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Figure 2. The changes in @* values (redness) of 3 fallow deer muscles, (®) infraspinatus (A ) longissimus thoracis et lumboryiand (H) biceps
femoris from male and female carcasses, stored at 2°C. **Means without common letters are different (P < 0.05).

Figure 3. The changes in b* values (yellowness) of 3 fallow deer muscles, (®) infraspinatus (A ) longissimus thoracis et lumboryend (H) biceps
femoris from male and female carcasses, stored at 2°C. #SMeans without common letters are different (P < 0.05).

Gender, muscle, and storage time interactions were ob-  males, which exhibited no overall change (P > 0.05; Fig.
served for the chroma values (P < 0.05; Table 1). A de- 4). Data for hue angle exhibited a gender, muscle, and
crease in chroma (P < 0.05) was observed for all muscles ~ storage time interaction (P < 0.05; Table 1). An increase
from male and female fallow deer, except the IS from  in hue values during storage was observed in all the mus-
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Figure 6. The changes in R (630/580) of 3 fallow deer muscles, (®) infraspinatus (A ) longissimus thoracis et lumboruand (M) biceps femoris
stored at 2°C. #Means without common letters are different (P < 0.05).

Surface Mb redox forms whereas the IS from male and female fallow deer ex-
hibited no differences (P > 0.05; Fig. 7). In addition,

For the %DMb, muscle x storage time, gender x IS from both males and females exhibited greater (P <
time, and gender X muscle interactions were observed  0.05) %DMb than their LTL and BF counterparts (Fig.
(Table 1). The gender x muscle interactions indicated 7). The %DMb decreased (P < 0.05) in all the muscles
that LTL and BF from the males demonstrated greater =~ during storage (Fig. 8A). A decrease (P < 0.05) in
(P <0.05) %DMD than their counterparts from females, = %DMb was observed for muscles from both genders

Figure 7. The %DMDb of 3 fallow deer muscles, infraspinatug(1S), longissimus thoracis et lumboruiiaiTL), and biceps femori¢BF), from male and
female carcasses, stored at 2°C. @*Means without common letters are different (P < 0.05).
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Figure 8. (A) The changes in %DMb of 3 fallow deer muscles, (o) infraspinatus (A ) longissimus thoracis et lumboryemd (M) biceps femorisstored
at 2°C; (B) changes in %DMb of muscles from (@) male and (M) female fallow deer, stored at 2°C. @'Means without common letters are different (P < 0.05).

(Fig. 8B). Nonetheless, the muscles from male fallow
deer exhibited greater (P < 0.05) %DMb than their
counterparts from female throughout the storage.

Data for %OMb demonstrated muscle x storage
time and gender X time interactions (Table 1). The
%OMD decreased (P < 0.05) during the storage in
all 3 muscles (Fig. 9A) from male and female fallow
deer (Fig. 9B). The %OMb for all the muscles pla-
teaued (P> 0.05) after d 4. The gender x storage time
interaction showed that the muscles from female ani-
mals had greater %OMb (P < 0.05) than their coun-
terparts from males on d 0 and 1, after which gender
had no impact (P > 0.05; Fig. 9B).

Muscle x storage time as well as gender x time inter-
actions were observed for %MMb (Table 1). An increase
(P <0.05) in %MMDb was observed for the muscles (Fig.
10A) in both males and females (Fig. 10B). The increase
(P<0.05) in %MMD was slower for the IS in comparison
to the LTL and BF (Fig. 10A), and the IS exhibited the
lowest (P < 0.05) %MMb throughout the storage. The

muscles from female fallow deer demonstrated greater
(P <0.05) %MMDb than their counterparts from males on
all the days, except d 1 and 2 (Fig. 10B).

Biochemical attributes

A muscle x storage time interaction (P < 0.05)
was observed for the pH, while gender had no effect
(P> 0.05; Table 1). The IS had the highest (P < 0.05)
pH values and the LTL the lowest (P < 0.05) values
during the storage (Fig. 11).

Data for MRA exhibited gender x time and gen-
der x muscle interactions (P < 0.05; Table 1). The LTL
and BF from male fallow deer demonstrated greater
(P < 0.05) MRA than their counterparts from females,
whereas IS from males and females did not differ (P
> 0.05) in MRA (Fig. 12). In addition, IS from both
males and females exhibited greater (P < 0.05) MRA
than their LTL and BF counterparts. There was an ini-
tial increase (P <0.05) in MRA from d 0 to 4 for all the

Figure 9. (A) The changes in %OMb of 3 fallow deer muscles, (o) infraspinatus (A ) longissimus thoracis et lumboryemd (M) biceps femorisstored
at 2°C; (B) changes in %OMb of muscles from (@) male and (M) female fallow deer, stored at 2°C. @'Means without common letters are different (P < 0.05).
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Figure 12. The metmyoglobin reducing activity (MRA) of 3 fallow deer muscles, infraspinatus(IS), longissimus thoracis et lumboruftiTL), and
biceps femori$BF), from male and female carcasses, stored at 2°C. @9Means without common letters are different (P < 0.05).

Figure 13. The changes in metmyoglobin reducing activity (MRA) of muscles from (e) male and (M) female fallow deer. #“Means without common

letters are different (P < 0.05).

parts, whereas the LTL and BF from females had similar
values. Interestingly, the IS and LTL did not differ in total
Mb concentration, whereas the BF had the greatest Mb
concentration (Table 2). In addition, no gender differenc-
es were observed for total Mb concentration in the pres-
ent study (Table 1). Therefore, the theorized relationships
between Mb concentration and L* values (Vestergaard
et al., 2000; Diaz et al., 2002; Kritzinger et al., 2003;
Daszkiewicz et al., 2011) as well as the propensity to dis-
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color rapidly (Farouk et al., 2007; Purchas et al., 2010)
were not readily observable in fallow deer muscles.

Contrary to the general suggestion that the meat
from male animals is darker than that of females,
whenever a difference was observed in L* values, the
muscles from male fallow deer were lighter than their
counterparts from female animals. In contrast, no gen-
der effect was reported for the L* values of the blesbok
muscles (Neethling et al., 2016).
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bok muscles. Based on the R (630/580) cut-off value 3
(Purchas et al., 2010), none of the fallow deer muscles
remained acceptable after d 1. Similarly, the cut-off val-
ue of 3 for R (630/580) did not reflect the color stability
of the blesbok muscles (Neethling et al., 2016), wherein
a cut-off of 2 better reflected the color stabilities. This
appears to be the case for the fallow deer muscles in the
present study, in which a cut-off of 2 indicated that the
IS remained acceptable in color throughout the storage,
whereas the LTL and BF were unacceptable after d 2.
The %OMb results indicated that the IS muscle
was the most color stable (Fig. 9A). The %MMb re-
sults also indicated that the IS muscle is the most color
stable and that the BF is less color stable than the LTL
(Fig. 10A). Overall, the %OMb and %MMb results
reflected the trend for the a* value and hue angle.

Biochemical attributes influencing
surface color stability

The Mb oxidation is delayed at high pH, whereas
it is accelerated at low pH (Gotoh and Shikama, 1974;
Ledward, 1985; Gutzke and Trout, 2002). Thus, mus-
cles with high pH will be more color stable than those
with low pH. In the present study, the greater color sta-
bility of the IS than the LTL and BF is explained par-
tially by its greater pH. However, the LTL, which had a
color stability similar to that of the BF, had a lower pH
than the BF. This indicates that factors other than pH
also play a role in the color stability of fallow deer mus-
cles. Contrary to these results, Neethling et al. (2016)
reported a strong correlation between pH and %OMb in
the blesbok muscles, with the more color stable muscles
also having correspondingly higher pH and vice versa
(Neethling et al., 2016). This inconsistency indicate
that the effect of pH on the color stability of muscles in
game animals is species-specific. While some research-
ers have noted that higher pH values decrease the oxi-
dation of Mb (Brown and Mebine, 1969; O’Grady et al.,
2001), others have noted no link between pH and rate of
discoloration (Hood, 1980; McKenna et al., 2005).

The MRA refers to the enzymatic and non-enzymatic
systems in the post-mortem muscles, which possess the
ability to reduce MMb to DMb (Bekhit and Faustman,
2005). The DMb can subsequently be converted to OMb.
Thus, greater MRA often leads to an increased color sta-
bility. The results (Fig. 12) suggested that MRA did play
a role in the color stability of the fallow deer muscles.
Furthermore, the color stability differences noted for the
muscles may also be explained by the greater overall
MRA in the IS compared to the LTL and BF (Fig. 12).
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The OC of meat refers to the residual mitochondrial
activity post-mortem. The mitochondria compete with
Mb for oxygen, thus leading to a decrease in the amount
of oxygen available to bind to the Mb. Consequently,
less OMD is formed and conditions ideal for MMb for-
mation are created, ultimately resulting in a decline in
the color stability (Bendall and Taylor, 1972; O’Keeffe
and Hood, 1982; Ledward, 1985). The results of the
present study do not wholly support the notion that
high OC leads to a decline in color stability (Fig. 14).
Additionally, Neethling et al. (2016) did not find a de-
finitive relationship between OC and color stability in
blesbok muscles. Conversely, McKenna et al. (2005)
observed that beef BF had higher OC in comparison to
LTL and IS, with the LTL having the lowest OC.

Endogenous prooxidants in the muscle, such as iron,
can also decrease the color stability of the muscle. The
iron serves as a catalyst for lipid oxidation, which conse-
quently destabilizes color (Faustman et al., 2010). Since
both heme and non-heme iron have been associated with
accelerating lipid oxidation (Igene et al., 1979; Chen et
al., 1984), the total iron concentration of meat should
also be indicative of muscle color stability. While IS, the
most color stable fallow deer muscle, exhibited the low-
est total iron content, LTL and BF had similar total iron
contents and demonstrated similar color stability.

Greater Mb concentrations are often associated
with the accelerated discoloration in beef (Jeong et al.,
2009; King et al., 2011). However, the results from
the present study did not agree with this association
observed in beef; while fallow deer IS and LTL dem-
onstrated lower Mb content than BF, IS was more
color stable than LTL and BF. In agreement, the Mb
concentration was not found to be indicative of color
stability in blesbok muscles as well (Neethling et al.,
2016). Similarly, other studies have also reported that
the relationship between Mb concentration and color
stability in beef muscles is inconclusive (Sammel et
al., 2002; McKenna et al., 2005; Canto et al., 2015).

Conclusions

The findings on a* value, chroma, R (630/580),
surface Mb redox forms, MRA, and pH, indicated that
IS muscle from fallow deer is the most color stable
among the 3 muscles (IS, LTL, and BF) investigated
in this study. In addition, LTL and BF from fallow deer
exhibited similar color stability and discolored more
rapidly than the IS. The game industry may employ
muscle-specific strategies to retail and improve mar-
ketability of fresh meat from fallow deer.
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