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Abstract

The purpose of this study was to investigate the effects of caponization on the packed cell volume (PCV), plasma pH, 
and plasma physiological values of Taiwanese male native chickens at different ages. For the experiment, the rooster of 
Taiwan Livestock Meat No. 13 was selected. The chickens were castrated at the 10th week of age and were fed with feed 
during the growth period (10 ~ 18 weeks of age) and the fattening period (19 ~ 28 weeks of age). Caponized or sham male 
native chickens were selected at the 14th week in this experiment. The treatment groups were divided into a castrated group 
and a slip group according to the re-development of  the comb.  After the chickens were fasted for 12 hours, blood samples 
were collected from individual chickens every two weeks, while 20 chickens from each treatment group were randomly 
sampled every time. The results showed that the capons (16 ~ 28 weeks old) had the highest plasma inorganic phosphorus, 
potassium ion and total cholesterol concentration. Besides, the capons (20 ~ 28 weeks old) had the lowest PCV and plasma 
pH values. The capons had also the lowest testosterone concentration at the 28th week of age, followed by the slip chickens 
and the sham group, respectively (P < 0.05). Capons and slip chickens have significantly higher plasma calcium ions, total 
protein, albumin, globulin, triglycerides, low-density lipoprotein, high-density lipoprotein, and blood suppression (P < 0.05), 
compared with roosters, however with a significantly lower concentration of plasma uric acid (P < 0.05). In addition, the 
activities of plasma creatine kinase and alkaline phosphatase were significantly higher in capons whereas the sham group had 
significantly higher concentrations of plasma creatinine and total hydroxyproline (P < 0.05). Furthermore, blood PCV value 
increased in both capons and slip chickens with increasing age, and peaked at the 20th and 26th weeks of age, respectively. In 
addition,  the concentrations of plasma total calcium in sham, slips and capons, peaked at the 18th week of age and declined at 
the 22th week of age. Moreover, the concentrations of plasma inorganic phosphorus in sham, slips and capons, were reduced 
significantly with age. In conclusion, the results of these tests revealed that castration will significantly affect the PCV, 
plasma pH and certain components between 4 and 6 weeks, mainly due to androgen functions, including erythropoiesis, 
protein, lipid, bone, and connective tissue synthesis.
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Introduction

Capons are male chickens whose testes have been surgically removed. Because of the resultant androgen deficiency, 
secondary male sexual characteristics (comb, wattle, fighting, mount-bite behavior, and vocalization) are degenerative, 
and maturity regresses to an immature stage. Capons, commonly known as eunuch chickens, represent a number of locally 
produced chickens favored by Taiwanese consumers, which use the male Taiwan native chickens or male Taiwan game 
chickens. In Taiwan, capons are the main source of chicken meat in Hakka residence and have the highest unit price of all 
chicken species.
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In general, the rearing period of capons is longer (24 ~ 32 weeks) than that of the Taiwan native chicken; and the live 
weight is also heavier. Capons are divided into heavy type capons (above 3.5 kg of live body weight) and light type capons 
(below 3.5 kg of live body weight). Taiwanese consumers traditionally prefer heavy types of capons to the broilers and are 
willing to pay a premium for capons.

Numerous reports have pointed out the influence of surgical caponization on the behavior (Wang, 2001), growth 
performance (Wang, 2001; Lin and Hsu, 2002; Murawska et al., 2019), comb area, feather scores and rectal temperature (Lin 
and Hsu, 2003a), organ and carcass part ratios (Lin and Hsu, 2003b), skin and muscle colors (Lin and Hsu, 2003b), muscle 
compositions (Lin et al., 2011b), ATP related compounds (Lin et al., 2011b), fiber diameter and area (Lin and Hsu, 2003a; 
Lin et al., 2011b), certain muscle physical properties (Lin and Hsu, 2002; Lin et al., 2011b), taste panel scores (Lin et al., 
2011b), and bone traits (Lin and Hsu, 2003a; Chen et al., 2006a, b; Lin et al, 2012). The effects of castration, androgens 
treatment or testosterone deficiency on blood traits have been reported in other studies (Chen et al., 2006a, b; Lin et al., 2012; 
Antunes et al., 2019), but these reports are inconsistent and the main focus is related to the blood parameters and on bone 
and lipid metabolism. However, these studies do not show other blood characteristics. PCV value measures the percentage 
composition of blood cells relative to other contents. The author further explained that PCV is very useful in assessing 
normal blood levels in animals (Augustine et al, 2020). There are limited studies comparing capons, slips or sham chickens 
in blood PCV, plasma pH and certain blood parameters. The aim of the study is to examine the blood PCV, plasma blood 
biochemical characteristics in the caponization situations.

Materials and methods

I.	 Experimental design and animal feeding

Healthy male Taiwan native chicken cockerels (LRI native chicken Taishi meat No. 13.) bred by the Taiwan 
Livestock Research Institute, were caponized or sham operated at the 10th week of age and were reared in an open-
sided broiler house with 22 chickens in each pen (200 cm × 450 cm) for a 4-week adaptation period. Twenty- two male 
(sham), 22 slips, and 22 caponized (capon, prominent degenerated comb) chickens were selected at the 14th week of age 
for a 14-week feeding experiment. From the 10th to 18th weeks of age, chickens were fed 19% crude protein and 3,000 
kcal/kg metabolizable energy grower rations. From the 19th to 28th weeks, the chickens were fed 17% crude protein and 
2,800 kcal/kg metabolizable energy finisher rations. The chickens received a daily photoperiod of 23 h light and 1 h dark. 
Feed and water were provided ad libitum (Lin and Hsu, 2003a). The experimental procedures involving animals were 
performed in accordance with the COA-LRI Guide for Care and Use of Laboratory Animals. 

II.	 Testectomy

The testectomy procedure was performed according to Lin and Hsu (2002). Male chickens were restrained and 
restricted to feed and water for 24 h before the surgical operation. The incision site was sterilized with iodine-alcohol. A 
1-cm lateral incision was made from the last rib. The testes were then removed. Iodine-alcohol was applied again to the 
incision site for disinfection.

III.	Capon and slip distinguished

Capons and slips were distinguished according to Lin and Hsu (2003a). Although, chicken cockerels were caponized 
in the same way, but some chicken castrations were incomplete, leading to a few testicles remaining in the abdominal 
cavity. Relics of testicle can be regrown several weeks later, resulting in these chickens redeveloping a comb and wattle, 
with which caponized chickens can be divided into capon and slip groups. The comb and wattle color were bright red. 
The size change of the slip was significant, whereas the capons appeared to maintain an atrophy status.

IV.	Sample collection and analysis

Twenty chickens in each group were bled between the 14 and 28 weeks of age at 2-week intervals. After 12 h of 
feed deprivation, the blood samples were collected from the brachial vein using a syringe pre-rinsed with a solution 
0.15 M NaCl containing 1,000 IU/mL of heparin-Li. Then, samples were placed into a tube containing 50 μL of a 1,000 
IU/mL heparin-Li solution per milliliter of blood. The blood samples were kept on ice, centrifuged (1,500 × g for 30 
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min) at 5℃ and the recovered plasma was placed into three vessels. One of these vessel samples were held at 0 ~ 4℃ 
for determining plasma ion contents. The remaining vessels were frozen at -20℃ as plasma for other blood parameters 
analysis. PCV (packed cell volume) was measured by centrifuging, at 13,362 × g for 5 minutes (Kubota KN70, Japan). 
The plasma sodium, potassium and chloride concentration were analyzed using a kit (Bayer, UK) and automatic analyzer 
(634 ISE Na+/K+/Cl- Analyzer, Ciba Corning, England) within 72 h of blood sampling. The plasma pH and ionized 
calcium concentration were determined using a kit (Bayer, UK) and automatic analyzer (644 ISE Ca2+/pH Analyzer, Ciba 
Corning, England). The plasma sodium, potassium and chloride concentration were analyzed using a kit (Bayer, UK) 
and automatic analyzer (634 ISE Na+/K+/Cl- Analyzer, Ciba Corning, England) within 72 h of blood sampling. Assays 
for the activities of plasma creatine kinase, alkaline phosphatase and concentrations of plasma total calcium, inorganic 
phosphorus, magnesium, total protein, albumin, globulin, uric acid, urea nitrogen, triglyceride, total cholesterol, high-
density lipoprotein (HDL), low-density lipoprotein (LDL), creatinine and lactic acid were determined with different 
kits (Wako, Japan) and automatic analyzers (Hitachi 7050, Japan). The total hydroxyproline and free hydroxyproline 
concentrations in plasma were measured according to the method of Bannister and Burns (1970). Determination of the 
concentrations of plasma testosterone, calcitonin and parathyroid hormone were carried out with an ELISA microtiter 
reader (Mrx Dynex Technologies, USA), using different ELISA kits (Neogen Testosterone ELISA kit, Active Calcitonin 
ELISA kit, DSL-10-7700 and Active Parathyroid hormone ELISA kit, DSL-10-8000).

V. Statistical analysis

Analysis of variance among treatment groups (sham, slips, and capons) were calculated using the General Linear 
Models (GLM) procedure of SAS (SAS Institute Inc., 2006). The physiological values of different experimental animals 
at the same age and the physiological values of the same experimental animals at different ages are statistically compared. 
When significant differences were detected (P < 0.05), means were used Least Squares Means (LSMeans).

Results and discussion

I. Blood PCV, plasma pH, and concentrations of plasma Na+, K+ and Cl-

The blood PCV, plasma pH, and concentrations of plasma sodium, potassium, and chloride data are summarized 
in Table 1. Results showed that the sham group had the highest (P < 0.05) PCV at the 14 weeks of age (after 4 weeks of 
caponized treatment), followed by slips and capons. The PCV in sham and slips increased significantly with the advance 
of age, and the peak occurred at the 20th and 24th weeks of age (P < 0.05). This is in agreement with the finding of Lin 
and Hsu (2011a), who reported male chickens had significantly higher PCV than those of capons. Peh et al. (2000) found 
similar findings that male chickens had significantly higher PCV than that of female chickens. In addition, Griggs et al. 
(1989) also indicated that groups administered testosterone had greater PCV than those of controls. However, Lin et al. 
(2012) also indicated that the plasma testosterone concentration was significantly lower in capons at the 12th week of age 
than that of the intact males. In addition, Lin and Hsu (2003a) found that intact chickens had the highest concentration of 
testosterone followed by slips and capons. Accordingly, the blood PCV in male chickens and slips may have been caused 
by the effect of higher androgen increasing the bodily erythropoiesis and greater PCV than that of capons as suggested by 
Lin and Hsu (2011a).

The sham group had the highest plasma pH at the 16th week of age followed by slips and capons (P < 0.05), which 
was consistent with the results of Lin and Hsu (2011a), who showed capons had lower plasma pH than male birds. 
However, Peh et al. (2000) showed that there were no significant differences between sexes in their serum pH. The 
results for plasma pH in this study were inconsistent with these results. Reasons of capons with lower plasma pH are 
presently unclear. It may be due to a reduced plasma testosterone concentration. In animals exposed to androgens, there is 
an alteration of fiber type profiles and muscle metabolism. Castration causes an increase in white fiber numbers, muscle 
glycogen contents and glycolytic enzymes activity, resulting in enhanced pyruvate or lactate deposition and reduced 
plasma pH, as shown by Judge et al. (1988).

The results of this study for the concentration of plasma sodium were inconsistent at different weeks of age among 
sham, slips and capons. However, slips had significantly lower mean plasma sodium concentrations than sham and 
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capons (P < 0.05), but there was no significant difference between sham and capons. Similarly, Peh et al. (2000) and Lin 
and Hsu (2011a) have reported that no effects on plasma sodium concentration between the male and female chickens or 
capons were found.

The capons had the highest concentration of plasma potassium at the 16th week of age, followed by slips and sham 
(P < 0.05). These results agree with Lin and Hsu (2011a), who indicated that male chickens had a lower concentration 
of plasma potassium than capons. Similarly, Peh et al. (2000) also found that female Silkie bantams had a higher 
concentration of plasma potassium than that of male birds. The testosterone is anabolic in normal adult subjects and is 
considerable evidence for positive nitrogen, potassium, and phosphorus balance. An increase in muscle mass is reflected 
by increasing total body potassium content (Griggs et al., 1989). Therefore, the observed higher plasma potassium values 
for capons in this study were associated with a lower plasma testosterone concentration, which may have been due to 
decreased muscle protein synthesis, as resulted by Lin and Hsu (2013).

The results of the present study for the concentration of plasma chloride were inconsistent at different weeks of age 
among sham, slips and capons. However, slips had significantly higher mean than that of the sham and capons (P < 0.05), 
but the plasma chloride concentration did not significantly differ between sham and capons. Lin and Hsu (2011a) found 
no difference in the concentrations of plasma chloride between capon and male chicken. In contrast, Peh et al. (2000) 
indicated plasma chloride concentrations were higher in female Silkie bantams than that in male birds.

II. Concentrations of plasma ionized calcium, total calcium, inorganic phosphorus, magnesium, and activity of plasma 
alkaline phosphatase

The concentrations of plasma ionized calcium, total calcium, inorganic phosphorus, magnesium, and activity of 
plasma alkaline phosphatase results in this experiment are presented in Table 2. The capons had the highest concentrations 
of plasma ionized calcium at the 14th week of age (P < 0.05), followed by slips and sham. However, the concentrations 
of plasma total calcium were not affected by the treatments. Further, the concentrations of plasma total calcium in sham, 
slips and capons peaked at the 18th week of age, and declined at the 22th week of age. Lin and Hsu (2003a), Chen et al. 
(2007), and Lin et al. (2012) had the same results, attributing this difference to increased bone calcium loss by the capons 
or slips that favored bone loss over bone formation. In contrast, Peh et al. (2000) also found that male Silkie bantams 
had significantly higher concentrations of serum ionized calcium than female chickens. Chen et al. (2006a) showed that 
caponization increased the blood total calcium concentration. Moreover, Mauras et al. (1999) also demonstrated that 
orchidectomized rats or hypogonadism men showed no serum ionized calcium concentration change. In the present study, 
capons have a higher plasma ionized calcium concentration, associated with higher plasma calcitonin concentration, as 
shown by Stepan and Lachman (1989). These results showed the plasma calcitonin concentrations in the capons were 
significantly higher than in the sham (Table 5). These results support the current findings that ionized calcium showed a 
better response than total calcium in terms of the analyses on blood calcium concentration.

The capons had the highest (P < 0.05) concentrations of plasma inorganic phosphorus at the 14th week of age 
(caponized treatment after 4 weeks), followed by slips and sham. The concentrations of plasma inorganic phosphorus 
in sham, slips and capons reduced significantly with the advance of age (P < 0.05), which agreed with Lin and Hsu 
(2003a), Chen et al. (2006a), and Lin et al. (2012). However, Mauras et al. (1999) reported the reverse results. 
Orchidectomized rats or hypogonadism men had significantly lower serum phosphorus concentrations. On the other 
hand, Bogin (1992) indicated that hypoparathyroidism causes an increment in the plasma phosphorus concentration. In 
addition, Vanderchuersen and Bouillion (1995) found that androgens increased marrow cell or osteoblast sensitivity to 
the parathyroid hormone. Besides, the increased concentrations of plasma inorganic phosphorus in capons are probably 
due to reduced concentrations of plasma testosterone, leading to reduction in marrow cell or osteoblast sensitivity to the 
parathyroid hormone.

The concentrations of plasma magnesium did not significantly differ among treated groups, but the sham, slips and 
capons before the 16th week of age had a lower plasma magnesium concentration than after the 18th week of age, which 
was consistent with the results of Lin and Hsu (2003a) and Lin et al. (2012). Plasma alkaline phosphatase activity was as 
high as in capons over the slips and sham, and as expected showed a significant difference at the 18th and 28th weeks of 
age. The results are in agreement with previous reports (Chen et al., 2007; Lin et al., 2012). However, the increased blood 
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alkaline phosphatase activity damages bone cells and their cell numbers increase in bone remodeling (Bogin, 1992). In 
general, castration causes an increase in bone calcium loss (Lin and Hsu, 2003a; Chen et al., 2006b; Lin et al., 2012). 
Phosphate calcium and carbonate calcium account for the largest part of the cortical bone. In this study, it is reasonable 
to expect capons to have a higher plasma ionized calcium, inorganic phosphorus and alkaline phosphatase concentration, 
associated with lower plasma testosterone concentrations, as discussed by Lin et al. (2012).

III. Activity of plasma creatine kinase and concentrations of plasma creatinine, uric acid, triglyceride, total cholesterol, and 
total protein 

Table 3 shows the activity of plasma creatine kinase and concentrations of plasma creatinine, uric acid, triglyceride, 
total cholesterol, and total protein results. Plasma creatine kinase activity in capons was higher than that in the sham 
group at 16 weeks of age, and showed a significant difference at the 20th week of age and mean activity of age. The 
results in this study agreed with those of Lin and Hsu (2011a), who found that caponization increased blood creatine 
kinase activity. In contrast, Griggs et al. (1989) found a significant increase in creatine kinase activity during testosterone 
administration in men. Blood creatine kinase activity, indicating striated muscle and heart muscle healthy state, lean 
mass and psychological state, has been reported in another study (Griggs et al., 1989; Bogin, 1992). The capons showed 
higher activities of plasma creatine kinase are presently unclear, but it is probably due to castration leading to reduced 
concentrations of plasma testosterone and an altered temperament, increasing timidity and sensitivity, as suggested by 
Wang (2001). Bogin (1992) demonstrated that the blood creatine kinase activity increased, which reflected animals under 
stress.

Plasma creatinine concentrations in the sham group were higher than those in the capons between the 14th and 
28th weeks of age, showing significant differences of mean concentration at the 16th, 18th, 24th and 26th weeks. Besides, 
the concentrations of plasma creatinine in the sham group reduced significantly with the increment of age (P < 0.05). 
Similarly, Griggs et al. (1989) showed that there was significant increment in serum creatinine concentration during 
testosterone administration. However, increases in muscle mass as reflected by increasing urinary creatinine excretion 
content and serum creatinine concentration have been shown in other studies (Bogin, 1992). The observed lower plasma 
creatinine concentrations for capons in this study are associated with lower plasma testosterone concentration, which may 
be due to decreased muscle protein synthesis (Lin and Hsu, 2013).

The capons had significantly higher concentrations of plasma uric acid at the 14th week of age (P < 0.05), whereas 
the capons had significantly lower concentrations of plasma uric acid than the sham group after 18 weeks of age (P < 0.05). 
Lin and Hsu (2011a) also had similar results. Accordingly, it seems reasonable to conclude the observed lower plasma 
uric acid concentrations for capons in this study are associated with an improved feed conversion after 18 weeks of age, 
which may be due to decreased plasma testosterone concentration leading to less aggression and sexual (mount-bite) 
behavior, as has been suggested by Wang (2001) and Lin and Hsu (2002).

The capons had the highest concentration of plasma total cholesterol at the 16th week of age (P < 0.05), followed by 
slips and sham, which were consistent with the results of Chen et al. (2005) and Lin and Hsu (2011a). In contrast, Griggs 
et al. (1989) showed that there was no significant change in serum total cholesterol concentration during testosterone 
administration. Further, the capons or slips had higher concentrations of plasma triglyceride at the 16th week of age, and 
a significant difference at the 16th, 18th, 26th and 28th week of age and mean concentration of age. Lin and Hsu (2011a) 
also had similar results, but the reverse was shown by the results of Griggs et al. (1989) with no significant change in 
serum triglyceride concentration during testosterone administration. Moreover, the reduced plasma total cholesterol and 
triglyceride concentration in the sham may be attributed to the effects of androgen decrease in lipogenic enzyme activity 
(Chen et al., 2005). On the other hand, the enhanced plasma total cholesterol and triglyceride concentrations in the capons 
and slips are likely due to castration, which resulted in less activity (Wang, 2001), higher intake of feed (Lin and Hsu, 
2002), and a higher fat content (Lin et al., 2011b). Compared with other groups, the sham group had significantly lower 
concentrations of plasma total protein at the 14th weeks of age (P < 0.05). These results are in agreement with the findings 
of Lin and Hsu (2011a), who reported intact birds were lower in plasma total protein concentration than capons and 
slips. In contrast, Peh et al. (2000) found no significant differences between sexes in serum total protein concentration. 
Therefore, it is reasonable to expect the capons had high concentrations of plasma total protein associated with higher 
plasma albumin and globulin concentration (Table 4).
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IV. Concentrations of plasma albumin, globulin, urea nitrogen, total hydroxyproline, free hydroxyproline, LDL, HDL, and 
lactic acid

The concentrations of plasma albumin, globulin, urea nitrogen, total hydroxyproline, free hydroxyproline, LDL, 
HDL, and lactic acid in this study are displayed in Table 4. Compared with the sham group, slips and capons had 
significantly lower concentrations of plasma albumin and globulin at the 28th week of age (P < 0.05). However, caponized 
treatment had no effects on the concentration of plasma urea nitrogen. Lin and Hsu (2011a) had similar results, but 
in contrast, Vaelimaeki et al. (1999) demonstrated that concentrations of serum testosterone decreased, resulting in a 
concomitant drop in serum albumin. Preston et al. (1995) indicated that the anabolic steroids and growth hormone-
releasing factors were additive, decreasing plasma urea nitrogen concentration in feedlot steers. The results of the 
concentration of plasma urea nitrogen in this study are not completely consistent with these reports. The reasons for such 
discrepancy could be due to the different kinds of animal chosen. Moreover, the reduced plasma globulin concentration 
in the sham group is probably due to increased blood testosterone concentration, leading to inhibited immune organs 
development and immune response, as discussed by Vojtiskova et al. (1976) and Fennel and Scanes (1992). On the other 
hand, capons have high concentrations of plasma albumin, which is associated with increased lipid synthesis (higher 
plasma triglyceride and total cholesterol concentration), and causes increased albumin in the blood for transport lipid.

The capons and slips showed significantly higher concentrations of plasma LDL and HDL than those of the sham 
group at the 28th week of age (P < 0.05), which was consistent with the results of study of Chen et al. (2005) and Lin 
and Hsu (2011a). Thus, capons and slips had high concentrations of plasma LDL and HDL, which was associated with 
higher plasma total cholesterol concentration. Compared with the sham group, capons and slips had a significantly lower 
concentration of plasma total hydroxyproline (P < 0.05), but the plasma free hydroxyproline concentration was unaffected 
among the sham, slips and capons at the 28th week of age. These results agree with the report of Lin and Hsu (2011a), 
who indicated that plasma total hydroxyproline concentrations were higher in capons than in intact chickens, but the 
plasma free hydroxyproline concentration was unaffected by the caponization treatment. Similarly, Gerrard et al. (1987) 
found the serum hydroxyproline and testosterone concentrations in bulls were higher than that in steers. A significant 
increase in connective tissue content during testosterone administration in men has been demonstrated (Griggs et al., 
1989). Moreover, Stepan and Lachman (1989) indicated increased urinary hydroxyproline excretion in castration males. 
However, no treatment differences were associated with concentrations of plasma lactic acid among the sham, slips and 
capons. Lin and Hsu (2011a) showed similar results.

V. Concentrations of plasma testosterone, parathyroid hormone and calcitonin

Some blood hormone parameters data are summarized in Table 5. The sham group had the highest concentrations 
of plasma testosterone at the 28th week of age (P < 0.05), followed by slips and capons, which was consistent with the 
results of Lin and Hsu (2003a) and Chen et al. (2005). In addition, Mashaly (1984) reported that 3-week-old cockerels 
subjected to orchiectomy treatment after 2 weeks caused a reduction in the serum testosterone concentration, but the 
serum dihydrotestosterone concentration after 12 weeks orchiectomy treatment was also reduced. Moreover, Lin et al. 
(2012) also demonstrated 8-week-old cockerels at orchiectomy treatment after 4 weeks caused a reduction in the serum 
testosterone concentration.

The plasma parathyroid hormone concentration could be as much as 11.5% in capons over the sham at the 28th week 
of age. However, this is not enough to conclude that there is a resulting difference among the treated groups. Lin and 
Hsu (2011a) also had similar results. Similarly, Mauras et al. (1999) showed that hypogonadism men showed unchanged 
serum parathyroid hormone concentration between the baseline and 10 weeks later. In normal physiology, parathyroid 
hormone secretion over the basal level occurred in response to decreased extracellular ionized calcium concentration, 
resulting in a close inverse relationship between the blood parathyroid hormone and calcium concentration (Marcus, 
1989). Thus, it is reasonable to expect capons have a higher plasma parathyroid hormone concentration, which is 
associated with higher ionized calcium concentration. Vanderchuersen and Bouillion (1995) found that androgens could 
have increased marrow cell or osteoblast sensitivity to the parathyroid hormone. The parathyroid hormone has a wide 
range of biological actions primarily related to the prevention of hypocalcemia. Kao et al. (1992) showed that these 
reactions included enhancement of bone reabsorption, stimulation of distal renal tubular calcium reabsorption, inhibition 
of proximal renal tubular phosphate reabsorption, and stimulation of renal 1α-hydroxylation of 25-OH vitamin D.
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Compared with the sham, capon and slip groups had a significantly higher concentration of plasma calcitonin at the 
28th week of age (P < 0.05). These results agree with the results of Stepan and Lachman (1989) and Lin and Hsu (2011a), 
who stated castrated men or cockerels showed an increase in blood calcitonin concentration. In contrast, Mauras et al. 
(1999) showed hypogonadism men did not have altered the serum calcitonin concentration between the baseline and 10 
weeks later. However, Copp (1992) found that the major action of calcitonin was to lower plasma calcium concentration. 
Relatively small increments in extracellular calcium concentration had been indicated to stimulate calcitonin secretion. 
Calcitonin secretion had been also regulated by gastrointestinal peptide, estrogen, and vitamin D.

The gonads are related to the accumulation of calcium in the bones. After the testicle is castrated, the calcium 
dissolving power of the bone increases, which affects the calcium metabolism. This is the feedback pathway of 
calcium after the testicle is removed. Calcitonin apparently acts by inhibiting osteoclast activity, resulting in decreased 
mobilization of calcium from bones. Thus, the results from the observed higher plasma calcitonin concentration in capons 
and slips are associated with higher plasma ionized calcium concentration. This study discovered the caponization of 
male chickens could reflect blood content and body states. Therefore, the study would point out the influence of muscle 
protein and lipid synthesis, connective tissues growth and bone formation on male chickens. 

Conclusion

The test studied the effect of age and caponization on blood biochemical parameters of male native chickens. These 
findings of blood biochemical parameters can directly reflect body states in this study. The caponization caused a significant 
decrease in blood PCV, plasma pH, and some characteristics after 4 to 6 weeks post treatment, which showed androgen could 
directly influence erythropoiesis, muscle protein and lipid synthesis, connective tissues growth and bone formation in male 
native chickens.
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Table 4.	 Comparison on the plasma albumin, globulin, urea nitrogen, lactic acid, total hydroxyproline, free hydroxyproline, 
low-density lipoprotein, and high-density lipoprotein concentration in Taiwanese native chickens at 28 weeks of 
age

Items Sham
(n = 20)

Slips
(n = 20)

Capons
(n = 20)

S.E. P

Albumin, g/dL 2.8b 3.3a 3.5a 0.16 < 0.05
Globulin, g/dL 1.8b 2.1a 2.2a 0.07 < 0.05
Urea nitrogen, mg/dL 3.3 3.1 3.2 0.39 > 0.05
Low-density lipoprotein, mg/dL 31.8b 41.4a 42.6a 2.64 < 0.01
High-density lipoprotein, mg/dL 58.4b 88.2a 91.7a 3.93 < 0.01
Total hydroxyproline, µg/mL 11.3a 9.5b 8.8b 0.33 < 0.05
Free hydroxyproline, µg/mL 7.2 6.7 6.3 0.25 > 0.05
Lactic acid, mg/dL 72.6 66.5 65.2 6.78 > 0.05
a, b Means within the same row without the same superscripts differ (P < 0.05).

Table 5.	 Comparison on the plasma testosterone, parathyroid hormone, and calcitonin concentration in Taiwanese native 
chickens at 28 weeks of age

Items Sham
(n = 20)

Slips
(n = 20)

Capons
(n = 20)

S.E. P

Testosterone, pg/mL 1,484.9a 292.9b 43.5c 15.21 < 0.05
Parathyroid hormone, pg/mL 13.9 14.8 15.5 1.89 > 0.05
Calcitonin, pg/mL 11.0b 15.3a 16.2a 1.04 < 0.05
a, b, c Means within the same row without the same superscripts differ (P < 0.05).
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去勢對臺灣公土雞血液生理值之影響 (1)

林正鏞 (2)　許振忠 (3)　萬添春 (4)(5)

收件日期：109 年 4 月 30 日；接受日期：110 年 3 月 4 日

摘　　要

本研究旨在探討年齡對臺灣公土雞、閹公雞及復陽雞 (Slip) 之血液血球容積比 (Packed cell volume, PCV)、血漿

pH 值及血漿生理值之影響。試驗選用畜試土雞臺畜肉十三號公雞，雞隻於 10 週齡去勢，並餵給生長期飼料 ( 10 －

18 週齡 ) 及肥育期飼料 ( 19 － 28 週齡 )。於 14 週齡時再將閹公雞處理組，依雞冠有無再度發育，分為閹公雞組與

復陽雞組。試驗雞隻經 12 小時禁食後，每隔二週進行個別雞隻採血，每處理組逢機取樣 20 隻。試驗結果顯示，閹

公雞 ( 16 － 28 週齡 ) 具有最高的血漿無機磷、鉀離子及總膽固醇濃度。閹公雞 ( 20 － 28 週齡 ) 具有最低的 PCV、

血漿 pH 值；閹公雞於 28 週齡睪固酮濃度最低，復陽雞次之，公雞最高 (P < 0.05)。與公雞比較，閹公雞與復陽雞

有顯著 (P < 0.05) 較高之血漿鈣離子、總蛋白質、白蛋白、球蛋白、三酸甘油酯、低密度脂蛋白、高密度脂蛋白與

抑血鈣素濃度，及顯著 (P < 0.05) 較低之血漿尿酸濃度。而閹公雞之血漿磷酸激酶和鹼性磷酸酶活性顯著 (P < 0.05)
較高，公雞之肌酸酐及總羥脯胺酸顯著 (P < 0.05) 較高。血液 PCV 在閹公雞及復陽雞均隨年齡之增加而增加，並分

別在 20 及 26 週齡達高峰。而公雞、復陽雞及閹公雞之血漿總鈣濃度在 18 週齡達高峰，22 週齡後降低。公雞、復

陽雞及閹公雞之血漿無機磷濃度則隨年齡增加而降低 (P < 0.05)。本試驗結果發現，公雞於去勢後4至6週即會顯著 (P 
< 0.05) 影響 PCV、血漿 pH 值及某些組成，主要與雄性素功能有關，如紅血球生成、蛋白質、脂質、骨骼及結締組

織合成。

關鍵詞：年齡、血液生理值、去勢、公雞、睪固酮。
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