Published by
Faculty of
Biotechnology and
Food Sciences

Journal of Microbiology, Biotechnology and Food Sciences

International peer-review ed scientific online journal

THE MODES OF VITAMIN E ADMINISTRATION AND ITS ROLE ON MEAT QUALITY: A MINI-REVIEW
Giuseppe Maiorano* and Siria Tavaniello

Address(es):
Department of Agricultural, Environmental and Food Sciences, University of Molise, Via F. De Sanctis, snc, 86100 Campobasso, Italy.

*Corresponding author: maior@unimol.it doi: 10.15414/jmbfs.2016.5.special1.27-30

ARTICLE INFO ABSTRACT

Vitamin E is a well-established micro-nutrient for all animal species. Vitamin E-based additives are globally used in animal nutrition to
prevent vitamin E deficiency and sustain animal health and production. Vitamin E as a lipid-soluble, chain-breaking antioxidant,
protects cellular membranes from lipid peroxidation preserving the structural integrity of tissues. Vitamin E has been proposed as an
effective method to reduce the oxidative processes in meat. Meat oxidation is the principal reason of the quality deterioration. The
primary source of vitamin E is the natural tocopherols found in green plant materials and seeds. Among the synthetic forms of vitamin
E, the acetate ester of all-rac a-tocopherol (all-rac a-tocopheryl acetate) is the most common form of vitamin E supplementations, due
to its cost and stability in animal feeds. The route of administration (in feed or intramuscularly injected) plays a key role in enhancing
the positive effect of vitamin E treatment. Several researches have proposed the intramuscular injection of vitamin E (dI- a-tocopheryl
acetate) as a strategy to: i) reduce vitamin E activity losses in feedstuffs; ii) ensure a more standardized administration in animals; iii)
study its effect on growth performance, meat quality characteristics, oxidative stability and shelf life of meat products in different
livestock animals. New perspective for the vitamin E supplementation in animal production regard the use of vitamin E as a feasible
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way to reduce the formation of carcinogenic substances in cooked meat with a consequent beneficial effect on human health.
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VITAMIN E: SOURCES AND MAIN FUNCTIONS

Over the past decades, several studies have investigated the importance of an
adequate vitamin E status to sustain both animal health and production. This
vitamin was recognized as a necessary dietary supplement for growth,
reproduction, immune function, disease prevention and tissue integrity
(McDowell et al., 1996). Vitamin E is the generic term used for all tocol and
tocotrienols derivatives that exhibit the activity of a-tocopherol. The tocopherols
are exclusively synthesized in photosynthetic organisms including higher plants.
Significant amounts are found in all green tissues but predominantly occur in
seeds. Vitamin E is abundant in whole cereal grains, particularly in germ, and in
byproducts containing the germ; in fact, wheat germ oil was long used as a
vitamin E supplement. The a-tocopherol is especially high in wheat germ oil,
safflower oil and sunflower oil. Corn and soybean oils contain predominantly y-
tocopherol, as well as some tocotrienols. Cottonseed oil contains both a- and y-
tocopherols in equal proportions (Zingg, 2007).

Vitamin E is principally known as a natural antioxidant, it can prevent
peroxidative degradation of fats in animal cells and the consequent formation of
free radicals. By scavenging reactive oxygen species, molecules that are
produced through normal metabolism, vitamin E protects cell membranes against
oxidative damage (Hatfield et al., 2000). It is well known that oxidation is one of
the main causes of quality deterioration in meat products with the development of
off flavour, discoloration, formation of toxic compounds, poor shelf life, nutrient
and drip losses (Morrisey et al., 1994; Kasapidou et al., 2012). In recent years,
many studies (e.g. Macit et al., 2003 a, b; Maiorano et al., 2007, 2015 a, b)
were conducted on the effect of vitamin E, supplemented in diet or intramuscular
injected, on growth performance, meat quality characteristics, oxidative stability
and shelf life of meat products in different livestock animals.

Considering that vitamin E cannot be synthesized by animals, the route and form
of vitamin E administration play a key role as they strongly influence the level of
serum, plasma and muscle vitamin E concentrations. Methods of providing
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supplemental vitamin E are: as part of a concentrate or liquid supplement and as
an injectable product.

For many years, the primary source of vitamin E was the natural tocopherols
found in green plant materials and seeds. In fact, several studies have shown that
meat produced by cows fed at pasture contains higher levels of a-tocopherol than
cattle-fed high concentrate diets (Maiorano et al., 2005; De la Fuente et al.,
2009; Luciano et al., 2011). In addition, compared with concentrate-based diets,
pasture-based feeding systems generally produce greater concentrations of
polyunsaturated fatty acids (PUFA) in muscle, but they also provide greater
amounts of natural antioxidants (Wood et al., 2003). Comparisons of the effect
of concentrate- or herbage-based diets on meat shelf life have frequently shown
that feeding systems based on green forages confer on meat a superior resistance
to oxidative deterioration due to the greater concentrations of antioxidant
molecules in green herbage (Wood and Enser, 1997). D’Alessandro et al.
(2012) found that the a-tocopherol content of semimembranosus muscle of lambs
suckled by pasture-fed mothers was found to be twice as higher as that of the
lambs suckled by stall-fed mothers. Even if the content of vitamin E in the sheep
milk is very low (6.54 + 0.25 umol/l) with a very high variability (Jelinek et
al.,1996), maternal milk might be considered an influential factor on the muscle
concentration of vitamin E in lambs, since the pasture represents a relevant
source of vitamin E for ruminants (Morrissey et al., 1998). However, it must be
taken into account that vitamin E content and in general the nutritive value of
range forage is influenced in a major way by: stage of maturity, edaphic
influences, plant species, climate, animal class, and range condition (Oelberg,
1956; Duckett et al., 2013). As already mentioned, tocopherol is abundant in
fresh pastures and forage, whereas stability of all naturally occurring tocopherols
is poor and substantial losses of vitamin E activity occur in feedstuffs when
processed and stored, as well as in manufacturing and storage of finished feeds
(McDowvell et al., 1996). Vitamin E sources in these ingredients are unstable
under conditions that promote oxidation of feedstuffs such as heat, oxygen,
moisture, oxidizing fats and trace minerals.
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INTRAMUSCULAR INJECTIONS OF VITAMIN E:
PERFORMANCE AND MEAT QUALITY

GROWTH

Animals’ growth

In the recent years, several studies (reviewed in Maiorano et al., 2015a) have
proposed the intramuscular injection of vitamin E (dI- a-tocopheryl acetate) as a
strategy to reduce the losses of vitamin E activity in feedstuffs and to ensure a
more standardized administration in animals. Vitamin E administration, in diet or
by injections, significantly increases the muscle a-tocopherol contents (Salvatori
et al., 2004; Kasapidou et al., 2012), as also confirmed by our recent study
(Maiorano et al., 2015b). This latter study showed as well a significant
difference in the a-tocopherol concentrations between longissimus and vastus
lateralis muscles of treated lambs (Figure 1). This variation between muscles is
probably due to factors, such as functional and metabolic differences of muscle
fibers and different fiber fat contents. However, Barja et al. (1996) found that the
increase in the muscle a-tocopherol concentration did not occur in a dose-
dependent manner. Usually, with the increasing of the administration quantity,
there is an increasing in muscle concentration up to reach an optimal dose, to
above which the effect of vitamin E in muscle starts to decrease. In addition,
tissue accumulation of a-tocopherol in animals treated or supplemented with
vitamin E generally depends by numerous factors such as genotype of animal,
dose, feeding time and type of muscle (Salvatori et al., 2004; Alvarez et al.,
2008; Ripoll et al., 2013).

Control — M Vitamin E

Bb

Ba

a-tocopherol (pg/g)

A

longissimus dorsi vastus lateralis

Figure 1 Content of a-tocopherol (ng/g) in longissimus dorsi (n=12) and vastus
lateralis (n=12) muscles between treatments and within treatment (mean+SE). *
BP < 0.01, between treatments; *°P < 0.05, within treatment.

To deepen the knowledge on this topic we will focus on the vitamin E treatment
of lambs, which is one of our main research lines. In a recent research, we studied
the effects of intramuscular injection of vitamin E on performance, carcass traits,
physicochemical and nutritional properties of meat, lipid oxidation, and
consumer acceptability in Laticauda lambs, an autochthonous Italian sheep breed
(Maiorano et al., 2015b). We found that vitamin E treatment did not influence
growth but reduced hot dressing percentage. Contradictory data regarding the
effect of vitamin E on growth traits exist (Maiorano et al., 1999; 2007). Some
works have demonstrated a beneficial effect of vitamin E treatment on growth
traits in lambs (900 IU DL- o -tocopheryl acetate, Gentry et al., 1992; 15 mg
vitamin E per lamb per day, Macit et al., 2003a). Conversely, other authors
(1500 TU a -tocopherol, Birch et al., 1994; 1200 IU DL- o -tocopheryl,
Maiorano et al., 2007) observed a lower carcass weight and a negative effect on
carcass wholesale cut weights in lambs injected with vitamin E. In addition, in
our recent study (Maiorano et al., 2015a) we found that vitamin E did not
influence growth, carcass weight, dressing percentage, carcass shrink losses and
area of longissimus muscle but had a negative effect on pelvic limb percentage. It
has been also reported that vitamin E-treated lambs had lower leg and shoulder
weights (Birch et al., 1994) compared with control lambs. Hatfield et al. (2000)
suggested that this might be due to vitamin E stimulation of the immune system
that, in turn, caused a partitioning of energy away from growth and promoted
muscle catabolism.
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Meat quality

In our recent study (Maiorano et al., 2015b) we found that vitamin E treated
lambs provided a more intensive colour meat. In fact, vitamin E supplementation
delays the discoloration of meat by effectively controlling lipid oxidation and the
accumulation of met-myoglobin in meat (Liu et al., 1995). This therefore
confirms the importance of vitamin E in preserving meat redness that is one of
the most important commercial characteristics of meat, because it is the colour
that consumers tend to associate with freshness (Carpenter et al., 2001).
Furthermore, the thiobarbituric acid reactive substances (TBARS) values, found
in our research, clearly indicated that injected lambs were best protected from
lipid oxidation, in accordance with previous studies on injected lambs (Salvatori
et al., 2004), in supplemented lambs (Kasapidou et al., 2012) and in pork (Rossi
et al., 2013). This is mainly related to the higher a-tocopherol content in muscles
of treated lambs, as confirmed by the negative correlation (r = — 0.46) between
TBARS and muscle o-tocopherol level. Regarding muscle cholesterol content we
didn’t find any significant effect of vitamin E treatment on it; however, it should
be mentioned that vitamin E is associated with reduced production of cholesterol
oxidation products which have toxic effects on human health (Buckley et al.,
1995). On the contrary, a marked effect of vitamin E treatment was found on
muscle fatty acid composition. The treatment increased the total PUFA, the
PUFA to saturated fatty acids (SFA) ratio and lowered the n-6 to n-3 ratio and the
thrombogenic index. Barja et al. (1996) attributed the increase of PUFA levels in
the liver of guinea pigs treated with DL a-tocopherol acetate to a protective effect
of vitamin E against PUFA peroxidation. On the other hand, as stated before, the
presence of vitamin E within muscle cell membranes reduced lipid oxidation,
improving the quality characteristics of meat (e.g. color, flavor, texture and
nutritional value) extending its shelf-life, and also preventing the accumulation of
toxic compounds, which may be detrimental to the health of consumers (Falowo
et al., 2014). In light of this, we observed that meat from vitamin E treated lambs
received higher hedonic scores for tenderness and juiciness than the respective
control. D’Alessandro et al. (2012) demonstrated that maternal feeding system
(stall vs. pasture) affects consumer acceptability of lamb meat. The authors
suggested that this effect could be due to higher a-tocopherol content in the meat
of pasture feeding lambs.

Intramuscular collagen properties

Tenderness can be explained by different characteristics (e.g. muscle fiber
characteristics, intramuscular fat, collagen amount and the stability of its fibers).
However, Saiiudo et al. (2000) found no significant differences in tenderness
despite differences in fatness. The higher score in tenderness of meat from treated
lambs could be due to higher heat soluble connective tissue with cooked meat,
favoured by the action of DL-a-tocopheryl acetate that slows collagen maturation
and reduce tenderness muscle index (pg of Hydroxylysylpyridinoline
crosslinks/mg of intramuscular collagen, Maiorano et al., 2001, 2007). In our
recent study (Maiorano et al., 2015a) conducted on lle de France suckling male
lambs, we found that the DL-a-tocopheryl acetate treatment reduced collagen
maturity (HLP/collagen) and increased decorin in the longissimus muscle of
growing lambs, while it did not affect intramuscular collagen (IMC) content.
Maiorano et al. (1999, 2007) focused on the effect of vitamin E on collagen and
demonstrated that intramuscular injections of DL-a-tocopheryl acetate (total dose
of 1000 and 1200 1U/animal) given to lambs (slaughtered at 40 days and 70 days
old) may increase collagen solubility and reduce the IMC maturity. Archile-
Contreras et al. (2011) reported that vitamin E influences collagen metabolism
in animals grown for meat. In particular, they observed that the addition of
vitamin E (a-tocopherol acetate) to fibroblast cells, isolated from bovine
semitendinosus and longissimus dorsi muscles, increased significantly total
soluble collagen synthesis; while the collagen concentration for neither
semitendinosus nor longissimus dorsi muscle cells responded to vitamin E in a
dose-dependent manner. The authors suggested that the results may have
implications in vivo on animal production, as a high rate of collagen turnover
may lead to increased collagen solubility in muscles, which can affect meat
tenderness. Collagen, the major component of the intramuscular connective
tissue, it is believed to contribute to the initial toughness of meat as well as the
sensation of chewiness (Duizer et al., 1996). An increase in collagen maturation
leads to an increased IMC thermal stability, which has been related to undesirable
changes in eating quality of meat (McCormick, 1999). It has been reported that
vitamin E increases the tenderness of pork (Dirinck et al., 1996) and beef
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(Carnagey et al., 2008), but Macit et al. (2003b) found that vitamin E
supplementation did not alter shear value of meat.

VITAMIN E AND ANIMAL HEALTH

Health is another important aspect of vitamin E supplementation that has to be
considered. Vitamin E supplementation program utilizing both parenteral and
oral administration is often suggested for livestock animals. Injectable vitamin E
(with or without selenium) is available for calves and lambs at birth and 2-4
weeks after birth. Cows and ewes should receive the product 2 weeks prior to
parturition. The product is also indicated for early arrival feedlot cattle and lambs
as well as those animals which are not consuming adequate vitamin E
supplemented diets or which are showing signs of a vitamin E deficiency. For
continued protection of all cattle and sheep from a possible vitamin E deficiency,
adequate supplemental vitamin E in the feed is essential (McDowell et al., 1996).
The most common condition associated with vitamin E (and/or selenium)
deficiency in lambs, but also in calves and kids, is the white muscle disease. It
has also been reported that the deficiency of vitamin E, along with associated
nutrients such as selenium and sulfur-containing amino acids, can result in
pathological conditions such as encephalomalacia, exudative diathesis, nutritional
muscular dystrophy (NMD) in chicks, ducks, and turkeys (Klasing, 2008). In
light of this, livestock producers will need to employ different strategies to
compensate the potential deficiency in the status of vitamin E, considering also
the increased nutritional requirements of the fast-growing and high-producing
animals. Recent studies have found an emerging meat defect known as “white
striping” (WS), which is a new condition affecting poultry breast fillets,
principally related to selection for increasing growth rate and breast yield of
modern hybrid birds (Petracci et al., 2013). The etiological causes of WS are still
poorly understood. Considering the observed similarity in the appearance
between NMD and WS, Kuttappan et al. (2012) carried out a study to evaluate
the effect of the increments of dietary vitamin E (DL-a-tocopherol acetate: 15,
50, 100, 200, and 400 1U/kg of fed) on the occurrence of various degrees of WS
on broiler breast fillets; however, they did not find any significant association in
the occurrence of WS in broiler breast fillets. This implies that, in contrast to
NMD, an increased level of dietary vitamin E cannot prevent the occurrence of
WS. However, it must be taken into account that the requirement of vitamin E
may be influenced by various factors affecting the variability of vitamin E in
feedstuffs and the physiological status of the birds. Some of these factors are the
amount, type, and degree of oxidation of fat present in the diet, presence of other
dietary antioxidants such as selenium, iron, copper, sulfur-containing amino
acids, and harvesting, drying, or storage conditions of feeds that results in
destruction of vitamin E (Hidiroglou et al., 1992). In light of this and
considering that the intramuscular route could be considered a successful strategy
to reduce the losses of vitamin E activity in feedstuffs, we started a new research
work, currently in progress, to evaluate the effect of vitamin injection on growth,
meat quality and occurrence of WS in fast-growing compared with slow-growing
broilers reared indoor or with outdoor access.

NEW PERSPECTIVE FOR THE VITAMIN E SUPPLEMENTATION IN
ANIMAL PRODUCTION

In the recent years, several studies (e.g. Pearson et al., 1992; Balogh et al.,
1999) have demonstrated the ability of Vitamin E, as a potent antioxidant
compound, to inhibit the formation of mutagenic/carcinogenic heterocyclic
amines (HAs) and polycyclic aromatic hydrocarbons (PAHSs). Vitamin E is able
to inhibit HA-induced mutagenesis or carcinogenesis as a result of different
actions interfering at various steps of the HAs formation and of HA-toxic
activity. In fact, antioxidants can act as inhibitors along the different pathways of
the reaction, preventing the mutagens formation, through radical quenchers and
free radical scavengers activity; as blocking agents, preventing the
biotransformation of premutagens into reactive metabolites by inhibiting
metabolic activation, by stimulating detoxification enzymes, or by scavenging
reactive molecules; as suppressing agents modulating intracellular processes,
which are involved in DNA repair mechanisms, tumour promotion and tumour
progression (Vitaglione and Fogliano, 2004). Our preliminary results, regarding
the utilization of vitamin E solution for marinating meat before grill cooking at
high temperature, showed the inhibition effect of vitamin E against the formation
of carginogenic compounds (Di Memmo et al., 2012). However, more studies
are needed to further address the inhibition of HAs and PAHs formation in
cooked meats by vitamin E (intramuscular injected or from pasture). This clearly
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involves more detailed studies on the mechanism of HAs and PAHs formation in
meat, considering also that the presence of these undesirable substances depends
on many factors such as meat type, cooking method, time and temperature, the
presence of relative amounts of precursors, enhancers and inhibitors, lipids,
antioxidants and the water content. In conclusion, vitamin E as other natural
antioxidant substances could be a feasible way to reduce the HAs and PAHs
dietary intake with a possible reduction of the risk associated to HAs/PAHs-
induced mutagenicity/carcinogenicity with a consequent beneficial effect on
human health.
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