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Abstract

The effect human presence and interactions performed after hatch to 3 months of age has on ostrich meat quality,
skin damage and reproductive performance at a later age was investigated in 416 day-old ostrich chicks. The
chicks were allocated to one of three treatments, which varied with regard to exposure to human presence and
care for 3 months post-hatch: HP1 - extensive human presence with physical contact (touch, stroking), gentle
human voice and visual contact; HP2 - extensive human presence with gentle human voice and visual contact
without physical contact; S- standard control treatment, where human presence and visual contact was limited to
routine management, feed and water supply only. Carcass attributes (carcass weight, dressing percentage and
drumstick weight), meat quality traits (pH, colour and tenderness) and skin traits (skin size, skin grading and
number of lesions) were evaluated on 24 one-year-old South African Black (SAB) ostriches. Reproductive
performance (egg production, average egg weight, number of clutches, clutch size, chick production, average
chick weight, fertility and hatchability percentage) were recorded for the first three breeding seasons of 23 SAB
pair-bred females from this study. No differences in carcass attributes, meat quality, skin traits and reproductive
performance were found between treatments (P > 0.05). It was evident that exposure of day-old ostriches to
extensive human presence and interaction as chicks did not influence carcass attributes, meat quality or skin traits

at slaughter age, but more importantly, it did not compromise their reproductive performance.

Keywords: Human-animal relationship, animal welfare, production, Struthio camelus, meat quality

Introduction

The ostrich industry of South Africa is the major producer of ostrich products worldwide contributing up to 70%
of all the ostrich products (Brand and Jordaan 2011). Income in the ostrich industry is derived mainly from the
sales of major products such as feathers, leather and meat (Cloete et al. 2008). Compared to beef and chicken,
ostrich meat is considered rich in protein and low in cholesterol, while the leather is preferred in the fashion
industry owing to its unique appearance (Cooper 2001; Potawska et al. 2011a; Al-Khalifa and Al-Naser 2014). A
large amount of ostrich products from the South African ostrich industry are exported to the European Union
(EU), while a small proportion remains in the local market (Brand and Jordaan 2011). The EU has strict
requirements regarding farm animal welfare which greatly influence the trade of animal products (Glatz 2011).
The quest for improving animal welfare is further driven by the willingness of consumers to pay for products from
animals that experienced humane care (Miranda-de la Lama et al. 2017). Therefore, it is imperative for the ostrich

industry to maintain animal welfare standards in order to be competitive in the market.
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A series of studies in other livestock industries have revealed that animal welfare and productivity can
be improved by integrating positive human-animal interactions within the daily livestock management (Rushen
et al. 1999; Hemsworth 2003; Hemsworth et al. 2011). For instance, interacting positively with sows resulted in
increased litter size compared to negative interactions (Hemsworth et al. 1994). Furthermore, egg production from
White Leghorn layers was improved by exposing hens to regular human presence, while it was lower for hens
that received limited human presence (Barnett et al. 1994). Day to day interactions between humans and sheep or
cattle, as well as how the interactions are perceived by such animals may also affect meat quality post slaughter
(Hemsworth et al. 2011). Specifically, long stressful encounter result in secretion of cortisol hormone as a stress
response mechanism which leads to dark, firm and dry meat owing to higher pH and depleted muscle glycogen
(Hemsworth et al. 2011; Chulayo et al. 2012). It was shown in commercial veal farms that calves that experienced
positive human interactions had lower meat pH and their meat was lighter in colour than calves that experienced
limited human care and interactions (Lensink et al. 2001). In contrast, a short stressful encounter soon before
slaughter may result into pale, soft and exudative meat as a consequence of low meat pH from the conversion of
glycogen to lactic acid (Terlouw 2005; Adzitey and Nurul 2011). Hence, both short-term and long-term stress can
negatively affect meat quality (Adzitey and Nurul 2011), and could potentially be influenced by human-animal

interactions.

Positive human-bird interactions at an early age in ostriches have already been demonstrated to benefit
survival, weight gain and physiological stress coping mechanisms (Wang et al. 2012; Muvhali et al. 2018; 2020).
However, it is feared that in adult life such birds may direct their sexual repertoires towards humans instead of
their mates (Bubier et al. 1998) and therefore exhibit compromised reproduction performance (Bubier et al. 1998).
Glatz and Miao (2008) and Glatz (2011) have subsequently also emphasized the need to study how human-ostrich
relationship affect the welfare and production in this birds. Although multiple research papers have been published
on ostrich production performance under commercial farming settings, the method of rearing used was
characterised by limited human and birds interactions (Cloete et al. 2006; 2012; Engelbrecht et al. 2009; Cloete
and Brand 2014; Bonato et al. 2017). These studies recorded low and variable egg production as well as variable
leather quality as a result of skin damage, but there is currently no evidence of whether this state of affair is
inherent to farmed ostriches or whether production and product quality traits later in life could be influenced by

early habituation to human presence.
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It was hypothesised that, if human presence and interactions of chicks can benefit stress coping mechanisms of
juvenile ostriches as demonstrated in Muvhali et al. (2018), then production performance may be improved rather
than compromised. Thus, this study aimed at investigating the effect of human presence and interactions at an
early age (from hatch to 3 months of age) has on carcass attributes, meat quality traits and skin traits in juvenile

birds, as well as reproductive performance of sexually mature ostriches.

Materials and methods

Study area and sampling population

This study was conducted at the Oudtshoorn Research Farm of the Western Cape Department of Agriculture,
South Africa (3363 S, 2225’ E). The birds used in this study were obtained as day-old chicks from eggs that
were collected from breeding pairs maintained at the research farm and incubated together to synchronize
hatching. The breeding pairs were of three purebred ostrich strains; South African Blacks (SAB), Zimbabwean
Blues (ZB), Kenyan Reds (KR) and the reciprocal crossbred combinations of SAB with ZB and KR. Management

practices on the farm have been reported (Bunter and Cloete 2004; Cloete et al. 2008).

Treatment

Over two breeding seasons (2013 and 2015), 416 day-old chicks (hatched in two batches) of mixed sex were
randomly allocated to one of three treatments, which varied in the amount of human presence (HP) and
interactions with the chicks. The treatments and duration of human exposure have been detailed by Muvhali et al.
(2018; 2020). Briefly, the first treatment involved supplying chicks with additional human presence along with
regular physical interactions (touching and stroking), gentle human voice and visual contact (HP1: N = 68 and 76
for 2013 and 2015, respectively). In the second treatment, additional human presence, gentle human voice and
visual contact was supplied, with no physical interactions (HP2: N = 66 and 70 for 2013 and 2015, respectively).
The third treatment, which was the standard husbandry practice for ostrich chicks used at the Oudtshoorn Research
Farm (S: N = 66 and 70 for 2013 and 2015, respectively), was used as the control, with human presence and
interactions limited to the routine management and supply of feed and fresh water (Bunter 2002). Chicks in the
HP1 and HP2 treatments were exposed to a total of 343 hours of human presence and interaction to 3 months of
age. In the first week after hatching, they received human presence for 100% of the daylight hours, which was
decreased gradually until week 8 of the experiment, when they were only visited for 1 hour in the morning and

another hour in the afternoon. In comparison, chicks in the S treatment were exposed to a total of approximately
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48 hours of human presence, mostly limited to general management such as feed and water supply, during the 3
months of treatment. Feed and clean water were supplied ad libitum during daytime to all chicks. At three months
of age, HP1, HP2 and S chicks were all mixed together into one flock, with human contact limited to the provision
of food and water. All the birds in this study were exposed to additional human presence between the age of 8 to
13 months when behavioural tests and reactivity tests towards humans were performed (Muvhali et al. 2018).
Although Muvhali et al. (2018; 2020) revealed breed differences for birds exposed to the treatments as in this
study, the comparison of breeds was not possible in the present study due to the limited number of ZB, KR and
other reciprocal crosses birds being available for slaughter and breeding, as well as the limited capacity and
facilities in terms of working force and breeding camps available. Therefore only SAB ostriches were used for

this study on slaughter and reproduction traits.

Meat quality and carcass attributes

A total of 24 one-year-old birds from the 2015 group (4 males and 4 females from each treatment) were
slaughtered at an EU-approved commercial abattoir to study the effect of treatments on meat quality. Slaughter
birds were fed an ostrich finisher diet (11.10 MJ/kg dry matter and 133 g/kg protein) from the age of seven months
until slaughter. An experienced independent contractor was hired a day before slaughter to transport the birds to
the abattoir in Oudtshoorn (Klein Karoo International PTY LTD), which is situated < 10 km away from the study
location. On arrival at the abattoir, the birds were kept together for overnight in roofed kraals and allowed free
access to clean drinking water. On the next morning, the birds were weighed individually (recorded as slaughter
weight) and slaughtered following the standard slaughter procedure at the abattoir. The birds were identified after
slaughter by linking the slaughter sequence number with the farm tag number, which corresponded to the

treatment.

Meat pH and temperature of the left big drum muscle (Muscularis gastrocnemius, pars interna) was measured 45
minutes (pHi) and 24 hours (pHu) after exsanguination using a portable pH meter and digital thermometer
(Comark PDQ 400). Hot carcass weight was recorded approximately 30 minutes after exsanguination, while cold
carcass weight was recorded 24 hours later. The hot weight of the right drumstick (thigh) was also recorded
approximately 40 minutes after exsanguination. Dressing percentage was calculated as cold carcass weight
expressed as a percentage of live slaughter weight. The big drum and fan fillet (Muscularis iliofibularis) muscles
were removed from the drumstick, vacuum packed and transported in cooler boxes to Stellenbosch University for

further meat quality analysis, which was done 48 hours after slaughter. Meat colour measurements for both
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muscles were taken with a CIELAB colour meter (Color-guide 45°/0° colorimeter; BYK-Gardner GmbH,
Gerestried, Germany) directly on the meat surface after a blooming period of 30 minutes during which the cut

muscle was exposed to the air. The lightness (L*), redness (a*) and yellowness (b*) parameters were recorded,
while the hue angle (H°) and Chroma (C*) were calculated as: H° = tan™ (%) x 57.29 (expressed in degrees) and

C* = (a™ + b"2). Small meat samples of approximately 100 g from both muscles for all 24 slaughtered birds was
weighed, put in inflated plastic bags and cooked in a waterbath at 80°C for 60 minutes in order to reach an internal
temperature of 75°C. The bags were then taken out and cooled at = 4°C, after which the samples were blotted dry
with paper towels, taking care not to use any added pressure. After weighing, the cooked samples were used to
determine tenderness. A minimum of six samples were taken from each meat sample by using a sharp, stainless
steel borer with a diameter of 1.27 cm to remove six cylinders in the direction of the muscular fibres. The samples
were then sheared perpendicular to the fibre direction using a V-shaped cutting blade attached to an Instron 3344
(Universal, Norwood, USA) with a Warner Bratzler blade to determine the shear force in kilogram. Lastly, meat
proximate composition attributes were measured on thawed meat samples following the methods of the AOAC
(2002) as follows: moisture content by oven drying a 2.5 g homogenized meat sample at 100°C for 24 hours; dry
matter percentage, derived from moisture loss; crude protein content, measured using the Dumas combustion
method; lipid content by ether extraction from a 5 g homogenized meat sample and lastly ash content was

determined by placing a 2.5 g moisture free sample in a furnace at 500°C for 6 hours.
Skin traits

The skin was removed from the carcass at the abattoir and transported to the nearby tannery, where each skin was
tagged with a microchip and linked to the slaughter number (sequence) of the bird. All skins were cured and
processed using the same bulk tannery process. After processing, skin size (dm?) was measured and skin grades
allocated by qualified personnel. Skin grades were assigned following the National Ostrich Processors of South
Africa grading standards based on the number of lesions in the crown area and the section of the crown area where
defects/damage was present (Meyer 2003). The number of scratches and kick marks on the skins was quantified
as an indication of skin damage due to aggressive behaviour (Meyer 2003). Treatment was unknown to the skin

graders and the principal investigator recording all traits to eliminate bias.

Reproductive performance
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To evaluate the effect of hushbandry treatments on reproduction performance, a total of 14 two-year-old South
African Black (SAB) ostrich females from the 2013 treatment group (7 x HP1 and 7 x S) and nine two-year old
females from the 2015 group (4 x HP1 and 5 x S) were randomly allotted to pair breeding paddocks for their first
three breeding seasons, respectively. The males used for mating were of the same age, breed and from the same
treatment as their paired females. Due to limited camp availability, only HP1 and S birds were used to compare
the most extreme treatments in terms of human presence and interactions (i.e. extensive vs. limited human
interaction, respectively). These two treatments (HP1 and S) were most likely to differ statistically, based on
results from previous studies (Muvhali et al. 2018; 2020). The breeding pairs were fed a balanced ostrich breeder
diet (10.90 MJ/kg dry matter and 180.9 g/kg protein). The diet was mixed and pelleted at the research farm and
fresh water was available to the birds ad libitum. Egg collection was done twice a day (morning and afternoon)
and the camp number from which the egg was collected was recorded followed by weighing using an automated
scale (Precisa, XT 4200 C). Egg production per female, average egg weight, number of clutches and clutch size
were calculated. Any sequence of succeeding eggs laid within four days of each other indicated a clutch. A break
in lay of more than four days was considered as the end of a clutch since female ostriches lay an egg every second
day (Bunter 2002). Eggs were subsequently incubated artificially in weekly batches (eggs collected over a week
period) for 42 days and candled to monitor development at 21 and 35 days of incubation, according to the routine
practice of the hatchery at the research farm (Brand et al. 2008). Lack of embryonic development during candling
was used to indicate infertile eggs, while visible embryonic development (including eggs with early or late
embryonic deaths, chicks that died after pipping and live hatched chicks) indicated fertilized. Fertility was
recorded per female as the proportion of fertilized eggs from the total number of eggs produced. Broken eggs,
abnormal shells and underweight eggs (< 1200 g) were not incubated (non-incubated eggs) and their fertilization
status was therefore unknown. Such eggs were consequently excluded in the fertility analysis by deducting them
from the total number of eggs. Moreover, eggs that were found rotten during candling had their fertilization status
indicated as unknown and were also not included in the fertility analysis. The hatched chicks were used to calculate
hatchability percentage from fertilized eggs that were incubated. Chick production per female and the average

chick mass at hatch were expressed as a trait of the female.

Statistical analysis

The data was analyzed using SAS, version 9.3 (SAS, 2012). A completely randomised design with 3 x 2 x 2

factorial arrangement of treatments was used to evaluate the effect of husbandry treatment, sex, and muscle type
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on ostrich meat quality. A General Linear Model (GLM) procedure was used to test the effects of husbandry
treatment, sex and their interaction on meat traits (slaughter weight, pHi, pHu, hot and cold carcass weight,
drumstick weight and dressing percentage). In the analysis, initial pH (pHi) was used as a linear covariate for
ultimate pH (pHu). Another GLM was performed with husbandry treatment, sex, muscle type and their
interactions as fixed effects while meat colour and meat proximate composition traits were used as dependent

variables.

The effect of husbandry treatment, sex and their interaction on skin traits, lesions present on the skin surface, skin
size and skin grade was evaluated using the Generalized Linear Mixed Model (GLMM). Skin grade data was

subjected to an ordered logit model where the cumulative logit link function was applied on the data.

A GLMM model was fitted to investigate the effect of husbandry treatment and breeding season (first, second and
third breeding season) on female reproductive performance. Total egg production per female, average egg weight
per female, number of clutches, clutch size, total chick production and average chick weight per female were used
as dependent variables. Another GLMM was performed with fertility and hatchability percentage (transformed
using the arcsine function) as dependent variables; however, untransformed means for these variables were
reported. Husbandry treatment, year (year in which the females were hatched i.e. 2013 or 2015) and breeding
season (first, second and third breeding season), as well as their interaction, were entered as fixed factors to
compare production performance. Repeated records on the same bird were accounted for by using bird identity as
a random variable during all analysis. The data was considered statistically significant at P < 0.05 and the Tukey

pairwise comparison was applied for mean separations.

Results

Meat quality and carcass attributes

Overall means (x SE) for slaughter weight, pH;i, pHy, hot carcass weight, cold carcass weight, drumstick weight
and dressing percentage were 98.6 £ 2.25 kg, 5.72 £ 0.07, 5.47 £ 0.03, 47.1 + 0.94 kg, 45.7 + 0.9 kg, 17.2 + 0.28
kg and 46.7 + 1.18%, respectively. Neither husbandry treatment, sex, nor the interaction between these factors
had a significant effect on any of these traits (P > 0.05; Table 1). Overall means recorded for meat lightness,
redness, yellowness, hue angle and chroma were 30.5 + 0.28, 15.1 +£ 0.19, 7.82 £ 0.21, 27.4 £ 0.76° and 17.1
0.18, respectively. There was no significant effect of husbandry treatment and sex on any of the meat colour traits

(P >0.05). However, muscle type had a significant effect (P < 0.05) on the lightness, redness and hue angle (Table
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2). The fan fillet was lighter (higher L*-value) with a higher hue angle compared to the big drum muscle (P <
0.05). The big drum muscle was redder than the fan fillet muscle as indicated by its higher a*-value (P < 0.05;

Table 2), but no significant effect of muscle type was observed on the yellowness (b*) or chroma (P > 0.05).

The overall means (+ SE) for moisture, dry matter, protein, lipid and ash percentages were 74.2 £+ 0.33%,
25.8 £0.33%, 23.4 + 0.32%, 1.93 £ 0.08% and 1.41 + 0.14%, respectively. The meat proximate composition were
not influenced by husbandry treatment, muscle type or sex, with the exception of the lipid percentage, which was
higher for the fan fillet compared to the big drum (Table 2). A significant interaction between husbandry treatment
and muscle type was recorded for meat moisture, dry matter and protein content (P < 0.05; Table 3). The big drum
muscle of the HP1 birds had a lower moisture content (P < 0.05; Table 3) compared to other treatments, while the
fan fillet of S birds had similar values (P > 0.05). Additionally, the big drum of HP1 birds had higher (P < 0.05)
dry matter and protein contents than other treatments, but again similar (P > 0.05) values to that of the fan fillet

of S birds (Table 3).

Overall shear force as a measure of meat tenderness was recorded as 6.9 + 0.18 kg. There was no
significant effect of husbandry treatment on meat tenderness (P > 0.05), but a significant interaction between sex
and husbandry treatment was recorded for meat tenderness (P < 0.05; Table 3). In the HP1 group, male ostriches
had less tender meat than females, while males in the S group had more tender meat than males from the HP1
group. No such difference was observed in the HP2 group. Conversely, in the S group, male ostriches had more
tender meat than females. Lastly, no difference in meat tenderness was recorded between HP2 and S birds (P >

0.05).

Skin traits

The overall means (+ SE) for the quantified lesions on the skin surface, skin grading and skin size were 31.9 +
2.50, 3.6 £ 0.2 and 144 + 0.93 dm?, respectively. No significant difference was observed in any of these traits

between husbandry treatments, sexes or their interaction (P > 0.05; Table 4).

Reproduction

The overall means (+ SE) for total egg production, average egg weight (g), number of clutches and clutch size
recorded were 49.2 + 2.82, 1396 £ 27.2 g, 5.67 £ 0.44 and 13.8 + 2.06. The average total chick production per
female and mean chick weight (g) recorded were 25.3 £ 2.5 and 873 + 12.1 g. Fertility and hatchability amounted

to 68.9 + 4.22% and 69.9 + 3.53%, respectively. Non-incubated eggs (abnormal or underweight) were evenly
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distributed across treatments (HP1: 7.71 = 2.23; S: 6.70 = 2.25; P > 0.05). Treatment had no significant effect on
total egg production, average egg mass, number of clutches, clutch size, fertility, hatchability, chick production
or average chick weight during the birds’ first three breeding seasons (P > 0.05; Table 5). During the third breeding
season, overall higher average egg weight, less clutches per female, higher chick production and higher average
chick weight were recorded than in the first breeding season (P < 0.05; Table 6). No such differences were
however observed between the second and third breeding seasons (P > 0.05; Table 6). Finally, no significant
interaction between husbandry treatment and breeding season as well as hatching year and treatment on

reproductive traits was recorded (P > 0.05).

Discussion

Meat quality and carcass attributes

This study revealed that physical meat traits and meat colour traits of ostriches at slaughter was not affected by
previous method of rearing birds as chicks involving varying degrees of interaction with humans during the first
three months after hatch. This findings corroborates with other studies in veal calves (Lensink et al. 2000) and
large white pigs (Terlouw et al. 2005), where meat quality traits were not affected by the method of rearing which
incorporated interactions with humans prior to slaughter. The findings that meat pH and meat colour were not
affected by treatment in this study may be explained in several ways: Firstly, the sample size may have been too
small to accurately estimate the effect of treatment on meat traits. Secondly, it could be that the treatments were
performed far apart from the slaughtering period, therefore not showing an effect of treatment at slaughter age.
Thirdly, birds from all treatment groups underwent behavioural tests involving reactivity and docility towards
human handlers (Muvhali et al. 2018). This additional exposure to human presence may have overshadowed the
early treatment effects on the meat quality traits recorded at a slaughter. Fourthly, the pre-slaughter stress at the
abattoir may have been too high and thus might have overridden any prolonged treatment effects (Terlouw et al.
2005). In comparison to the literature, the mean pH in this study was lower while meat lightness was higher which
may indicate that ostriches may have encountered acute short-term stress soon before they were slaughtered
(Hoffman and Fisher 2001; Van Schalkwyk et al. 2005). Indeed, several stress inducing factors under abattoir
conditions have been identified, such as noxious smells, unusual machinery noise and the novel unfamiliar
environment that could mask treatment effects (Warriss 2000; Terlouw et al. 2005). Lastly, the interactions human

have with ostriches as chicks might just not affect meat quality traits, regardless. However, to refute or confirm

10
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this reasoning, future studies with a larger sample size may be recommended, while also limiting post-treatment

human-ostrich interactions which could potentially mask early treatment effects.

Significant interactions between treatment and muscle type were recorded for most proximate characteristics of
the meat in this study. Also, treatment significantly interacted with sex for meat tenderness. However, overall
proximate values recorded in this study (protein, dry matter, lipids and ash content), were notably higher than
those summarised in the ostrich literature (Hoffman et al. 2005; Majewska et al. 2009; Potawska et al. 2011a, b).
The meat tenderness value reported in the present study was lower than values for ostriches found in the literature
(Potawska et al. 2011b, Leygonie et al. 2012) and specifically lower than that of long-term stressed birds (Van
Schalkwyk et al. 2005). The differences in meat tenderness among studies may be as a result of variation in
techniques to evaluate this meat trait, as well as effects of age, breed and muscle type, which have all been shown
to influence meat tenderness- (Hoffman and Fisher 2001; Balog and Almeida Paz 2007). The current study sheared
meat samples perpendicular to the muscle fibre, while Van Schalkwyk et al. (2005) and Leygonie et al. (2012)
sheared their meat samples parallel to the muscle fibre. Also, earlier studies often slaughtered birds at a relatively
older age of around 14 months (Hoffman and Fisher 2001; Balog and Almeida Paz 2007; Leygonie et al. 2012).
The current study revealed that the fan fillet muscle was lighter in colour (higher L* value) than the big drum
muscle, while the big drum muscle was much redder in colour (higher a* value) than the fan fillet. The difference
between muscles with regards to lightness (L*) and redness (a*) in the current study supports the findings of Sales

(1996), who reported that the big drum was highly pigmented compared to the fan fillet.

Skin traits

Skin traits were not affected by treatment, sex or the interaction between these two factors. The small sample size
for this study probably contributed to these results. Furthermore, skin damage was not affected by treatment. Since
treatment groups were mixed from 3 months onwards, there was limited time for treatment effects to reflect on
the skins at slaughter. However, treatment could have benefitted early skin damage, resulting in improved grading

at slaughter (Meyer, 2003).

Reproduction

While other livestock industries promote positive human animal relationships as a result of evidence in improving
productivity in respectively chickens and pigs (Zulkifli and Siti Nor Azah 2004; Wang et al. 2020), it was unclear

whether it would be beneficial to rear ostrich chicks in this way. In ostriches, a previous study indicated that

11
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human presence and interactions during rearing may compromise reproductive performance since such birds were
shown to direct their sexual behaviour towards humans rather than towards their mates (Bubier et al. 1998). Thus,
such behaviour could negatively affect fertility of eggs as well chick production. However, the present study show
that reproductive performance of birds that experienced human presence and interactions an early age were similar
to that of birds that had limited human exposure. It was demonstrated that human-ostrich interactions at an early
age do not seem to have any negative impact on reproductive performance at sexual maturity. Interestingly, female
ostriches in this study (both the HP1 and S treatment birds) produced on average more eggs and chicks per season
than numbers reported previously for two-year-olds i.e. 20-25 eggs/female and 5-9 chicks/female (Cloete et al.
2006; Cloete and Brand 2014). The females reported in the cited literature were reared using the standard
husbandry practice for ostriches with limited human presence and contact (similar to the S treatment in this study)
and originated from the same flock from which birds used in the current study descended from. The recorded
improvement that seems to be demonstrated by females from the S treatment in the current study compared to
females in the literature may reflect selection success for genetic improvement, since selection for high egg and
chick production is currently practised in this resource flock (Cloete et al. 2006, 2008, 2012; Cloete and Brand
2014) and both egg and chick production in ostriches has been shown to be heritable, variable and able to respond
to selection (Cloete et al. 2008, 2012). The smaller sample size in this study could have contributed to the lack of
significant differences in reproduction between treatments. The presented absolute treatment means show that it
would be worthwhile to investigate this further with larger numbers of birds. Lastly, the birds in this study were
paired by treatment. It may be necessary in future to vary these factors in a larger experimental design to evaluate
female reproductive performance and behaviour (in both males and females) in different mating systems. This

important aspect necessitates further research to clarify human-animal relationships and their effects on ostriches.

Conclusions

It can be concluded that human presence and gentle interactions with ostrich chicks up to three months of age
does not have an effect on slaughter traits at 12 months of age. Since this result may be due to the small sample
size of the present study, some alternative approaches for future studies were suggested, including limiting further
human-ostrich interactions post-treatment. Reproductive performance of female ostriches also did not differ
significantly between birds exposed to various treatments of human presence and interactions at an early age. The
obtained results seem to suggest that early human presence and care in ostrich chicks would not compromise the

onset of reproduction. Overall, the results of this study suggested that positive human-ostrich interactions early in
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life may form an integral part of ostrich chick rearing practice in commercial farming setting without negatively
affecting subsequent production performance. However, the small sample size probably contributed to the lack of
significant differences and large standard errors. Further studies need to include more birds from each treatment,
while also evaluating the reproductive performance of such birds under a flock mating system, which is the

common type of mating system used in commercial ostrich farming.
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471 Table 1 Means and standard errors (SE) for meat and carcass traits of 24 South African Black ostriches (4 males and 4 females per husbandry treatment) as affected by

472 husbandry treatment (varying in the degree of human-bird interaction) and sex

Husbandry treatment Sex
Physical meat traits SE P-value SE P-value
HP1 HP2 S Male Female

Slaughter weight (kg) 102.1 98.8 94.9 3.97 0.45 96.2 101.1 3.24 0.31
pHi 5.85 5.61 5.71 0.06 0.40 5.72 5.74 0.10 0.89
pHu 5.49 541 5.47 0.05 0.37 5.46 5.46 0.04 0.78
Hot carcass weight (kg) 46.1 48.6 46.5 1.50 0.33 454 48.6 1.22 0.10
Cold carcass weight (kg) 44.7 44.4 44.8 1.45 0.34 44.1 47.2 1.18 0.08
Drumstick weight (kg) 17.3 17.3 16.9 0.28 0.73 16.9 17.4 0.39 0.37
Dressing (%) 44.3 48.1 47.8 2.13 0.38 46.2 47.3 1.73 0.68

473 HP1 birds were exposed to extensive human presence along with regular physical contact (touching and stroking) and gentle human voice; HP2 birds were exposed to extensive

474 human presence, gentle human voice and visual contact, but no physical contact; S birds had human presence limited to the routine supply of feed and fresh water

475

476

477

478
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479  Table 2 Means and standard errors (SE) for meat colour traits and proximate composition of the big drum (Muscularis gastrocnemius, pars interna) and fan fillet (Muscularis

480 iliofibularis) muscles from 24 South African Black ostriches (4 males and 4 females per husbandry treatment) as affected by husbandry treatment and sex
Meat colour and Husbandry treatment Sex Muscle type
SE P-value SE  P-value SE P-value

proximate traits HP1 HP2 S Male Female Big drum Fan fillet

L* 305 30.6 304 046  0.96 308 301 0.38 0.22 29.6° 31.4 037 0.02
a* 14.9 154 14.9 0.33 0.40 15.1 15.1 0.27 0.95 15.5° 14.62 0.26 0.02
b* 7.74 8.05 7.64 0.36 0.71 7.76 7.87 0.29 0.79 7.40 8.22 0.29 0.06
Hue (°) 27.6 27.46 27.2 1.28 0.98 27.2 21.7 1.05 0.77 25.52 29.4° 1.04 0.01
Chroma 16.8 17.45 16.8 0.31 0.28 171 171 0.26 0.86 17.3 16.8 0.25 0.20
Moisture (%) 735 74.6 74.4 0.52 0.31 73.9 74.4 043 043 72.9 74.5 0.43 0.33
Dry matter (%) 26.5 254 25.6 052 031 26.1 256 0.43 043 26.1 255 043 033
Protein (%) 23.9 22.9 235 0.51 0.37 235 23.3 042 0.71 23.9 22.9 0.42 0.10
Lipid (%) 2.05 1.95 1.79 0.12 0.30 2.02 1.83 0.10 0.16 1.692 2.17° 0.10 0.01
Ash (%) 121 1.34 1.67 0.23 0.35 1.49 1.31 0.19 0.48 1.22 1.59 0.19 0.17

481 ab Means with different superscripts within a row are significantly different (P < 0.05)

482 HP1 birds were exposed to extensive human presence along with regular physical contact (touching and stroking) and gentle human voice; HP2 birds were exposed to extensive

483 human presence, gentle human voice and visual contact, but no physical contact; S birds had human presence limited to the routine supply of feed and fresh water

484

20



485 Table 3 Means and standard errors (SE) of the interaction effects of husbandry treatment with muscle type for meat proximate composition and husbhandry treatment and sex
486  for meat tenderness (kg) of 24 South African Black ostriches (4 males and 4 females per husbandry practice). All meat proximate composition means, except for dry matter,

487  are on dry matter basis

Meat proximate composition HP1 HP2 S SE P-value
Big drum Fan fillet Big drum Fan fillet Big drum Fan fillet

Moisture (%) 72.12 74.9° 74.7° 74.6 74.9° 73.9% 0.73 0.04

Dry matter (%) 27.9° 25.12 25.32 25.42 25.12 26.1% 0.73 0.04

Protein (%) 25.5° 22.32 23.1° 22.7% 23.32 23.7%® 0.73 0.04

Lipid (%) 1.87 2.24 1.74 2.17 147 211 0.16 0.70

Ash (%) 1.26 1.16 1.23 144 1.17 2.17 0.32 0.23
Male Female Male Female Male Female

Tenderness (kg) 7.77°% 6.262 6.70°¢ 6.80% 6.282 7.40b° 0.42 0.01

488  bcMeans with different superscripts within a row are significantly different (P < 0.05)

489 HP1 birds were exposed to extensive human presence along with regular physical contact (touching and stroking) and gentle human voice and visual contact; HP2 birds were
490  exposed to extensive human presence, gentle human voice and visual contact, but no physical contact; S birds had human presence and voice limited to the routine supply of

491 feed and fresh water

492

493
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495

496

497

498

499

500

501

502

503

504

Table 4 Means and standard errors (SE) depicting the effects of husbandry treatment and sex on skin traits of 24 South African Black ostriches (4 males and 4 females per

husbandry treatment

Husbandry treatment Sex
Skin traits SE P-value SE P-value
HP1 HP2 S Male Female
Skin size (dm?) 142 145 145 1.55 0.34 143 145 1.20 0.22
Skin grading 3.63 3.75 3.50 0.26 0.50 3.67 3.58 0.14 0.69
Number of lesions 32.1 34.9 28.6 4.76 0.66 32.4 32.3 3.89 0.85

HP1 birds were exposed to extensive human presence along with regular physical contact (touching and stroking) and gentle human voice; HP2 birds were exposed to extensive

human presence, gentle human voice and visual contact, but no physical contact; S birds had human presence limited to the routine supply of feed and fresh water
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505 Table 5 Least square means (+ SE) for total egg production, average egg mass, number of clutches, clutch size,
506 incubated eggs, fertility percentage, hatchability percentage, chick production and average chick mass of 23

507 South African Black ostrich females as influenced by husbandry treatment

Husbandry treatment
Traits P-value
HP1 S
Total egg production 54.4 +5.47 42.4+5.03 0.11
Average egg weight (g) 1425 +50.3 1386 +44.9 0.57
Number of clutches 5.52 £ 0.64 5.81£0.62 0.49
Clutch size 16.4 + 3.16 11.5+2.67 0.23
Incubated eggs 50.9+5.14 39.4+4.74 0.11
Fertility (%) 60.7 + 6.44 76.4 +5.29 0.19
Hatchability (%) 69.5+5.52 70.4 +4.60 0.70
Chick production 24.7+5.13 23.7+4.74 0.89
Average chick weight (g) 892 +27.3 862 £ 25.7 0.43

508 HP1 birds were exposed to extensive human presence along with regular physical contact (touching and
509  stroking), gentle human voice and visual contact; S birds had human presence and voice limited to the routine
510  supply of feed and fresh water

511

512

513

514

515

516

517

518

519
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520  Table 6 Least square means (+ SE) of total egg production, average egg mass, number of clutches, clutch size,
521 incubated eggs, fertility percentage, hatchability percentage, chick production and average chick mass of 23

522 South African Black ostrich females over the first three breeding seasons

Breeding season

Traits P-value
First Second Third

Total egg production 459 +4.55 50.7 + 4.82 48.5+5.29 0.65
Average egg weight (g) 1310 + 43.6° 1439 + 45,9 1468+ 55.4° 0.02
Number of clutches 6.74 +0.81° 5.50 + 0.71% 4.38 £ 0.63 0.02
Clutch size 9.17+1.62 14.33+£2.90 19.74 £6.21 0.10
Incubated eggs 38.9+4.41 49.1+4.62 475+517 0.13
Fertility (%) 56.4 +7.56 69.8 + 6.48 85.9+5.99 0.09
Hatchability (%) 70.2 + 6.76 69.7 + 4.55 70.1 +7.37 0.11
Chick production 17.2 + 3.952 24.8 + 4.09% 30.5+4.42° 0.01
Average chick weight (g) 859 + 19.48 877 +19.5%® 896 + 21.6° 0.04

523 abe Means with different superscripts within a row are significantly different (P < 0.05)

524

525

526

527

528
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