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DE MAN, E. AND H. V. S. PEEKE. Dietary fi'rulic acid, biochanin A, and the inhibition of reproductive behavior in 
Japanese quail (Coturnix coturnix). PHARMAC. BIOCHEM. BEHAV. 17(3) 405-411, 1982.--A study was conducted to 
determine the effects ot two dietary compounds, biochanin A and ferulic acid, on the reproductive performance of Japanese 
quail, Coturnix coturnix. These compounds may be present in the diet of wild birds during dry years or at the end of the 
growing season during normal years. Four treatment groups, each fed a diet supplemented with biochanin A or ferulic acid, 
and a control group were tested for morphological and behavioral effects before, during and after treatment. Fertility and 
hatchability data were collected during treatment only. Ferulic acid was shown to inhibit male copulatory behavior during 
treatment. Biochanin A inhibited male copulatory behavior during and after treatment. Neither drug affected female 
copulatory behavior though egg-laying was inhibited by the low dose of biochanin A. Ferulic acid significantly reduced the 
hatchability of eggs. Biochanin A increased the fertility of males and the hatchability of eggs fertilized by them. A 
correlation between results of this study and natural conditions of reproduction is discussed. It is concluded that both 
biochanin A and ferulic acid exert inhibiting influences on the reproductive behavior of Coturnix. 

Ferulic acid Biochanin A Dietary supplements Sexual behavior Quail 

A POSITIVE correlation exists between the reproductive 
success of California quail, Lophortyx californicus, and high 
seasonal rainfall [26,34]. Influencing this relationship is an 
early breeding season of long duration that enhances the 
chances of producing double broods [38]. The amount of 
rainfall is known to affect the diet of quail; more grasses are 
ingested during dry years than during wet years when the 
diet contains more forbs and their seeds [25, 26, 28, 33]. It is 
possible, therefore, that the key to reproductive perform- 
ance of California quail may be found in their food source. 

Extracts from clovers and forage plants have estrogenic 
effects on rabbits [16,27], sheep [10], mice [12-15, 22, 30], 
rats [36], and guinea pigs [3]. Other investigations identified 
these plant estrogens, or phytoestrogens, as isoflavones; ge- 
nestein, foromonetin and biochanin A [8,17], and daidzein 
[29]. 

Other substances found in food sources also have adverse 
effects on reproduction in mammals. These include phenolic 
compounds 4-vinylguaiacol and 4-vinylphenol, their parent 

cinnamic acids, ferulic acid and p-coumaric acid [11], and 
unidentified estrogenic inhibitors [4,5]. 

Isoflavones are more prevalent in forbs during years o! 
sparse rainfall than during wet years. Forbs grown during 
dry years inhibit the reproductive capabilities of California 
quail [33]. Phenols, 4-vinylphenol (4-hydroxystyrene) and 
4-vinylguaiacol (4-hydroxy-3-methoxystyrene) are most 
prevalent in various food sources at the end of the vegetative 
growing cycle [11, 23, 31]. Effects of phenols on reproduc- 
tion in wild quail are unknown. 

From the above, we hypothesized that both types of 
compounds, isoflavones and phenols, might inhibit repro- 
duction in quail at times when the food crop is not adequate 
to support a large population. On an annual basis phenols 
might inhibit reproduction at a time which coincides with the 
termination of a plentiful food supply. Over a longer period 
of time, phytoestrogens may also inhibit reproduction in 
years of low rainfall. 

Biochanin A, 5,7-dihydroxy-4' methoxyisoflavone, was 
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the isoflavone chosen for investigation in this study. It has 
been found in a variety of  plants eaten by quail [8, 9, 29] and 
in crop samples taken from California quail [331. Ferulic 
acid, 4 -hydroxy-3-methoxycinnamic  acid, the precursor  of  
4-vinylguaiacol ,  was chosen to represent  phenolic plant 
compounds  in this study, as it was readily available in pure 
form. Ferulic acid has been found in many plant species but 
predominant ly  in the Gramineae  (84~ f requency of  occur-  
rence) [6l. 

While the original hypothesis  is based on observat ions  of  
California quail,  Japanese  quail, ( 'oturnLv coturnix, were 
chosen for this study because  of  their  unique suitability to 
the study of  reproduct ive  behavior .  Reproduc t ive  behavior  
of  male Japanese  quail can be broken down into several .  
hormonal ly  dependent ,  componen t s  [7]. Recept ivi ty  in the 
female ('omrnLv is also easily measured and hormonal ly  de- 
pendent 135]. Male Coturni.r have an external  cloacal gland, 
the size of  which is androgen-dependent  and reflects the 
state of  the internal gonads 139], and indicates their  readiness 
to mate [44]. Measurements  of  the cloacal d iameter  of  
females [2,35] and number  of  eggs laid are measures  of  ovar- 
ian activity. 

METHOD 

A nimal.s 

Two hundred 3-week-old Japanese  quail were obtained 
from the Depar tment  of  Avian Sciences ,  Univers i ty  of  Cali- 
fornia, Davis. Birds were housed in a communal  brooder  
until they reached sexual maturi ty.  Light was provided con- 
t inuously to ensure maturi ty at six weeks  of  age [46]. While 
kept in the brooder ,  chicks were fed Purina Game Bird 
Startena,  a 30% protein diet formulated by the Ralston 
Purina Company ,  St. Louis,  MI. All birds, except  st imulus 
females,  were then transferred to bat tery- type cages for the 
duration of  the exper iment ,  and fed Purina Game Bird 
Layena,  a 2 ( ~  protein chow. They were maintained at about 
21°C on a 16L 8D photoper iod as r ecommended  by Ernst  [24] 
in order  to maintain egg product ion and mating activity. 

I n i t i a l  S { r { ' { ) n i l t q  I 

A total of  60 males ( 10 in each of  five exper imental  groups 
and 10 stimulus males) and 75 females (10 in each of  five 
exper imental  groups and 5 in each of  five stimulus female 
groups) were used, Each male was pretested by placing him 
in the observat ion  box with a female.  If the male did not 
initiate and comple te  the entire copulatory  sequence  within 
one minute he was not used in the exper iment .  Those  that 
did were arbitrarily assigned to one of  the exper imental  
groups or  to the stimulus group. Each female used in the 
study was given this exper ience  to accl imate  her  to the proc- 
ess. 

A total of  six battery cages were used, five housing the 
twenty exper imental  birds in each group (10 males and 10 
females),  the sixth housing the 10 stimulus males. Stimulus 
females were  housed separately in five groups,  each group 
corresponding to an exper imental  group of  males. Males and 
females were housed back to back and were visually isolated 
from each other.  

l)osa,~.,cs and Food Preparation 

Dosages of  biochanin A and ferulic acid used in this ex- 
per iment  were chosen to bracket  concentra t ions  which might 
be found in the diet of  wild California quail: I mg biochanin 

T A B L E  1 

DOSAGES AND DURATION ()F ADMINIS'I RATI()N ()F I)RI~(;S ItS;Ill) 
IN EXPERIMENTAl .  FEEDING 

Dosage Numt~cr of ,..ta', ,, 
G r o u p  D r u g  mgg feed adminislered 

A nolqC 

B fcrulic acid 2.00 I'; 
(' ferulic acid 5.25 19 
D biochanin A 0.50 u 
LL hiochunin A 1.50 '* 

A/gram food and 4 mg ferulic acid/gram food [21 I. 11 should 
be born in mind that the dosages based on one species and 
adminis tered to another  not closely related species can only 
be a rough approximation.  Dosages and administrat ion time', 
are listed in Table I. 

Food was prepared as follows. The appropt-iatc quantit} 
of  ei ther biochanin A or ferulic acid was dissolved in 150 nfl 
of  10[FTr ethanol and poured into the feed. The ethanol ,aas 
evapora ted  at 4(/°( ̀  for 2 hours. The treated food was led to 
the birds t\+r the time periods specil ied in Table I r Wilier '~, a', 
provided ad lib. 

l )o lo  ( 'o lh 'c l ion 

Surface area of  the cloacal gland of  experitl lcntal male,, 
was determined by multiplying the length of the gland b)  its 
width [39]. Cloacal width only was measured on expert 
mental females 12]. 

Behavioral  observat ions  were made between 1000 and 
1300 hours. A male was placed in the introduction chamber  
and a female in the observat ion box. The observat ion box 
was 60.9 cm wide, 45.7 cm deep,  and 25.4 cm high+ Three  
walls and the ceiling were p lywood,  the remaining ~,all and 
the l]oor were 1.3 cm hardware mesh cloth. A 75-,aatt light 
bulb placed 91.4 cm in front of  the observat ion box provided 
illumination. 

The 17.8 cm long introduction chamber ,  made of 10.2 cm 
diameter  PVC pipe, was at tached to a s i d c  wall of  the ohscr- 
wltion box. The male was placed into the introduction 
chamber  through a rear door  of  opaque  acrylic.  A c lea t  acry- 
lic door  blocked his access to the observat ion box but al- 
lowed him to see the female.  The birds were given 30 sec- 
onds to accl imate bet\~te behavioral  obsct-vations ~ ere initi- 
ated. 

The observer  sat 3 feet in front of the obsctvat ion box and 
recorded data on an electr ical ly-control led events  recorder.  
The clear acrylic door  was operated remotely by the ob 
server.  Once opened,  the doorway allowed the male ac re s ,  
to the female.  Behavioral  observat ions  began as soon as the 
male ' s  head crossed into the observat ion box. 

Exper imenla l  males were tested for three minutes. [,it- 
tency,  duration, and f requency of  the four specific behaviol  
patterns (neck grab, mount,  wing spread, and cloacal contltcl 
movemen tL  described by Wilson and Bermant [ 4 4 ] .  w c r c  

recorded.  Males were allowed to complete  any behavior ,  
initiated bel\~re the three minutes wcrc ttp. l ,alenc, ,  v;:t, 
measured its the time that elapsed between the male",  enlcr  
ing the observat ion box and initiating the neck grab. [fit inalc 
repeated a single behavior  in less than one second,  it v,u, 
cotmted as a single event .  
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FIG. 1. Mean frequencies of behaviors of males in groups A, B, and C during treatment. 

Experimental females were tested for two minutes. Upon 
initiation of the neck grab and subsequent behaviors of the 
stimulus male, the female would respond either by squatting, 
standing, or avoiding the male. Criteria for these behaviors 
have been previously described by Noble [35]. 

Experimentation began two weeks after the birds were 
introduced into the battery cages. Control data were col- 
lected for each individual on the day prior to beginning ex- 
perimental feeding. Morphological characteristics and be- 
havioral responses were recorded. These data were collected 
every fifth day until the tenth day following the termination 
of experimental feeding. 

Eggs were collected from both experimental (x) and 
stimulus (s) females three times a day between 0900 hours on 
the fifth day after the termination of experimental feeding 
and 0900 hours on the eighth day. Eggs were maintained at 
60°F for no more than 6 days before incubation as recom- 
mended by Woodard et al. [48]. All eggs were set on the 
same day. The Marsh Farms RolI-X Incubator was used and 
maintained at 37.5~C and 60% relative humidity. The in- 
cubator was fitted with an automatic turning device, de- 
signed to turn the eggs once each ho,r .  Eggs hatched from 
the 16th to the 20th day of incubation. 

Those eggs which did not hatch after 20 days were opened 
and examined to determine if they had been fertilized. De- 
velopment beyond the sixth day was easily recognizable 
[37]. Therefore, eggs fertilized but not developed beyond day 
six were counted as unfertilized. 

Statistical Anah'sis 

Behavioral data. along with measures of cloacal gland 
surface area were tested using a one-way analysis of vari- 
ance, completely randomized design [18]. Cloacal diameter 
of the females and the number of eggs laid were also treated 
in this fashion. Data showing a significant difference 
(,0<0.05) were investigated further using the Newman Keuls' 
test to determine which groups differed. 

Since the duration of the experimental female's response 
was dependent upon the behavior of the stimulus male, it 
was important to determine whether the interaction time var- 
ied between groups or over the course of the study. Total 
interaction time is the sum of the duration of the stimulus 
males" neck grabs and was tested using the two-factor mixed 
design: repeated measures on one factor [18]. 

During the neck grab a female might respond by squat- 

ting, standing, or avoiding. The duration of each response 
was analyzed using a three-factor mixed design: repeated 
measures on two factors (treatment and response). This de- 
sign permits a Comparison of the three groups' (ABC and 
ADE) performance and evaluates the responses throughout 
the study period. 

The proportions of eggs which hatched, were fertilized 
but did not hatch, and which were not fertilized were deter- 
mined for each group of females. The values obtained for 
each experimental and stimulus group were then compared 
with the corresPonding values obtained for the appropriate 
control group, A-experimental or A-stimulus, using the test 
for significance of difference between two proportions [18]. 

RESULTS 

Morphology and Behavior 

Males. Unless discussed below, the results obtained from 
experimental animals were not significantly different (that is, 
p>0.05) from those obtained from control animals. During 
treatment, the frequencies of mounts, wing spreads and 
cloacal contact movements were significantly less for group 
C than for group A (Fig. 1). After treatment ended, frequen- 
cies of these behaviors returned to values not significantly 
different from the control group except that the mean dura- 
tion of mount was significantly less (p=0.037) for group C 
(2.0 seconds) than for group A (2.5 seconds) during these 
post-treatment tests. 

During treatment, males in group E had significantly 
fewer neck grabs but neck grabs were of a longer duration 
than those of groups D and A (Fig. 2). Mean durations for 
total interaction time were also significantly greater for 
group D than for group E both during and after treatment 
(Fig. 3), though as the figure shows, any changes were slight. 
After treatment, frequencies of neck grabs, mounts, wing 
spreads, cloacal contact movements, (Fig. 4) and mean du- 
rations for total interaction (Fig. 3) were significantly less for 
group E than for group A. Mean duration of neck grabs was 
greater for group D than for group A (Fig. 5), but the fre- 
quency of neck grabs was less (Fig. 4). 

Females. The total interaction time between stimulus 
males and experimental females did not differ between the 
experimental groups or over the duration of the experiment. 
All females squatted more than they stood or more than they 
avoided during the interaction. There were no changes in 
female behavioral response as a result of drug treatment. 
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There were. however, differences in morphology and 
eggqaying during treatment (Fig. 6). Mean cloacal diameter 
(c.d.) was significantly greater for group B ( 1.34 cm) than for 
group C (I.19 cm). Females of group D laid fewer eggs (.75 
eggs/day) than females in the control group A, 

Fertility and Hatc'hability 

There was no significant difference between experimental 
groups and the control group in the proportion of eggs that 
hatched (Table 2). However, groups Bx and Cx had a greater 
proportion of fertilized eggs which did not hatch and group 
Cx also had significantly fewer unfertilized eggs than control 
group Ax. 

Proportions of fertilized eggs that did not hatch did not 
differ between stimulus and control groups (Table 3). But 
groups Cs and Es had a greater proportion of hatched eggs 
and group Es had a greater proportion of fertilized eggs. 

DISCUSSION 

Behavior and Morphology 

Ferulic Acid. In males, treatment with the higher dose of 
ferulic acid caused a reduction in the frequency of mounts, 
wing spreads, and cloacal contact movements: these 
copulatory behaviors are mediated by estrogen and are only 
indirectly affected by testosterone [1]. Despite this repro- 
ductive inhibition, there were no changes in cloacal gland 
surface area, the only testosterone-dependent character 
measured in this study. This suggests that ferulic acid has 
some anti-estrogenic activity. 

In females, the only significant result of treatment with 
ferulic acid was a greater mean cloacal diameter for those 
receiving the lower dose, B, than for those receiving the 
higher dose, C. Since cloacal diameter is an effective meas- 
ure of both behavioral receptivity and estrogen treatment in 
Japanese quail [35] it appears that estrogenic activity was 
greater in group B than in group C. While the exact nature of 
the action of ferulic acid is not understood, its anti- 
estrogenic properties may help explain the small cloacal di- 
ameters of group C, though it does not explain why they are 
smaller than group B. 
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FIG. 2. Mean frequencies and durations of neck grabs in groups A, 
D, and E during treatmenl. 

Noble's study revealed that females do not respond by 
squatting if their cloacal diameter is less than 1.4 cm. The 
results of Adkins and Adler [2] suggest that a cloacal diame- 
ter of 1.2-1.6 cm is normal, and that functional castration is 
not apparent until the cloacal diameter has shrunk to 0.6 to 
0.8 cm. Despite the relatively low values obtained for cloacal 
diameter in this study, squatting was the prevalent behav- 
ioral response. This led us to believe either that cloacal di- 
ameter is a more sensitive measure of estrogenic activity, or 
that ferulic acid has little effect on the estrogenic fttCtOlS 
affecting receptivity. 
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Biochanin A. During treatment with biochanin A two be- 
haviors were affected: neck grabs were of less frequency and 
longer duration, and total interaction time was shorter. 

Estrogen is known to stimulate copulatory behavior [1,2]. 
In this study, the higher dose of biochanin A, which usually 
mimics the effects of estrogen [8,10], induced the opposite of 
the expected result. During the post-treatment period, males 
in group E had fewer neck grabs, mounts, wing spreads, and 
cloacal contact movements,  and shorter interaction times 
than the control males. A possible explanation is that 
biochanin A inhibits endogenous estrogen. The low dose 
stimulated copulation in comparison to the high dose, but not 
in comparison to the control. Again, there was no effect on 
the testosterone-dependent cloacal gland. 
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treatment. 

Females receiving the low dose of biochanin A laid fewer 
eggs. However,  behavioral responses did not differ from the 
control or high dose group. The high proportion of squats 
suggests normally receptive females with a normal hormonal 
milieu. However,  the reduced number of eggs laid indicates a 
possible inhibition or impairment of LH function since this 
hormone is most directly responsible for ovulation [41, 42, 
451. 

Hatchability and Fertility 

Experinlentalfemales. Hatchability of fertilized eggs de- 
pends on egg composition, eggshell thickness and toxic sub- 
stances entering the egg either before or after it is laid. Many 
of these were influenced when certain chemical substances 
were administered to the hen [19, 32, 40]. At this point it is 
impossible to determine how ferulic acid inhibited the hatch- 
ing success of fertilized eggs and how it may have enhanced 
fertility at the same time. Biochanin A had no effect on either 
fertility or hatchability of eggs. 

Stimulusfi, males. Hatchability and fertility of eggs laid by 
stimulus females are measures of the reproductive success of 
experimental males. Both biochanin A and ferulic acid in 
high doses caused an increase in hatchability. Biochanin A 
also caused an increase in fertility. If reproductive success is 
measured by that proportion of hatched eggs, then both 
ferulic acid and biochanin A, when ingested by males, 
enhance reproductive performance. 
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T A B L E  2 

SUMMARY OF RESULTS OF TESTS FOR SIGNIFICANCE (IF 
DIFFERENCE BETWEEN PROPORTION OF EGGS HATCHED, 

FERTILIZED BUT NOT HATCHED, AND UNFERTILIZED: 
COLLECTED FROM EXPERIMENTAl, FEMALES 

Eggs Eggs fertilized: Eggs not 
Group hatched not hatched fertilized 

B x  n . s .  * n . s ,  

C X  n . s .  :+: :{: 

D x  n . s .  n . s .  n . s ,  

E x  n . s .  n . s .  n . s .  

n.s. = No significant difference (117-1).05). 
* = Significant difference (p< 0 1)5). 

T A B L E  3 

SUMMARY t)F RESUI.TS tie TES'IS FOR SIGNIF[CANCI~I ¢)F 
DIFFERENCE BETWEEN PROPORTIONS OF EGGS HATCHEI), 

FERTILIZED BUT NO'I HATCHED, AND UNFERTILIZED: 
COI.LECTED FROM STIMUI.US FEMAI,ES 

Eggs Eggs fertilized: Eggs not 
Group hatched not hatched t'crtilized 

BN n . s .  n . s .  l l .S .  

C s i: 11. ,x. 11. s .  

l )  S 11. S. 11. S, n.S. 

E s !: i I .  S. 

n.s. No significant difference (p ,0.05). 
:+: Significant difference Ip, 11.1 ~). 

Groups  Cs and Es had a grea ter  propor t ion  of  eggs hatch,  
p resumably  because  of  the increased fertility of  the males in 
these  two exper imenta l  groups.  Androgens  and es t rogen are 
known to dep res s  pituitary activity and the secre t ion of  pitui- 
tary gonado t rop ins ,  the reby  inhibiting spe rmatogenes i s  [43]. 
In this s tudy,  spe rmatogenes i s  may have been enhan ced  by 
ant i -es t rogenic  effects  o f  ferulic acid and biochanin  A. 
Motility and maturat ion of  sperm also influence fertility. 
These  are known to be inhibited by t rea tment  with certain 
chemica ls  [20]. How this effect  interacts  with the seemingly 
inhibitory effects  on reproduc t ive  behav ior  needs  to be 
s tudied in more  detail before  one  can de te rmine  the exact  
roles b iochanin  A and ferulic acid play in the annual and 
seasonal  regulation of  reproduct ion .  

( ' o m ' h t s i o ,  

Both ferulic acid and biochanin A. when adminis te red  
orally inhibit reproduc t ive  behavior  in male Japanese  quail. 
Although it is true that  nei ther  drug adminis te red  in quan-  
tities approximat ing  those  found in the wild caused  a cessa-  
tion of  reproduc t ion ,  it is important  to r e m e m b e r  that each of 
these  chemicals  is but a single c o m p o n e n t  of  a complex  
chemical  ne twork  in naturally occurr ing  food sources .  Ef- 
fects  of  these  chemicals  in combina t ion  with the o ther  com- 
ponen t s  may have synergis t ic  effects  on reproduc t ive  inhibi- 
tion. 

This study suggests  that the behavior  of the male ( o t , r n i v  
is more  malleable than that o f  the female,  since female be- 
havior  was not affected by e i ther  t rea tment .  Surface area ol 
the cloacal gland, a male morphological  character is t ic  known 
to be and rogen -dependen t ,  was not affected.  The one female 
morphological  charac te r  known to be e s t rogen-dependen l ,  
cloacal d iameter ,  r e sponded  to t rea tment  with ferulic acid. 

The purpose  of  this s tudy was to de te rmine  whe the r  
biochanin A, a phy toes t rogen  found in ,he s tunted plants 
growing during a drought ,  and ferulic acid, a parent  com- 
pound to a phenol found in plants at the end of  the growing 
season,  could be responsib le  for inhibiting reproduct ion  dur- 
ing dry years  and at the end of  the growing season.  This 
expe i rment  shows  that both may play a role in reducing the 
reproduct ive  capaci ty ,  primarily by altering male behavior .  
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