016


