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ABSTRACT.	 The	aim	of	this	study	was	to	estimate	total	carotenoids,	β-carotene	and	retinol	concentrations	in	the	livers	and	muscles	of	some	
ungulates (cattle, buffalo, sheep, goats and horses) in comparison with the Wistar rats as a control. Cattle and horses had the highest contents 
of	total	carotenoids	and	β-carotene.	Unexpectedly,	sheep	was	the	highest	accumulator	of	retinol	with	a	mean	concentration	of	203	±	23.34	
µg/g,	while	the	least	accumulator	was	buffalo,	having	a	mean	value	of	58.28	±	13.77	µg/g.	Livers	had	higher	contents	of	the	examined	
phytochemicals than muscles. Consumption of these tissues may provide human with some needs from these important phytochemicals, 
though ingestion of livers, especially that of the sheep, is not advisable for the pregnant women.
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Carotenoids are a family of phytochemical compounds 
that are synthesized naturally by higher plants. Carotenoid 
metabolism mainly takes place at the liver of animals and 
human. Meat-producing animals reared on high forage ra-
tions pass a portion of the ingested carotenoids into the milk, 
muscle and body fat [5].
Carotenes	 (mainly	 β-carotene)	 are	 precursors	 of	 retinol	

(Vitamin A), a critical fat-soluble vitamin, which is important 
for cell division and cell differentiation, normal vision, bone 
growth	and	reproduction	[17].	Specifically,	it	is	responsible	
for maintaining the surface lining of the eyes and the lining 
of the respiratory, urinary and intestinal tracts. The integrity 
of the skin and mucous membranes is maintained by retinol, 
creating a biodefense barrier to bacteria and viruses [13, 18]. 
In addition, retinol is involved in the regulation of immune 
function by supporting the production and function of white 
blood cells [2, 15].

Retinol is an essential dietary substance, which is required 
for rhodopsin formation and vision [3, 4]. It is estimated that 
250	million	 persons	 are	marginally	 deficient	 in	 vitamin	A	
[22].	The	exact	number	of	persons	who	consume	vitamin	A	
well	in	excess	of	physiological	needs	is	unknown,	especially	
in developing countries. This number is clearly high, espe-

cially in economically developed countries, in which forti-
fied	foods	and	nutritional	supplements	containing	preformed	
vitamin A are widely available [22]. At the same time, higher 
oral doses of vitamin A have been shown to be teratogenic, 
and accordingly, the World Health Organization has recom-
mended that the daily intake for pregnant women should not 
exceed	3.3	mg/day	[12,	22].	Thus,	not	surprisingly,	both	a	
deficiency	and	excess	of	retinol	adversely	affect	human	and	
animal health.

The contents of carotenoids in the fat and milk had been 
extensively	studied	in	cattle.	However,	there	is	little	informa-
tion available about the content of these naturally occurring 
phytochemicals in livers and muscles of other meat-produc-
ing animals like buffalo, sheep, goat and horses. Addition-
ally, the contribution of the relevant concentrations of these 
phytochemicals in the meat (muscle and liver) to human 
health is poorly studied. Thus, this investigation was under-
taken	to	estimate	the	concentrations	of	β-carotene	(a	major	
carotenoid), retinol (a major retinoid) and total carotenoids 
in the livers and muscles of some meat-producing animals 
(cattle, buffalo, sheep, goat and horses). The rat was used as 
a	control	animal	in	this	study.	Additionally,	β-carotene,	total	
carotenoids and retinol contents were measured in the livers 
and muscles of both grass and grain-fed beef using a high 
performance liquid chromatography. Furthermore, the esti-
mated daily intake of these phytochemicals was calculated 
and discussed with their relevant public health importance.
All	experiments	using	animals	were	performed	according	

to the guidelines of Zagazig University and Hokkaido Uni-
versity Institutional Animal Care and Use Committee.

Liver and muscles are the major carcass parts consumed 
by the Egyptian population, so liver and muscle samples 
(Longissimus dorsi muscles) were collected from 125 adult 
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males, 20 each of buffalo, horses, sheep and goats (all tested 
animals were living under green ration receiving either green 
berseem	clover	or	lucerne	with	β-carotene	content	of	150–
235 mg/kg [14]). Five rats were used as control animals. In 
case of cattle only, samples were collected from 40 individu-
als (20 each of grass-fed and grain-fed animals). Samples 
from cattle (Bos taurus) and buffalo (Bubalus bubalis) 
between	 the	ages	of	 two	and	five	years	 (3.67	±	0.58	years	
old)	and	(3.17	±	0.78	years	old)	for	both	animal	species,	re-
spectively, were collected from Zagazig city abattoir directly 
after slaughter. Samples from thoroughbred horses (Equus 
caballus)	 between	 the	 ages	 of	 four	 and	 six	 years	 (5.33	 ±	
1.15 years old) were generous donations from JRA (Japan 
Racing Association, Tokyo, Japan). Goats (Cipra hircus) and 
sheep (Ovis aries) samples were collected from local farms 
at	Hokkaido,	Japan,	and	sacrificed	at	Hokkaido	University.	
The	ages	of	the	goats	and	sheep	were	2.03	±	0.95	and	1.87	±	
0.65 years old, respectively. The samples were collected in 
the	period	of	March	2011	to	September	2011.	The	exported	
samples from Egypt to Japan were shipped frozen in plastic 
falcon tubes (20 g sample in 50 ml capacity tube) after get-
ting the required permissions from Egyptian and Japanese 
authorities. Nine-week-old Wistar male rats (SLC, Hama-
matsu,	Japan)	were	housed	at	24	±	1°C	with	12	hr	light	and	
12 hr dark cycles, and given laboratory feed and water ad 
libitum.	Rats	were	anesthetized	and	 sacrificed	with	carbon	
dioxide.	The	rat	tissues,	used	as	controls	in	this	study,	were	
removed and perfused with cold 1.15% potassium chloride 
which removed the blood.

Beta-carotene and retinol standards were purchased from 
Sigma Chemical (St. Louis, MO, U.S.A.). All other reagents 
were of analytical grade or the highest quality available and 
purchased from Wako Pure Chemical Industries (Tokyo, 
Japan).
Total	 carotenoids	 were	 extracted	 from	 the	 livers	 and	

muscle	of	the	examined	animals	and	measured	according	to	
the previously described method [20].
Beta-carotene	 and	 retinol	were	 extracted	 from	 the	 liver	

and muscle of each animal according to the method described 
previously	[11].	β-carotene	and	retinol	were	identified	by	us-
ing	standards	from	Sigma	Chemical.	The	quantification	was	
performed using calibration curves of standard solutions. 
Measurements were repeated at least twice for each sample.

The Estimated Daily Intake (EDI) of carotenoids and 
retinoids was calculated based on integration of data from 
analysis of carotenoids and meat consumption rates by 
Egyptian adults.
EDI	 (mg/adult	 person)	 for	 β-carotene,	 total	 carotenoids	

and retinol, was obtained using the following equation de-
scribed by WHO [21]:

EDI=C × MIR × 10−3
Where C is the concentration of the carotenoid (µg/g);	

MIR is the meat ingestion rate in Egypt, which was estimated 
at	85.7	g/day/adult	[10].
All	data	are	expressed	as	mean	±	standard	deviation	(SD).	

Statistical	significances	were	evaluated	by	Tukey’s	Kramer	
HSD difference test using JMP (SAS Institute, Cary, NC, 
U.S.A.). P<0.05	was	considered	to	be	significant.

Beta-carotene and retinol are the major carotenoid and 
retinoid found in our food of animal origin. The observed 
concentrations	 of	 β-carotene	 in	 the	 muscles	 of	 examined	
ungulates	ranged	from	0.11	to	0.73,	while	in	the	liver	sam-
ples, this range was from 2.91 to 6.96 µg/g, indicating that 
muscles contained lower concentrations (about one-tenth) of 
β-carotene	in	comparison	to	the	contents	in	the	liver.	Grass-
fed cattle and horse samples had the highest concentrations 
of	β-carotene	followed	by	buffalo,	goats	and	sheep,	respec-
tively. Rats, which are used as a control laboratory animal in 
this	study,	were	shown	to	be	non-accumulator	of	β-carotene	
(Fig. 1).	The	higher	concentrations	of	β-carotene	in	the	liver	
compared with the muscle in the cattle are in agreement with 
a previous report by Yang et al. [19].

Concerning the total carotenoid contents in the tissues of 
the	examined	animals,	 the	values	follow	the	same	trend	as	
the	β-carotene	contents	 in	 these	 tissues.	Muscle	had	 lower	
concentrations compared with the liver (Fig. 2). Cattle and 
horse	had	the	highest	content	of	carotenoids	in	both	examined	
tissues	 followed	 by	 buffalo	 and	 finally	 sheep	 and	 goats.	
Rats had very low concentrations compared with ungulates, 
which indicates that rodents have a different behavior in the 
accumulation of carotenoids. The concentrations of total 
carotenoids	 in	 the	 livers	 ranged	 from	 0.92	 ±	 0.17	µg/g to 
7.66	±	0.27	µg/g	in	the	examined	samples	(Fig.	2).
As	β-carotene	is	rapidly	converted	to	retinol	in	the	livers	

of many animal species, so we measured retinol contents in 
the	livers	and	muscle	of	 the	examined	animals.	In	contrast	
to	carotenoid	profile,	sheep,	just	like	rats,	had	a	high	content	
of retinol with the least value obtained in goats. This may 
indicate	that	all	of	the	β-carotene	was	converted	into	retinol	
in the case of rats. Especially, that rat diet contained wheat, 
corn,	 soyabean	 and	 fish	 oil	 with	 β-carotene	 content	 of	
2.5% in contrast to ungulates, which received only a grass 
diet	 like	berseem	clover	and	lucerne	containing	β-carotene	
concentrations of 0.15 to 0.23% [14].

Like in case of carotenoids, muscle had lower contents 
of retinol in comparison to livers. The observed concentra-
tions of retinol were highest in the liver of the rats (234.26 
±	18.99	µg/g)	 and	 lowest	 in	 buffalo	 (58.28	±	 13.77	µg/g) 
(Fig. 3). These results were in agreement with our previous 
report, that rat had the highest content of retinol in the liver 
compared with deer, cattle and horse [6].
Cattle	 produced	under	 extensive	grass-based	production	

systems generally have carcass fat, which is more yellow 
than their concentrate fed counterparts, which may be as a 
result of the carotenoids intake from the lush green forages 
[5]. In this investigation, we studied the effects of grass 
and grain feeding on carotenoid and retinoid contents in 
the cattle. We observed that grass-fed steers incorporated 
significantly	 higher	 amounts	 (5-	 to	 7-fold)	 of	 β-carotene,	
total carotenoids and retinol in liver and meat as compared 
to	grain-fed	animals	(Figs.	1–3),	presumably,	due	to	the	high	
β-carotene	 content	 of	 fresh	 grasses	 as	 compared	 to	 cereal	
grains	[7].	The	same	pattern	of	difference	in	β-carotene	con-
tent between grass- and grain-fed cattle was also observed 
in Australian and Argentine cattle [5, 8, 19]. The strain-
differences between the Egyptian (this study), Australian 
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and Argentine cattle [5, 8] and the differences in green feed 
may	explain	 the	differences	 in	 the	obtained	concentrations	
among these studies. In addition, our results go in line with 
the previous report of Alvarez et al. [1], who detected sig-
nificantly	higher	concentrations	of	β-carotene	and	retinol	in	
the fat and plasma of lambs fed on pasture than those fed on 
concentrate diets. Although yellow carcass fat consumption 
is discouraged in many countries around the world, it is also 
associated	with	 a	 healthier	 fatty	 acid	 profile	 and	 a	 higher	
antioxidant	content	[9].

Plant-derived foods supply human with the majority of 
his requirements from these phytochemicals, however, the 
role of meat and meat products in supplying man with these 
requirements is scarcely investigated. The current recom-
mended daily intake of vitamin A is 900 to 1,500 µg for 
men	and	700	to	1,200	µg for women, respectively, [16]. The 
calculated results for the EDI of carotenoids and retinol from 
the ingestion of liver and muscle showed that consumption 

of these tissues might provide human either males or females 
with part of his needs from the carotenoids and retinoids 
(Table 1). To the best of our knowledge, there is no required 
daily	allowance	for	β-carotene	or	other	pro-vitamin	A	carot-
enoids,	as	it	is	just	suggested	to	consume	3	mg	of	β-carotene	
daily	to	maintain	plasma	β-carotene	in	the	range	associated	
with normal function and a lowered risk of chronic diseases 
[16]. However, the intake of vitamin A (retinol) for pregnant 
women	should	not	exceed	3.3	mg/day	[12,	22].	The	results	in	
Table	1	showed	that	liver	of	all	examined	animals	had	higher	
concentrations of retinol than the recommended ones [22], 
due to the elevated concentrations of retinol in the livers, 
particularly that of sheep and cattle. It is advisable for the 
Egyptian pregnant women to reduce their intake from livers, 
as this may lead to increased risk of the teratogenic effects.

In conclusion, this study showed that grass fed-cattle 
and horse had the highest contents of total carotenoids and 
β-carotene	followed	by	goat,	buffalo	and	sheep.	Unexpect-
edly, rat and sheep were high accumulators for retinol 
followed by cattle, horse, goat and buffalo, respectively. 
Grass-fed cattle had high contents of these phytochemicals 
compared with grain-fed animals. Liver had higher contents 
of	the	examined	chemicals	compared	with	meat.	Consump-
tion of these tissues may provide Egyptians with a portion 
of their needs from these important phytochemicals. Ad-
ditionally, a future study should be considered to estimate 
the total carotenoids and retinoids in other animal parts like 
intestines, colon, spleen, brain, kidneys, hearts and lungs.

ACKNOWLEDGMENTS. This study was supported in 
part	 by	 the	Grants-in-Aid	 for	Scientific	Research	 from	 the	
Japanese Society for the Promotion of Science (JSPS) to 
W.	S.	Darwish	(No.23001097),	M	Ishizuka	(No.	24248056,	
24405004 and Core to Core program). W. S. Darwish is a 
recipient of a postdoctoral fellowship from the JSPS.

Fig.	1.	 β-carotene	 content	 (µg/g) in the liver and muscle of some 
food-producing	animals	and	rats.	The	data	represent	the	mean	±	SD	
for 20 animals from each species. Columns carrying different large 
character	 letter	are	 significantly	different	with	each	other	among	
liver samples, while those carrying different small character letter 
are	significantly	different	among	muscle	samples	(P<0.05).

Fig. 2. Total carotenoid content (µg/g) in the liver and meat of some 
food-producing	animals	and	rats.	The	data	represent	the	mean	±	SD	
for 20 animals from each species. Columns carrying different large 
character	 letter	are	significantly	different	with	each	other	among	
liver samples, while those carrying different small character letter 
are	significantly	different	among	muscle	samples	(P<0.05).

Fig. 3. Retinol content (µg/g) in the liver and meat of some food-
producing	animals	and	rats.	The	data	represent	the	mean	±	SD	for	
20 animals from each species. Columns carrying different large 
character	letter	are	significantly	different	with	each	other	among	
liver samples, while those carrying different small character letter 
are	significantly	different	among	muscle	samples	(P<0.05).
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Table	1.	 Estimated	daily	intake	(mg/adult	Egyptian)	of	β-carotene,	total	carotenoids	and	retinol	due	to	ingestion	
of liver and muscle of meat-producing animals

β-carotene Total carotenoids Retinol
Liver Muscle Liver Muscle Liver Muscle

Buffalo 0.31	±	0.009 0.01	±	0.001 0.33	±	0.129 0.01	±	0.001 5.09	±	1.231a) 1.21	±	0.121
Cattle 0.61	±	0.067 0.06	±	0.006 0.67	±	0.041 0.04	±	0.001 13.23	±	1.053a) 1.39	±	0.134
Horse 0.56	±	0.054 0.05	±	0.005 0.59	±	0.051 0.05	±	0.001 5.39	±	0.055a) 0.55	±	0.004
Sheep 0.25	±	0.021 0.03	±	0.002 0.27	±	0.033 0.03	±	0.002 17.76	±	2.045a) 2.04	±	0.103
Goat 0.28	±	0.023 0.03	±	0.002 0.31	±	0.027 0.03	±	0.002 5.34	±	0.941a) 0.94	±	0.084

The	data	represent	the	mean	±	SD	for	EDI	(mg/adult	Egyptian)	of	β-carotene,	total	carotenoids	and	retinol	due	to	
ingestion of liver and muscle of different meat-producing animals (n=20 animals from each species). Values carrying 
star marks indicate higher than the recommended levels by WHO (2011).
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