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The study aimed to investigate in neonatal donkey foals some serum parameters of the energetic (glucose, cho-
lesterol, triglycerides) and proteic (total proteins, urea, albumine, creatinine) metabolism, and hepatic profile (GOT, 
GGT, alkaline phosphatase, AP, total bilirubin, GPT, LDH), at 12, 36, 60, 84, 108 hrs and 11 days after birth. The re-
search concerned 10 donkey foals of the Martina Franca breed reared under natural conditions in Southern Italy. All 
foals, in good health conditions during the study, suckled regularly colostrum/milk from their mothers and were han-
dled carefully. Blood was drawn in the morning from the jugular vein. Serum urea creatinine GPT and AP levels var-
ied (0.05 > P < 0.01) with the age of the foals. Within the proteic profile, urea and creatinin levels were higher (0.05 
> P < 0.01) at 12 hours after birth, as well as AP (0.05 > P < 0.01) and GPT (P < 0.05) within the hepatic profile. No 
differences were found for the energetic serum parameters. Significant correlations (0.05 > P < 0.01) were found be-
tween all the biochemical metabolities. The present study gives the first reference ranges for serum biochemical con-
centrations in the authochtonous Martina Franca donkey breed during the neonatal period, constituting basic knowl-
edge for the husbandry system and welfare of foals. 
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ВРЕДНОСТИ НА ЕНЕРГЕТСКИ, ПРОТЕИНСКИ И ХЕПАТАЛНИ ПРОФИЛИ НА СЕРУМОТ 
КАЈ НОВОРОДЕНИТЕ ПРЛИЊА ОД РАСАТА  МАРТИНА ФРАНКА 

Целта на студијата беше кај новородените прлиња да се испитаат некои параметри на серумот од 
енергетскиот (гликоза, холестерол, триглицериди) и протеинскиот (вкупни протеини, уреа, албумини, кре-
атинин) метаболизам, како и хепаталниот профил (GOT, GGT, алкална фосфатаза, AP, вкупен билирубин, 
GPT, LDH), 12, 36, 60, 84 и 108 часа и 11 дена по раѓањето. Истражувањето опфати 10 прлиња од расата 
мартина франка, одгледани во природни услови во јужна Италија. Сите прлиња бea во добра здравствена 
состојба за време на проучувањето, доени беа со колострум од нивните мајки и со нив беше внимателно 
постапувано. Крвта беше земана наутро од југуларната вена. Нивоата на уреата, креатининот, GPT и AP во 
серумот варираа (0,05 > P < 0,01) со возраста на прлињата. Во рамките на протеинскиот профил нивоата на 
уреата и креатининот беа повисоки (0,05 > P < 0,01) 12 часа по раѓањето, како и AP (0,05 > P < 0,01) и GPT (P 
< 0,05) во рамките на хепаталниот профил. Не беа најдени никакви разлики за енергетските параметри на 
серумот. Значајни корелации (0,05 > P < 0,01) беа откриени меѓу сите биохемиски метаболити. Студијава 
презентира први литературни сознанија за биохемиските концентрации на серумот кај автохтоната раса на 
магаре мартина франка за време на неонаталниот период, создавајќи основно знаење за системот на 
одгледување и благосостојбата на прлињата. 

Клучни зборови: магаре; раса мартина франка; профили на серумот; неонатален период 
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INTRODUCTION 

The new born foals must face significant 
changes from in utero life concerning respiratory, 
hematological, endocrine and metabolic aspects, 
which make their physiological characteristics 
very different compared to the adults. In the Mar-
tina Franca donkey breed (data not published) as 
well as in horse (Doreau et al., 1989), nursing 
foals have a very high growth rate, permitting 
body weight to double between birth and 2 
months. Knowledge of these physiological condi-
tions in neonatal foals the form the basis for their 
management and has important implications in 
health and welfare. Limited studies have been fo-
cused on biochemical profile for donkey breeds 
and populations (Cubeddu et al., 1991; Jordana et 
al., 1998; Mori et al., 2003; D’Alessandro et al., 
2007) and, to our knowledge no references are 
available regarding the biochemical serum profile 
in neonatal foals of the Martina Franca breed. The 
Martina Franca donkey is an authochtonous breed 
of Southern Italy, worldwide famous for its tall 
height, which now is in danger of extinction and is 
safeguarded. 

The aim of this research was to study some 
parameters of the energetic, proteic and hepatic 
serum profiles in neonatal foals of the Martina 
Franca donkey breed. 

MATERIAL AND METHODS 

The study was performed on ten foals of the 
Martina Franca breed from a farm located in 
Southern Italy at South-Estern Murgia (40° 37’ 
20’’ latitude; 60° 17’ 44’’ longitude). Six out of 
the ten foals were females, four were males. The 
average weight of foals at birth was 34.7 ± 4.2 kg 
(standard deviation). The group of foals and their 
mothers were reared under semi-extensive condi-
tions, according to normal breeding practises for 
the Martina Franca donkey. All foals, in good 
health conditions during the whole period of study, 
suckled regularly colostrum – milk from their 
mothers, and were handled carefully to minimise 
any possible effects of stress. Blood was drawn in 
the morning from the foal jugular vein into 10 ml 
evacuated glass tubes for a serum analysis at 12, 
36, 60, 84, 108 hours and 11 days from birth. Sera 
samples were analyzed for energetic profile (glu-
cose, cholesterol, triglycerides), proteic profile 

(total protein, urea, albumine, creatinine), hepatic 
profile (GOT, GGT, alkaline phosphatase, AP, 
total bilirubin, GPT, LDH), at 12, 36, 60, 84, 108 
hours and 11 days after birth. Serum metabolities, 
hepatic enzymes, AP, total bilirubin were analyzed 
in a computerized automated biochemical analyzer 
(ARCO PC Analyzer – Biotechnica SpA) using 
commercially available test combinations (Biotec-
nica Instruments, Diagnostic Line, Rome, Italy). 

Statistical analyses were performed using a 
statistical software program (SPSS, 2003), with 
statistical differences analyzed by the ANOVA 
test. Mean differences were compared by the 
Scheffè’s test (SPSS, 2003). 

RESULTS AND DISCUSSION 

The values of energetic serum profiles and 
their changes associated with the age of foals are 
shown in Table 1. No differences were found in 
relation to different times from birth. Glycemia 
ranged from 124.40 (at 12 hrs from birth) to 
156.62 mg/dl (at 11 ds; P > 0.05). Also cholesterol 
showed a tendential higher value at 12 hrs from 
foaling (192.00 mg/dl), with a decreasing trend 
until 108 hrs (143.30 mg/dl; P > 0.05), and trigly-
cerides ranged from 51.02 (at 11 ds after foaling) 
to 71.44 mg/dl (84 hrs; P > 0.05) (Table 1). All 
these parameters are higher compared to those reg-
istered in adult jennies (D’Alessandro et al., 2007). 
Serum levels of glycemia during neonatal life as-
sume an important role on welfare since foals born 
with very low stores of glycogen in liver and mus-
cle and blood glucose rapidly drops in the first 2 
hours after foaling. Neonatal hypercholesterolemia 
could be attributable to a low renal functionality 
(Bauer et al., 1989). Triglycerides trend observed 
in this study follows that found in the neonatal 
horse foal (Serrantoni et al., 1997). 

Considering the proteic metabolism (Table 
2), serum urea and creatinine levels varied (0.05 > 
P < 0.01) with the age of the foals, showing the 
highest values (0.05 > P < 0.01) at 12 hrs after 
birth (21.64 mg/dl and 1.78 mg/dl, respectively) 
and a decreasing trend towards 108 hrs – 11 ds 
from birth. Total proteins as well as albumin levels 
were rather constant during the experimental pe-
riod, ranging from 5.29 to 5.76 g/dl and 3.24 to 
3.43 g/dl, respecively (P > 0.05; Table 2). Total 
proteins values in the neonatal phase of foals were 
lower compared to adults in the donkey 
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(D’Alessandro et al., 2007) as well as in the horse 
(Bauer et al., 1985). In the horse the contemporary 
decrease of urea has been associated to growth 
requirements of the foal (Bauer et al., 1984; Pic-
cione et al., 2006). 

In relation to the hepatic profile, significant 
differences were found for AP (0.05 > P < 0.01) 
and GPT (P < 0.05). Results are reported in Table 
3. For both these parameters, the highest values 

corresponded to 12 hrs after birth (AP: 2011.00 
iu/l; GPT: 19.43 IU/l) with a decreasing trend 
(0.05 >P< 0.01) till the 11th day of foals life. Over-
all, these values are much higher than in adults 
(donkey: D’Alessandro et al., 2007; horse: Madi-
gan, 2006). 

Significant correlations (0.05>P<0.01) were 
found between all the biochemical metabolities 
(Table 4). 

T a b l e  1  

Energetic profile in neonatal donkey foals 

Glycemia (mg/dl)  Cholesterol (mg/dl)  Triglycerides (mg/dl) Time from 
birth 

x ± S.E. Range  x ± S.E. Range  x ± S.E. Range 

12 hs 156.62 ± 10.40 109.00 – 200.00  192.00 ± 30.10 106.00 – 331.00  62.25 ± 20.13 23.80 – 197.00 

36 hs 135.49 ± 8.55 93.40 – 179.00  174.10 ± 28.06 93.00 – 361.00  62.18 ± 24.80 32.00 – 101.00 

60 hs 126.40 ± 6.43 92.00 – 169.00  153.97 ± 20.59 93.70 – 307.00  66.98 ± 8.48 38.50 – 120.00 

84 hs 133.56 ± 7.72 94.60 – 164.00  151.32 ± 19.96 87.20 – 311.00  71.44 ± 7.34 32.80 – 113.00 

108 hs 131.00 ± 4.18 113.00 – 150.00  143.30 ± 17.23 93.00 – 285.00  64.63 ± 7.08 25.40 – 100.00 

11 ds 124.40 ± 7.50 104.00 – 143.00  166.00 ± 11.95 136.00 – 201.00  51.02 ± 19.87 17.20 – 128.00 

Whole period 134.69 ± 3.27 92.00 – 200.00  161.90 ± 9.21 87.20 – 361.00  64.29 ± 4.47 17.20 – 197.00 

T a b l e  2  

Proteic profile in neonatal donkey foals 

Total Proteins (g/dl)  Urea (mg/dl) Albumin (g/dl)  Creatinin (mg/dl) Time from 
birth 

x ± S.E. Range  x ± S.E. Range x ± S.E. Range  x ± S.E. Range 

12 hs 5.76 ± 0.21 5.00 – 6.80  21.64 ± 3.20Aa 10.50 – 32.30 3.43 ± 0.94 3.10 – 3.90  1.78 ± 0.12 Aa 1.40 – 2.40 

36 hs 5.49 ± 0.18 4.70 – 6.40  16.88 ± 2.22 7.80 – 26.10 3.35 ± 0.06 3.00 – 3.60  1.53 ± 0.08 1.30 – 2.10 

60 hs 5.50 ± 0.18 4.70 – 6.90  12.39 ± 1.10 b 6.70 – 18.60 3.37 ± 0.04 3.10 – 3.60  1.41 ± 0.05 b 1.20 – 1.70 

84 hs 5.29 ± 0.19 4.50 – 6.50  11.30 ± 1.14 B 6.40 – 18.80 3.24 ± 0.08 2.80 – 3.50  1.42 ± 0.05 b 1.20 – 1.60 

108 hs 5.36 ± 0.12 4.60 – 6.10  11.44 ± 0.95 B 8.00 – 18.30 3.40 ± 0.03 3.20 – 3.50  1.36 ± 0.04 B 1.20 – 1.60 

11 ds 5.68 ± 0.17 5.00 – 6.00  13.30 ± 0.89 10.50 – 15.30 3.26 ± 0.05 3.10 – 3.40  1.34 ± 0.02 B 1.30 – 1.40 

Whole period 5.49 ± 0.07 4.50 – 6.90  14.14 ± 0.83 6.40 – 32.30 3.35 ± 0.03 2.80 – 3.90  1.47 ± 0.03 1.30 – 1.40 

A, B: P < 0.01; a, b: P < 0.05 
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T a b l e  3  
Hepatic profile in neonatal donkey foals (mean ± S.E.) 

 Time from birth Whole Period 
 12 h 36 h 60 h 84 h 108 h 11 d 12 h – 11 d 

GOT (mEq/l) 213.29±29.02 121.00±18.77 219.70±17.13 217.40±16.61 234.00±15.58 198.20±17.21 170.00±263.00

Range 145.00–371.00 164.00–347.00 179.00–363.00 149.00–334.00 177.00–330.00 217.04-7.60 145.00–371.00

GGT (UI/l) 87.57±11.23 87.87±7.65 89.88±6.77 90.06±7.12 89.96±11.54 102.32±24.25 90.50±4.03 

Range 50.30–130.00 64.10–124.00 66.30–129.00 69.60–138.00 59.20–156.00 68.00–198.00 50.30–198.00 

FAL (UI/l) 2011.00±34.27A 1482.67±181.33a 1216.00±92.62 1174.00±110.52 1418.00±220.31 471.00±18.82Bb 1325.35±90.67

Range 862.00–2982.00 826.00–2520.00 787.00–1746.00 625.00–1647.00 670.00–2253.00 421.00–511.00 421.00–2892.00

Total Bilirubin 
(mg/100 ml) 0.54±0.49 0.49±0.02 0.50±0.02 0.49±0.01 0.49±0.03 0.54±0.03 0.46±0.64 

Range 0.44–0.87 0.43–0.56 0.46–0.64 0.42–0.54 0.28–0.61 0.50-0.01 0.28–0.87 

GPT (UI/l) 19.43±1.16a 18.33±1.22 18.62±1.04 17.32±0.71 17.02±0.93 13.30±0.46b 17.60±0.46 

Range 14.40–23.10 14.40–27.10 13.90–25.10 14.20–21.90 14.40–21.90 12.10–14.90 12.10–27.10 

LDH (UI/l) 796.86±87.80 695.89±70.20 701.80±83.62 663.70±51.46 596.99±100.10 587.40±48.38 674.57±32.60 

Range 552.00–1267.00 499.00–1205.00 513.00–1427.00 464.00–971.00 30.00–913.00 437.00–733.00 30.00–1427.00

A, B: P < 0.01; a, b: P < 0.05 

T a b l e  4  
Correlation matrix among the sieric parameters in neonatal donkey foal 

Proteins Total 
proteins 

Albu-
mine 

Glucose Triglyce-
rides 

Urea Cholesterol Creati-
nine 

LDH GPT GOT GGT AP Total 
bilirubin

Albumin 0.309*             

Glucose Ns Ns            

Triglycerides Ns Ns Ns           

Urea 0.376** 0.345* Ns Ns          

Cholesterol Ns Ns Ns –0.314* Ns         

Creatinine Ns Ns 0.314* Ns 0.533** Ns        

LDH Ns Ns Ns –0.312* Ns Ns Ns       

GPT Ns Ns Ns Ns Ns 0.392** Ns 0.417**      

GOT Ns Ns Ns Ns –0.375* 0.302* –0.360* 0.716** 0.491**     

GGT Ns 0.377* Ns Ns Ns 0.514** Ns –0.384** Ns Ns    

AP Ns Ns Ns Ns 0.373* 0.342* 0.725** Ns Ns –0.433** Ns   

Total bilirubin 0.450** 0.450** Ns Ns 0.419** Ns Ns Ns Ns Ns 0.381* Ns Ns 

**: P < 0.01; *: P < 0.05; NS: not significant 

 
CONCLUSIONS 

The present study gives the first reference 
ranges for serum biochemical concentrations in the 
authochtonous Martina Franca donkey breed dur-

ing the neonatal period, constituting basic knowl-
edge for husbandry system and welfare of foals. 
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