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Abstract  :  Elect roencephalographic  s tudies  were  under taken in  goats  to
cor re la te  wi th  normal  behav io ra l  s t a t e s  and  phys io log ica l  cond i t ions .
Duplicate EEG records from 4 adult  female goats (8–12 months, 10±2 kg
body wt) ,  using bipolar  scalp electrodes placed in occipital  region,  were
obtained to evaluate electrical responses of brain during different postures
and states of  alertness.  EEG recordings were obtained under comfortable
condi t ions  and  af te r  adequate  t ra in ing  of  an imals .  EEG f requency  (Hz)
during lying down posture was signif icantly (P<0.05) lower compared to
standing posture (32.63±1.34 Vs 38.63±1.03), the individual values ranging
between 29 to  42 Hz.  EEG ampli tudes  however  var ied non s ignif icant ly
between two states with respective values of 5.75±0.25 and 6.11±0.26 μV.
During light and deep drowsiness, the frequencies recorded were 21.63±0.94
and 13.00±0.68 Hz, whereas amplitudes were 12.45±0.55 and 19.96±0.68 μV,
respectively and the differences being statistically significant (P<0.05). Mean
EEG frequencies of the order of 7.13±1.14 and 3.25±0.49 Hz and amplitudes
of 16.59±2.55 and 19.86±3.19 μV were recorded during light and deep sleep,
respec t ive ly .  Genera l  t r end  ind ica ted  tha t  f r equency  dec reased  and
ampl i tudes  increased  wi th  onse t  o f  d rowsiness  and  these  changes  were

proport ional  to the state of  consciousness.
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INTRODUCTION

Elec t roencepha lography  (EEG)  records
the electrical  activit ies of brain graphically
p lac ing  macroe lec t rodes  on  the  sca lp .
Consc iousness  cons i s t s  o f  d i f fe ren t  s ta tes
such as alert, drowsy and sleep. Some basic
EEG data  had been provided dur ing 1960–
1970 .  EEG pa t te rn  of  a le r t  goa t s  as  low

voltage high activity that was similar to the
asynchronous pattern noted in other animals
has been reported (1,  2) .  The drowsy state
in  adu l t  goa t  was  predomina ted  over  the
sleep state (3).  Ruminants l ike goats spend
a  subs tan t ia l  pe r iod  of  l i fe  in  rumina t ion
actively during which they remain awake but
drowsy.  Recent  s tudies  indicated diagnosis
of brain diseases through EEG (4) and some
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Loca l  anaes thes ia  (xy loca ine  2%)  was
injected subcutaneously into the underlying
areas  o f  sk in  immedia te ly  before  l ead
placement  to  minimize the ar t i facts  ar is ing
from adjacent  skeletal  muscles  (11) .  Leads
(silver disc electrodes) were applied on scalp
us ing  EEG pas te  (bentoni te  pas te ) .  Before
application of the electrodes the si tes were
shaved, rubbed with ethanol to remove skin
oi ls .

S ing le  channe l  s tuden t  phys iograph
(Biodevices, Ambala Cantt) was used for EEG
record ing .  Ca l ib ra t ion  of  phys iograph  was
done  by  keep ing  ampl i f i e r  sens i t iv i ty  a t
50 μV and  ca l ib ra t ion  a t  100  μV equal  to
44 mm. Paper speed was adjusted to 50 mm/
sec (1 mm equal to 0.02 s) and time constant
was 0.03 s for EEG recording of goats.

All the animals were trained daily to the
experimental  condit ions t i l l  consistent  EEG
record ings  were  ob ta ined  dur ing  d i f fe ren t
s ta tes  o f  consc iousness .  F i f teen  minutes
before the actual recordings were taken, the
animals  were accl imatized to the recording
condition with instrument put ‘ON’ position
and al l  leads at tached to the animal .

EEG record ings  were  made  bo th  in
standing and lying down, during alert state,
and in lying down posture, during drowsiness
and  s leep  s ta tes .  The  EEG record ings  fo r
each  s ta te  were  t aken  a f te r  a t  l eas t  30
minutes  and  each  t ime  t rac ings  were
obta ined  for  1–3  min  dura t ion  or  un t i l  a
steady trace was obtained.  The behavioural
assessment was done by visual observations
(12). At least two replicates recordings were
m a d e .

EEG t rac ings  recorded  were  v i sua l ly
ana lyzed  for  rhy thm.  Frequenc ies  were

EEG changes  associa ted  wi th  rout ine  farm
prac t ices  (5 ,  6 )  in  ca lves  and  lambs .
Importance of EEG has been emphasized in
calves (7), kids (8), ewes (9) and even critical
care  human pat ients  (10) .

Ruminants rest briefly without true sleep
and state of sleep is characterized by loss of
vigilance which had been denoted by vague
te rms  such  as  somnolence ,  d rowsiness ,
t ransient  drowsiness and transient  s leeplike
sleep. What is needed is specific functional
definitions of various states related to resting
behaviour during state of consciousness.  The
purpose  of  present  s tudy being to  ident i fy
different  s ta tes  of  consciousness  in  normal
unres t ra ined  goa t s  and  charac te r ize  the i r
EEG pattern and to correlate them so as to
util ize i t  for applied aspects.

MATERIALS AND METHODS

Four  hea l thy  c rossbreds  ( loca l  X
Jamunapar i )  female  goa ts  (9–12  kg  body
weight )  were  inc luded  in  th i s  s tudy .  Each
animal was fitted with a set of bipolar (RO-
LO i .e .  r ight  occipi ta l ,  le f t  occipi ta l )  lead
system in occipi ta l  region,  whi le  the  ear th
lead was applied at the tip of the nostril as
repor ted ear l ier  (4) .  The s i te  of  placement
of electrodes,  selected after  examination of
saggital sections of skulls obtained from local
s laughte r  house ,  was  occ ip i ta l  r eg ion  jus t
1 to 2 cm caudomedial from the base of the
horn .  Th is  s i t e  over la id  occ ip i ta l  cor tex
consisting of most cortical neurons and had
minimum dis tance  be tween  nervous  t i s sue
and e lec t rodes .  Ear th  lead  was  secured  on
dorsa l  aspec t  o f  nos t r i l  midway be tween
external nostrils and eye. The attached leads
were secured in place by using a modif ied
band fabricated locally to suit animal’s head.



Indian J Physiol Pharmacol 2009; 53(4) Elec t roencepha lograph ic  At t r ibu tes  o f  Goa t s 355

amplitude (μV) of alert lying down state stood
non-s ign i f ican t ly  lower  a t  5 .72±0 .25
compared to  s tanding posture  ampli tude of
6.11±0.26 while the values varied from 4.95
to  7 .24  μV.  The  f requency  of  a le r t  s t a te
dep ic ted  in  F ig .  1  was  found  to  be  of  β
f requency  band  and  cor responded  to  low
voltage high frequency (LVFA).

Behavioura l  observa t ions  recorded  in
unres t ra ined  goa t s  in  a le r t  s t a te  ind ica ted
tha t  an imals  p re fe r red  recumbent  pos ture .
Movements  o f  head  and  ears  were
cont inuous  to  scan  aud i to ry  and  v i sua l
stimuli. During this state of alertness it was
found  tha t  response  to  ex te rna l  s t imul i
(auditory, visual,  tactile) was maximum and
animals exhibited frequent  vocalizat ion and
responded to  audi tory s t imuli .

Drowsy  s ta te

The data  indicated that  there  were  two
different  stages of drowsiness,  that  is  l ight
and deep stages,  the EEG pattern of which
were  s ign i f ican t ly  d i f fe ren t  f rom each
another .  The  EEG pa t te rn  of  l igh t  d rowsy
stage began with irregular high voltage slow
activity interspersed with fast waves though
th i s  was  no t  dep ic ted  by  a l l  the  an imals .
Under favourable conditions, the light drowsy
state was skipped to deep drowsy stage. The
EEG patterns of deep drowsy stage showed
high voltage slow activity (HVSA) and lasted
only  for  one  second  or  so  in  goa ts .  The
f requency  (Hz)  was  s ign i f ican t ly  (P<0 .05)
h igher  as  21 .63±0 .94  in  l igh t  d rowsy
compared to 13.00±0.68 in deep drowsy state.
The frequencies ranged from 11 to 26 Hz in
two d i f fe ren t  s tages  o f  d rowsiness .  The
amplitude (μV) of drowsy state however stood
significantly (P<0.05) lower in light drowsy
state with 12.45±0.55 compared to 15.95±0.68
in deep drowsy. The amplitudes ranged from

calculated by counting of all major and minor
waves (13) and were expressed in number of
waves per second (Hz). The amplitudes were
calcula ted  as  the  height  of  leas t  and most
waves  in  mm and then  t ransformed to  μV
from ca l ib ra t ion .  The  da ta  fo r  exper iment
recorded of EEG were analyzed statistically
by analysis of variance (14).

RESULTS

Data  on  var ious  EEG a t t r ibu tes  dur ing
different states of consciousness in goats is
presented in  Table I .

Alert  s ta te

The frequency (Hz) of alert  lying down
s ta te  was  s ign i f ican t ly  (P<0 .05)  lower
(32.63±1.34)  as  compared to  aler t  s tanding
state (38.63±1.03).  The frequencies of alert
s ta te  ranged  be tween  29  to  42  Hz  in  two
di f fe ren t  pos tures  o f  a le r tness .  The

TABLE I : E lec t roencepha lograph ic  r ecord ing
(Mean±SE)  in  d i f fe ren t  s t a t e s  o f
consc iousness  in  goa t s  (n=8) .

E x p e r i m e n t a l F r e q u e n c y A m p l i t u d e
c o n d i t i o n s ( H z ) (μV )

A l e r t
Lying  down 32 .63± 1.34 a 5 . 7 2± 0 . 2 5

( 2 9– 3 9 ) (4 .95– 6 .90)
S t a n d i n g 38 .63± 1.03 b 6 . 1 1± 0 . 2 6

( 3 5– 4 2 ) (5 .24– 7 .24)
D r o w s y
Ligh t  d rowsy 21 .63± 0.94 a 12 .45± 0.55 a

( 1 8– 2 6 ) (10 .35– 14 .95)
Deep  d rowsy 13 .00± 0.68 b 15 .96± 0.68 b

( 1 1– 1 5 ) (13 .80– 19 .17)
S l e e p
Ligh t  d rowsy 7 . 1 3± 1.14 a 16 .59± 2 . 5 5

( 7– 1 0 ) (15 .72– 21 .50)
Deep  d rowsy 3 . 2 5± 0.49 b 19 .86± 3 . 1 9

( 3– 4 ) (18 .80– 29 .13)

Means  wi th  d i f fe ren t  supersc r ip t s  a long  co lumn
wi th in  an  exper imenta l  cond i t ion  d i f fe r
s ign i f i can t  (P<0 .05) .  F igures  in  pa ren thes i s  a re
range  va lue .
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10.35 to 19.17 μV for two different stages of
drowsiness. The EEG pattern of light drowsy
state (Fig. 1) was observed to be high voltage
s low f requency  (HVSA)  wi th  occas iona l
sp ind le  burs t s .  Dur ing  deep  drowsy  s ta te ,
the EEG tended to be of more regular nature
without  spindle  discharge.

The  behavioura l  observa t ions  in
unres t ra ined  drowsy  goa t s  ind ica ted  tha t
an imals  p re fe r red  to  remain  recumbent .
Goats usually went drowsy by taking a deep
breath  wi th  re laxed posture .  The head and
ears  s ta r ted  drooping  towards  the  g round
when  i t  was  recumbent  o r  suppor ted  on
nearby  wal l  when  s i t t ing .  The  eye l ids
in i t i a l ly  showed f requent  movements  o f
c los ing  and  opening ,  and  par t ia l ly  c losed .
The  th resho lds  o f  sensory  s t imul i  s ta r ted
r is ing up and reached maximum thresholds
dur ing  s leep  s ta te .  Even  rumina t ion  took

place  dur ing  drowsy  s ta te  and  such
rumina t ion  cyc les  were  of  p ro longed  and
regula r  na ture .

Sleep  s ta te

The  da ta  recorded  for  s leep  s ta te  i s
presen ted  in  Table  I .  The  resu l t  ind ica ted
that there were two different stages of sleep
s ta te ,  tha t  i s  l igh t  and  deep  s leep ,  which
were significantly different from each other
in terms of frequencies. The frequencies (Hz)
of  s leep  s ta te  were  s ign i f ican t ly  (P<0 .05)
higher with values of 7.13±1.14 compared to
deep sleep 3.25±0.49. The frequencies of two
different stages of sleep state ranged from 3
to 10 Hz. The amplitude (μV) of sleep state
recorded  was  16 .59±2.55  ( l igh t  s leep)  and
19.86±3.19 (deep sleep), the differences being
nonsignificant.  The amplitude of two stages
of  s leep  s ta te  ranged f rom 15.72  to  29 .13

Fig .  1 : E lec t roencepha lograph ic  t r ac ings  o f  goa t s  dur ing  res t ing  pe r iod .
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weeks of  age,  which changed to beta  band
by a seventh week of age in growing calves
(7). Behavioural responses also corresponded
well with earlier report (1,  2).

The  s ta te  o f  a le r tness  has  been
assoc ia ted  wi th  ac t iv i ty  o f  the  ascending
re t icular  format ion of  bra in  s tem (17)  and
considering the asynchronous nature of  the
alert EEG in our study it appears that similar
neura l  cont ro l  mechanism appl ies  in  goa ts
a l so .  Data  ob ta ined  dur ing  drowsy  s ta te
compared well  with earl ier  reports  (1,  15) .
Higher  ampl i tudes  dur ing  drowsiness
occurred due to better merging of electrical
potentials from individual neurons when fire
a t  lower  f requency (18) .  The f requency of
drowsiness state was found to be β band for
l igh t  d rowsy and  α  band  for  deep  drowsy
s ta te .  The  behavioura l  observa t ions  dur ing
drowsy s ta te  are  wel l  suppor ted by ear l ier
reports (1, 19, 20). It has also been reported
tha t  ea rs  d roop  down,  t a i l  o r  body
movements  were  res t r ic ted  or  re laxed,  and
response  to  aud i to ry  and  tac t i l e  s t imul i
initially increased which later decreased (20).
Drowsy state is not confined to a particular
period of the day and it occurred at any time
depending  on  favourab le  env i ronment  and
stimulat ion of i ts  center .  Drowsy state was
found to  cover  maximum res t ing per iod as
repor ted  ear l ie r  (3)  and  was  conf i rmed by
animal’s facial expression and head carriage.
The  EEG pa t te rn  of  low f requency  h igh
amplitude with spindle bursts, which changed
immediately to asynchronous form when the
animal was disturbed has also been reported
earl ier  (10).

Sleep pat tern observed in these animals
para l l e led  ea r l i e r  observa t ions  (1 ,  21)
however ,  the  level  of  unconsciousness  was
lesser  compared to other  species.  Alertness

μV.  The  EEG pa t te rns  o f  s leep  s ta te  and
drowsy state were almost similar to that of
h igh  vo l tage  s low f requency  (HVSA) ,  bu t
wi thout  sp ind le  burs t  and  were  o f  hyper -
synchronous nature (Fig. 1). The light sleep
showed mos t ly  h igh  vo l tage  (HVSA)  s low
frequency alternating with low voltage high
frequency (LVFA), whereas in deep sleep was
dominant  by  br ie f  spur t s  o f  HVSA for  a
maximum dura t ion  of  one  second .  The
frequency of sleep state was found to be in
α and θ band for light sleep and δ band for
deep s leep.

The  behavioura l  observa t ions  dur ing
s leep  ind ica ted  tha t  head  and  ears  were
completely dropped sideways or down to the
sur face  of  the  g round  dur ing  recumbancy .
S leep  s ta te  occur red  wi th  eyes  par t i a l ly
closed and incomplete  muscular  re laxat ion.
However, goats assumed sternal recumbency
along with some loss of muscle tone allowing
head  and  ears  d roop  away .  S leep  s ta te
fo l lowed  drowsy  s ta te  wi th  res t r i c ted
movements  and  re laxed  pos ture .  The
threshold of  sensory st imuli  was increased,
which  was  apparent  f rom var iab le  a t t i tude
towards environment due to rise in receptor
th resho ld .  Dur ing  th i s  s ta te ,  r ap id  eye
movement  in ter fer ing  wi th  EEG pat te rn  of
s leep  was  of ten  observed  and  sa l iva t ion
occurred due to unconscious state. The sleep
state was also like drowsy state, it occurred
depending upon the favourable environment
and activation of i ts  center .

DISCUSSION

EEG frequencies and amplitudes recorded
in  the  p resen t  s tudy  compared  wel l  wi th
those reported for goats (1) and other species
(2, 15, 16). On the other hand EEG of alpha
band  (6–9  Hz)  has  been  repor ted  a t  two
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dominant and frequencies were β ,  β  and α ,
θ and δ. The EEG of alert goats is similar to
the  asynchronous  pa t te rn  no ted  in  o ther
species. However, better spectral analysis of
these frequency and ampli tude patterns and
their correlation with facial expressions can
be  done  e f fec t ive ly  wi th  rea l  t ime  v ideo
record ing  in  combina t ion  wi th  wi re less
electrodes placed at  mult iple  points  on the
scalp.

and somnolence (drowsy and sleep) have been
shown to  be  assoc ia ted  wi th  the  l eve l  o f
nervous  ac t iv i ty  o f  the  d iencepha lons  and
ascending ret icular formation (22,  23).

I t  cou ld  be  conc luded  tha t  f requenc ies
decreased  and  ampl i tudes  increased  wi th
ex ten t  o f  d rowsiness  in  goa t .  The  EEG
pat te rn  o f  a le r t ,  d rowsy  and  s leep  s ta tes
were LVFA, mixed LVFA and HVSA, HVSA
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