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ABSTRACT

This study was carried out to ascertain the influence of fortifying sorghum, which
replaces maize, with turmeric and garlic on the attainment of sexual maturity and
temperature indices in quails. Nine hundred and sixty (960), one-week old unsexed
Japanese quail chicks were used in the study which lasted for a period of sixteen
(16) weeks. The birds were randomly assigned in a completely randomized design
into 16 different dietary groups of sixty (60) birds per group and each was sub-
divided into three (3) replicates of twenty (20) birds each with a factorial
arrangement. The groups consisted of two basal diets: Maize diet as positive control
(Ma) and Sorghum diet (T1). To fortify the sorghum-based diet, turmeric and garlic
meals were combined at five (5) different levels of 0, 0.25, 0.50, 0.75 and 1.00 %,
and three (3) (0, 0.50 and 1.00%) levels, respectively, hence making a total of 15
combination groups (1 + 3 x 5). Body and rectal temperatures were measured
weekly. In females, the onset of puberty was assessed as the first day of egg
production and female calling while in males, the first day of foam production from
the cloacal gland and crowing were indicated as the onset of puberty. The mean
body and rectal temperatures ranged between 38° — 41°C and 40° — 43°C,
respectively. The onset of puberty was accelerated in females on the positive control
(Maize) earlier compared to those on the negative control (Sorghum) by one day.
Foam production was initiated earlier in male quails fed Maize (positive control)
than those fed sorghum (negative control) by 3 (three) days whereas, at levels of
0.50 — 1.00%, garlic, and turmeric supplementation synergistically affected foam
production in male Japanese quails. Results revealed that supplementation of garlic
and turmeric did not affect the onset of puberty and sexual maturity in females.
From our findings, the temperature obtained indicated that the birds had normal
body temperature and were not under heat stress conditions while onset of puberty
was accelerated in females on the positive control (Maize) earlier compared to those
on the negative control (Sorghum) by one day. Initiation of puberty in female
Japanese quails on T10 (G0,50T1.()()), T11 (GI.OOTO), T12 (GI,OOTO,ZS), T13 (G].OOTo_so)
and T15 (Gi1.00T1.00) was similar to that of control (Maize), whereas puberty was
delayed by 1 (one) to 4 (four) days in quails on other treatments. Japanese quails on
T10, T12 and T15 had their onset of foam production hastened when compared with
maize based diet (positive control). Sexual maturity in Japanese quails was
enhanced by sorghum diets — T11 and T13 and was similar to the maize diet. Hence,
substituting maize for sorghum and fortifying it with turmeric and garlic did not
show any adverse effect on temperature and sexual maturity of quails and can be
incorporated in quail diet.
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INTRODUCTION

The increase in the production and consumption of poultry products (meat and eggs) has been on an unswerving rise for years and
cannot be abated due to the rapid growth in the population worldwide (Mardoia, 2016). This constant rise in demand for poultry
products can be attributed to the accessibility and affordability of its animal protein and noncomplicated cholesterol content (Thea
et al., 2018). In recent years, the continuous increase in demand for animal protein has compelled the broadening of the poultry
industry, which can be achieved by rearing fast-growing and highly adaptable birds such as the quail (Coturnix coturnix) (Mnisi et
al., 2023) apart from broilers and turkeys.

Mahesh and Prabhakar, (2018) reported that quails possess a more robust immune system and are less susceptible to bacterial
infections than chickens. However, their immune systems still need to be boosted. Antibiotic supplementation in a regular diet
reduces morbidity and mortality (Mahesh), but, its utilization may show an adverse effect on public health by developing antibiotic-
resistant microflora (Gouda and Bhandary, 2018; Islam et al., 2014), thus, its ban. The development of alternative synthetic
antibiotics is a constant challenge for animal nutritionists, and the quest for alternative feed supplements has intensified. Hence,
medicinal herbs have received a lot of interest as possible antibiotic alternatives (Ibrahim et al., 2005). Enhancing quails' growth
performance and health through innovative feeding strategies is crucial for meeting this demand. Some alternatives involve the
incorporation of natural additives like turmeric (Curcuma longa) and garlic (A/lium sativum), which are recognized for their potential
health benefits and growth-promoting properties.

Turmeric contains curcumin, a compound known for its anti-inflammatory and antioxidant effects. These effects can improve feed
efficiency and enhance immune response in poultry (Mishra et al., 2015). Similarly, garlic is noted for its antimicrobial properties
and ability to improve gut health, which can lead to better nutrient absorption and overall performance (Sunanta et al., 2023). When
combined in a diet, these additives may synergistically enhance the health benefits and growth and reproductive performance of
quails.

Onset of puberty (age at onset of first egg lay and female calling and age at first foam production and male crowing) and sexual
maturity (age at which the females lay their first 10 eggs collectively) are critical landmarks in birds (El-Deen et al., 2015).
Developmental landmarks are indicators of the physiological age of a growing animal (Ottinger and Brinkley, 1979), as well as the
stage of maturation (Touart, 2005). Several authors (Saraswati et al., 2013; Saraswati and Tana, 2016; Oko et al., 2017; Al-

Shammari et al., 2019) have studied the onset of puberty and sexual maturity extensively. Saraswati ef al. (2013) reported that spices
such as turmeric and garlic can improve physiological conditions as well as reproductive and egg performances in quails. Turmeric
was reported to contain phytoestrogens which affects the growth of ovarian follicles, causing ovulation, thus, accelerating the age
at sexual maturity to 43 days against control’s 45 days (Saraswati and Tana, 2016).

It has been observed that sexual maturity of animals is delimited by several influences, such as genetics, nutrition, and environment.
Of late the scientists in the area of reproductive biology have sought to determine the relationship between sexual maturity and
nutrition. The sexual maturity in animals is a highly energy-sapping process; hence it is firmly influenced via nutritional status and
energy metabolism within the body (Yin et al., 2023).

Temperature and relative humidity are major factors that affect livestock productivity (Caurez and Olo, 2013). Heat stress is the
combined effect of high ambient temperature and relative humidity on the bird, which are responsible for increased body and rectal
temperatures (Ajakaiye ef al., 2011). Ajakaiye et al. (2011) reported 18 - 24° C as the thermo-neutral zone for birds; body and rectal
temperatures of 38 — 41 °C and 40 - 43°C, and a body temperature of 41.5° C for poultry. Raharjo, ef al. (2018) on the other hand,
reported a thermo-neutral zone of 18-25°C for poultry, and a temperature and humidity of 25-27 ° C and 60-70 percent, respectively
for quails.

Within these temperature ranges, sensible heat loss is adequate to maintain the bird’s normal body temperature of 41°C. Animals
exposed to heat stress are prone to physiological changes such as thermal imbalance or disrupted homeostasis which may lead to
increased body temperature and respiratory rate, decreased physical activity, decreased live weight, growth rate, feed consumption
and efficiency as well as decreased egg productivity and quality (Ajakaiye et al., 2011; Lallo et al., 2018). These negative effects
of thermal stress on poultry may result to significant economic losses (El-Tarabany, 2016). Comparison of the values of THI used
for larger animals with that of smaller animals shows that smaller animals tolerate higher climatic stress than larger animals. This
may be due to the smaller animal’s higher body temperature (Habeeb et al., 2018).

Temperature-humidity index (THI) is one of the indices used to measure heat stress. It integrates the effects of temperature and
humidity with different weightings for different species (Hahn et al., 2009); and has proven to be a useful tool for gauging livestock
productivity response as a function of climate (Dikmen and Hansen, 2009). The comparative usefulness of various THI formulations
has been used to examine animals’ physiological state by several authors (Silva et al., 2007; Marai and Habeeb, 2010). Normal THI
ranges have been reported by several authors for poultry (Tao and Xin, 2003; Moraes et al., 2008; Ajakaiye et al., 2011; El-Tarabany,
2016 and Habeeb et al., 2018); broilers (Purswell et al., 2012 and Aluwong et al., 2017); layers (Ghanem et al., 2017); and Quails
(El-Tarabany, 2016).
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Since there is dearth of information regarding the combination of turmeric and garlic, thus this necessitated this study. Moreover,
there is the need to understand the interactions between temperature, sexual maturity and dietary components which are essential
for optimizing the use of sorghum in quail diets, particularly when enhanced with turmeric and garlic. By elucidating these
relationships, we aim to provide insights, of appropriate interaction that contribute to the development of more effective and
sustainable feeding strategies, thereby enhancing quail production in an increasingly competitive market.

MATERIALS AND METHODS

Location of the study

The field study was carried out at the Poultry Unit of the Teaching and Research Farm, University of Calabar, Calabar, Cross River
State, Nigeria. Calabar is located within the tropical rain forest zone of Nigeria and has a land area of 406 m?. Calabar lies between
latitude 4.96° N of the Equator and longitude 8.34°E of the Greenwich meridian. Its relative humidity is between 55 and 90 % with
an elevation above sea level of 62.30 meters (Google Earth, 2020; Ewona and Udo, 2011). The annual temperature and rainfall
ranges between 25° and 30°C and 1260 and 3500 mm respectively (Okon and Njoku, 2017).

Sourcing, processing of test ingredients and experimental diets

Turmeric (Curcuma longa) rhizomes and garlic (4/lium sativum) bulbs were purchased from Watt market in Calabar South Local
Government Area of Cross River State, Nigeria. Turmeric rhizomes were washed, cut into pieces and sun dried till they became
crispy. Subsequently, they were milled using a manual grinder and sieved with a lmm mesh to obtain turmeric rhizome powder.
Garlic bulbs were cut into very thin pieces and sun dried to constant weight for three days. They were thereafter oven dried at 180°C
(SAISHO S-196 model hot oven) until very crispy and then milled immediately using a manual grinder while still hot to enable
grinding due to its sticky nature, to form the garlic powder. The milled samples of turmeric and garlic meals were then stored in
dry, airtight containers to avoid contamination and infestation by molds until needed for feed formulation. The proximate
composition of turmeric and garlic were determined using the AOAC (2006) method.

Experimental diets were formulated to meet the nutrient requirements of Japanese quails, such that:

i.  Two basal diets were formulated: Maize diet as positive control and Sorghum diet as test diet (Table 1) to compare the
replacement value of maize by sorghum at 100% level.

ii. To fortify the sorghum-based diet for improved utilization, and determine its efficacy in quails, turmeric and garlic meals
were combined at five (5) different levels such as 0, 0.25, 0.50, 0.75 and 1.00 %) and three (3) (0, 0.50 and 1.00%) levels,
respectively, and added with the sorghum diet consisting of 15 combination groups as follows:

Ma: Positive control basal diet (Maize);

T1: Negative control basal diet (Sorghum)

T2: T1 Diet + 0.25% turmeric

T3: T1 Diet + 0.50% turmeric

T4: T1 Diet + 0.75% turmeric

T5: T1 Diet + 1.00% turmeric

T6: T1 Diet + 0.50% garlic

T7: T1 Diet + 0.50% garlic & 0.25% turmeric

T8: T1 Diet + 0.50% garlic & 0.50% turmeric

T9: T1 Diet + 0.50% garlic & 0.75% turmeric

T10: T1 Diet + 0.50% garlic & 1.00% turmeric

T11: T1 Diet + 1.00% garlic

T12: T1 Diet + 1.00% garlic & 0.25% turmeric

T13: T1 Diet + 1.00% garlic & 0.50% turmeric

T14: T1 Diet + 1.00% garlic & 0.75% turmeric

T15: T1 Diet + 1.00% garlic & 1.00% turmeric

Therefore, a total of 16 dietary groups were studied. The experimental diets were formulated to meet the nutrient requirement of
Japanese quails during the growth and laying phases according to NRC (1994). Feed and water were offered ad libitum.

Table 1: Gross composition of sorghum and maize basal diets for Japanese quails

Chick diet Grower diet
Ingredient (%) Maize Sorghum Maize Sorghum
Maize 41.00 0.00 40.00 0.00
Sorghum 0.00 41.00 0.00 40.00
Soya bean 42.00 42.00 38.00 38.00
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Wheat offal 6.00 6.00 7.00 7.00
Crayfish dust 2.00 2.00 2.00 2.00
Palm kernel cake 4.00 4.00 8.00 8.00
Palm oil 1.00 1.00 1.00 1.00
Dicalcium phosphate 3.00 3.00 3.00 3.00
Limestone 0.00 0.00 0.00 0.00
Methionine 0.25 0.25 0.25 0.25
Lysine 0.25 0.25 0.25 0.25
Salt 0.25 0.25 0.25 0.25
Premix 0.25 0.25 0.25 0.25
Total 100.00 100.00 100.00 100.00
Calculated nutrients (%)

Crude protein 25.05 25.87 24.08 24.88
Crude fibre 5.94 3.89 6.22 4.22
Calcium 1.24 1.25 1.24 1.25
Energy (Kcal/Kg) 3116.20  3075.20 3056.90 3016.90

Vitamin premix=Vitamin A 12,000,000 i.u., Vitamin D3 2,500,000 i.u., Vitamin E 30,000 i.u., Vitamin K 2,000mg, Vitamin B1
2,250mg Vitamin B2 6,000mg, Vitamin B6 4,500mg, Vitamin B12 15mg, Niacin 40,000mg, Pantothenic Acid 15,000mg, Folic
Acid 1,500mg, Biotin 50mg, Choline chloride 300,000mg, Manganese 80,000mg, Zinc 50,000mg, Iron 20,000mg, Copper 5,000mg,
Iodine 1,000mg, Selenium 200mg, Cobalt 500mg and Antioxidants 125,500mg

Experimental animals and management

Nine hundred and sixty (960), one-week old unsexed Japanese quail chicks purchased from the National Veterinary Research
Institute (NVRI), Vom in Plateau State, Nigeria were used in the study which lasted for a period of sixteen (16) weeks for growth
study while the temperature and sexual maturity lasted from weeks 4 to 6. The birds were managed on deep litter system according
to the Federation of Animal Science Societies’ Principles of Animal Care in experimentation set (Craig and Muir, 1996) and no
prophylactic therapy was administered throughout the research period. For the feeding trial, there were sixteen (16) groups of sixty
(60) birds each. Each group was sub-divided into three (3) replicates of twenty (20) birds each.

Temperature measurement

Body and rectal temperatures were measured weekly, before weighing the birds. Body temperature was measured by placing the
thermometer under the wings of the birds while the rectal temperature was measured using a digital clinical thermometer (+0.1°C
accuracy; model (MC-246 Omron) inserted 3 ¢cm into the rectum and left until a constant reading followed by a repeated beeping
tone was reached. The thermometer was wiped using fresh clean cotton wool moistened with methylated alcohol between subsequent
measurements to prevent possible cross-infection among birds with the birds in inverted position.

Meteorological measurements

Meteorological measurements were recorded daily during the growth phase. Ambient temperature (db’C) and relative humidity
(RH) (%) were recorded automatically twice a day for 3 weeks using Thermometer-hygrometer data loggers (On Computer
Corporation, Po asset, MA, USA). The recorded temperature and relative humidity data were used to estimate the temperature
humidity index (THI) as follows:

THI = db’C - [{0.31 — 0.31 (RH/100)} (db°C — 14.4)] (El-Tarabany, 2016)

Where THI is the temperature humidity index; db’C is the ambient temperature and RH is the relative humidity.

Onset of puberty and age at sexual maturity

These are developmental landmarks that were monitored from days 28 to 42 of the feeding trial. On day 28 of the experiment, 10
quails were picked from each treatment, separated, and housed in individual cages at room temperature, on a long-day photoperiod
(16L: 8D; where natural lighting and supplementation with artificial lighting were used to stimulate the birds’ reproductive systems)
to monitor these landmarks. In females, the onset of puberty was assessed as the first day of egg production and female calling while
in males, the first day of foam production from the cloacal gland and crowing were indicated as the onset of puberty. The cloacal
gland is an androgen-sensitive secondary sex character in Japanese quail and an external index of sexual maturity. In females, age
at sexual maturity was determined as the age at which the females produced their first 10 eggs (El-Deen et al., 2015).
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RESULTS AND DISCUSSION
Body and rectal temperature indices

The mean weekly body and rectal temperatures are shown in Figures 1 and 2. The body and rectal temperatures ranged between 38°
—41°Cand 40° — 43°C, respectively.

Weekly body temperature
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Figure 2: Mean weekly rectal temperature

These ranges were within normal temperatures (38 — 39.9°C body temperature and 42 — 42.2°C rectal temperature) for quails
(Hubrecht and Kirkwood, 2010). The poultry body temperature normally varies between 41° and 42°C but will fluctuate depending
on the temperature of its environment. The established thermoneutral zone for birds reared in the tropical regions ranges between
18° and 24°C (Ajakaiye et al., 2011). The temperature obtained indicated that the birds had normal body temperature and might not
be under heat stress conditions.
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Japanese quails thrive at a temperature and humidity of 25° — 27°C and 60 — 70 percent, respectively (Raharjo, 2018). High
environmental temperature may have negative effects on the health and performance of laying hens and cause behavioral changes.
These effects include decrease in egg size and production as a result of the decreased consumption of nutrients (especially energy
and protein) in poultry. The high temperature makes quails stressed, so the energy for egg production is being used to overcome the
stress (Raharjo, 2018). The behavioral changes as a result of stress include; rapid breathing and gasping, eating less food, remaining
prostrated and opening of wings in an attempt to dissipate body heat. High environmental temperatures result in decline in quail
productivity (El-Tarabany, 2016).

Temperature humidity index

Table 2 presents the ambient temperature (AT), relative humidity (RH), and temperature humidity index of the flock. The mean
ambient temperature (AT) and relative humidity (RH) were 28.77 and 43.60%, respectively. The temperature humidity index (THI)
was established to be 26.26 implying that heat stress was absent in the flock. This index is in line with Habeeb et al. (2018) who
reported a THI of <27.80 for poultry. El-Tarabany (2016) however, reported a THI of <75.00 for quails.

Onset of puberty, foam production, and sexual maturity

The effects of dietary treatments on the onset of puberty (the first day of egg production in females and foam production in males)
and sexual maturity (collective laying of first 10 eggs in each group) are illustrated in Figures 3 - 5. The onset of puberty was
accelerated in females on the positive control (Maize) earlier compared to those on the negative control (Sorghum) by one day
(Figure 3). Initiation of puberty in female Japanese quails on T10 (GosoT1.00), T11 (G1.00To), T12 (Gi.00To.25), T13 (G1.00T0.50) and
T15 (Gi.00T1.00) was similar to that of control (Maize), whereas puberty was delayed by 1 (one) to 4 (four) days in quails on other
treatments.

Table 2: Mean ambient temperature, relative humidity, and temperature humidity index of the poultry house

Week Ambient temperature (°C) Relative humidity THI
(%)

4 29.50 39.00

5 27.90 45.00 26.26

6 28.90 46.80

Total 86.30 130.80

Mean 28.77 43.60

THI = 26.26; THI = db°C — [{0.31 — 0.31(RH/100)} (db’C — 14.4)] (El-Tarabany, 2016)
THI: Temperature humidity index; db’C: Ambient temperature of the poultry house
RH: Relative humidity; THI <27.80 signifies the absence of heat stress; THI >30.00 signifies heat stress
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Figure 3: Effect of turmeric-garlic supplementation on the onset of egg laying in Japanese quails
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Figure 4: Effect of turmeric-garlic supplementation on the onset of foam production in Japanese quails
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Figure 5: Effect of turmeric-garlic supplementation on the age at sexual maturity in Japanese quails

In the male Japanese quails, foam production (Figure 4) was initiated earlier in quails fed Maize (positive control) than those fed
sorghum (negative control) by 3 (three) days. Quails fed 0.50 % garlic + 1.00 % turmeric (T10), 1.00 % garlic + 0.25 % turmeric
(T12), and 1.00 % garlic + 1.00 % turmeric (T15) had earlier production of foam by 1 (one) day compared to maize (positive
control). Delayed foam production was detected in males on T14 by 5 days. Figure 5 shows the effect of garlic-turmeric
supplementation on the age at sexual maturity of female Japanese quails. Birds fed the maize diet (positive control) attained sexual
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maturity earlier than those fed the sorghum diet (negative control). Quails on T11 (1.00 % garlic) and T13 (1.00 % garlic +0.50 %
turmeric) also attained sexual maturity on the same day as those on positive control.

Results revealed that supplementation of garlic and turmeric did not affect the onset of puberty and sexual maturity in females.
However, at levels of 0.50 — 1.00 %, garlic, and turmeric supplementation synergistically affected foam production in male Japanese
quails as quails in some treatments attained puberty earlier than the control birds. Zelenka et al. (1984) noted that the timing of the
transition from somatic to gonadal growth (sexual maturity) is also influenced by the accumulation of energy reserves in the juvenile
stage. Therefore, environmental variables that could alter the growth rate will ultimately influence the onset of sexual maturity
especially in the female. This, based on literature may also suggest potentially negative impacts on the reproductive performance of
the individual birds (Oko et al., 2017). Results however revealed higher influences in male rather than female quails following
turmeric-garlic supplementation, implying that the male and female quails responded differently to the prevailing environmental
conditions. Results were consistent with the findings of Ottinger e al. (2005) and Touart (2005) who reported onset of foam
production of between 32 and 50 days; and Al-Shammari ef al. (2019) who reported onset of puberty from 36 — 40 days by female
Japanese quails.

CONCLUSION

The body temperature of the quails was not influenced by the dietary treatments offered neither the environmental heat therefore
implying that the animals were not under heat stress. The garlic and turmeric synergy (T10: T1 Diet + 0.50% garlic & 1.00%
turmeric; T11: T1 Diet + 1.00% garlic; T12: T1 Diet + 1.00% garlic & 0.25% turmeric; T13: T1 Diet + 1.00% garlic & 0.50%
turmeric; and T15: T1 Diet + 1.00% garlic & 1.00% turmeric) accelerated the onset of puberty in females though comparable with
those on maize diet. This same synergy (T10, T12 and T15) proved effective in hastening the onset of foam production in Japanese
quails. The sorghum fortified diets with garlic and turmeric (T11 and T13) enhanced the sexual maturity of the Japanese quails.
Therefore, garlic-turmeric fortification of sorghum has the potentials of replacing maize in quail diets as it did not show any adverse
effects.
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